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Section A
Opening Pages

- Chapter 1 -

General Introduction
Aims and Outline of the Thesis

“In order to prognosticate correctly who will recover and who will die, in whom the days will be long, in
whom short, one must know all the symptoms, and must weigh their relative value.”
Hippocrates (460–357 B.C.)

Clinical context
Traumatic injury is one of the leading causes of death and disability in the young adult
population.1 Although injuries to the spinal column represent a relatively small proportion of
all traumatic injuries,2, 3 spinal injuries have one of the highest impacts on functional outcomes
and employment status.4-6 Population-based epidemiological studies of spinal trauma are
scarce. Reported incidences of spinal injuries range from 90 to 320 per million persons each
year.2-4
Even more than an injury of the spinal column, spinal cord injury (SCI) is a
devastating disorder severely affecting patients’ physical and psychosocial well-being. The
incidence of traumatic SCI is estimated to be 11 to 53 new cases per million population.7-10
Epidemiological data from the 1980s show that SCI primarily affects young adults (mean age:
29 years). During the last three decades, however, the proportion of elderly SCI subjects
increased considerably. Currently, the average age at injury is estimated to be 40 years.10 For
all age groups, people with incomplete tetraplegia made up the highest number (30.1%),
followed by complete paraplegia (25.6%), complete tetraplegia (20.4%), and incomplete
paraplegia (18.5%).10
The emphasis of the initial management of spinal trauma patients is placed on the
airway and cardiovascular status. Once life-threatening injuries have been treated,
hemodynamic status is established, and after clear documentation of cerebral function,
assessment of the spine and spinal cord can be made.11 Whereas the diagnostic work-up of
spinal column injuries is primarily based on imaging techniques, the diagnosis of the spinal
cord is mainly based on a thorough neurological examination. These assessments allow
physicians to make an estimation of the injury’s severity and provide crucial information for
the subsequent treatment decision-making process.
A simplified graphic representation of different phases faced during spinal trauma
management is presented in Figure 1.1. The spinal trauma population embodies a variety of
patients, ranging from children to octogenarians and from patients with an isolated spinal
injury to polytraumatized patients. All patients with a suspicion of spinal injury undergo
diagnostic assessments, such as a neurological examination and imaging. When no clinically
significant spinal injuries are detected at all, the treating physician clears the spine and
removes stabilizing splinting devices.12 In case a clinically significant spinal injury is detected, a
diagnosis needs to be postulated. In both the fields of spinal column and spinal cord injury,
diagnoses are generally based on classification systems. The combination of these
classifications and other patient parameters, such as the severity of concomitant injuries and
pre-existent comorbidities, provide physicians with important prognostic information.
Subsequently, the advantages and disadvantages of a multitude of operative and non-operative
treatments are being considered in each patient individually in order to achieve the most
optimal outcomes possible.
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Figure 1.1
A simplified graphic representation of different phases faced during spinal trauma management.

Problem definitions, aims and outline of this thesis
Although this synopsis of spinal trauma management seems to be rather straightforward,
physicians involved in spinal trauma care sometimes encounter significant difficulties in the
prognostication and classification of the injuries. The general aim of this thesis is to critically
appraise current concepts of prognostication and classification of spinal column and spinal cord
injuries. In Chapter 2, this general aim is approached from a historical point of view. This
chapter reviews the Edwin Smith papyrus which contains the first known categorizations of
spinal column and spinal cord injuries. The scroll demonstrates that the ancient Egyptian
‘physicians’ were already aware of the clinical importance of various vital symptoms which, in
turn, were considered in the treatment decision-making process.
For the means of a critical appraisal of the prognostication and classification the
spinal injuries, it is important to distinguish spinal column injuries from spinal cord injuries.
Although the two injury types are closely related to each other, their clinical presentations
differ considerably. Whereas a serious spinal column injury results in local discomfort and
instability, spinal cord injury results in a loss of sensory, motor and/or autonomous function
below the level of injury. More importantly, as no effective therapy resulting in major
neurological or functional recovery is available to date for spinal cord injury, the therapeutic
effects of treatments for spinal column injuries are incomparable to those for spinal cord
injuries.13 Therefore, the current concepts of prognostication and classification of spinal column
injuries are reviewed in the first part of this thesis, Section B. The chapters in Section C focus on
the prognostication and classification of spinal cord injuries.
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On the injuries of the vertebrae
Let us take a look at Figure 1.1 again to clarify the underlying problems encountered in the
prognostication and classification of spinal column injuries. Since the birth of medicine,
physicians have asked themselves the following fundamental question: “What is the best way to
treat my patient.” When we consider this treatment question as a starting point in Figure 1.1, we
can postulate the following question: “How does a physician know which treatment is superior to
another one?” Indeed, simply by assessing the outcome of the applied treatments. One should
consider, however, that the applied treatment is not the only determinant of outcomes in the
spinal trauma population. Other prognostic factors may have a substantial impact on
treatment outcomes as well. In brief, both the initial diagnosis and the treatment of choice
have an impact, or effect, on patient outcomes, see Figure 1.1.
As mentioned, the diagnosis of a spinal column injury is usually based on
classification systems. Chapman and colleagues recently published a valuable reference work in
which contemporary spinal injury classification systems are summarized.14 Out of the
numerous spinal injury classifications available to date, only a few appear to have been
evaluated for reliability and validity. In other words, the prognostic value of a spinal column
injury diagnosis is not always easy to interpret. Obviously, there is a need for validated spinal
injury classification systems. The aim of Chapter 3 is to review the methodological issues
faced during the development of a novel classification system. Based on literature findings,
recommendations are presented for the postulation of future spinal injury classifications.
As will be outlined in chapter 3, clinically relevant spinal injuries need to be
distinguished from irrelevant injuries prior to the classification process. In fact, the
classification of clinically irrelevant injuries would be a waste of time and resources. Two
previously published cervical spinal injury clearance rules, the NEXUS Low Risk Criteria
and the Canadian C-Spine Rule, categorized isolated transverse process fractures of the
cervical spine as clinically insignificant and unimportant.12, 15, 16 Although there is a consensus
regarding the benign nature of isolated transverse process fractures, evidence on the clinical
relevance and prognostic value of this diagnosis is lacking. The aim of Chapter 4 is to
evaluate whether isolated transverse process fractures of the subaxial cervical spine can truly be
considered as clinically insignificant or not.
Whereas chapters 3 and 4 primarily focus on the validity and prognostic value of
spinal injury classifications and diagnoses, the significance of other prognostic parameters in
spinal trauma patients (see Figure 1.1) are reviewed in chapters 5 and 6. With the expected
aging of the “baby boom” generation, management of spinal injuries in elderly patients will
become an increasingly important topic of debate.17 Whereas pre-existing comorbidities are
more frequent in elderly patients, it is more difficult to relate treatment outcomes directly to
the treatment of choice in elderly compared to younger patients. The aim of Chapter 5 is to
review the validity of reported risk factors for mortality in elderly patients treated for cervical
15

spine injury. This chapter will provide insight into the question whether previous studies have
considered other prognostic factors in their risk assessment appropriately or not.
As will be described in chapter 5, the type of treatment, in particular halo vest
immobilization, has commonly been associated with high mortality rates in elderly spinal
injury patients.18-20 Whereas most of these studies are based on retrospective data collection
and have relatively small sample sizes, the objective of Chapter 6 is to prospectively analyze
the incidence of and risk factors associated with complications during halo vest immobilization
in a large cohort of young and elderly patients. Taking into account a detailed list of potential
prognostic factors, special attention is paid to the quality of risk assessment for mortality.
On the injuries of the spinal marrow
As no curative treatments have been shown effective in the field of spinal cord injury, this
means that, in essence, prognostication of spinal cord injuries is less complicated than
predicting outcomes of spinal column injuries. Patient and injury characteristics of SCI
patients play an even more dominant role in determining outcomes than in the spinal column
injury population. The question that remains, however, is how well are the prognostic factors
defined and to what extent do they help physicians to determine outcomes after SCI?
In Section C, two comprehensive research projects are presented. The first project
covers the methodological quality and prognostic value of one of the best-known spinal cord
injury syndromes, the traumatic central cord syndrome (TCCS). The second project reviews
the prognostic value of the initial neurological examination of traumatic SCI patients with
regard to independent ambulation outcomes.
TCCS is a well-known syndrome and is commonly believed to be associated with
better outcomes compared to other forms of motor incomplete tetraplegia. TCCS is
characterized by 1) disproportionately more motor impairment of the upper than of the lower
extremities, 2) bladder dysfunction, usually urinary and retention, and 3) varying degrees of sensory loss
below the level of the lesion.21 Out of these three clinical characteristics, the first is generally
considered to be the most typical and important one. However, it is the use of the ambiguous
term ‘disproportionately’ which acts as a potential limitation for the reproducibility of the
TCCS definition. The aim of Chapter 7 is to reappraise the exact definition of TCCS and to
review the diagnostic criteria that have been applied in previous clinical studies evaluating
TCCS subjects. In line with this literature review, the clinical and scientific interpretations of
TCCS among spine specialists were also evaluated by means of an online questionnaire
survey. The results of this survey are presented in Chapter 8. Chapters 7 & 8 also include a
proposal for a quantitative diagnostic TCCS criterion to be applied in future clinical research.
The first scientific use of the proposed diagnostic TCCS criterion is reported in Chapter 9.
The aim of this chapter is to compare TCCS patients with other incomplete tetraplegic
patients by means of descriptive, outcome and longitudinal analyses in a prospectively recrui16

Table 1.1
The American Spinal Injury Association/International Spinal Cord Society neurological standard scale (AIS)
grading system, which is also known as the ASIA impairment scale.
AIS grading system

SCI lesion

A
B

Complete
Incomplete

C
D
E

No motor or sensory function is preserved in the sacral segments S4-S5.
Sensory but not motor function is preserved below the neurological level and includes
the sacral segments S4-S5.
Motor function is preserved below the neurological level, and more than half of key
muscles below the neurological level have a muscle grade less than 3.
Motor function is preserved below the neurological level, and at least half of key
muscles below the neurological level have a muscle grade of 3 or more.
Motor and sensory function are normal.

Incomplete
Incomplete
None

ted cohort of traumatic spinal cord injury (SCI) patients. The central question which is
addressed in Chapter 9 is whether or not TCCS subjects truly have better outcomes than
patients with a ‘regular’ type motor incomplete tetraplegia.
The second project presented in Section C reviews the prognostic value of the initial
neurological examination of traumatic SCI patients with regard to independent ambulation
outcomes. Since the introduction of the Frankel scale in 1969,22 the communication and
documentation of the severity of neurological impairment in SCI patients was more and more
based on gradual scoring systems rather than clinical syndromes. In the mean time the
‘International standards for Neurological Classification of Spinal Cord Injury’ have become the
standardized and routinely adopted classification for traumatic SCI.23 In clinical practice, the
grading system derived from the International standards, the American Spinal Injury
Association (ASIA)/International Spinal Cord Society (ISCoS) neurological standard scale
(AIS), is commonly used to express the severity of a patient’s neurological deficit, see Table
1.1.
After years of fine-tuning and being subjected to several validation studies, the
International standards have reached a certain mature level and can be labeled as
methodologically sound.24, 25 Now the underlying classification system has been proven to be
accurate, reliable and responsive, the next scientific topic of interest is to appraise and optimize
its prognostic value with regard to functional outcomes. As recovery of independent
ambulation is a high priority among SCI patients, we decided to focus on this specific
outcome.26
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In clinical practice, both the AIS grading system and the distinction between
‘complete’ and ‘incomplete’ SCI are used to express the severity of the injury. This
information, in turn, is commonly used to determine the prognosis, counsel the patient and to
formulate individual rehabilitation programs. In reality this means that the initial neurological
findings are used to estimate the expected functional outcomes. Neurological parameters are
translated to functional outcomes. Although this way of clinical reasoning is common practice,
little evidence supporting this approach is available. The aim of Chapter 10 is to evaluate
whether neurological recovery, in terms of improved AIS grades, is related to the functional
ambulatory outcome in patients with traumatic SCI. This chapter addresses the issue whether
neurological improvements, as expressed with the AIS grading system, can be extrapolated to
and interpreted as functional recovery.
The distinction between ‘complete’ and ‘incomplete’ SCI is commonly applied by
physicians, especially by those who are not entirely familiar with the AIS grading system.
Also in the literature on the prognosis of traumatic SCI this distinction is commonly
applied.27-29 In 1991, it were Waters and colleagues who introduced the initial concept of the

The ASIA sacral sparing items:
1. Voluntary anal contraction
2. S4-5 light touch sensory score
3. S4-5 pin prick sensory score
4. Anal sensation
Definition of the distinction between complete and incomplete SCI:
If
•
AND

voluntary anal contraction = absent

•
AND

all S4-5 sensory scores = absent

•

any anal sensation = absent

=

injury is complete.

then

Otherwise the injury is incomplete.

Box 1.1
The ASIA sacral sparing items1,5
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‘complete and incomplete SCI distinction’.30 Although they based their initial concept on
patient data, the implementation of the sacral sparing criteria - which are the cornerstones of
the ‘complete and incomplete SCI distinction’, see Box 1.1 - into the 1992 edition of the
International standards was actually based on consensus. The objective of Chapter 11 is to
analyze the construct validity of the distinction between complete (AIS grade A) versus
incomplete (AIS grades B-D) SCI with regard to independent ambulation outcomes. For this
purpose the prognostic value of each sacral sparing item is determined and included in a
regression analysis.
As becomes clear in Chapter 11, there is a need of further research on accurate
measures to predict functional outcomes in the traumatic SCI population. In the end, these
efforts may result in an clinically utilizable functional prediction rule for the individual
traumatic SCI patient. Use of multivariate prognostic models for determining outcomes after
neurotrauma such as traumatic brain injury have recently gained increased recognition, but
such models have not yet been applied to traumatic SCI.31, 32 The first validated, clinical
prediction rule for independent ambulation outcomes in traumatic SCI is presented in
Chapter 12. The aim of this chapter is to provide physicians with a simple prognostic tool
that can be used to counsel SCI patients and their families during the initial phase after the
injury.
The synthesis of the thesis is presented in Section D. In Chapter 13, the three
following general discussion points are addressed:
•

What improvements have been made over time in the prognostication and
classification of spinal column and spinal cord injuries?

•

What is the methodological quality of prognostication and classification
concepts for spinal column and spinal cord injuries applied in contemporary
scientific literature and clinical practice?

•

What are the hot future research niches eventually leading to sound and
clinically valuable prognostication and classification models in the field of spinal
column and spinal cord injuries?

The English and Dutch summaries of this thesis are presented in Chapter 14 & 15,
respectively.
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- Chapter 2 -

The Edwin Smith Papyrus
A Clinical Reappraisal of the
Oldest Known Document on Spinal Injuries

Based on the following manuscript:
van Middendorp JJ, Sanchez GM, Burridge AL. The Edwin Smith Papyrus: A Clinical Reappraisal of the Oldest
Known Document on Spinal Injuries. Eur Spine J. 2010 Aug 10. [Epub ahead of print].

“In the highest civilization, the book is still the highest delight. He who has once known its satisfactions is
provided with a resource against calamity.”
Ralph Waldo Emerson (1803–1882)

Abstract
Dating from the 17th Century B.C., the Edwin Smith Papyrus, is a unique treatise containing
the oldest known descriptions of signs and symptoms of injuries of the spinal column and
spinal cord. Based on a recent “medically based translation” of the Smith Papyrus, its enclosed
treasures in diagnostic, prognostic and therapeutic reasoning are revisited. Although patient
demographics, diagnostic techniques and therapeutic options considerably changed over time,
the documented rationale on spinal injuries can still be regarded as the state-of-the-art
reasoning for modern clinical practice.
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Introduction
Dating from the 17th century B.C., the Edwin Smith Papyrus is the oldest known surviving
trauma text in history.1 This ancient medical treatise is credited as containing the earliest
known scientific writings on rational observations in medicine. A total of 48 cases are
presented in the papyrus, of which six deal with injuries to the spine. The cases contain highly
accurate descriptions of signs and symptoms of different types of spinal injuries.
The objective of this review was to reappraise the clinical descriptions of the spinal
injury cases documented in the Edwin Smith papyrus. Whereas several previous reports
focused on the translational details and controversies of the scroll,1-6 this study primarily aims
to revisit its enclosed treasures in diagnostic, prognostic and therapeutic reasoning.
Subsequently, these findings are placed in the context of the contemporary diagnostic work-up
and classifications of spinal injuries.
A brief summary of the history and translation of the papyrus
After lying in a tomb in Thebes, Egypt, for over 3,000 years, the papyrus (Figure 2.1)7 was sold
to the antiquities dealer Edwin Smith in 1862. Despite praiseworthy attempts, Smith did not
manage to translate the scroll. After his death in 1906, the papyrus was donated to ‘The New
York Historical Society’ by his daughter. It was not until 1920 the moment the papyrus was
entrusted to the renowned Egyptologist James Henry Breasted for translation. After a long
period of study and analysis Breasted accomplished the tremendous task of translating the
papyrus and published a historic two-volume edition containing the English translation,
commentary - along with medical notes prepared by the physician Arno Luckhardt - and
hieroglyphic transcription of the original scroll in 1930.1
Based on his vast experience and extensive research Breasted concluded that the
papyrus must have been written during the 16th century B.C.. Interestingly, since the
hieroglyphics used in the text were more common in earlier times, around 3,000-2,500 B.C., he
- and others - believed that the scroll must be a copy of an older text.1, 8 This information led to
further speculations on the original authorship. Breasted suggested that the Egyptian
physician Imhotep, who served under the Third Dynasty of pharaoh Djoser (26th century
B.C.), could have been the author of the original text. A recent reappraisal summarized that
the papyrus was most likely penned in the 17th century B.C. and probably is a copy of an
older document. Nonetheless, the original authorship remains a controversial issue.9
Although his translation of the Edwin Smith papyrus is still regarded as a
masterpiece, Breasted encountered several problems in his interpretation of the text. After the
publication of his translation in 1930, several other Egyptologists and physicians suggested
alternative interpretations of a number of hieroglyphs and fragments written in the original
text.10-16 After thoroughly reinterpreting the original hieratic document, Sanchez and Burridge
are currently producing a novel “medically based translation” of the Edwin Smith papyrus.9
26

For the clinical appraisal of the spinal injury cases this latter translation was used for the
current review. Before going into detail on the spinal injury cases, it is important to appraise
the style and perspective the papyrus was written in.
Style and perspective of the papyrus
The papyrus includes 48 cases of wounds, injuries and fractures topographically ordered from
the skull, neck, upper limbs, chest to the thoracolumbar spine. The text of the last case (case
48) comes to an unexpected end in the middle of a sentence. This suggests that the writer (or
writers) was about to write down more cases dealing with wounds and injuries to the
thoracolumbar spine, sacrum and lower limbs. The papyrus is astonishingly well-structured.
Besides the mentioned topographic structure of the scroll, all cases are documented in a similar
form. Each case includes the following subheadings: “Introductory heading”, “Significant
symptoms”, “Diagnosis”, and - if considered treatable - “Recommended treatment”.9, 10 Most of

Figure 2.1
Plate X and XI of the Edwin Smith Papyrus including the five cervical spinal injury cases in hieratic script.7
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Significant symptoms

Other
documented
signs and
symptoms

Treatment verdict:
“ A medical condition…”

Table 2.1
The diagnostic descriptions & therapeutic verdicts of the 6 spinal injury cases as reported in the Edwin Smith papyrus, based on the Sanchez & Burridge translation.9
Diagnosis of the
spinal column

Significant symptoms

Region/
(type)

Injury of
the spinal
cord

Case

No

“…I intend to fight with."

Stiffness of neck.
Inability to rotate and
bend the neck

-

29

Fracture as a
result of a
penetrating injury

“…I can heal."

Cervical
(Open)

-

Wrenching/
sprain with disc
injury*

No

30

Cervical
(Closed)

Motor and sensory loss of the
upper and lower extremities,
priapism, urinary incontinence,
abdominal distention, priapism†
and spermatorrhea†

“…I can heal."

“…that cannot be healed."

“…I can heal."

“…that cannot be healed."

Yes

-

Bloodshot eyes‡

No

Stupor‡ and
aphasia‡
Yes

Ability to rotate and
bend the neck. Painful
rotation and flexion of
the neck
None reported

Compression
fracture*

Inability to rotate and
bend the neck (“face
fixed”)
None reported

No

Motor and sensory loss of the
upper and lower extremities
-

Dislocation*

Cervical
(Closed)
Burst fracture*

Immediate contraction of
the leg after extending it
because of vertebral pain

Cervical
(Closed)

32

Wrenching/
sprain with disc
injury

31

33
48

Cervical
(Closed)
Lumbar
(Closed)

Symbols & abbreviations. *: This term is clarified in the case’s additional subheading “Explanation”, see Appendix 2.1, †: This symptom was documented to be present in an injury located at
“the middle vertebra of the back of neck”, ‡: This symptoms is considered to be most likely the result of an inaccurately described closed head injury.
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the cases also include an additional subheading “Explanation” in which unfamiliar terms used
in the case description are clarified.
The “Significant symptoms” section of the cases mostly starts as: "If you examine a
man for...". Interestingly, no further characteristics of “the man” or cases under study are
provided. It has been suggested that the cases described in the papyrus predominantly concern
patients who sustained their injuries during battles or construction work.10, 15, 17-19 From this
perspective, one may assume that the cases under study deal with relatively young, healthy
male patients. From another, more modern, point of view the starting fragment may also be
interpreted as: “In case of”. This means that other (prognostic) factors than the diagnosis under
study were not considered in the treatment decision-making. In line with this “In case of”approach is the finding that in the “Significant symptoms” section the main diagnosis is always
reported prior to the underlying clinical signs and symptoms. This order of provided
information suggests that the documented cases are not chronological descriptions of the
diagnostic work-up of an individual case, but rather accurate, post hoc descriptions of the most
significant signs and symptoms of the diagnosis under study.
Another interesting aspect is that none of the cases include differential diagnoses.
Nonetheless, since a number of unique cases was documented for most of the regions, ie. head
(27), neck (5), upper arm (3) and chest (8), the papyrus may have guided the differential
diagnostic process in those physicians who had the knowledge of the major symptoms of each
diagnosis in each region. A similar post hoc approach as in the “Significant symptoms” section
can be found in the “Diagnosis section”. In each case one of the following three verdicts follows
the diagnosis: 1) “(This is) a medical condition I can heal", 2) “(This is) a medical condition I intend
to fight with.", and 3) ”(This is) a medical condition that cannot be healed.". This therapeutic
rationale, which is still applied in modern military triage, shows that the ancient Egyptian
physician must have had an enormous experience in the natural history and treatment
outcomes of traumatic injuries.
Spinal injuries reported in the papyrus
Six of the cases documented in the papyrus primarily deal with injuries to the spine (Cases 2933 and 48), see Table 2.1. The translations of each of these cases are presented in Appendix 2.1.9
Significant symptoms of spinal injuries
The “significant symptoms” of the spinal injury cases are summarized in Table 2.1. In one case
other information than the signs and symptoms belonging to the diagnosis under study has
been documented as well:
Case 33: “It is his fall head-downward which caused a vertebra to crush into its counterpart.”
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In no other case the mechanism of injury has been described. In fact, this is the only case
presenting information acquired from history taking or, more likely in this case,
heteroanamnesis.
Although the symptom “stiffness of the neck” is documented in eleven cases (Cases 3
to 8, 19, 20, 22 and 29), this symptom is reported in only one of the six cases with spinal injury.
In the head injury cases neck stiffness is attributed by the Egyptian physicians to what
amounts, in our terms, meningismus from traumatic subarachnoid hemorrhage. The inability
to rotate or flex the neck is described in seven cases (Cases 4,5,7, 19, 29, 30 and 32), of which
three cases deal with spinal injury. Whereas the diagnosis of a ‘cervical sprain with disc injury’
(Case 30) is associated with the ability to rotate and flex the neck (although painful), the
diagnoses ‘cervical stab wound, perforating a vertebra’ and ‘cervical vertebral compression
fracture’ (Cases 29 and 32, respectively) are related to the inability to do so.
In case 48, the only case dealing with a lumbar spinal injury, a unique type of
physical examination is reported. The patient, presumably lying in supine position, is asked to
extend and contract the legs. When the patient suffers from ‘a wrenching / sprain in the
vertebral column of the lower back with disc injury’ he will contract his leg immediately
because of the resulting pain of vertebral origin. Interestingly, this is the only clinical symptom
reported in this case. Although others hypothesized that this case represents the first
description of non-traumatic low back pain,20 this case most likely covers the diagnosis of a
symptomatic traumatic lumbar intervertebral disc injury.21, 22 In fact, the maneuver described in
case 48 can be considered as the clinical precursor of Lasègue's sign.23
The papyrus includes two cases with spinal cord injury (Cases 31 and 33). It is
noteworthy that in these two cases significant symptoms related to injuries of the spinal
column, eg. stiffness of the neck and the ability to rotate and bend the neck, are not described
at all. All of the reported signs and symptoms are related to the spinal cord injury. One
symptom is documented in both cases: “unawareness of both the arms and legs”. The use of
the term unawareness in this context is intriguing. It implicates that both motor and sensory
functions are (completely) absent. After carefully reading case 31 we can conclude, however,
that the accuracy of this description of neurological deficit leaves room for speculation. The
following text, which is perhaps one of most interesting fragments of the entire papyrus,
explains why:
Case 31: “…it is a dislocation of a vertebra of the back of his neck extending to his thoracic spine, that
causes him to be unaware of both his arms and his legs. If however, the middle vertebra of the back of
neck is dislocated, ejaculation arises from his penis.”
Based on the second sentence we cannot do otherwise than to conclude this case concerns a
spinal injury located at the lower part of the cervical spine resulting in a low cervical
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tetraplegia.1, 3, 6 From a modern perspective we know that the motor and sensory tracts to the
proximal parts of the upper limbs (myo- and dermatomes C5) would likely had have been
intact in such a case. Therefore, it is plausible to assume that, in case 31, a certain ‘awareness’ of
the upper extremities was preserved.
The papyrus contains the first known descriptions of autonomic dysfunction in spinal
cord injury, including: priapism, urinary incontinence and abdominal distention (Case 31).
The bloodshot eyes (Case 31), stupor and aphasia (Case 33) are not related to the spinal cord
injury as these signs are most likely the result of an inaccurately described closed head injury.
Categorization of spinal injuries
As mentioned, the papyrus excels by its topographic structure. The categorization of
anatomical regions is also observed within the group of spinal injuries. Diagnoses of the
cervical spine (Cases 29 to 33) are clearly distinguished from diagnoses of the thoracic and/or
lumbar spine (Case 48). Furthermore, the cervical spinal injury cases can further be categorized
in open (Case 29) and closed (Cases 30-33) wounds.
Each of the four closed cervical spinal injury cases concerns a unique diagnosis of the
injured spinal column. An additional explanation of the diagnosis is provided by the writer in
each case (see Appendix 2.1). The modern diagnoses, as expressed in the case's titles are:
•
•
•
•

Case 30: Cervical sprain with disc injury;
Case 31: Cervical vertebral dislocation with spinal cord and head injury;
Case 32: Cervical vertebral compression fracture; and
Case 33: Cervical burst fracture with spinal cord injury and brain contusion.

Case 30 represents the least disabling type of spinal injury and has previously been interpreted
as a whiplash injury.24 The case’s explanation includes a remarkably detailed description of the
lost integrity of the non-synovial intervertebral joint, ie. the intervertebral disc.9, 21 Case 31
concerns a more severe injury with separation of one vertebra from another. However, the
extent and direction of the displacement injury remain speculative issues. In contrast, the
explanation of the vertebral compression fracture accompanying case 32 includes a highly
illustrative metaphor:
Case 32: “The inside of the back of his neck is like a foot sinking into cultivated soil; it is a compressing/
collapsing downwards”.
It is hard to imagine that more than 3,500 years before the publication of WatsonJones’s vertebral-body fracture classification, the Egyptian physicians already distinguished
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vertebral body compression fractures from vertebral body burst fractures.25 The detailed
description of the crushed fracture in case 33 suggests that post-mortem examinations were
performed.26, 27 The same counts for the documented pathologic anatomic relation between the
dislocated vertebra and spinal cord in case 31. Other Egyptologists, however, do not support
the suggestion of post-mortem examinations being performed in Egypt before the 4th century
B.C..21, 28 Another question that remains is how the writer accurately determined the diagnoses
of cases 30 and 32 in surviving subjects.
Although the signs and symptoms of spinal cord injuries reported in cases 31 and 33
are not entirely similar, the author did not clearly categorize the neurological deficits of these
two cases into different entities. However, case 31 includes a very interesting remark:
Case 31: “…If however, the middle vertebra of the back of neck is dislocated, ejaculation arises from his
penis.”
The writer describes a hypothetical alternative clinical presentation: a more cranial injury to
the cervical spinal column would result in a different type of neurological sequelae, namely
priapism and spermatorrhea. Although it is evident that the ancient Egypt physicians had
great knowledge about human physiology and anatomy (see next paragraph), with the
currently available knowledge we can say that the documented causal relation between the
level of injury and the mentioned neurological sequelae is inaccurate. Nonetheless, after
reappraising the alternative scenario documented in case 31, we may conclude that, referring to
the level of injury, the papyrus includes the oldest known categorization of SCI in history(!).
Causal relations in spinal injuries
Clearly the author of the papyrus was a learned physician and anatomist. Besides the
accurately documented diagnoses and their significant symptoms, the scroll also includes the
first ever known report of causal relations in spinal injuries.26 Four causal relations are
described in the spinal injury cases. In case 33 the mechanism of injury is related to the type of
spinal column injury:
Case 33: “…his falling head downward, upon the vault of his head, forcibly drives one vertebra of the
back of his neck into its neighbor
This sentence demonstrates that even in ancient times physicians were aware of the effects of
excessive axial loadings on the integrity of the vertebral bodies of the spinal column.
One of the most fascinating fragments of the papyrus concerns the documentation of
the (inexplicit) causal relation between the injury of the spinal column and the spinal cord in
cases 31 and 33:
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Case 31“… it is a dislocation of a vertebra of the back of his neck extending to his thoracic spine, that
causes him to be unaware of both his arms and his legs.”
Case 33: “…caused a vertebra to crush into its counterpart and you find he is unaware of both his arms
and his legs because of it.”
These two causal descriptions illustrate that more than 3,500 years ago physicians already had
substantial knowledge about human physiology. They knew that injuries to the spinal column
had the potential to result in motor, sensory and functional deficits. Without doubt it can be
stated that the ancient Egyptian physicians were already aware of the vital functions of the
spinal cord.
The last causal relation documented in the spinal injury cases is the following:
Case 48: "… He has to contract it immediately because of the pain that it makes in the vertebral
column of his back from which he suffers.”
In this case the writer describes a rational explanation for the pain which is evoked by physical
examination.
Treatment of spinal injuries
The statements on the treatability of the spinal injury cases are summarized in Table 2.1. Two
of the six spinal injury cases are considered untreatable; cases 31 and 33, the only two cases
with a documented spinal cord injury. The open cervical spinal injury documented in case 29 is
followed by the verdict: ”(This is) a medical condition I intend to fight with." As the clinical signs
and symptoms related to the spinal column are quite similar to those reported in case 32, the
reticent verdict on the treatment of case 29 is probably based on the risk of a subsequent
infection of the open wound. The writer considers the remaining three cases (Cases: 30, 32 and
48) as treatable by non-operative means.
The spinal trauma cases placed in a modern clinical and scientific perspective
To recapitulate, the Edwin Smith papyrus is a unique treatise containing the oldest known
descriptions of signs and symptoms of injuries of the spinal column and spinal cord. The scroll
can be characterized as a well-structured teaching manual guiding a physician’s differential
diagnostic process and treatment-decision making for a range of diagnoses. The papyrus excels
in rationality, even more so when considering it originated at the time when written language
itself was a recent invention and medicine was at its birth. The cases covered by the papyrus
are not likely to represent individual ancient cases, but rather a series of accurately described
clinical scenarios based on the clinical knowledge of highly experienced and educationally
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minded Egyptian physicians. Although the first documented signs of spinal column injuries
are – from a modern perspective - fairly non-specific, symptoms of spinal cord injuries have
been documented accurately in the scroll. The papyrus contains the first known
categorizations of spinal column and spinal cord injuries and covers important clinical
prognostic factors which were considered in the treatment decision-making process as reported
by the writer.
While all of the spinal injury cases in the papyrus cover injuries to the spinal column,
two cases focus on the signs and symptoms of concomitant injury to the spinal cord.
Interestingly, in these two cases significant symptoms related to injuries of the spinal column
are not described at all. Given the devastating effects of spinal cord injury on survival
outcomes, details about injuries to the spinal column and their prognostic value were
apparently not considered significant enough to be reported. A possible explanation for this is
that patients with spinal cord injury usually had a poor prognosis. Most of the patients died a
relative short period after the injury because of pneumonia, urinary tract infections or other
complications related to autonomic dysfunction. It was not until the first half of the 20th
century when survival rates increased dramatically because of the introduction of specialized
care, prevention of complications and the discovery and use of antibiotics.29-32
Compared to ancient Egypt, the contemporary diagnostic work-up of spinal column
injuries has improved considerably. With the breakthroughs in medical imaging by Roentgen
in 1895 (X-rays) and Hounsfield and Cormack in 1971 (Computed Tomography) physicians
became able to estimate the severity of closed spinal column injuries.33, 34 Instead of history
taking and physical examinations, imaging techniques became the reference standards in the
diagnostic work-up of spinal column injuries. It is, however, remarkable to conclude that, more
than 3,500 years after the first known documented categorization of spinal column injuries, no
reliable, accurate and validated spinal injury classification system has been introduced and
globally endorsed to date.35, 36
In contrast, contemporary classifications of spinal cord injuries are characterized by
their high methodological standards. The ‘International standards for Neurological
Classification of Spinal Cord Injury’, first introduced in 1982 by the American Spinal Injury
Association (ASIA), have become the standardized and routinely adopted classification for
traumatic SCI.37, 38 This classification primarily covers the severity of the key clinical features
of spinal cord injury, namely the degree of “unawareness of the arms and legs”. Although the
ancient treatise accurately describes signs of autonomic dysfunction, it was not until recently
when a proposal for ‘International standards to document remaining autonomic function after
spinal cord injury’ was introduced.39
Since the ancient Egyptian times, the number of effective treatment options for
spinal column injuries improved considerably.40-42 Whereas natural history and treatment
outcomes are hardly documented in the papyrus, current spinal trauma literature is actually
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focused on treatment outcomes of both operatively and non-operatively treated patients. It is
fascinating to see the shift of treatment goals over time. Whereas ancient Egyptian triage
medicine considered the likelihood of survival as the most important outcome of interest,
nowadays the quality of life and functional outcome measures are of primary interest.43, 44
Despite all recent scientific efforts a cure for spinal cord injury still does not exist. Nonetheless,
the treatment verdict “(This is) a medical condition that cannot be healed.” lost terrain since the
care of spinal cord injuries improved considerably during the last century.
With a number of causal relations described in the spinal injury cases the Edwin
Smith papyrus excels in rationality. Moreover, the most significant symptoms were explicitly
considered as important prognostic factors in the postulation of the treatment verdicts. As the
“study population” of the papyrus most likely included young and healthy male warriors or
construction workers, Egyptian physicians probably seldom dealt with other significant,
physical prognostic factors influencing treatment decision making. Although injuries reported
in the papyrus still occur today, the distribution of spinal injuries now ranges from children to
octogenarians, with the latter group readily increasing.45 Because of this demographic switch of
spinal injuries physician are nowadays facing more complex diagnostic and therapeutic workups. Nonetheless, whereas demographics, diagnostic techniques and therapeutic options
changed over time, the diagnostic, prognostic and therapeutic rationale documented in the
oldest known treasure on spinal injuries can still be considered as the state-of-the-art reasoning
for modern clinical practice.
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Appendix 2.1
The six spinal injury cases documented in the Edwin Smith papyrus.7
*****
CASE #29: CERVICAL STAB WOUND, PERFORATING A VERTEBRA
TITLE:
Treatment instructions concerning a knife wound in a vertebra in the back of his neck.
EXAMINATION:
If you should examine a man with a flesh wound because of a knife slash in a vertebra in the
back of his neck, penetrating to the bone, and perforating the bone of a vertebra of the back of
his neck: if when you clean out that oozing wound, take note: the shuddering / wincing
because of it is great! He has found he is unable to look at both his shoulders and his chest.
DIAGNOSIS:
Then you are to say about it: “A wound of the flesh in the back of his neck, penetrating to the
bone and perforating the bone of a vertebra in the back of his neck, and one who suffers from
rigidity in the back of his neck: (this is) a medical condition I intend to fight with”.
TREATMENT:
You should bind it over fresh meat the first day. Afterward, lay (him) down on his resting
place / camp bed, until the critical period of his affliction passes.
*****
CASE #30: CERVICAL SPRAIN WITH DISC INJURY
TITLE:
Treatment instructions for a wrenching / sprain in the vertebral column of the back of his
neck.
EXAMINATION:
If you should examine a man for a wrenching / sprain in the vertebral column of the back of
his neck, then you are to say to him: “Look towards both your shoulders and your chest".
When he does so, the ‘looking’ he is capable of, is painful.
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DIAGNOSIS:
Then you are to say to him: “One who suffers from a wrenching / sprain in the vertebral
column of the back of his neck, (this is) a medical condition I can heal".
TREATMENT:
You have to bind it over fresh meat the first day. Afterward, you should treat with
(powdered) alum and honey every day until he recovers.
EXPLANATION:
As for ‘the wrenching / sprain’, he says about the wrenching apart in intervertebral joints:
“Each vertebra is (still) in its place”.
*****
CASE #31: CERVICAL VERTEBRAL DISLOCATION WITH SPINAL
CORD AND HEAD INJURY
TITLE:
Treatment instructions for a dislocation in the vertebral column of the back of the neck.
EXAMINATION:
If you should examine a man for a dislocation in the vertebral column of the back of his neck,
and you find him unaware of both his arms and his legs, as a result of it, while his penis is stiff
because of it and urine drips from his penis without him knowing it and his internal organs
have become gaseous and both his eyes are bloodshot, it is a dislocation of the vertebral
column of the back of his neck extending to his thoracic spine, that causes him to be unaware
of both his arms and his legs. If however, the middle vertebra of the back of neck is
dislocated, an involuntary discharge / ejaculation arises from his penis.
DIAGNOSIS:
Then you are to say about him: "One who has a dislocation in the vertebral column of the
back of his neck and he is unaware of his legs and his arms and his urine dribbles: (this is) a
medical condition that cannot be healed".
EXPLANATION A:
As for ‘a dislocation in the vertebral column of the back of his neck’, he is speaking about one
vertebra of the back of his neck separating from its counterpart, the flesh that is on it being
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sound, like saying: ‘it is dislocated’ about things which had been joined together until the time
one is detached from its counterpart.
EXPLANATION B:
As for the ‘involuntary discharge / ejaculation’ it refers to what is occurring with regard to his
penis. His penis is stiff and subject to emission from the end of his phallus. That is to say, the
penis remains stationary, it does not move down to the genital region, moreover, neither can it
lift upward.
EXPLANATION C:
As for ‘the weakness of his urine’, it means that urine drips from his penis and does not hold
back for him.
*****
CASE #32: CERVICAL VERTEBRAL COMPRESSION FRACTURE
TITLE:
Treatment instructions for a subsidence in a vertebra in the back of his neck.
EXAMINATION:
If you should examine a man for a subsidence in a vertebra in the back of his neck and his face
is fixed and he cannot turn his neck, you must say to him: “Look to the front of your chest and
to your two shoulder joints". Then he finds he is unable to turn his face. He can look to
neither the front of his chest nor his two shoulder joints.
DIAGNOSIS:
Then you are to say about him: “One who has a subsidence in a vertebra in the back of his
neck, (this is) a medical condition I can heal".
TREATMENT:
You have to bind it over fresh meat the first day. You have to loosen his bandages, and you
then apply ointment to his head as far as the back of his neck. You have to bandage it over
alum and you should treat him afterward with honey every day. It means his treatment
protocol is ‘sitting upright’ until he recovers.
EXPLANATION:
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As for ‘a subsidence in a vertebra of the back of his neck’, he says, concerning the depressing of
a vertebra of the back of his neck: “The inside of the back of his neck is like a foot sinking into
cultivated soil; it is a compressing / collapsing downwards”.
*****
CASE #33: CERVICAL BURST FRACTURE WITH SPINAL CORD INJURY
AND BRAIN CONTUSION
TITLE:
Treatment instructions concerning a crushed vertebra of the back of his neck.
EXAMINATION:
If you should examine a man having a crushed vertebra in the back of neck and you find him
with one vertebra fallen into its counterpart, and now he is stuporous and he does not speak. It
is his fall head downward which caused a vertebra to crush into its counterpart and you find he
is unaware of both his arms and his legs because of it.
DIAGNOSIS:
Then you are to say about him: “One who has a crushed vertebra in the back of his neck, and
he is unaware of both his arms and legs, and is stuporous, (this is) a medical condition that
cannot be healed".
EXPLANATION A:
As for ‘a crushed vertebra in the back of his neck’, he says concerning the falling of one
vertebra of the back of his neck into its counterpart, “<It is> one entering into the other one
without moving back and forth”.
EXPLANATION B:
As for ‘it is his fall head downward, that is what caused one vertebra to crush into its
counterpart’, it means, his falling head downward, upon the vault of his head, forcibly drives
one vertebra of the back neck into its counterpart.
*****
CASE #48: SPRAIN IN THE VERTEBRAL COLUMN OF THE LOWER
BACK WITH DISC INJURY
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TITLE:
Treatment instructions for a wrenching / sprain in the vertebral column in his lower back.
EXAMINATION:
If you should examine a wrenching / sprain in the vertebral column of lower back, then you
are to say to him: “Please extend your legs”. “Contract it”. Then he must extend it. He has to
contract it immediately because of the pain that it makes in the vertebral column of his back
from which he suffers. Then you are to say to him: “One who has a wrenching / sprain in the
vertebral column of his lower back, (this is) a medical condition I can heal”.
TREATMENT:
You must lay him stretched out / prostrate and prepare for him...
*****
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On the Injuries of the Vertebrae

- Chapter 3 -

What Should an Ideal
Spinal Injury Classification System Consist of?
A Methodological Review and Conceptual Proposal
for Future Classifications
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“Reinventing the wheel is sometimes the right thing, when the result is the radial tire.”
Jonathan Gilbert (1968-)

Abstract
Since Böhler published the first categorization of spinal injuries based on plain radiographic
examinations in 1929, numerous classifications have been proposed. Despite all these efforts,
however, only a few have been tested for reliability and validity. This methodological,
conceptual review summarizes that a spinal injury classification system should be clinically
relevant, reliable and accurate. The clinical relevance of a classification is directly related to its
content validity. The ideal content of a spinal injury classification should only include injury
characteristics of the vertebral column, is primarily based on the increasingly routinely
performed CT imaging, and is clearly distinctive from severity scales and treatment
algorithms. Clearly defined observation and conversion criteria are crucial determinants of
classification systems’ reliability and accuracy. Ideally, two principle spinal injury
characteristics should be easy to discern on diagnostic images: the specific location and
morphology of the injured spinal structure. Given the current evidence and diagnostic imaging
technology, descriptions of the mechanisms of injury and ligamentous injury should not be
included in a spinal injury classification. The presence of concomitant neurologic deficits can
be integrated in a spinal injury severity scale, which in turn can be considered in a spinal injury
treatment algorithm. Ideally, a validation pathway of a spinal injury classification system
should be completed prior to its clinical and scientific implementation. This review provides a
methodological concept which might be considered prior to the synthesis of new or modified
spinal injury classifications.
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Introduction
Prior to the discovery of X-rays by Wilhelm Röntgen in 1895, the diagnosis of spinal injury
was primarily based on clinical observations. Because of the impressive clinical presentation in
spinal injury patients with concomitant neurological deficits, spinal injuries were frequently
categorized as injuries with or without spinal cord injury (SCI).1 Lorenz Böhler published the
first categorization of spinal injuries in 1929 based on plain radiographic examinations of
treated spinal injury patients during World War I.2 Since then, there has been an enormous
growth of injury classification systems in spinal trauma literature, ranging from general spinal
injury classifications,3, 4 to specific classifications of lateral mass injuries of the subaxial cervical
spine.5, 6
Out of the numerous spinal injury classification systems, only a few have been
evaluated for reliability or validity.7 Recently, the Spine Trauma Study Group (STSG)
introduced multidimensional injury classification systems for the subaxial cervical and
thoracolumbar spine. These classification systems have been evaluated for content validity and
subjected to reliability testing by the STSG expert committee.8-11 However, the
generalizability and practicability of these classifications outside of the expert committee have
not been reported to date.
The introduction, evaluation, validation and clinical and/or scientific
implementation of a new classification system is a challenging and time-consuming process.12
Currently, however, no review evaluating the elementary basics of a spinal injury classification
system has been published. The aim of this study is threefold: firstly, to review the
methodological principles of spinal injury classifications, secondly, to critically appraise the
contents of current spinal injury classifications, and thirdly, to discuss future directions of
spinal injury classifications.
The principles of spinal injury classification systems
A spinal injury classification system should be clinically relevant, reliable and accurate. A
classification can only be labeled as ‘valid’ once it has been proven to fulfill these three crucial
criteria. The properties of these three criteria will be reviewed in detail in the following
paragraphs.
Clinical relevance of spinal injury classification systems
Clinical relevance
Spinal injury classification systems are used as a prognostic tool to determine natural history
outcomes, guide treatment decision-making, and predict the possibility of complications.13, 14 In
clinical research, spinal injury classifications are also used to compare different treatments for
identical injury types and similar treatments for different injury types.15, 16 Classification
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categories that perfectly guide treatment decision-making have excellent construct validity.
Construct validity refers to how well a measurement conforms to theoretical constructs. For
instance, if a single morphological injury characteristic is theoretically believed to guide
between two treatment options, a measure of this characteristic that has construct validity
would show this guidance on the choice of treatment.17, 18
Content and face validity
A spinal injury classification is considered clinically relevant if it comprises the most relevant
items. The content of the classification should be valid. Content validity examines how well the
classification represents all aspects of the phenomena under study. Content validity of a
classification system is often established through subjective judgments, ie. face validity, about
whether the relevance and applicability of a diagnostic item seems reasonable.18 To illustrate,
the synthesis of the STSG subaxial cervical and thoracolumbar spine injury classification
systems were both preceded by extensive review of the literature and consensus achieved at
expert meetings.10, 11
The contents of published spinal injury classifications vary considerably. Both
incomprehensive classifications solely based on locations of a fracture line, like the Anderson
and D’Alonzo odontoid process fracture classification,19 and comprehensive classifications
based on neurologic function grade, spinal canal deformity, and spinal biomechanical stability,
like the Tsou et al. thoracic and lumbar spine injury severity classification,20 have been
introduced. In a review of thoracic and lumbar fracture classifications, Mirza et al. summarized
the expectations of an ideal spinal injury classification system.21 These expectations include
descriptions of injury severity, pathogenesis and causal biomechanical forces, in addition to
clinical, neurological and radiographical characteristics of the injury, see Table 3.1.
Critical appraisal of the contents of spinal injury classifications
It is clear that creating an ‘ideal’ spinal injury classification which includes elements like the
ones proposed by Mirza et al.21 remains an unachievable objective. There are currently no
guidelines which specify the minimally required contents of a spinal injury classification.
However, in line with the underlying philosophy of the Müller AO Classification of
Fractures in Long Bones22, we believe that the characterization and categorization of spinal
injuries should primarily be based on characteristics that can be reliably identified on
diagnostic images. The following three key issues clearly illustrate that the content of a spinal
injury classification system does not need to be comprehensive at all:
1. Defining spinal injury: clear semantics, clear focus
The spine (syn.: vertebral column) is defined as "the series of vertebrae that extend from the cranium to
the coccyx, providing support and forming a flexible bony case for the spinal cord."23 Although this de49

Table 3.1
The range of reported expectations for an ideal spinal injury classification system as proposed by Mirza et al.21
Identification and terminology
Allows identification of any injury
Is comprehensive and all-inclusive
Has a unique value for each discriminatory categorization
Offers concise terminology
Has descriptive terminology
Injury and treatment
Describes pathogenesis of the fracture (biologic basis)
Reflects the mechanism of injury (biomechanical forces)
Contains information regarding severity of injury
Guides choice of treatment
Characteristics
Has easily recognizable clinical characteristics
Has easily recognizable radiographic characteristics
Has distinguishing clinical characteristics
Has distinguishing pathologic characteristics
Neurologic factors
Describes pattern of neurologic injury
Distinguishes etiology of neurologic injury
Grades severity of neurologic injury
Grading
Grades severity of ligamentous injury
Grades severity of osseous injury
Incorporates fracture anatomy characteristics*
Prognostic factors
Predicts treatment end results
Predicts risk of deformity
Predicts risk of additional neurologic injury
Predicts natural history
Provides tools for future studies
Symbols & abbreviations. *: Fracture pattern is frequently the dominant or only factor forming the basis of spinal injury
classification.

finition appears straightforward, a clear distinction must be made for the spinal cord itself is
not part of the spine. The spine is a multisegmental osseous structure that covers the spinal
cord. Given this definition, spinal trauma can, by definition, result in two closely related yet
clearly distinguishable injuries: spinal injury and spinal cord injury (SCI).
Therefore, the content of a spinal injury classification should only include injury
characteristics of the vertebral column. Distinguishing spinal injury patients with SCI from
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spinal injury patients without SCI is rather based on a categorization of the clinical
presentation than a classification of the spinal injury itself.1 Similar to the way soft tissue
injuries are classified separately to fractures of long bones,24 spinal cord injuries should also be
classified separately to spinal injuries.25 Continuing with this parallel, just as the GustiloAnderson classification is commonly used to categorize the severity of soft tissue injury,26 the
American Spinal Injury Association (ASIA) International Standards for Neurological
Classification of Spinal Cord Injury have become the standardized and routinely adopted
classification for traumatic SCI.27, 28
2. Diagnostic work-up of spinal injuries: principle determinant of classification accuracy.
A dramatic shift in the diagnostic work-up of spinal injuries has occurred over the past several
years. In contrast to a decade ago, computed tomography (CT) scans of the spine are now
being routinely performed during the diagnostic work-up in approximately 80% of level I
trauma centers.29, 30 Not without reason. Increasing evidence supports the use of (multidetector) CT of the spine rather than conventional radiography in the diagnostic work-up of
patients at both high risk and low risk of spinal injuries.31-38 Moreover, with respect to
clearance of the spine, magnetic resonance imaging (MRI) of the spine is currently not
indicated in the absence of CT abnormalities and neurological deficits.39-43
CT images have shown to be more accurate in the visualization of potentially
prognostic spinal injury characteristics than conventional radiographs44-49 and MRI50, 51. In
addition, physicians may come to different treatment decisions after examining additional CT
images.47, 52
Given this brief summary of recent advances in the diagnostic work-up of spinal
injuries, it is clear that the contents of a contemporary spinal injury classification should
primarily be based on the increasingly routinely performed CT imaging.
3. Classifications, severity measures and treatment algorithms
Following on from the first two issues, our proposed concept of a spinal injury classification is
an incomprehensive one. It should be based on characteristics identified on diagnostic images
of the vertebral column only. This concept, however, does not include all prognostic factors
associated with spinal injury treatment outcomes. Therefore, other instruments that facilitate
case management, communication and education in the diagnostic-therapeutic pathway of
spinal injury can be used in addition to the initial classification, see Figure 3.1.
Once a spinal injury has been categorized, the true extent of the injury’s severity
needs to be evaluated. During this process, other relevant injury classifications, like the ASIA
International Standards for Classification of Spinal Cord Injury,27 can be integrated into a
spinal injury severity measure to direct treatment and determine prognosis. Although
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Trauma

ATLS protocol

Diagnostic work-up spinal injury

Assessment of radiographic injury characteristics

Observation process62

Categorization of radiographic characteristics

Trauma integration process

Conversion process62

Treatment algorithm

Severity measure

CLINICALLY SIGNIFICANT SPINAL INJURY

Assessment of concomitant trauma injuries*

Systemic integration process

Classification system

Assessment of pre-existing co-morbidities
Treatment

Figure 3.1
Flowchart including three instruments in spinal injury management: Classifications systems, severity measures and treatment algorithms.
Symbols & abbreviations. *: Including spinal cord injury, ATLS: Advanced trauma life support.
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controversy remains regarding its effectiveness, surgical spinal decompression is increasingly
regarded as indicated in presence of concomitant neurologic deficits.53 Once the effectiveness of
surgical spinal decompression becomes clearer, a spinal injury severity measure or scale can be
adapted without altering the underlying spinal injury classification system.54 In addition to the
presence of concomitant neurologic deficits, vascular injuries or even more general injury
severity measures can also be considered for integration into a spinal injury severity measure.55,
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Even more so than a classification system, a severity measure should guide treatment
decision making. However, spinal injury treatment decisions are not entirely based on injury
severity measures. Pre-existing comorbidities have already shown to be significant prognostic
factors of mortality outcomes in the general blunt trauma population.57-59 Together with the
spinal injury severity measure, these systemic aspects should be integrated into a spinal injury
treatment algorithm. In addition, special attention should be given to potential prognostic
issues of various treatment options, including the risk of complications. Compared to the other
two instruments, the treatment algorithm is potentially most often subjected to adaptations as
a result of the steady evolution of treatment options and increasing evidence of their efficacies.
The three spinal injury management instruments are characterized by their
increasing grades of clinical relevance. The initial classification systems currently receive the
most scientific attention in clinical research. Although potentially useful for clinical decision
making, the recently published STSG spinal injury severity measure scales are considered to
be of limited value due to a lack of descriptive and communicative dimensions.60 Even though
the STSG subaxial cervical and thoracolumbar spine injury severity scales may have shown
excellent evidence of construct validity, the successfulness of the scientific implementation of
the underlying classification systems remains to be seen.10, 11
Epidemiological properties of spinal injury classification systems
Reliability
Reliability, or precision, is the extent to which repeated measurements under similar conditions
of the same case agree with one other.61 In general, there are three potential sources of
variation during the classification process. These are: 1) the patient, 2) the diagnostic
instrument, and 3) the physician.62 As spinal injury classification systems are primarily based
on diagnostic imaging, the potential variability of the immobilized, supine patient and
diagnostic instrument are normally minimal. If diagnostic images do appear to be of
suboptimal quality, new images should be obtained for the sake of patient safety before being
evaluated by a physician.63 Physician variability is the most susceptible factor affecting a
classification’s reliability.
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Two types of physician, or observer, variation are commonly distinguished in fracture
classifications: inter-rater reliability and intra-rater reliability. Inter-rater reliability assesses the
reliability, or agreement, of the classification system when measured by different people under
similar conditions. Intra-rater reliability assesses the reliability, or reproducibility, of the
classification system when measured more than once by the same rater. From a clinical
perspective, the inter-rater reliability of a classification system is considered to be more
important than the intra-rater reliability.
Accuracy
Accuracy is the degree to which the classification system actually represents what it is intended
to represent. The accuracy of a measurement is best assessed by comparing it whenever
possible to a ‘reference standard’ technique that is considered to accurately represent the truth.
Although no studies correlating CT detected fracture and dislocation patterns with
intraoperative findings have been published so far, CT is currently regarded as the number
one reference standard with very high sensitivity rates being reported.31-38
Reliability, accuracy and error.
The principle difference between reliability and accuracy is that reliability concerns
reproducibility and agreement, whereas accuracy concerns representativeness of reality. An
unreliable classification system is unlikely to be accurate because of its inherent variability. A
classification system can be shown to be reliable, yet it may not be accurate. For instance, Bach
et al.46 reported higher inter-observer agreement in the detection of cervical spine fractures
with plain radiographs than with CT images. Nevertheless, CT was more sensitive in
detecting cervical spine fractures than plain radiography.46
Although a clear distinction between these types of error exists, many of the
strategies to increase reliability will also improve accuracy.18
Factors that influence the reliability of spinal injury classification systems
Observation and conversion processes
As previously mentioned, it is physician or observer variability that is most likely to affect a
fracture classification’s reliability. Wright and Feinstein identified two physician-related
components during the classification process: the first step is the observation process; the second
step is the conversion process, see Figure 3.1.62 During the observation process the physician assesses
the extent of the injury by discerning available diagnostic images, ideally with use of
predefined process criteria.
The STSG has published three valuable review articles on diagnostic imaging
measurement techniques for spinal injuries.64-66 They concluded that most of the currently
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available measurement techniques have not been tested for reliability, accuracy and validity.
Nonetheless, the standardization of observational process criteria may considerably improve
observer reliability.62
Once the properties of the spinal injury have been determined on diagnostic images,
the second phase starts: the conversion process. The criteria used to categorize observational data
are called conversion criteria.62 These conversion criteria are literarily the most crucial ones
that can make or break the reliability of a spinal injury classification system. The ideal
properties of spinal injury classification conversion criteria, or categories, are shown in Table
3.2 and are summarized below.
Ideal properties of spinal injury classification categories
1. Clear definitions without ambiguity or freedom of interpretation. If a category description
includes subjective terms like: minimal, intermediate or severe dislocation, observers will
interpret the severity of a dislocation based on their individual experience.67 An ideal
classification system should result in minimal variability between experienced and
inexperienced observers. In order to increase reproducibility and agreement, explanation and
elaboration documents can be formulated.27
2. All-inclusive and mutually exclusive. A classification system should ideally cover all
injuries of clinically relevant structures. What clinically relevant structures actually are is a
matter of content validity, as previously outlined. Spinal injury patterns should fit into one
category only. Once proven to be reliable and valid, quantifiable (measurement) criteria can be
applied as an effective categorization tool.62
3. Clearly distinguishable representative graphic illustrations. Since fracture classifications
are primarily based on diagnostic images, graphic illustrations have proven to be an effective
means of simplification and clarification.22 Chapman and colleagues published a valuable
reference work providing detailed illustrations of each category in spinal injury classifications
available to date.7
4. Straightforward and practicable for daily use. A classification system should ideally
not consist of a variety of parameters with each parameter requiring different, comprehensive
or cost-ineffective diagnostic interventions. In addition, each injury category should preferably
be summarized in a single phrase.
5. Limited number of categories. In the search for the ideal classification system, there
has always been tension between the multitude of possible patterns of spinal injury, reduction
of information and clinical relevance. The number of categories reported in thoracolumbar
spine injury classifications varies from 6 (McAfee et al.49) to 55 (Magerl et al.68). Blauth and
colleagues showed that the reliability of the Magerl-AO-classification system decreased by an
increasing number of subcategories.68, 69 For a clear hierarchical understanding, subcategories
should ideally comprise more detailed injury characteristics than main categories.
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Table 3.2
Ideal properties of spinal injury classification categories.
1. Clear definitions without ambiguity or freedom of interpretation.
2. All-inclusive and mutually exclusive.
3. Clearly distinguishable representative graphic illustrations.
4. Straightforward and practicable for daily use.
5. Limited number of categories.
6. Characterized by increasing grades of severity.
7. Each (sub)category alphanumerically coded.
8. Injury characteristics easily discernable on diagnostic images.*
Symbols & abbreviations. *: See table 3.3.

6. Characterized by increasing grades of severity. The clinical utility of a spinal injury
classification improves when categories are arranged in increasing severity. These may indicate
the need for a more demanding therapy, a poorer prognosis, or an increased risk of
complications.
7. Each (sub)category alphanumerically coded. The application of an alphanumeric
coding classification system is the ultimate method of condensing information on injury
characteristics.22 The strength of an alphanumeric coding system is that it utilizes physicians’
visualization of injury categories based on only a few characters.
8. Injury characteristics easily discernable on diagnostic images. To discern an injury
literally means “to distinguish between physiological and posttraumatic findings with the
eyes”. The phase of discerning, or detecting, spinal injuries on diagnostic images corresponds
to the observation process as described by Wright and Feinstein.62 Two types of injury
characteristic have commonly been used in spinal injury classifications: morphological and
biomechanical spinal injury characteristics.
Critical appraisal of current spinal injury characteristic concepts
Morphologic injury characteristics: a study of structure or form
Because of the central role of diagnostic imaging in the diagnosis of spinal injury, descriptions
of morphological characteristics have been reported most often in spinal injury classifications.
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Morphology literally means “a study of structure or form”. In contemporary literature, spinal
structures are commonly subcategorized into osseous and disco-ligamentous structures.10, 11
Böhler was the first to categorize thoracolumbar spinal injuries morphologically
based on plain radiographic examinations.2 Spinal injuries were classified into two main
categories: fractures of the vertebral body and fractures of the neural arch. These two
morphological anatomical categories were in turn both subcategorized as with or without
paralysis.
In 1949, Nicoll applied a more detailed morphological approach to categorize
thoracolumbar injuries.70 Fractures were classified into four main types: 1) anterior wedge
fractures, 2) lateral wedge fractures, 3) fracture-dislocations, and 4) isolated fractures of the
neural arch. These morphological characteristics can be distinguished by discerning vertebral
body contours, displacement and/or fracture lines on radiographic (or other diagnostic) images
without necessarily interpreting them. Interestingly, Nicoll’s four categories were further
classified as stable or unstable on the basis of the risk of increased deformity and possible cord
injury during functional activities. This means that the secondary (‘severity’) categorization
was based on the initial classification of observational data. Unfortunately, Sir Frank
Holdsworth, who is recognized as one of the fathers of spinal trauma, continued Nicoll’s posttraumatic spinal stability concept without considering the underlying morphological principles
of spinal injuries in 1963.3
Two decades later, Aebi and Nazarian reintroduced a comprehensive morphological
anatomically based classification of cervical spine injuries.71 It was concluded that mechanism of
injury based classifications lack clinical relevance because of the limited relationship between
biomechanical causes of, and treatment options in, spinal injuries. Nevertheless, probably due
to its complexity, the Aebi and Nazarian classification did not gain worldwide acceptance.69, 71
While the first morphological descriptions of spinal injuries were mainly focused on
the integrity and alignment of osseous structures, the evaluation of the disco-ligamentous
integrity gained increasing interest after the introduction of the MRI technology. It was
during the 1990s that the use of MRI in detecting ligamentous spinal injury received much
scientific attention and showed promising results for future clinical implementation.72-76 More
recently, however, conflicting evidence concerning its reliability77-79 and accuracy80-83 has been
published. As suggested in previous reports,73, 74, 80, 84 the true additional value of MRI in the
treatment decision-making of spinal injury patients without concomitant neurological deficits
has not yet been proven.40 Because of these current controversies, we do not recommend the
use of disco-ligamentous characteristics in spinal injury classifications.
As diagnostic imaging technology continuously evolves and treatment options
steadily increase, established and implemented spinal injury classifications may become outdated over time. Classification modifications will then be necessary, similar to re-testing for
reliability and validity prior to its clinical and scientific implementation.12
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Biomechanical spinal injury characteristics: speculative causal interpretations.
In 1939, Watson-Jones was the first to categorize thoracolumbar vertebral body and facet joint
injuries in a biomechanical, morphological manner.85 Although the three main fracture type
categories consisted of morphological descriptions (which are , 1) simple wedge fracture, 2)
comminuted fracture, and 3) fracture-dislocation) all three types were considered to be flexion
compression fractures of the vertebral body.
Mainly inspired by Watson-Jones’s and Holdsworth’s initial concepts, the spinal
injury classifications introduced during the second half of the twentieth century can be
characterized by their predominantly hypothetical biomechanical causal descriptions.86-91
Spinal injury descriptions which depend on the physicians’ interpretation are still in use.92-94
In 2005, the STSG introduced the thoracolumbar injury severity scale (TLISS).9
This scale is based on the three major injury characteristics: 1) the mechanism of injury, 2) the
integrity of the posterior ligamentous complex, and 3) the patient’s neurological status.
Despite the excellent construct validity of the TLISS as a whole, the interobserver agreement
for the injury mechanism was marginal with к-values up to 0.33 being reported.95-97 These
disappointing values were the main reason to justify the introduction of a modification to the
TLISS, the Thoracolumbar Injury Classification and Severity Score (TLICS).11 In the
TLICS, the mechanism of injury has been replaced by a description of morphological injury
characteristics as seen on the injury’s radiographic images.
In a study evaluating the reliability and validity of both the TLISS as well as the
TLICS, Whang et al. found much higher agreement for the TLISS injury mechanism and
almost equally high agreement for the TLICS injury morphology category, with к-values of
0.636 and 0.626, respectively. Interestingly, based on these data and the significantly stronger
construct validity, the authors suggested that the mechanism of trauma may be a more
valuable parameter than fracture morphology for the classification and treatment of
thoracolumbar injuries.17
We do not share this point of view. Although the STSG did modify the TLISS
mechanism of injury category into the TLICS morphological characteristics category, the
subcategories and textual descriptions are almost similar. It is, in fact, this slight (and incorrect)
semantic change which can be considered the main reason for the minimal differences in
agreement as presented by Whang et al.17
To our knowledge, no mechanistic based spinal injury classification with clear,
unambiguous definitions and mutually exclusive categories exists. Several cadaveric studies
have confirmed the difficulties in the reciprocal interpretation of causal biomechanical forces
leading to spinal injury. Shono et al. showed that identical vectors and magnitudes of forces
applied on the skull resulted in different types of fractures and/or dislocations.98 Moreover,
once the integrity of the spinal column is disrupted at the initial moment of injury, altered
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injury vectors during subsequent moments of the injury make the interpretation of mechanical
forces leading to contiguous or non-contiguous injuries difficult, if not impossible, to
interpret.99 Because of its proven highly speculative nature, we do not recommend the use of
biomechanical characteristics in spinal injury classifications.100
Two crucial spinal injury characteristics: location and morphology
As shown in Table 3.3, two principle characteristics should ideally be detectable without
difficulty on diagnostic images: the location of spinal injury and the morphology of the injured
spinal structure. The location of the spinal injury can be categorized in one of five levels of
accuracy: 1) a non-specified location of the spinal injury, 2) injury of a spinal region, 3) injury of
a spinal (articulating) level, 4) injury of an anatomical structure, and 5) injury of a region
within an anatomic structure, see Table 3.3. 101-107
Morphological characteristics should also be easy to discern from diagnostic images.
In essence, three major morphological characteristics can be identified: 1) the configuration of
the fracture line, 2) the extent of tissue involvement (osseous or disco-ligamentous), and 3)
presence of displacement, see Table 3.3. These three morphological characteristics are crucial
aspects in determining the spinal injury’s severity and stability. As the estimation of
posttraumatic spinal stability is primarily based on the consideration and interpretation of the
discerned morphological characteristics, we think that a stability concept should not be
integrated in the initial spinal injury classification, but rather in a spinal injury severity
measure. Nonetheless, injuries should ideally be characterized by increasing grades of severity
in the initial spinal injury classification system. Prior to the implementation of morphological
characteristics in a classification system, diagnostic imaging measurements necessary to
quantify these characteristics should ideally have been tested for reliability, accuracy and
validity.64-66
The classification of lower cervical spine injuries (CSISS) as recently developed by
Anderson perfectly addresses these two principle injury characteristics.8, 108 Using only the
spinal injury’s location and true morphological descriptions, excellent agreement (к-value:
0.883) and reproducibility (к-value: 0.977) can be obtained. Zehnder et al. confirmed these
findings in an external validation study.109 One should keep in mind, however, that an
excellent reproducibility of a classification system does not say anything about its content and
construct validity, nor about its clinical utility. For a classification to be clinically relevant and
scientifically valid a validation pathway should ideally be completed successfully.
Validation pathway of spinal injury classification systems
As the aim of this study was to review methodological aspects faced during the development
phase of a spinal injury classification system, the process of validation and clinical
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Characteristic

Item
Anatomical
Anatomical
Anatomical
Anatomical
Anatomical

Possible descriptives

…A fracture of the spine…
…A fracture of the upper cervical spine…
…A fracture of the axis…
…A fracture of the odontoid process of the axis…
…A fracture of the apical tip of the odontoid process…

Example

Table 3.3
Two injury characteristics easily discerned by radiographic examination: location and morphology.

Location

Non-specified location
Region(s)
Level(s)
Affected anatomical structure(s)
Affected region(s) within
anatomic structure(s)

…Anterior superior to posterior inferior fracture line of the odontoid
process…
…Superior incomplete burst fracture…
…There could be two or more fragments…
…A bony fragment larger than 3 mm…
…The distance between the anterosuperior and anteroinferior corners…‡

Configuration of fracture line(s)

…Angulation > 11°…
…Atlanto-axial rotatory subluxation…
…Unilateral facet dislocation…
…With unilateral subluxation of the articular procesesus…
…Complete luxation fracture with fracture of the posterior elements…
…Separation of the lateral masses >7mm lateraly…

Morphology

degrees, ratio, landmark
degrees, ratio, landmark
mm, ratio, landmark
mm, ratio, landmark
mm, ratio, landmark
mm, ratio, landmark

Three planes*, Three axes†,
Oblique, Comminuted
mm, ratio
n, comminuted
mm, ratio
mm (H,W,L), ratio

Extent of tissue involvement
- Number of tissue parts
- Size of tissue part(s)
- Size of anatomical structure
Displacement
- Angulation, (3 planes)*
- Rotation, (3 planes)*
- Dislocation, (3 planes)*
- subluxation
- luxation
- seperation

Symbols & abbreviations. *: The 3 planes are: transverse, sagital and coronal plane, †: The 3 axes are: medial-lateral (X), inferior-superior (Y), anterior-posterior (Z), ‡: To date, this
radiographic measurement has not been applied in a classification system. mm: Millimeters, n: number, H: height, W: width, L: length.
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studies

Clinical studies

Figure 3.2
Three-phase validation process for fracture classification systems as proposed by Audigé et al.12

implementation has not been described in detail. In 2005, Audigé et al.12 proposed a 3-phase
validation concept for general orthopedic fracture classifications, see Figure 3.2. During the first
phase, as described in detail in this study, classification categories are defined following
extensive literature research and expert consensus meetings. To pursue future success, pilot
agreement studies assessing both reliability and accuracy should also be performed during this
phase. After the development of a fracture classification, a multicenter agreement study
should be conducted among a representative group of future users of the classification. Finally,
the prognostic value of the classification needs to be assessed in prospective clinical studies
investigating patient outcomes of different treatments.
This methodological pathway has already been shown to result in successful
implementation of fracture classification systems, in particular for the development and
validation of the AO pediatric long-bone fracture classification system.110, 111 Currently, the
AOSpine Classification Group is developing new spinal injury classification systems using the
same validation pathway.
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Isolated Transverse Process Fractures
of the Subaxial Cervical Spine: A Clinically
Insignificant Injury or Not?
A Prospective, Longitudinal Analysis in a Consecutive
High-Energy Blunt Trauma Population
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Schotanus M, van Middendorp JJ, Hosman AJ. Isolated Transverse Process Fractures of the Subaxial Cervical
Spine: A Clinically Insignificant Injury or Not? A Prospective, Longitudinal Analysis in a Consecutive HighEnergy Blunt Trauma Population. Spine. 2010 Sep 1;35(19):E965-70.

“…one of the strongest arguments for the distance between common sense and science is that the whole of
science is totally irrelevant to people’s day-to-day lives.”
Lewis Wolpert (1928–)

Abstract
Study design. Prospective single cohort study.
Objective. To analyze the incidence, complications, treatment and follow-up results of isolated
transverse process fractures (TPF’s) of the subaxial cervical spine in a high-energy blunt
trauma population.
Summary of background data. Currently, transverse process fractures (TPF's) of the subaxial
cervical spine are considered to be clinically insignificant. However, this hypothesis is based on
clinical experience and has never been supported by research previously.
Methods. During a 32-month period, routine Computed Tomography scans of the spine were
obtained in high-energy blunt trauma patients. Patients with isolated TPF’s of the subaxial
cervical spine were prospectively identified. For each enrolled patient, gender, age, mechanism
of injury, trauma severity, neurological deficit, injury levels, affected structures, treatment,
radiographic follow-up, functional outcome (Cybex goniometer, Neck Disability Index) and
patient satisfaction (10 point visual analog scale) were recorded.
Results. Out of 865 enrolled patients, 21 patients (2.4%) had 25 isolated TPF’s of the subaxial
cervical spine. The seventh vertebra was involved predominantly (76%). The initial treatment
regimen was unrestricted movement in all patients. No associated complications were
observed. A follow-up of 13 to 39 months was available in 14 patients. Follow-up showed a
stable and intact subaxial cervical spine in all patients’ radiographs, a patient satisfaction of 9.3
(SD: 1.48), a Cybex measured range of motion in the sagittal plane of 109 degrees (SD: 12.5,
95-129), the frontal plane of 70 (SD: 17.8, 37-100) and the transverse plane of 144 (SD: 12.5,
116-164), and a mean Neck Disability Index score of 3.93 (SD: 8.24).
Conclusions. The incidence of isolated TPF’s of the subaxial cervical spine was 2.4%.
Unrestricted movement resulted in satisfying functional, anatomical and neurological
outcomes without associated complications. This study confirms that isolated TPF’s of the
subaxial cervical spine can be considered as clinically insignificant and do not require
treatment.
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Introduction
Until the end of the previous millennium, transverse process fractures (TPFs) were thought
to be rare.1-3 Over the past decade however, the increased utilization of the Computed
Tomography (CT) scan resulted in a considerable increased number of detected TPFs.3,4 The
NEXUS Low Risk Criteria5 as well as the Canadian C-Spine Rule6,7 categorize isolated TPFs
of the cervical spine as clinically insignificant and unimportant. These injuries are considered
to be harmless and do not require specific stabilizing treatment or follow-up.5,8
These hypotheses, however, are based on assumptions and clinical experience only
and have never been supported by literature. As the transverse processes of the subaxial
cervical spine surround the transverse foramina, through which the vertebral arteries ascend,
TPFs can be associated with clinically significant vascular injury.4,9,10 Furthermore, as the
cervical nerve roots are draped directly over the tops of the transverse processes at these levels,
and the brachial plexus is positioned in close proximity, TPFs can also be associated with
clinically significant peripheral neurological injuries.4,11
To our knowledge, no descriptive, contemporary study evaluating the occurrence and
clinical significance of these potential harmful injuries in a high-energy blunt trauma
population has been published. The purpose of this study was to analyze the incidence,
associated injuries, complications, treatment results and follow-up outcome of isolated TPFs of
the subaxial cervical spine in a high-energy blunt trauma population. Based on assumptions
reported in previous literature, it was our hypothesis that isolated TPFs of the subaxial
cervical spine can be regarded as clinically insignificant and do not require operative, nor nonoperative treatment.5,8
Materials & methods
A prospective analysis was performed on data of a consecutive series of high-energy blunt
trauma patients presenting to the University Medical Centre. Over a 32-month period, data
was collected from patients in a prospective, observational cohort study primarily presenting or
being referred to the emergency department of the Level 1 trauma centre, serving a population
of over 2.0 million inhabitants. In this study, all admitted high-energy blunt trauma patients
older than fifteen years were included and underwent routine CT imaging of the cervical
spine, thorax and abdomen after clinical evaluation and conventional radiographic work-up.
Patients were included if suffering from life-threatening vital conditions, showing signs of
severe injuries during psychical examination and/or involved in high-energy injury
mechanisms as presented in Table 4.1. Patients were excluded from the protocol in case of a (1)
class 3 or 4 shock requiring immediate surgical intervention; (2) suspected or known
pregnancy; and (3) neurological condition or deterioration requiring immediate cerebral CT
evaluation without any diagnostic delay. These patients were excluded because CT scans of
the spine were not performed in a protocolized manner. The routine CT protocol was execu70

Table 4.1
Inclusion criteria for the high-energy trauma protocol after blunt trauma.
Patients with one or more of the following problems
Vital conditions
- Airway patency problems
- Breathing problems
- Circulatory problems

- Neurological problems
Physical examination
- Clinically evident fractures of ≥ 2 long bones
- Clinically evident pelvic ring fracture
- Signs of spinal or spinal cord injury
- Signs of a flail chest/multiple rib fractures
Mechanism of injury
- High-energy mechanism of injury as
determined by pre-hospital emergency
medical services

Definitions
: As assessed by anesthesiologist
: Breathing frequency: ≥ 30/minute
: Heart rate ≥ 120/minute
Systolic blood pressure < 100 mmHg
Capillary refill > 4 seconds
Exterior blood loss > 500 milliliters
: Glasgow Coma Scale ≤ 13
: As assessed by treating physician

: Fall from height ≥ 3 meters
Motor vehicle accident ≥ 50 km/h
Ejection from vehicle
Car rollover
Cabin shortening ≥ 50 centimetres
Struck pedestrian ≥ 10 km/h
Struck (motor)cyclist ≥ 30 km/h
Compressed underneath heavy object

Symbols & abbreviations. mmHg= Millimeters mercury, km/h = Kilometers per hour .

ted on a Somatom Sensation 16-slice multidetector CT scanner with automated tube current
modulation (Siemens Medical Systems, Erlangen, Germany). CT scans were executed at a
tube potential of 120 kV, with a reference value of effective tube current time product of 200
mAs. The detector configuration was 16 x 1.5 mm. Reconstructed section thickness was 3 mm
for bone reconstruction kernel, with an increment of 1.5 mm. Sagittal and coronal reformatted
images of the spine were obtained. All radiological examinations were evaluated by a
radiological resident, supervised by a trauma-dedicated radiologist. All clinical and
radiological findings were prospectively recorded. CT was applied as a reference standard for
the identification and classification of subaxial cervical injuries. Patients having at least one
isolated TPF of the subaxial cervical spine were included for analysis.
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Subaxial cervical spine injury was defined as a fracture and/or dislocation in the
cervical spine ranging from the third to seventh cervical vertebra. The transverse process was
defined as the bony structure located laterally to the vertebral body and pedicle and anterior
to the pillar of lateral masses as presented in Figure 4.1. Isolated TPFs of the subaxial cervical
spine were defined as one or more TPFs in the subaxial cervical spine without other affected
structures in the subaxial cervical spine. During hospital admission, a senior staff member of
orthopaedic surgery determined the initial, non-protocolized, treatment regimen of the
isolated TPFs of the subaxial cervical spine. Unrestricted movement was defined as a
functional treatment regimen without operative or non-operative treatment.
Data
Descriptive statistics on age, gender, Injury Severity Score,12 and Glasgow Coma Scale13 were
derived to provide general information on cohort composition. The injury severity score (ISS)
was determined by rating each injury with the Abbreviated Injury Scale (AIS, 1= minor
severity, 6=maximum severity), then adding together the squares of the highest AIS ratings
for each of the three most severely injured body areas, ranging from 0 (no injuries) to 75 points
(extremely severe injured). A cut off point of 13 was used in the Glasgow coma scale (GCS) to
divide traumatic brain injuries in moderate to severe (GCS 3-13) and non-severe (GCS 14 or
15).

Transverse
foramen

Vertebral body
Transverse process
Pedicle
Superior articular process
Inferior articular process
Lamina

Spinous process

Figure 4.1
Anatomic borders of the transverse process in a subaxial cervical vertebra.
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Cervical spine injury levels, affected structures, spinal cord injury, treatment regimen,
and complications were obtained from the radiographic and medical records. Complications
were categorized as major, intermediate, or minor. Major complications included death,
permanent deterioration of neurological status, and vascular complications related to vertebral
artery injury. Intermediate complications included pulmonary complications, temporary
neurological conditions, and loss of cervical spine alignment without spinal cord injury. Minor
complications included superficial wound infections, urinary tract infections, and other adverse
events resulting in mild, temporary physical impairment.
Follow-up assessments
Routine follow-up was performed at least 12 months after the initial trauma. All included
patients were examined by an independent orthopedic researcher. If indicated, a neurological
examination was conducted according to the ASIA standards.14,15 Conventional
anteroposterior, lateral, and flexion-extension radiographs of the subaxial cervical spine were
obtained in all patients at follow-up and were assessed for evidence of fracture consolidation
and sagital malalignment, which was defined as an increase of ≥3 mm of displacement or ≥10°
of angulation.
The range of motion of the cervical spine was measured with the Cybex edi 320.16
This goniometer previously showed high ratings on reproducibility, validity and
responsiveness in patients with non-specific neck pain as well as healthy individuals.16,17 In
healthy individuals the mean cervical range of motion (CROM) is 106.2-136.0 degrees in the
sagittal plane, 68.2-102.4 degrees the frontal plane, and 137.6-166.2 degrees in the transverse
plane.18-24
The Neck Disability Index (NDI),25 a 10-item self-assessment questionnaire, was
used to assess neck pain leading to disability. The ten items are organized to assess to what
extent the patient is affected in daily activities, and followed by six different assertions
expressing progressive levels of functional capability, ranging from no limitations (0 points per
item) to maximum disability (5 points per item) The scores of the individual items are added
up to a total score, ranging from 0 (no disability) to 50 points (complete disability).26 This
questionnaire has been advised to use for evaluating groups of patients with and without
cervical complaints, because its psychometric characteristics have been validated in different
study populations and settings, showing a values of 8.5 up to 9.1 in a asymptomatic patients.2629

Patients’ overall satisfaction was measured by applying a visual analog scale (VAS),
ranging from 1 (unsatisfied) to 10 (completely satisfied). A VAS-satisfaction score of 7 or
above was classified as “satisfied”. In case of complications, disabilities due to cervical
complaints, a diminished CROM, or dissatisfaction with the cervical spine condition, further
non-protocolized diagnostic investigations were performed, eg. CT, Magnetic Resonance
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Imaging (MRI), electromyography and/or angiograms, according to the treating physician’s
decision.
Analysis methods
In this descriptive study frequency (indicated as a percentage) was used to describe the
categorical variables. Data were analyzed using SPSS software (version 16.0, SPSS, Chicago,
IL).
Results
During a 32-month period, a total of 865 patients met the inclusion criteria of the diagnostic
high-energy blunt trauma protocol, while 223 patients were excluded. A total of 76 patients
(8.7%) had a subaxial cervical spine injury, with a total of 249 affected structures in 121
vertebrae. Forty-nine patients (5.7%) had 78 subaxial cervical TPFs. Twenty-one of these
patients (2.4%) had 25 isolated subaxial cervical TPFs.
Affected levels per patient are presented in Table 4.2. Patient and trauma
characteristics are presented in Table 4.3. All patients were allowed unrestricted movement.
Fifteen patients had predominantly mild associated spine injuries. The majority of these
injuries (63%) were isolated TPFs of non-subaxial spinal levels. One patient, however,
required a surgical decompression and stabilization of concomitant thoracic spine fractures
with thoracic-level spinal cord injury.
A total of 40 in-hospital complications occurred in 16 patients (76%), see Table 4.4.
All complications were unrelated to the isolated TPFs of the subaxial cervical spine. There
were no clinical signs of vertebral artery involvement. None of the patients had spinal cord
injury on a subaxial cervical spinal level. Three patients (14%) died during the initial admission
on an average of 8 days after the initial trauma (range 0-24 days) as the result of severe
neurotrauma, hemodynamic instability and/or pneumonia. In one patient, pain and a
deteriorated motor function with diminished active abduction and anteflexion in one arm
proved to be the result of a traumatic shoulder injury, with additional investigations showing
normal electromyography, and ultrasonography susceptive for a rotator cuff lesion. A
temporary lateral brachial plexus malfunction in another patient, which in theory could have
been caused by a subaxial TPF, proved to be the result of a large shoulder hematoma.
The mean follow-up time was 2.3 years, ranging from 13 months to 39 months.
Fourteen patients (67%) achieved a minimum of 12 months follow-up; three patients died the
initial admission as described above. Another patient died 6 months after the initial trauma as
a result of suicide. The three remaining patients, of whom two lived abroad, were untraceable.
Follow-up results are presented in Table 4.5. No case of malalignment of the cervical
spine was detected on conventional lateral and flexion-extension radiographs. At 2-year followup, one patient (7%) was not satisfied with his treatment outcome (VAS: 5). The mean active
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Table 4.2
Number of isolated subaxial TPFs; affected levels and patients (n=21).
Type of fracture combination
Unilateral C5, C6, and C7
Bilateral C6, unilateral C7
Unilateral C6
Unilateral C7
Total

C5

C6

C7

Total no.
fractures

Total no.
patients

1

1
2
2

1
1

1

5

3
3
2
17
25

1
1
2
17
21

17
19

Table 4.3
Baseline demographics and injury characteristics (n=21).
Characteristic

Mean / Number

SD (range) / percentage

Male : female
Mean age
Mean Injury Severity Score 13
Glasgow Coma Scale ≤13 14
Mechanism of injury
Fall ≥ 3 meters
Motor vehicle accident
Cycling accident
Pedestrian struck by vehicle
Other
Associated injuries
Chest (ribs, lungs, heart)
Cranial
Thoracic and/or lumbar spine
Pelvis
Upper extremity
Lower extremity
Abdomen

2.5 : 1
50.0
32.2
10

15 male, 6 female
18.4 (17-85)
9.9 (13-43)
48%

6
6
4
3
2

29%
29%
19%
14%
10%

18
15
15
7
7
6
5

86%
71%
71%
33%
33%
29%
24%

CROM was within normal ranges in all but two patients. Eleven patients (79%) had no
disabilities in activities of daily living due to neck pain (NDI score 0-4). Two patients (14%)
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Table 4.4
In-hospital complications (n=21).
Type of complication

Complication

No.

Complications – major
Complications – intermediate

Mortality
Permanent deteriorated arm function
Pneumonia

3
1
6

Complications – minor

Temporary neurological deterioration
Wound infection

1
8

Of other musculoskeletal injury
Urinary Tract Infection
Of other spine injury
Other

6
4
2
9
40*

Total
Symbols & abbreviations. *: A total of 40 in-hospital complications occurred in 16 patients (76%).

Table 4.5
Follow-up results; patient satisfaction and function (n=14).
Mean

SD

Range

Reference values18-24,26-29

Patient satisfaction score
CROM – sagittal plane (°)
CROM – frontal plane (°)

9.29
109
70

1.29
12.5
17.8

5 - 10
95 - 129
37 - 100

106 - 136
68 - 102

CROM - transverse plane (°)
Neck Disability Index score

144
3.93

12.5
8.24

116 - 164
0 - 30

138 - 166
8.5 - 9.1

Outcome measure

Symbols & abbreviations. CROM: Cervical range of motion.

showed mild disability due to neck pain (NDI score: 5-14) and one patient (7%) showed severe
disability due to neck pain (NDI score: 25-34). None of the patients used pain medication. No
adjustments were made in the initial treatment plan.
The only dissatisfied and severely disabled patient concerned a 55-year-old male who
sustained severe concomitant injuries in addition to his C7 unilateral TPF after his motorcycle
collided with a car. Conventional imaging, MRI, CT scans, extensive physical and
neurological examination, and range of motion measurements showed only mild degeneration
of the cervical spine and no anatomical, neurological or functional explanation for his pain and
disability.
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Two other patients, a 61-year-old female and a 66-year-old male, had a reduced range
of motion of the cervical spine and experienced both mild disabilities resulting from neck pain.
Both patients did have a pre-existing severe degeneration of the cervical spine as shown on the
initial trauma CTs of the cervical spine. Despite their functional limitations, both patients
were satisfied with their overall cervical spinal situation.
Discussion
Although the incidence of isolated and non-isolated subaxial cervical spine TPFs in blunt
trauma patients with cervical spine injury has been described in two prior studies,30-32 this study
is the first one reporting on the incidence of isolated subaxial TPFs. Consequently, a
comparison with previous literature cannot be made. In fact, to our knowledge, no prior
research evaluating the treatment results of isolated subaxial cervical spine fractures has been
published. Based on this study’s results, we conclude that surgical treatment is not indicated in
case of isolated TPFs of the subaxial cervical spine. Consequently, the risk of possible
complications of surgical treatment, such as vertebral artery injury, root injury, spinal cord
injury, and infection, can be avoided.33,34 Collars and halo vests are neither required, nor
desirable. These devices could negatively influence recovery of the pulmonary function and
increased intracranial pressure and may lead to serious complications, especially in these
patients with numerous concurrent traumatic injuries.35-39 Moreover, early mobilization in the
unrestricted movement treatment can be beneficial for the recovery of associated injuries as
well.3 There were no anatomical, neurological, nor functional failures or complications
associated with the initial unrestricted movement treatment regimen in this study.
The clinical significance of isolated TPFs of the subaxial cervical spine has been
questioned previously.3,4 This fracture type has been classified as unimportant and
insignificant by the Canadian C-spine Rule5 and NEXUS Low Risk Criteria.6,7 Transverse
process fractures, however, could theoretically cause serious central and peripheral neurological
complications.4,9-11 There were no signs of peripheral neurological injury, nor signs of vertebrabasilar artery involvement due to the TPFs in this study. Vertebral artery injury (VAI) is
most likely to occur at the foraminal segment of the vertebral artery, which in 95% of the
patients ranges from level C6 to C1.9 As a result of the dual blood supply, symptomatic VAI
(i.e. vertebra-basilar artery stroke) caused by TPFs is only to be expected in bilateral fractures
or in case of a fracture of a rare dominant vertebral artery, and only if these fractures are
extending into the transverse foramen.9 Asymptomatic VAI is more common, with one of the
vertebral arteries affected by a TPF involving a transverse foramen.4,9,40,41 In previous
literature, the incidence of asymptomatic VAI patients after all traumatic cervical TPFs
ranged from 8.3 to 25%.40,41 In high-risk TPFs involving the transverse foramen, the incidence
of asymptomatic VAI increased to 63%.4 Specific numbers of VAI for the subaxial cervical
spine and isolated TPFs have not been reported in prior literature. In our study population,
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four patients (19%) had TPFs cranial to level C7 and were therefore at risk for VAI. None of
these fractures involved the transverse foramen and patients were therefore not at risk for
vertebral artery.4,9,42 Consequently, no angiograms were performed.
Overall, the follow-up results were promising. All but one patient were satisfied with
their cervical situation 13 to 39 months after the initial trauma. Disability due to cervical
complaints was minimal or even absent in the majority of the studied population.
Interestingly, the mean NDI score of 3.93 was evidently lower and consequently better than
in asymptomatic populations.28,29 Lee et al. found a mean NDI score of 9.1 (SD= 7.1) in 81
healthy, asymptomatic individuals, 28 while Bunketorp et al. found a mean NDI score of 8.5
(SD= 16.0) in 49 asymptomatic individuals 17 years after a motor vehicle accident without
skeletal injuries of the cervical spine.29 The CROM at follow-up was normal in all but two
patients, both already showing severe degeneration of the cervical spine on the initial trauma
images. Previous studies showed that the measured CROM decreases with cervical
complaints,18,20,21 increasing age,22,43,44 male gender,23,44 and decreasing effort made by the
patient24,45 and is affected by the applied measurement method17,19 and measurement protocol.46
The reference values of the CROMs as presented in the introduction, however, have been
assessed in healthy, predominantly young, individuals without cervical injuries, complaints, or
degeneration.18-24 In this study the patients’ average age was high and patients with cervical
complaints and cervical spine degeneration were included as well. Therefore, the normal mean
CROMs at follow-up in this study population can be considered as an excellent outcome.
A major strength of this study is the applied study design. Patients with isolated
TPFs of the subaxial cervical spine were detected in a prospective, consecutive series of highenergy blunt trauma patients undergoing routine CT imaging. Accuracy of identifying
isolated TPFs of the subaxial cervical spine is highly reliable in this study, with at least three
physicians examining the radiographic studies. Although CT is the reference standard for
detecting cervical spine injuries, a small number of missed isolated TPFs of the subaxial
cervical spine may be inevitable. The CT reconstruction thickness of three millimeters could
lead to a small number of undetected fractures. This study was performed in a population in a
university hospital serving both as a Level I trauma centre and tertiary referral hospital.
Therefore, our epidemiological findings cannot simply be applied to all other trauma
populations. Nonetheless, this high volume study population enabled us to investigate
treatment outcomes in patients with relatively infrequent, but homogeneous injury
characteristics.
Conclusion
The incidence of isolated transverse process fractures in the subaxial cervical spine in this highenergy blunt trauma population was 2.4%. These fractures were mostly limited to one level
and typically occurred at the seventh cervical vertebra. In our cohort, there were no
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complications associated with isolated TPFs of the subaxial cervical spine. Follow-up showed a
high patients satisfaction, a normal range of motion, and no or minimal disability due to
cervical complaints in a large majority of patients. Treatment with unrestricted movement is
appropriate for TPFs of the subaxial cervical spine and satisfying functional, anatomical and
neurological outcomes can be attained. This study confirms that isolated TPFs can be
considered as clinically insignificant and do not require treatment.
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- Chapter 5 -

Methodological Systematic Review:
Mortality in Elderly Patients
with Cervical Spine Injury
A Critical Appraisal of the Reporting of Baseline
Characteristics, Follow-up, Cause of Death,
and Analysis of Risk Factors

Published as:
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Follow-up, Cause of Death, and Analysis of Risk Factors. Spine. 2010 47(10):1079-87.

“Correlation does not imply causation.”
Sir Ronald A. Fisher (1890–1962)

Abstract
Study design. Methodological systematic review.
Objective. To determine the validity of reported risk factors for mortality in elderly patients
with cervical spine injury.
Summary of Background Data. In elderly patients with cervical spine injury, mortality has
frequently been associated with the type of treatment. To date, however, no review evaluating
the validity of reported risk factors for mortality in elderly patients with cervical spine injury
has been published.
Methods. Studies evaluating the treatment of cervical spine injuries in elderly ( ≥ 60 years of
age) patients were searched through the Medline and EMBASE databases. In addition to
standard methodological details, reporting of putative confounding baseline characteristics and
analysis of risk factors for mortality were appraised critically. For this purpose, patient data
presented in included studies were pooled. Exploratory descriptive statistics were used for data
analysis.
Results. Twenty-six eligible studies were identified, including a total of 1550 pooled elderly
subjects. Except for two, all studies reported presence or absence of spinal cord injury. Details
concerning the severity and/or extent of the injury were reported in 12 (46%) studies. Preexisting comorbidities were reported in 9 studies (35%). In the pooled subjects, the cause of
death was not reported in 155 out of 335 deceased patients (42%). Based on own results, 18
(69%) studies reported on risk factors for mortality. Of these studies, six (23%) performed
statistical analyses of risk factors for mortality outcomes. Only one study statistically adjusted
potential risk factors for mortality for confounding.
Conclusions. Overall, pre-existing comorbidities, concomitant injuries, follow-up and cause of
death have been underreported in studies investigating the treatment of cervical spine injuries
in elderly patients. To strengthen the validity of risk factors for mortality in future clinical
trials, adjustments for appropriately reported putative confounders by regression analysis are
mandatory.

85

Introduction
In the blunt trauma population, elderly patients are at highest risk of sustaining cervical spine
injuries (CSIs).1 Also low-energy falls from a standing or sitting height frequently result in
upper cervical spine fractures in the geriatric population.2, 3 In perspective of the expected aging
of the “baby boom” generation, management of CSIs in the elderly patients will become an
increasingly important topic of debate.4, 5
Primary consideration in the evaluation of hemodynamically stable elderly patients
with CSI is whether to treat the injury operatively or non-operatively. Treatments’ benefits
are always outweighed against the risks of treatment-related complications. Especially in
elderly patients with CSI, mortality is definitely the most important disadvantageous outcome
of interest.6-10
Concerning mortality in elderly trauma patients, the question remains whether the cause of
death is related to pre-morbid conditions, the injury itself or to the treatment of choice. The
relations between pre-existing comorbidities (PECs), injury severity and mortality have been
investigated extensively in the geriatric trauma population.11-13 Numerous studies have
examined risk factors affecting short-term survival in patients with hip fractures. Presence of
PECs has been shown to significantly decrease patients’ life expectancy.14-16
In elderly patients with CSI, mortality has also been the focus of research. The cause
of death is, especially in geriatric patients with odontoid process fractures, frequently
attributed to the type of treatment.17-20 To date, however, no review evaluating the validity of
such associations has been published. The aim of this review was to critically appraise the
reporting of baseline characteristics, follow-up, cause of death and analysis of risk factors for
mortality in studies evaluating specific treatments of CSIs in elderly patients. It was not our
intent to determine the therapeutic effect of surgical and/or non-operative treatments on
mortality following spinal trauma. In fact, this critical appraisal enabled us to determine the
validity of reported risk factors for mortality in elderly patients with CSI.
Materials & methods
Search Strategy
In order to identify relevant articles on the treatment of CSIs in the elderly population, we
conducted a computerized search using the Medline (1966 to August 2008) and EMBASE
(1980 to August 2008) databases. The search terms used in Medline, interface PubMed, were:
“spinal injuries”(MeSH) and “elderly”(text word). The same exploded (that is, including all of
the terms' indexing subheadings) search terms were used in EMBASE. The search for
literature was assisted by an experienced medical research librarian.
Study Eligibility Criteria
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The initial screening criteria included the following: 1) the study population consisted of (a
clearly defined subgroup of patients equal or older than 60 years of age with cervical spine
fractures and/or dislocations; 2) the number of elderly patients was 10 or greater; 3) the CSIs
were inflicted by a clear trauma mechanism; 4) the CSIs were treated operatively or nonoperatively; and 5) mortality was applied as an outcome measure. Articles published in
languages other than English, German, Dutch, Czech and French and articles without an
abstract were excluded.
Data Abstraction
Titles and abstracts were first screened; potentially relevant articles and reports were then
retrieved and evaluated individually and independently by two authors (JvM, AH). To
ensure that no relevant studies were missed by the Medline and EMBASE searches, we also
performed a manual cross-reference search of the citations of each included article to obtain
further relevant studies.21 In each phase and in all cases, disagreement concerning inclusion of
articles was resolved by discussion. In order to determine possible differences in
methodological reporting, multiple publications from one study group or institution, with a
(partial) identical study population, were recognized and included.
Critical Appraisal
Critical appraisal of included articles was performed to examine studies’ validity. The
following standard methodologic details were recorded: study design, number of patients,
minimum age of population, type(s) of injury, type(s) of treatment and duration of follow-up.
The duration of hospital admission and duration of non-operative treatment were regarded as
short-term follow-up, whereas the duration of post-treatment follow-up was regarded as longterm follow-up.
Although reporting of diagnostic criteria, eligibility criteria and other sources of bias
certainly are items influencing the internal validity of treatments’ effect sizes, it was clearly not
our objective to evaluate these specific items. The focus of this review was to assess the validity
of reported risk factors for mortality outcomes through evaluation of the reporting of potential
confounders. Confounders are unique in each area of research and are therefore not specified
in checklists like the CONSORT and STROBE statements.22, 23 Therefore, the reporting of
following items were recorded based on rationale:
-

Reporting of concomitant traumatic injuries
Reporting of pre-existing comorbidities
Reporting of time, number and cause of death
Reporting of statistical analysis of risk factors for mortality
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In order to determine the overall reporting of causes of death in elderly patients with CSI,
mortality outcomes were statistically pooled. Since included studies were not considered
homogeneous with respect to diagnosis, baseline characteristics and interventions, no
epidemiological (meta-)analysis was performed on the pooled data. Only exploratory
descriptive statistics were used for data analysis. Reported causes of death were categorized in 4
categories: (1) cardiopulmonary, (2) systemic diseases, (3) ‘unclear’ and (4) other causes.
The number of studies reporting and discussing the association between causal factors
and mortality was recorded. A clear distinction was made between studies that did perform
statistical analyses on potential risk factors for mortality and studies that did not. Those
studies that did perform statistical analyses were also assessed for adjustment for confounding
variables. These details would illustrate the rate of authors’ awareness concerning the multietiological causes of mortality in elderly patients with CSI.
Results
Search and screening results
Combined total of references resulting from the computerized search strategy resulted in 968
citations after removal of duplicates. After screening of titles and abstracts, 54 remaining
potential eligible articles were obtained for full-text screening. Thirty-one articles were
excluded during full-text screening. The majority of the irrelevant articles contained study
populations including young patients (<60 years of age), inadequate descriptions of applied
treatments, or contained less than 10 patients. Cross-referencing resulted in 2 additional
citations. This resulted in a total number of 26 included articles of this review.
Study characteristics
Included studies consisted of 21 (81%) retrospective case-series, 4 (15%) retrospective cohort
studies, and 1 (4%) prospective cohort study, describing the treatment of 1550 elderly patients
with CSI. The studies reported on the treatment of following injuries: odontoid process
fractures (14 studies17, 18, 20, 24-34), upper cervical spine injuries (1 study35) and cervical spine
injuries (11 studies2, 8, 10, 19, 36-42). Treatment modalities of included studies were as follows:
surgical approaches with or without postoperative cervical spine orthosis in 8 (31%) studies,
solitary non-operative treatment in 2 (8%) studies and various (surgical and/or non-operative)
treatments in 16 (61%) studies, see Table 5.1.
Reporting of traumatic injuries other than CSI
Except for one, all studies reported concomitant traumatic injuries in included elderly subjects,
see Table 5.1. Frangen et al.17 excluded patients with ‘coinjuries’, including spinal cord injury
(SCI), for analysis. Twenty-four out of remaining 25 studies (96%) reported presence or
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absence of SCI. Five descriptive attributes were reported to specify the injury’s entity: (1)
complete versus incomplete injury, (2) Frankel classification43, (3) tetraplegia versus
paraplegia, (4) ASIA International Standards for Neurological Classification of Spinal Cord
Injury classification44 and (5) neurological level of injury, see Table 5.2. Two studies reported
the “presence of SCI” without any further description and another 2 studies reported on
absence of SCI in all included subjects. Three studies combined two descriptive attributes to
classify the type of SCI.
Eight studies (31%) reported the presence or absence of concomitant ‘closed head
injury’. Presence or absence of non-spinal fractures was reported in 8 studies (31%). The Injury
Severity Score45 (ISS) and Glasgow Coma Scale46 (GCS) were reported in 7 (27%) and 5
(19%) studies respectively. Presence or absence of thoracic, lumbar or sacral spinal fractures was
reported in 2 studies (8%). One study reported the presence or absence of ‘associated traumatic
injuries’ (ATI) in included subjects. In this study ATI was defined as any injury in addition to
the cervical fracture with an Abbreviated Injury Severity Score ≥ 2 per body region.37
Reporting of pre-existing comorbidities
Pre-existing comorbidities were reported in 9 studies (35%), see Table 5.1. The American
Society of Anesthesiologists (ASA) score47, presence of cardiovascular comorbidity and
presence of ankylosing spondylitis were each reported in 3 studies. The unspecified parameter
‘number of co-morbidities’ was reported in 2 studies. Only Golob et al.37 reported comorbidities in detail, including pre-existing metabolic diseases, pulmonary diseases and
presence of neoplasia. The ‘Charlson Co-morbidity Index’48 (CCI) score was reported in 1
study.
Reporting of mortality and cause of death
Table 5.3 presents the pooled number of elderly patients and the cause of death of those
patients who died during follow-up. Out of 1550 pooled subjects, 335 deaths (22%) were
reported. Four studies (15%) did not differentiate between short-term and long-term follow-up
mortality (n=101, 30%). In the pooled subjects of remaining studies, 170 patients (51%) died
during admission or non-operative treatment and 64 patients (19%) died during long-term
follow-up. Although the majority of pooled subjects died during short-term follow-up, 15
studies (68%) did not report the mean duration of this initial period. The duration of longterm follow-up was reported in 17 studies (65%). Four studies (15%) did not investigate the
long-term follow-up in elderly patients with CSI.
The cause of death was not reported in 155 out of 335 pooled deceased patients (46%),
see Table 5.3. Including non-specific reporting of causes like “unknown causes”, “unrelated
causes” and unspecified “medical conditions”, the cause of death was unclear in 191 patients
(57%). In those patients with an adequate description of the cause of death, the majority died
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62
41

66
65

Dens
Dens

CS
CCS§

Retro
Retro

Operative
Operative

Yes
Yes

Table 5.1
Continued.
Platzer et al.24
Platzer et al.32

Yes
Yes
Yes
Yes

Yes
Yes

Various
Various
Operative
Various

Yes

Various
Various

Retro
Retro
Retro
Retro

Various

Retro
Retro

CS
CS
CS
CS
Retro

CS
CS

C-spine
C-spine
Dens
Dens
CS

Dens
C-spine

>65†
65
65
>65†
Upper
C-spine

>60†
>65†

193
66
28
78
70

35
193

Sokolowski et al.19
Stulik et al.42
Stulik et al.34
Tashijan et al.18
10

Ryan et al.33
Sokolowski et al.10

Weller et al.35

SCI, ISS
SCI, ISS, CHI, Off site
Fxs
SCI, non-spinal Fxs
SCI

SCI
SCI
SCI
SCI, ISS, CHI, nonspinal Fxs
SCI, GCS

No
No

No
Yes

No
No
No
Yes

No

Cardiovascular diseases,
AS, Hypertension,
Osteoarthritis

No. of co-morbidities

Symbols and abbreviations. *: Although 1 patient was younger than 60 years old, this study was also included, †: Minimum age of inclusion selected as no range of population's age
were reported, ‡: Comparative cohort was historical, §: Comparative cohort consisted of younger patients, ||: Polytrauma patients were excluded, ¶: Defined as any injury in addition to
the CSI with an abbreviated ISS ≥ 2 per body region. **: Level of consciousness. Pts.: Patients, Dens: Odontoid process, C-Spine: Cervical spine, CS: Case series, CCS: Comparative
cohort study, Pro: Prospective, Retro: Retrospective, SCI: Spinal cord injury, ISS: Injury severity score, GCS: Glasgow coma scale, ATI: Associated traumatic injuries, CHI: Closed
head injury, Fxs: Fractures, PECs: Pre-existing comorbidities, ASA: American society of anesthesiologists score, CCI: Charlson co-morbidity index score, GI: Gastro-intestinal, AS:
Ankylosing spondylitis.
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Data
collection

Treatment

Coinjuries
reported

Table 5.1
Study characteristics and summaries of reported co-injuries and pre-morbid conditions.
Study

Study
design

Details

PECs
reported

No

Type of
injury

SCI

No
No
Yes

Minimum age
(yrs)

Yes

CHI, non-spinal Fxs
SCI
SCI

No

No.
pts.

SCI
SCI
SCI
SCI, ISS

Yes
Yes
Yes
No
No
Yes

Yes
Yes
Yes

SCI, CHI, non-spinal Fxs

SCI, ISS, GCS, ATI¶

Retro

Nonoperative
Various
Operative
Operative

Yes

Yes
Yes
Yes
Yes
No||
Yes

CS

Retro
Retro
Retro

Yes
Yes
Yes
Yes

SCI, CHI
SCI, ISS, GCS
SCI, CHI, non-spinal Fxs
SCI, CHI, Other Spinal
Fxs, non-spinal Fxs
SCI
SCI, CHI, GCS**, Other
Spinal Fxs, non-spinal Fxs

Various
Operative
Operative
Various
Operative
Various

C-spine

CS
CS
CS

Retro

Nonoperative
Various
Various
Various
Various

Yes
Yes

Retro
Pro
Retro
Retro
Retro
Retro

65
Dens
Dens
C-spine

CS

Retro
Retro
Retro
Retro

Various
Various

CS
CCS‡
CCS§
CS
CS
CS

20
>80†
67
>65†
Dens

CS
CCS§
CS
CCS§

Retro
Retro

Dens
Dens
Dens
C-spine
Dens
C-spine

Hanci et al.38
19
10
74
66

C-spine
C-spine
C-spine
Dens

CS
CS

66
58*
>70†
65
63
65

Hanigan et al.27
Harrop et al.28
Jackson et al.8
20
65
66
65
71

C-spine
Dens

29
11
15
58
27
177

Kuntz et al.29
41
129
107
23

66
>60†

Andersson et al.25
Bednar et al.20
Borm et al.26
Damadi et al.36
Frangen et al.17
Golob et al.37

Lieberman et al.2
Majercik et al.39
Malik et al.40
Muller et al.30
65
19

Yes
No

No
Yes
No
No

Olerud et al.41
Pepin et al.31

Details

ASA
CCI
ASA

Cardiovascular,
Metabolic, Pulmonary
and GI diseases, Renal
pathology, Neoplasia,
Cerebral pathology

Cardiovascular
diseases, AS

No. of co-morbidities

ASA, AS
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X

x

Borm et al.26
x

Damadi et al.36
x

Frangen et al.17
x*

Golob et al.37
x

Hanci et al.38
x

Hanigan et al.27
x

Harrop et al.28
x

x

Jackson et al.8
x

Kuntz et al.29
x

x

Lieberman et al.2
x

x

Malik et al.40

x

Muller et al.30

x

Olerud et al.41

x

x

Pepin et al.31

x

Platzer et al.24

x

Platzer et al.32

x

Ryan et al.33

x

Sokolowski et al.10

x

Sokolowski et al.19

x

Stulik et al.42

x

Stulik et al.34

x

Tashijan et al.18

x

Weller et al.35

7
7
5
3
1
2
2
1

Total

Study

x

Majercik et al.39

Table 5.2
Reported descriptive attributes of co-injury: spinal cord injury.

Descriptive attribute
Complete/Incomplete
Frankel classification
Tetra-/Paraplegia
ASIA classification
Neurologic injury level
Presence of SCI (NOS)
No patients with SCI
Not reported

Bednar et al.20

Symbols & abbreviations. *: SCI patients were not included in this study, ASIA: American Spinal Injury Association, SCI: Spinal cord injury, NOS: Not otherwise specified.
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Andersson et al.25

Table 5.3
Reported follow-up and causes of death in 1550 pooled elderly patients with cervical spine injury (26 studies).
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Y
Y
0
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N
Y
1
0
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Y
N‡
14
0‡
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Y
Y
3
3

177
Y
Y
NR
NR

20
N
Y
3
3

19
Y
Y
4
1

10
N
Y
1
0

74
Y
N‡
9
0‡

20
Y
Y
4
2

41
N
N
10
1

129
N
N
14
13

107
Y
Y
12
20

23
N
Y
8
3

65
N
Y
NR
NR

19
N
N
1
2

62
N
Y
4
0

41
N
Y
4
0

35
N
Y
NR
NR

193
Y
N‡
27
0‡

193
Y
N‡
27
0‡

66
N
Y
14
3

28
N
Y
8
0

78
N
N
NR
NR

10
Y
N
2
1

1550
170
64

Study

Study follow-up
and mortality details
29
N
Y
0
10

-

1
-

-

1

10
3
-

2
2
2
-

45
-

1
1
1
1
1
1
-

1
2
2

1
-

-

2

1
1
5
-

1
1
1
1
1
1
-

1
7
1
2
-

13
2
12
-

5
15
3
3
4
1
1
-

3
2
1
4
1
-

25
-

2
1
-

2
1
1
-

2
1
1
-

1
2
1
3
-

-

2

8
14
3
-

27
-

-

-

17
-

-

-

8
-

-

-

12
-

-

12
-

1
2
-

-

-

16
32
13
3
52
17
1
3
5
1
1
9
5
2

14

155
6

335

No. elderly patients
Duration short term FU reported?
Duration long term FU reported?
Mortality: during short-term FU*
Mortality: during long-term FU†

10
1
1
-

Symbols & abbreviations. *: Short-term FU: duration of hospital admission or non-operative treatment, †: Long-term FU: duration of post-treatment FU, ‡: Discharge from hospital was
study's endpoint, Y: Yes, N: No, NR: Not reported, NOS: Not otherwise specified, PEC’s: Pre-existing comorbidities, MSOF: Multisystem organ failure, GI: Gastro-intestinal.

-

3

Total

24

Weller et al.35

8

Tashijan et al.18

17

Stulik et al.34

27

Stulik et al.42

27

Sokolowski et al.19
7

Sokolowski et al.10
4

Ryan et al.33
4

Platzer et al.32
3

Platzer et al.24
25

Pepin et al.31
11

Olerud et al.41
32

Muller et al.30
27

Malik et al.40
11

Majercik et al.39
6

Lieberman et al.2

9

Kuntz et al.29

1

Jackson et al.8

5

Harrop et al.28

6

Hanigan et al.27

45

Hanci et al.38

6

Golob et al.37

14

Frangen et al.17

1

Damadi et al.36

2

Borm et al.26

10

Bednar et al.20

No. of reported deaths
Classes
Causes of death
Unclear
Not reported
Unknown
Unrelated cause
(NOS)
PEC’s (NOS)
Heart/
Respiratory Failure
Lung
Pneumonia/Atelectasis
Pulmonary Embolism
Myocardial Infarction
Cardiopulm. (NOS)
Systemic
Urosepsis
Sepsis/MSOF
Neoplasia/Metastasis
GI tract bleeding
Liver failure
Other
Injury
Closed head injury
Flat bed rest

Andersson et al.25
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as a result of cardiopulmonary conditions (n=116, 34%). Myocardial infarctions and cardiac
arrests were the most frequently reported causes of death in the elderly CSI trauma
population (n=52, 16%). Systemic causes of death were reported in 11 patients (3%), including 5
patients who died during follow-up as a result of cancer. Other reported causes of death were
injury inflicted death (n=9, 3%), cerebral disorder or closed head injury (n=5, 2%) and flat bed
rest (n=2, 1%).
Reporting of analysis and discussion of risk factors for mortality
Six studies (23%) performed statistical analyses of risk factors for mortality outcomes, see
Table 5.4. Four studies found SCI to be significantly related to an increased risk of death in
elderly patients with CSI.19, 36, 37, 41 Three studies reported on the significant relation between
increased injury severity score and increased risk of death.18, 36, 39 Quantifying the number of
PECs in a partial identical study population, Majercik et al.39 and Tashijan et al.18 did not find
a significant different number of PECs between survivors and non-survivors. Both authors did
find halo vest immobilization, however, to be significantly related to an increased risk of death.
Although most of other variables were similar in survivors and non-survivors (see Table 5.4),
both authors did not perform a regression analysis to adjust this relation for putative
confounders.
Despite all efforts to analyze associations between risk factors and mortality
statistically, four studies also associated other non-analyzed study variables with mortality in
the discussion section, see Table 5.4.19, 36, 37, 39 In fact, only two studies discussed risk factors for
mortality solely based on the statistical analysis.18, 41 Of these two studies, only Olerud et al.41
adjusted its potential risk factors for mortality for confounding with use of Cox multiple
regression survival analysis.
Another 12 studies (46%) discussed risk factors for mortality outcomes without
having applied statistical analyses on discussed associations, see Table 5.5. Both SCI8, 29, 30, 38
and type of treatment17, 19, 20, 26 were most frequently associated with the risk of death in studies
without statistical support. Eight studies (31%) neither analyzed nor discussed study
characteristics and or variables associated with mortality.25, 28, 31, 32, 34, 40, 42
Discussion
The aim of this review was to determine the integrity of reporting of traumatic and nontraumatic baseline characteristics and cause of death in studies evaluating the treatment of
CSIs in elderly patients. Although the cause of death was reported in 16 out of 26 included
studies (62%), pre-morbid conditions and concomitant injuries were rarely reported. The only
exception was reporting of presence or absence of SCI. However, except for three studies
(12%), the description of the severity of SCI was generally insufficient to determine its true
putative impact on mortality rate.
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Table 5.4
Details of studies that performed statistical analysis of risk factors for mortality outcomes in elderly patients with
CSI (n=6).
Study

Risk Factor

Comparison

Statistical
significance

Risk factors
adjusted for
confounding

Discussed risk factors ||

Associated?

Statistically
supported?

Damadi
et al.36

ISS: 32
SCI
Upper C-Spine

ISS: 11
No SCI
Subaxial C-spine

p<0.05
p<0.05
NS

No

Injury Severity
SCI
Age¶
Gender
Respiratory complications

Yes
Yes
No
No
Yes

Yes
Yes
No
No
No

Golob
et al.37

ATI*
SCI

ICSF
no SCI

NS
p<0.032

No

PECs
Pulmonary complications
Venous thromboembolism
Cardiac complications

No
No
No
No

No
No
No
No

Majercik
et al.39

ISS: 24
GCS: 12.5
PECs
HVI
HVI

ISS: 13
GCS: 14
No PECs
Collar
Operative
treatment

p<0.001
p<0.001
NS
p<0.001†
p<0.007†

No

HVI
Cardiopulmonary
complications

Yes
Yes

Yes
No

Olerud
et al.41

ASA score ≥3
Frankel grades A-C
Age (cont.)
Male
Complication
HET
AS

ASA score ≤2
Frankel grades D-E
Female
No complication
LET
No AS

p<0.001‡
p=0.001‡
p=0.001‡
NS
NS
NS
p=0.02‡

Yes; Cox
multiple
regression
survival
analysis was
applied

PEC's
SCI
Age
AS

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

Sokolowski
et al.10

SCI

no SCI

p<0.001

No

SCI
Operative treatment
Non-operative treatment
PECs

Yes
No
No
Yes

Yes
No
No
No

Tashijan
et al.18

ISS: 16
GCS: 13
No. PECs: 2.2
HVI
HVI

ISS: 12
GCS: 14
No. PECs: 2.0
Collar
Operative
treatment

NS
NS
NS
NS
p=0.03§

No

HVI**
Injury severity
Neurological status
(No.) PECs

Yes
No
No
No

Yes
Yes
Yes
Yes

Symbols & abbreviations. *: Defined as any injury in addition to the CSI with an abbreviated ISS ≥ 2 per body region,
‡: Subgroup analysis; "There was no difference in age, ISS, ED GCS score, ED SBP, or number of comorbidities
between HVI or either of the other groups.", ‡‡: After Cox multiple regression survival analysis, §: Subgroup analysis;
“HVI non-survivors had significantly higher ISS and lower GCS scores, but there was no difference in age and medical
comorbidities between the groups.”, ||: Cited risk factors not included, ¶: elderly vs. very elderly, **: “Due to rate of
cardiac arrests in halo vest.”. ISS: Injury severity score, SCI: Spinal cord injury, C-Spine: Cervical spine, NS: Not
significant, ATI: Associated traumatic injuries, ICSF: Isolated cervical spine fracture, PECs: Pre-existing comorbidities,
GCS: Glasgow coma scale, HVI: Halo vest immobilization, ASA: American society of anesthesiologists score, HET:
High energy mechanism, LET: Low energy mechanism, AS: Ankylosing spondylitis.
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The relationship between pre-morbid conditions and mortality has been investigated
extensively in the geriatric trauma population.11-13 McGwin et al.12 concluded that elderly
trauma patients subjected to minor (ISS: 1≤15) or moderate (ISS: 16≤25) injuries, having one
or more chronic medical conditions, have an increased risk of death compared to elderly
trauma patients without pre-morbid conditions. In seriously (ISS: ≥26) injured elderly patients
however, the risk of death is not influenced by pre-morbid conditions since the injuries
themselves result in a high risk for death.12 Especially in the geriatric (spinal) trauma patients
presenting with mild or moderate injuries, immediate assessment of patients’ medical history
and subsequent aggressive treatment are essential.49 Also in elective spine surgery, elderly
patients with PECs are at a higher risk for complications and adverse outcomes.50
In this review, 17 out of 26 included studies (65%) evaluating the treatment results of
elderly patients with CSI did not report on PECs. Since solitary descriptions of the cause of
death are not sufficient to determine the true impact of specific chronic medical conditions on
mortality, adequate baseline reporting of PECs is essential. In addition, appropriate baseline
recording might result in definitions of risk factors for mortality in elderly spinal trauma
patients in future clinical trials. These risk factors might in turn be implemented in
discriminant predictive survival algorithms like the Geriatric Trauma Survival Score (GTSS)
introduced by DeMaria et al..51

Table 5.5
Studies that discussed, but did not statistically analyze, risk factors for mortality outcomes in elderly with cervical
spine injury.
Risk factor*

No. studies

References

SCI
Operative/non-operative treatment

4
4

8, 29, 30, 38

PEC's

2

20, 24

Bed rest

2

27, 38

Complications of polytrauma

1

35

Cardiopulmonary complications

1

17

Level of SCI

1

8

Decreased respiratory reserve

1

29

Limited physiological reserve

1

2

Level of spinal column injury

1

19

Studies that did not discuss any risk factor for mortality

8

25, 28, 31-34, 40, 42

17, 19, 20, 26

Symbols & abbreviations. *: Cited risk factors not included, SCI: Spinal cord injury, PEC's: Pre-existing comorbidities.
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We recommend that authors should report baseline pre-morbid conditions
adequately in future clinical trials.52 Use of baseline parameter ‘number of co-morbidities’
should be avoided since it does not discriminate between mild and severe pre-morbid
conditions. The ‘premorbid illnesses criteria’ listed by Milzman et al.53 and the Charlson Comorbidity Index48 might be useful tools to record pre-morbid conditions. Applying
standardized baseline criteria might eventually result in better outcome comparisons in future
reviews.
Like PECs, concomitant injuries also have a considerable impact on the risk of
mortality in elderly spinal trauma patients. Several studies reported on mortality rates in
geriatric patients with SCI. Although geriatric patients generally have less severe neurological
deficits than younger SCI patients, the mortality rates are higher in the elderly patients.3, 7, 54, 55
Furthermore, elderly patients who sustained traumatic rib fractures have a twofold increased
risk of mortality compared to younger patients with similar injuries.56 In addition, compared to
polytrauma patients younger than 65 years of age, elderly polytrauma patients with
comparable injury patterns have higher rates of mortality.12, 13, 51, 57
In those studies included in this review, concomitant traumatic injuries were reported
infrequently. Although presence of concomitant SCI was reported in nearly all studies,
descriptive attributes of consequent neurological deficits varied considerably. Only three
studies combined the use of 2 attributes in the description of SCI’s severity. For instance, 2
studies described details concerning both the completeness and level of injury. Reporting of
detailed descriptions of SCI, including level and severity of the injury, results in a more valid
evaluation of the true impact of neurological deficits on the risk of mortality in elderly spinal
trauma patients.55 In the odontoid process fracture population, this issue is of particular
importance in those patients with both neurological deterioration and concomitant subaxial
CSIs.58 Although multiple studies stressed the significant impact of injury severity on
mortality in geriatric trauma population, only 12 (46%) included studies reported the ISS
and/or presence of non-spinal fractures baseline characteristics in the elderly spinal trauma
patients. On the other hand, as upper cervical spine fractures are frequently caused by lowenergy falls in the geriatric population, occurrence of concomitant polytraumatic injuries is
seldom.2, 3 However, if authors do not report on the presence or absence of such concomitant
injuries, reported risk factors on any clinical outcome should be interpreted with caution.
Therefore, like baseline reporting of PECs, we recommend that authors should also report
baseline severity of concomitant injuries in future clinical trials.
The duration of follow-up is another item that considerably influences the reported
mortality rates in geriatric trauma study populations. Irwin et al.7 concluded that geriatric
spinal injured patients have an increased 60-day mortality rate compared to the in-hospital
mortality rate. Comparing to non-traumatic case controls, other studies also reported decreased
long-term survival rates of elderly trauma patients.59-61 Gubler et al.60 summarized that pre97

morbid conditions, age and severity of concomitant injuries are strong predictors of 5-year
survival in the elderly trauma population.
In this review, the duration of follow-up was reported in 17 studies (65%). Despite the
relatively high number of studies with long-term follow-up, the cause of death was described
inappropriately in the majority of patients who died during follow-up.25, 30, 39, 40 Since trauma
seriously affects physiologic reserves in geriatric patients, descriptions of cause of death like
“unrelated to injury” should be avoided.49 To determine treatments’ overall impact on
mortality, we recommend that authors should adequately report on causes of death during the
period of admission, non-operative treatment and long-term follow-up in future prospective
clinical trials.
Seventeen studies (65%) did report details concerning the cause of death of studied
patients. Compared to the description of PECs and concomitant injuries, this rate of reporting
is encouraging. Cardiopulmonary complications are the most frequently reported cause of
death. This pattern is consistent with previously published results in an elderly trauma
population.52 To determine the true impact of cardiopulmonary conditions and complications
on mortality in elderly patients with CSI however, appropriate baseline recording is
necessary.18
Discussing the mortality rate in the treatment of CSI, several authors attributed the
cause of death to (prolonged) flat bed rest.27, 38 Lieberman and Webb also pleaded for patients’
mobility in order to “promote maximum respiratory function and maintain mental health”.2
Although the relation between bed rest and mortality has never been supported statistically
within the field of CSI research, several studies reported a significant negative impact of bed
rest and limited ambulation on the risk of mortality in geriatric patients with hip fractures.62-64
Therefore, we recommend that authors should also specify the duration of bed rest or level of
ambulation in elderly patients with CSI in future clinical trials.
Several previously published reviews reported on the mortality rates of elderly
patients with CSI. Citing original studies, reviews frequently associate mortality rates with the
treatment of choice.65-67 In original studies, particularly halo vest immobilization has commonly
been associated with high mortality rates in elderly patients.17, 18, 39 However, despite efforts on
subgroup analysis, these studies were all retrospective case series without a comparative design.
In addition, critical appraisal of potential confounders in this review clearly exposes the
drawback of associations between treatment of choice and mortality rates reported in original
studies. The principal issue in this drawback is the potential magnitude of residual
confounding bias. Residual confounding is defined as “potential confounding by factors or variables
not yet considered in the analysis;…”.68 In this review, 6 studies performed statistical analysis on
risk factors associated with mortality. Only one of these studies adjusted reported associations
for confounding by regression analysis.
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To our knowledge we are the first authors identifying the number of studies with
uncontrolled or residual confounders in the elderly CSI population. We showed that until
now the overall reporting of PECs, concomitant injuries and cause of death have been
inappropriate. We have discussed the serious and potential impact of these confounders on
health outcomes. To strengthen the validity of risk factors for mortality in future clinical
trials, adjustments for appropriately reported putative confounders by regression analysis are
mandatory.69
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- Chapter 6 -

Incidence of and Risk Factors for Complications
Associated with Halo-Vest Immobilization
A Prospective, Descriptive Cohort Study of 239 Patients

Published as:
van Middendorp JJ, Slooff WBM, Nellestein WR, Öner FC. Incidence of and Risk Factors for Complications
Associated with Halo-Vest Immobilization: A Prospective, Descriptive cohort Study of 239 Patients. J Bone Joint
Surg Am. 2009 Jan;91(1):71-9.

“Doctors have a sense for things unseen and complications unstated.”
Ben Hecht (1894–1964)

Abstract
Background. Since high rates of serious complications, such as death and pneumonia, during
halo-vest immobilization have been reported, there has been a tendency of restraint with
regard to the use of the halo vest. However, the rate of complications in a high-volume center
with sufficient experience is unknown. Our objective was to determine the incidence of and
risk factors associated with complications during halo-vest immobilization.
Methods. During a five-year period, a prospective cohort study was performed in a single, levelI trauma center that was also a tertiary referral center for spinal disorders. Data from all
patients undergoing halo-vest immobilization were collected prospectively, and every
complication was recorded. The primary outcome was the presence or absence of
complications. Univariate regression analysis and regression modeling were used to analyze
the results.
Results. In 239 patients treated with halo-vest immobilization, twenty-six major, seventy-two
intermediate, and 121 minor complications were observed. Fourteen patients (6%) died during
the treatment, although only one death was related directly to the immobilization and three
were possibly related directly to the immobilization. Twelve patients (5%) acquired pneumonia
during halo-vest immobilization. Patients older than sixty-five years did not have an increased
risk of pneumonia (p=0.543) or halo vest-related mortality (p=0.467). Halo vest-related
complications ranged from three patients (1%) with incorrect initial placement of the halo vest
to twenty-nine patients (12%) with a pin-site infection. Pinsite infection was significantly
related to pin penetration through the outer table of the skull (odds ratio, 4.34; 95%
confidence interval, 1.22 to 15.51; p=0.024). In 164 trauma patients treated only with halo-vest
immobilization, cervical fractures with facet joint involvement or dislocations were significantly
related to radiographic loss of alignment during follow-up (odds ratio, 2.81; 95% confidence
interval, 1.06 to 7.44; p=0.031).
Conclusions. There are relatively low rates of mortality and pneumonia during halo-vest
immobilization, and elderly patients do not have an increased risk of pneumonia or death
related to halo-vest immobilization. Nevertheless, the total number of minor complications is
substantial. This study confirms that awareness of and responsiveness to minor complications
can prevent subsequent development of serious morbidities and perhaps reduce mortality.
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Introduction
In 1959 the halo traction apparatus was introduced by Perry and Nickel for perioperative
stabilization of the cervical spine in poliomyelitis patients suffering from head and neck
paralysis.1 Currently, its indications have been expanded to the treatment of traumatic cervical
spinal injuries2-15, inflammatory diseases16-18, infections19-22, neoplasia23-26 and other
occipitocervical anomalies27-30.
Despite the relatively successful results of stabilization and fusion of the cervical
spine with halo vest immobilization (HVI, see Figure 6.1 ),31 high complication rates have been
reported. Several retrospective studies report on complications associated with HVI, especially
in the elderly.32-41 Due to an increase of incidence of serious adverse events in the recent
literature, with death and pneumonia reported up to 40- and 47%, respectively, there is a
growing tendency of restraint in using the halo vest.42-45
Nonetheless, it has been the experience in our spine unit, that patients treated with
HVI experienced a low incidence of serious complications. We believe that technical
improvements as well as experience and awareness in both prevention and management of
complications reported in previous studies may have contributed.46-51 To our knowledge, no
prospective, descriptive contemporary series of complications associated with HVI has been
published.
The main purpose of this study was to prospectively investigate the incidence of
complications associated with the use of HVI. Our secondary objective was to examine the
following literature based hypotheses: (1) elderly patients (≥ 65 years old) would have a higher
risk of pneumonia and mortality during HVI42 44, (2) halo pin-loosening would be a risk factor
for pin site infection and penetration26 33 52, and (3) cervical fractures with facet joint
involvement or dislocation in trauma patients would result more frequently in loss of
alignment in HVI patients without additional surgical procedures.53-55
Materials & methods
From January 2002 to December 2006 prospective data were collected on all patients treated
with HVI (Bremer Halo Systems, DePuy Spine; Johnson & Johnson, Jacksonville, Florida,
US) after being referred to the spine unit of our hospital, which is both a level-1 trauma
center, as well as a tertiary referral center for spinal disorders. Both trauma and non-trauma
patients were prospectively included in this study, irrespective of diagnosis, co-morbidities,
prior surgeries, neurological status, delay in treatment and duration of therapy. Patients where
HVI was used as supplement to anterior, posterior or circumferential surgical fixation were
also included.
The presence or absence of complications was defined as the primary outcome.
Complications were categorized as major, intermediate or minor. Major complications include
death, deterioration of neurological status, acquired permanent neurological deficits including
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Figure 6.1
Frontal view of the components of a halo device in place (Figure 6.1A) and side view of the upper components of a
halo device in place (Figure 6.1B). (Reprinted with permission)31

nerve root pain and nerve palsies, and thromboembolism. Intermediate complications include
pulmonary complications such as respiratory distress, atelectasis and pneumonia, halo related
complications such as pin penetration through the tabula externa or interna of the skull and
halo ring loosening, and separate loss of cervical spine alignment. Minor complications include
temporary neurological conditions such as peripheral nerve paraesthesia, nerve root pain, nerve
root palsies and delirium, difficulties in swallowing and separate halo related complications
such as pin loosening, pin site infection, pressure sores, incorrect primary placement of the halo
vest, and severe discomfort due to halo and/or vest, or general low compliance with HVI.
During HVI, from placement to the removal of the halo vest, all complications that occurred
were registered. This period was regarded as the duration of follow-up.
Each patient underwent a thorough neurological examination at the time of
admission. The presence, or absence, of neurological deficits was recorded. Patients with spinal
cord injury (SCI) were graded according to the American Spinal Injury Association (ASIA)
impairment scale.56 57 Additional standard diagnostic investigations were performed, including
conventional cervical spine radiographs and computed tomography (CT) and/or magnetic
107

resonance imaging (MRI) of the cervical spine. Discoligamentous injury was identified with
the use of radiographs, CT (for instance, flexion teardrop fractures, facet joint subluxations)
and/or MRI.55 Dislocations and fracture-dislocations were reduced as soon as possible, usually
within 12 hours of arrival in our hospital. Placement and maintenance of the halo vest was
performed according to commonly accepted standards.47 49 The 4 pins were tightened up to a
maximum torque of 8 inch-pound (0.90 Newton-meter). In children and in patients with
osteoporosis, fixation was augmented by placing 6 pins. For optimal halo vest care after
discharge, all patients returned to our outpatient clinics at least every other week for follow-up
by specialized orthopaedic cast technicians.
Routine clinical and radiographic evaluation was performed at 4, 8 and 12 weeks after
placement of the halo vest. The frequency of routine examination was increased in patients
with a cervical spine susceptible of becoming unstable. Radiographs were taken in the supine
position in patients who were unable to stand or sit. Radiographic changes indicating
malalignment of the cervical spine were defined as a ≥ 3-mm increase in displacement or a ≥ 10°
angulation on follow-up radiographs. If the cervical spine alignment was not satisfactory,
adjustments in traction, translation and angulation were made. When we were unable to align,
or realign, the cervical spine appropriately in a halo vest, HVI was regarded as a failure and
surgery was performed. Because there are currently no standardized and validated
radiographic criteria for healing of cervical spine fractures, we used the following criteria:
bridging bony trabeculae or callus formation at the fracture site and absence of abnormal
motion on flexion-extension radiographs. If fusion criteria were not met after more than 24
weeks HVI was regarded as a failure. Other possible reasons for failure requiring surgical
treatment (for instance, progressive neurological impairment during HVI) were also recorded.
All complications were immediately registered by the technicians who used a
standardized electronic data collection system. Besides this database all medical records and
imaging studies were again reviewed in order to retrieve missing data. Data regarding
consolidation of initial fractures or stable re-alignment of the cervical and upper-thoracic spine
were also collected from the medical records.
Statistical Methods
Frequency (%) was utilized to describe the categorical variables and complications. The odds
ratio (OR), with 95% confidence interval (95% CI), was determined with univariate regression
analysis for each examined hypothesis. Model building was performed by unconditional
logistic regression to adjust for putative confounding variables for each hypothesis separately.
In case a null hypothesis was rejected in univariate regression analysis, multivariate modeling
using a specific described subset of covariates, including possible confounders, was applied. In
order to facilitate multivariate modeling, variables and potential confounders of interest were
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determined and recorded in each patient. All statistical analyses were considered statistically
significant when alpha was < 0.05.

Table 6.1
Baseline demographic characteristics of the patients treated in halo vest (n=239).
Variable
Gender
Male
Female
Indication
Trauma
Tumor
Infection
Rheumatoid arthritis
Degenerative disorder
Neurological status at admission
Intact
Impaired
SCI
ASIA A
ASIA B
ASIA C
ASIA D
Cervical radicular pain
Cerebral disorder
Brachial plexus injury
Drop attacks
Treatment modality
Solitary HVI treatment
Halo with supplemental surgery
Pre-surgical HVI treatment
HVI with intended surgery
Surgery because of failure HVI
Duration of HVI
1 day – 1 wk
1 wk – 1 mth
1 mth – 2 mth
2 mth – 3 mth
3 mth – longer

No. patients

%

145
94

61
39

199
19
9
8
4

83
8
4
3
2

134
105
74
18
6
17
33
19
11
2
2

56
44
31
8
3
7
14
8
5
1
1

146
93
13
56
24

71
39
5
23
10

21
27
67
63
61

9
11
28
26
26

Symbols & abbreviations. SCI: Spinal cord injury, ASIA: American spinal injury association classification, HVI: Halo vest
immobilization.
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Results
Study Group
During a 5-year period, 239 patients were treated with HVI. A summary of demographic and
clinical data of this study group is presented in Table 6.1 and Figure 6.2. The mean patient age
at the time of treatment was 50 years (range; 4 to 93 years). Seventy-nine patients (33%) older
than 65 years were included. Trauma was the most common indication for HVI in 199
patients (83%). In total, 134 patients (56%) did not have any neurological impairment prior to
the placement of the halo vest. Of the remaining 105 patients with neurological injury, 74
patients (70%) had suffered a complete or incomplete SCI. Prior to halo vest placement, 33
patients (14%) had respiratory distress and/or needed mechanical ventilation. The mean
duration (and standard deviation) of HVI was 60 days ± 33.4 (range; 1 to 197 days). The
mean duration of HVI of patients without supplemental surgery (68.7 ± 30.5 days) was
significantly longer (p<0.001) than patients with supplemental surgery (46.2 ± 33.1 days).
Specific details for the 199 trauma patients are summarized in Table 6.2.

Figure 6.2
Age distribution of the 239 patients treated with halo-vest immobilization.

Complications
A total of 26 major, 72 intermediate and 121 minor complications were encountered in 239
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Table 6.2
Details of trauma patients treated in halo vest (n=199).
Variable
Mechanism of injury
LET*
HET**
Multi-trauma
Associated injuries
Thoracic spine fracture (Th03 - Th12)
Lumbar spine fracture
Sacral / Iliac bone fracture
Costal fracture
Fracture of upper extremities
Fracture of lower extremities
Other injuries
Days between trauma and assembly of halo vest
≤ 1 day
2 days – 1 wk
1 wk – 1 mth
1 mth – 6 mth
6 mth – 1 yr
Type of cervical / upper thoracic spine injury
Patients with cervical / upper thoracic spine fractures
Single level fracture
Multiple levels
Patients without fracture, with DLI†
Patients without fracture, without DLI‡

No. patients

%

108
91
56

54
46
28

18
7
9
22
21
15
78

8
3
4
9
8
6
33

162
14
13
8
2

81
7
7
4
1

169
119
50
28
2

85
60
25
14
1

Symbols & abbreviations. *: Low-speed motor vehicle accident (<50 km/h), a fall from less than 3 meters, **: High-speed
motor vehicle accident (≥50 km/h), a fall of 3 meters or more, a car hitting a pedestrian, †: Including facet joint luxations, ‡:
Two patients had no radiographic abnormalities of cervical spine; wrong indication for halo-vest immobilization, LET: Lowenergy trauma, HET: High-energy trauma, DLI: Discoligamentous injury.

patients treated with HVI. Fifteen other complications, which were not associated with HVI,
were also reported (Table 6.3). Ninety-five patients (40%) did not suffer any complications.
Without having a major complication, one patient had 6 complications.
Fourteen patients (6%) died during the period of HVI. Only one death was directly
related to the halo vest treatment. This 82-year old male patient with multiple level cervical
spine fractures developed aspiration pneumonia while halo-immobilized. He died 12 days after
initial placement of the halo vest; was neurologically intact and had not undergone
supplemental surgical treatment. In three of the patients (1%) a causal relationship between
111

HVI and death remained unclear, whereas in the remaining 10 patients (5%) HVI could not
be related to the patients’ death with certainty. Five of the 10 patients with complete cervical
paralysis died after termination of their mechanical life-support. Clinical details of all these
patients are summarized in Table 6.4.
Permanent neurological impairment occurred in 8 patients (3%). Deterioration of
motor and sensory function occurred in 4 patients (2%) including 1 patient who had
radiographic instability of the cervical spine. One patient had intra-operative neurological
deterioration during removal of a recurrent glioma. In 3 patients (1%) positioning and
tightening of a pin resulted in a permanent supra-orbital or greater occipital nerve injury. Four
(2%) thromboembolic events occurred. Three patients (1%) developed a deep venous
thrombosis and 1 patient (<0.5%) had a non-lethal pulmonary embolism.
There were 72 intermediate complications, 4 of which were related to HVI.
Respiratory function was seriously impaired in 27 patients (11%). Out of 12 patients (5%) who
developed pneumonia, 6 were acquired during mechanical ventilation. HVI related
complications included radiographic loss of alignment of the cervical or upper thoracic spine
(23 patients, 10%), loosening of the halo ring (7 patients, 3%) and pin penetration through the
tabula externa of the skull (15 pins in 13 patients, 5%). All of the 23 patients with radiographic
loss of alignment underwent intentionally solitary HVI. There was not a single case with a
pin penetration through the tabula interna of the skull. Consequently, no leakage of
cerebrospinal fluid, epidural abscesses or meningitis was seen in patients with pin penetration.
Two patients suffered a double-sided pin penetration, resulting in a total number of 15 pin
penetrations.
There were 121 minor complications. All 20 (9%) minor neurological complications
were temporary. Thirteen patients (6%) had difficulties in swallowing during HVI. Directly
halo related minor complications occurred 88 times. These complications ranged from 3
patients (1%) with incorrect initial placement of the halo vest, to 29 patients (12%) with pin site
infections. No cases of osteomyelitis occurred.
Twenty-five patients (11%) underwent surgical stabilization because HVI treatment
was regarded as a failure. Appropriate alignment of the cervical spine was not achieved in 7
patients (3%) during initial placement of the halo vest. Despite adjusted traction and
angulation, the spine could not be reduced properly in the halo vest in 8 of 23 patients (35%)
with loss of alignment of the cervical spine during HVI. Remaining reasons of failure of HVI
were non-union (5 patients), progressive neurological impairment (3 patients), progressive
respiratory difficulties and low compliance of patient in the halo vest (both 1 patient). Two
additional trauma patients were switched to a brace after 48 and 52 days because of a pin
penetration. Although these fractures consolidated with brace therapy, these patients were
regarded as HVI failures.
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Table 6.3
Data on 234 complications that occurred during halo-vest immobilization.
Complication

Major
Death
Permanent neurological deficit
Deteriorated neurological status (ASIA)
Greater occipital nerve palsy
Supraorbital nerve palsy
Nerve Root Pain †
Thromboembolic events

Intermediate
Respiratory impairment
Pneumonia de Novo
Acquired RD
Atelectasis de Novo
Progression of RD
Halo complications
Pin penetration
Halo loosening/movement
Loss of alignment of cervical spine

Minor
Temporary neurological impairment
Paraesthesia UE
Loss of motor control UE
Nerve root pain
Dermatome C2 hypaesthesia
Delirium
Swallowing impairment
Halo complications
Pin infection
Pin loosening/movement
Pressure sores
Neck pain
Low compliance Halo
Incorrect primary assemblage Halo
Other
Arrhythmia
UTI
Digestive tract haemorrhage
Infected wound †
Liquor leakage †
Diploplia
Total

Total
26
14
8
4
2
1
1
4
72
27
12
8
4
3
45
15
7
23
121
20
11
2
3
1
3
13
88
29
17
16
17
6
3
15
3
8
1
1
1
1
234

%
6
3
2
1
< 0.5
< 0.5
2
11
5
3
2
1
5*
3
10
8
5
1
1
< 0.5
1
5
12
7
7
7
3
1
1
3
< 0.5
< 0.5
< 0.5
< 0.5

Symbols & abbreviations. *: Fifteen pin penetrations were reported in 13 patients, †: After supplemental surgical treatment
of cervical spine instability, HVI: Halo vest immobilization, ASIA: American spinal injury association classification, RD:
Respiratory distress, UE: Upper extremities, UTI: Urinary tract infection.
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Table 6.4
Continued.

No

AIS C, (C6)

Hemorrhage of GI
tract

10

Acute hemorrhage of
GI tract

HVI & posterior
arthrodesis

M, 89

AIS A, (C2)

No

51

TMLS

HVI only

-

Trauma, bilateral
facet luxation C5C6
Trauma, # C6
No SCI

RD

M, 60
1

No

HVI only

MI, Osteoporosis

SVT

Trauma, # C2, C3
No SCI

SVT

M, 83
1

No

HVI only

AF, Osteoporosis

MI

Trauma, # C2,3,4
No SCI

Aspiration pneumonia,
Delirium
Pneumonia

-

F, 75
12

Amphetamine
intoxication

Yes

HVI only

AIS D, (C5)

Pneumonia

M, 82
3

Unclear

HVI only

Sudden cardiac
arrest

Trauma, # C5, C6,
C7
Trauma, # C5, C7

M, 42

Symbols & abbreviations. HVI: Halo vest immobilization, AIS: American Spinal Injury Association/International Spinal Cord Society (ASIA/ISCoS) neurological standard scale, RA:
Rheumatoid arthritis, RD: Respiratory distress, AS: Ankylosing spondylitis, SI: Swallowing impairment, CA: Cancer, UTI: Urinary tract infection, GI: Gastrointestinal, SVT:
Supraventricular tachycardia, TMLS: Termination of mechanic life-support, MI: Myocardial infarction, AF: Atrial fibrillation.
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Table 6.4
Summary of clinical details of patients who died during HVI (n=14).

Cause of death

Co-morbidity

Complications

Contribution
halo vest to
death
Other

Treatment modality

Neurological
injury
(Motor Level)

Indication

Length of
HVI
(days)

Sex,
Age
(yrs)

-

No

Unclear

No

RD

HVI only

RD

AIS A, (C2)

Trauma, # C2

28

3

M, 33

HVI & circumferential
arthrodesis

Termination of
mechanic life-support
(TMLS)
RD after surgical
resection metastasis

Neoplasia, Spinal
metastases

No SCI

No SCI

M, 38

9

Unclear

HVI only

RD after trauma

Trauma, # C2,
C6

No SCI

RD
Pharyngeal edema

F, 91

25

No

HVI & posterior
arthrodesis

Metastatic CA

Neoplasia, Spinal
metastases

Delirium

M, 59

AIS A, (C6)

No

6

TMLS

HVI only

Progression of RD

Trauma, # C5

AIS A, (C5)

Diffuse large B-cell
lymphoma 3rd cervical
vertebra
RD, AS, SI, facial
trauma including
skull base fracture
Terminal phase of
non-small cell lung
CA
RD

M, 80

42

AIS D, (C2)

No
7

TMLS

Trauma, # C5

HVI & anterior
arthrodesis
HVI only

RD

Progression of RD

M, 70
RA

AIS A, (C2)

RD

F, 81

2

No

HVI only

Cardiovascular
collapse with
concomitant apnea
TMLS

Trauma, # C2

New onset RD, UTI,
Cardiovascular
collapse
-

M, 49
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Risk factors
Univariate regression analysis was performed to examine the three postulated hypotheses.
Firstly, during HVI, patients older than 65 years did not have a significantly
increased risk of pneumonia (OR: 0.66, p=0.543, 95% CI: 0.17-2.52) or HVI related mortality
(OR: 2.05, p=0.467, 95% CI: 0.284-14.84).
Secondly, although halo pin-loosening was not significantly related to development
of pin site infection (OR: 2.43, p=0.135, 95% CI: 0.73-8.01), it was significantly related to pin
penetration through the tabula externa (OR: 4.54, p=0.021, 95% CI: 1.12-18.40). In addition,
univariate regression analysis showed also pin site infection to be significantly related to pin
penetration (OR: 5.26, p=0.003, 95% CI: 1.59-17.38). After developing a model including
gender, age, pin-loosening, pin site infection, duration of HVI and indication of HVI, only
pin site infection appeared to be significantly related to pin penetration (OR: 4.34, p=0.024,
95% CI: 1.22-15.51).
Thirdly, in trauma patients intentionally treated with only HVI (n=164), cervical
fractures with facet joint involvement or dislocations were significantly related to radiographic
loss of alignment during follow-up (OR: 2.81, p=0.031, 95% CI: 1.06-7.44). Inclusion of gender,
age, pin-loosening and halo loosening in a model did not alter this significant relationship.
Discussion
To our knowledge, this is the first prospective cohort study on complications associated with
HVI. In 1986, Garfin et al.32 reported on complications in 179 patients treated with HVI. The
numbers of deaths and pneumonia were not reported in this study. In the same year, Glaser et
al.33 reported on complications associated with HVI in 245 trauma patients. Only 1 death was
reported. In contrast, Majercik et al.42 recently reported 21 cases of pneumonia (47%) in 45
elderly HVI patients. Eighteen elderly patients (40%) died, of whom 14 patients as a result of
pneumonia. Horn et al.41 reported 31 complications in 22 patients older than 70 years. Eight
patients (19%) died, of which 5 patients’ deaths were contributed by the HVI.
In contrast to these high rates of serious complications, in our study only 3 of 79
elderly patients (4%) developed pneumonia and 6 elderly patients (8%) died without
termination of life-support. Due to these low numbers, no statistically significant risk factors
related to these outcomes could be identified in the elderly. Since only 2 elderly patients’
deaths (3%) were possibly related to HVI, we believe that the major cause of death should be
attributed to serious co-morbidity in this population (see Table 6.4). Therefore, indications for
HVI in elderly patients should be assessed on a case-by-case basis.
The recently proposed subaxial injury classification (SLIC) and treatment algorithm
for subaxial cervical fractures emphasize the importance of discoligamentous injury and
proposes surgical treatment in these cases.58 High failure rate of conservative treatment in this
kind of injury patterns in our group supports the basic idea of the SLIC algorithm.
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Hayes et al.49 described a classification of major and minor complications in a
narrative review. In our study we defined major complications as permanent physical
impairment or death. Temporary complications were classified in intermediate and minor
complications. For instance, pneumonia is considered as an intermediate complication.
However, if it leads to death this results in a major complication. We believe that use of welldefined categories of complications will put practical and valuable emphasis on discussing
complications in future.
Several studies have proposed technical improvements as well as prevention and
management strategies to reduce the number of direct halo related complications.46-51 Despite
the frequent check-ups and meticulous halo vest care, we observed pin loosening, pin site
infections and pin penetrations frequently. Nonetheless, no case of a patient with a pin
penetration through the tabula interna of the skull was reported. Recently Saeed et al.52
concluded that with early diagnosis and appropriate treatment serious morbidity and mortality
can be avoided in patients with pin penetration. Our study confirms that awareness and
responsiveness to minor complications indeed prevents subsequent morbidity.
Registration of complications in this prospective study was more meticulous than
previously published retrospective studies with inherent observational biases. Given the
possible underestimation of occurrences of complications in retrospective studies, it is rather
remarkable that in our study rates of minor complications such as pin loosening and pin site
infections are lower than the large patient series of Garfin et al.32 and comparable to the study
of the elderly population of Horn et al.41
Although not applied extensively in multivariate analysis, the number of
prospectively collected covariates was another major strength of this study. Before creating a
prospective database, a literature search was conducted to define and include all relevant
variables and complications described in previous studies. After all, adjusting for putative
confounders is the only way to identify valid risk factors properly. Since co-morbidities and
associated injuries appear to be frequently associated with mortality, these variables are of
particular interest.
Some limitations of this study warrant consideration. Patient follow-up, that is
duration of HVI, ranged from 1 day to 6.5 months with a mean HVI duration of 60 days. In
our clinic the duration of solitary HVI and combined surgical-HVI treatment is generally 3
months and 6 weeks respectively. Due to several patients with short pre-surgical HVI
treatment, early deaths and failures of HVI, mean HVI duration decreased drastically. No
power calculation was performed prior to the onset of this study.
A broad spectrum of co-morbidities, including SCI and respiratory distress, were seen
prior to the placement of the halo vest in both the trauma patients and the patients with a
non-trauma related disorder. With regard to these considerable numbers of co-morbidities,
and given the small number of major and intermediate complications, defining relationships
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between use of HVI and outcomes like pneumonia and death needs to be done rather
cautiously. This study emphasizes the complexity and multi-etiological nature of major
complications during HVI.
In conclusion, compared to previous retrospective reports, we found a lower
percentage of mortality and pneumonia during HVI. Elderly patients did not have an
increased risk of pneumonia or HVI related mortality. Nevertheless, the total number of
minor complications was substantial. This study confirms that awareness and responsiveness to
minor complications can prevent subsequent development of serious morbidities and reduce
mortality. HVI remains a viable treatment modality in selected cases.
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Section C
On the Injuries of the Spinal Marrow

- Chapter 7 -

Diagnostic Criteria of
Traumatic Central Cord Syndrome
Part 1: A systematic Review of Clinical
Descriptors and Scores

Published as:
Pouw MH, van Middendorp JJ, van Kampen A, Hirschfeld S, Veth RP; EM-SCI study group, Curt A, Hosman
AJ, van de Meent H. Diagnostic Criteria of Traumatic Central Cord Syndrome. Part 1: A Systematic Review of
Clinical Descriptors and Scores. Spinal Cord. 2010 Sep;48(9):652-6.

“…the anxious precision of modern mathematics is necessary for accuracy…it is necessary for research.
It makes for clearness of thought and for fertility in trying new combinations of ideas. When the initial
statements are vague and slipshod, at every subsequent stage of thought, common sense has to step in to
limit applications and to explain meanings.”
Alfred N. Whitehead (1861–1947)

Abstract
Study design. Systematic review.
Background. The applied definition of traumatic central cord syndrome (TCCS) lacks specific
quantified diagnostic criteria.
Objective. To review currently applied TCCS diagnostic criteria and quantitative data
regarding the ‘disproportionate weakness’ between the upper and lower extremities described
in original studies reporting on TCCS subjects.
Methods. A MEDLINE (1966 to 2008) literature search was conducted. The descriptors
applied to define TCCS were extracted from all included articles. We included original
studies that reported on the differences in motor score (based on the Medical Research
Council scale) between the total upper extremity motor score (UEMS) and the total lower
extremity motor score (LEMS), in a minimum of five TCCS patients at the time of hospital
admission. The mean difference between the total UEMS and the total LEMS of the
patients included in each study was calculated. Case reports were excluded.
Results. None of the identified studies on TCCS patients reported inclusion and/or exclusion
criteria using a quantified difference between the UEMS and LEMS. Out of 30 retrieved
studies, we identified seven different clinical descriptors that have been applied as TCCS
diagnostic criteria. Nine studies reporting on a total of 312 TCCS patients were eligible for
analysis. The mean total UEMS was 10.5 motor points lower than the mean total LEMS.
Conclusions. There is no consensus on the diagnostic criteria for TCCS. Nevertheless, this
review revealed an average of 10 motor points between the UEMS and LEMS as a possible
TCCS diagnostic criterion. However, further discussion by an expert panel will be required to
establish definitive diagnostic criteria.
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Introduction
Traumatic central cord syndrome (TCCS) is a clinical diagnosis that was first described by
Schneider et al. in 1954.1 TCCS is characterized by 1) a disproportionate impairment
(weakness and reduced function) of the upper limbs as compared with the lower limbs, 2)
neurogenic bladder dysfunction, and 3) varying degrees of sensory loss at and below the level
of the lesion.1 A TCCS is considered the most prevalent incomplete spinal cord injury (SCI)
syndrome, accounting for approximately 9% of all traumatic SCIs.2;3 In TCCS patients,
recovery of a certain degree of ambulation, participation in daily life activities, bowel and
bladder function has been reported to be favorable in several studies.2-10
TCCS also occurs frequently in elderly subjects due to rather minor spine trauma
(hyperextension injury) based on underlying cervical spondylosis. The pathophysiological
mechanisms inducing the TCCS are probably multi-modal. One hypothesis is that a spinal
cord compression occurs between bony spurs anteriorly and buckling of the ligamentum
flavum posteriorly.1;11 This cord compression may cause direct damage of neural structures
located in the central gray matter and/or attenuation of the segmental blood supply. These
mechanisms affect the cervical enlargement at the levels of the alpha motor neurons supplying
predominantly hand muscles and to a lesser extent fibers of the corticospinal tracts (CST).
Such a pattern of injury that spares the descending CSTs but damages the alpha motor
neurons is assumed to result in a syndrome of disproportionate arm and leg weakness.12 An
alternative hypothesis is that the TCCS results from an injury to the CSTs. The CST tends
to produce relatively greater dysfunction in the hand and arms than in the legs, as the main
function of the CST is to support fine motor movements in the distal musculature, especially
of the upper limbs.13;14
Since the introduction of the TCCS diagnostic criteria more than 5 decades ago, it
has been one of the most frequently cited definitions of an incomplete SCI syndrome.3
However, the TCCS lacks uniform and broadly accepted diagnostic criteria. In other words,
the diagnosis of TCCS is based on non-specific criteria and interpretation of physical
examination. Therefore the utility of currently applied TCCS diagnostic criteria can be
considered as limited.
The primary objective of this review was to investigate the current literature on
applied TCCS diagnostic criteria. The secondary objective was to analyze the quantitative
differences between the total upper extremity motor scores (UEMSs) and the total lower
extremity motor scores (LEMSs) described in these original studies.
Materials & methods
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Retrieval of publications
All clinical studies reporting on TCCS were eligible for this review. Case-reports were
excluded in this review. A MEDLINE (PubMed interface) search was performed to compile
a reference list of articles published between 1966 and November 2008 identified by the
following key words: spinal cord injury, central cord syndrome, cruciate paralysis, incomplete
SCI, spinal cord syndromes, ASIA motor score, LEMS, UEMS, and cervical spondylosis.
Furthermore, the retrieved list of references was manually checked for additional studies
potentially meeting the inclusion criteria.
Analysis of applied TCCS diagnostic criteria
All retrieved original studies reporting on TCCS patients, irrespective of whether the total
UEMS and LEMS were reported, were analyzed with regard to the TCCS diagnostic
criteria applied. Descriptors used to define the TCCS were extracted from included articles.
Analysis of scores
In order to calculate the mean difference between the total UEMS and total LEMS, we
included only original studies that reported on the total UEMS and total LEMS (based on
the Medical Research Council scale), for a minimum of 5 TCCS patients, upon their
admission to the hospital. Each study’s reported difference between the total UEMS and
LEMS in TCCS patients was recorded to identify which difference in motor loss the authors
regarded as a ‘disproportionate impairment of the upper limbs as compared with the lower
limbs’. To calculate these ‘disproportionate’ differences, the mean differences between the total
UEMS and LEMS were multiplied by the number of patients reported in each study. These
numbers were added and divided by the total number of pooled patients.
Results
Out of 177 articles from MEDLINE identified by the predefined key words, only 30 studies
could be accepted after accounting for the inclusion/exclusion criteria. In these 30 articles,
seven different clinical descriptors were provided that have been applied as criteria to diagnose
TCCS (Table 7.1).
As the UEMS and LEMS were not reported in TCCS patients, 21 studies1-4;7-9;14-27
were excluded in the analysis of the scores. Out of the 30 retrieved studies, nine studies5;6;10;28-33
that reported the UEMS and LEMS at admission were included in our analysis. In two
articles6;31, a scatter diagram6 and a bar graph31 were used to determine the UEMS and
LEMS. An overview of the studies included for analysis is shown in Table 7.2. Furthermore,
no study on TCCS patients was identified that reported inclusion and/or exclusion criteria
using a quantified difference between the UEMS and LEMS.
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Differences in motor scores between upper and lower extremities
Guest et al.29 investigated the neurological outcome in 50 patients who underwent early ( ≤ 24
hours after injury) or late (> 24 hours after injury) surgery. The pre-operative mean difference
between the UEMS and LEMS of these 50 patients was 10.1 motor points. Another
retrospective study31 reported on the long-term outcome in 32 conservatively treated patients
with symptoms consistent with the TCCS. Patients were divided by age into 3 groups. In this
study, the mean difference between the UEMS and LEMS of these three groups was 15.9
motor points.31 Tow et al.10 reported the UEMS and LEMS at admission in patients who
were identified to have greater weakness of the upper than the lower extremities. In 73 TCCS
patients, a mean difference of nine motor points was identified. Another retrospective study5
assessed the improvement in ASIA motor score in 70 TCCS patients and identified a mean
difference between the UEMS and LEMS of 6.8 motor points. Waters et al.33 identified a
mean difference between the UEMS and LEMS of 11.1 motor points in 9 TCCS patients.

Table 7.1
Details of the TCCS diagnostic criteria applied in of 30 retrieved articles.
Diagnostic criteria

No. articles
included for
analysis

No. articles
excluded from
analysis

Disproportionate weakness of the UE compared with the LE,
variable sensory loss, and bladder dysfunction

39, 13, 23

56, 22, 31, 32, 41

Disproportionate weakness of the UE compared with the LE,
variable sensory loss, bladder dysfunction and associated with sacral
sparing

124

0

Disproportionate weakness of the UE compared with the LE and
associated with sacral sparing

111

125

Greater weakness of the UE than the LE and associated with sacral
sparing

0

215, 21

Greater weakness of the UE than the LE

135

37, 29, 30

Symmetric motor impairment of the UE without motor weakness in
the LE and associated with sacral sparing

117

0

Symmetric incomplete tetraplegia

0
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None reported

233, 38

91, 3-5, 10, 28, 34, 36, 39

Total

9

21

Symbols & abbreviations. TCCS: traumatic central cord syndrome, UE: upper extremities, LE: lower extremities.
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The study by Ishida et al.6 examined neurological recovery in 22 TCCS patients. Only
patients with an LEMS of 50 were included. The mean difference between the UEMS and
LEMS in this study was 17.8 motor points.
Three studies28;30;32 evaluated the radiological findings in TCCS patients. In 15
patients, Miranda et al.30 identified a mean difference between the UEMS and LEMS of 8.6
motor points. Collignon et al.28 performed a retrospective study of 18 TCCS patients to assess
the presence of intramedullary blood in the spinal cord. The mean difference identified
between the UEMS and LEMS was 10.3 motor points. Another study32 evaluated the value
of radiological findings in 23 TCCS patients. We identified a mean difference between the
UEMS and LEMS of 13.4 motor points.
We calculated the mean difference between the total UEMS and total LEMS for the
9 studies depicted in Table 7.2. This analysis demonstrated that in 312 TCCS patients, the
mean total UEMS was 10.5 (range 6.8-17.8) motor points lower than the mean total LEMS.

Table 7.2
Studies included for analysis (n=9).
Authors

No. TCCS
patients

Study design

Mean ASIA
motor scores at
admission

Tow et al.10

73

Retrospective

Newey et al.31

32

Retrospective

Collignon et al.28

18

Retrospective

Guest et al.29

50

Retrospective

Ishida et al.6

22

Prospective

Dvorak et al.5

70

Song et al.25

23

Retrospective review
with cross-sectional
outcome analysis
Retrospective

UEMS 22.8
LEMS 31.8
UEMS 18
LEMS 33.9
UEMS 32
LEMS 42.3
UEMS 24.8
LEMS 34.9
UEMS 32.2
LEMS 50
UEMS 25.9
LEMS 32.7

Miranda et al.30

15

Retrospective

Waters et al.33

9

Retrospective

Mean difference in
motor scores between
LEMS and UEMS

UEMS 29.3
LEMS 42.7
UEMS 32.6
LEMS 41.2
UEMS 7.3
LEMS 18.4

9
15.9
10.3
10.1
17.8
6.8

13.4
8.6
11.1

Symbols & abbreviations. UEMS: upper extremity motor score, LEMS: lower extremity motor score.
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Discussion
In this review, seven different descriptors to define the TCCS were identified among 30
retrieved articles. Furthermore, no study on TCCS patients reported inclusion and/or
exclusion criteria regarding a quantified difference between the UEMS and LEMS. Our
analysis showed that out of the 312 pooled subjects with TCCS, the mean total UEMS was
approximately 10 motor points lower than the mean total LEMS.
The currently applied TCCS diagnostic criteria can be interpreted broadly, so that
patients with incomplete tetraplegia are diagnosed with TCCS and vice versa. As quantified,
diagnostic criteria for TCCS are lacking, and the incidence of TCCS can be expected to
increase in SCI patients older than 60 years34. Thus, it is necessary to define not only univocal
TCCS diagnostic criteria, but also a quantified difference between the UEMS and LEMS.
Quantifying the term ‘disproportionate’ to a specific minimum of motor points could
lead to a more adequate and reliable TCCS diagnosis. In addition, TCCS diagnostic criteria
would also be valuable for research purposes. If quantified TCCS diagnostic criteria are
applied, investigators would be able to stratify and constrain the heterogeneity of SCI patient
samples. This is important, since TCCS patients probably have a favorable recovery pattern
compared with incomplete tetraplegia.2-10 In future SCI trials, analyzing outcome data for
TCCS patients as a separate group could be important for a more sensitive detection of
treatment effects.
Although Schneider et al.1 reported bladder dysfunction to be a characteristic of
TCCS, the International Standards for Neurological and Functional Classification of Spinal
Cord Injury Patients35 did not include the presence of bladder dysfunction as a diagnostic
criterion for TCCS. Therefore, the analysis of the scores in our review has been focused on the
difference between the total UEMS and the total LEMS.
As a “disproportionate” weakness of the arms with better (or normal) strength in the
legs can occur in both TCCS and cruciate paralysis36;37, we also searched for articles in which
patients with cruciate paralysis were described. Cruciate paralysis is characterized by an
isolated injury to the cervicomedullary junction that results in paralysis of the arms with
minimal or absent lower extremity involvement.37;38 The pathophysiology is based on
neuroanatomy: the motor tract of the upper extremities crosses rostrally in the
cervicomedullary junction, whereas that of the lower extremities crosses caudally in the
superior cervical spinal cord.37;39;40 Despite the fact that TCCS and cruciate paralysis have
been reported separately in the literature, it is suggested that both syndromes are expressions
of the same mechanism rather than two separate entities based on damage to the pyramidal
crossing arm fibers.40 Since the clinical presentations of TCCS and cruciate paralysis are
comparable and we were only interested in the quantitative details of the difference between
the upper and lower extremity motor scores, TCCS and cruciate paralysis were grouped in our
analysis.36
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In one of our previous studies41, we decided to define TCCS as a total LEMS of 10
or more points higher than the total UEMS. Although no study was identified that reported
inclusion and/or exclusion criteria using a quantified difference between the UEMS and
LEMS, Hayes et al.19 described an approach to classify patients with incomplete SCI
according to SCI syndromes. In this study19, the choice was made to diagnose TCCS based on
a total LEMS of five or more points higher than the total UEMS. However, both proposals
were arbitrary and had not been validated previously.19;41
Conclusion
To our knowledge, no study on TCCS patients reported inclusion and/or exclusion criteria
using a quantified difference between the UEMS and LEMS. In addition, seven different
clinical descriptors were identified that have been applied as criteria to diagnose TCCS. This
study is a first attempt to provide a quantified approach to determine whether an incomplete
SCI can be labeled as TCCS. Our analysis showed that out of the 312 pooled subjects with
TCCS, the mean total UEMS was approximately 10 motor points lower than the mean total
LEMS. Further discussion by an expert panel will be required to establish definitive
diagnostic criteria for TCCS.
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Diagnostic Criteria of
Traumatic Central Cord Syndrome
Part 2: A Questionnaire Survey among Spine Specialists
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“…physics makes progress because experiment constantly causes new disagreements to break out between
laws and facts, and because physicists constantly touch up and modify laws in order that they may more
faithfully represent the facts.”
Pierre-Maurice-Marie Duhem (1861–1916)

Abstract
Study design. A questionnaire survey.
Objectives. To evaluate the need for the introduction of quantitative diagnostic criteria for the
traumatic central cord syndrome (TCCS).
Setting. An online questionnaire survey with participants from all over the world.
Methods. An invitation to participate in an 8-item online survey questionnaire was sent to
surgeon members of AOSpine International.
Results. Out of 3340 invited professionals, 156 surgeons (5%) from 41 countries completed the
survey. While most of the respondents (75%) described greater impairment of the upper
extremities than of the lower extremities in their own TCCS definitions, symptoms such as
sensory deficit (39%) and bladder dysfunction (24%) were reported less frequently. Initially,
any difference in motor strength between the upper and lower extremities was considered most
frequently (23%) as a ‘disproportionate’ difference in power. After presenting literature review
findings however, the majority of surgeons (61%) considered a proposed difference of at least
10 points of power (based on the Medical Research Council scale) in favor of the lower
extremities as an acceptable cut-off criterion for a diagnosis of TCCS. Most of the participants
(40%) felt that applying a single criterion to the diagnosis of TCCS insufficient for research
purposes.
Conclusions. A wide variety of definitions of TCCS are employed by physicians involved in
spinal trauma care. The authors consider a difference of at least 10 motor score points between
upper and lower extremity power a clear diagnostic criterion. For clinical research purposes,
this diagnostic criterion can be considered as a face valid addendum to the commonly applied
TCCS definition as introduced by Schneider and colleagues.
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Introduction
In 1954, Schneider and colleagues were the first to describe “a syndrome that suggests central
cervical spinal cord involvement”. This condition is now better known as traumatic central cord
syndrome (TCCS).1 TCCS is characterized by 1) disproportionately more motor impairment of the
upper than of the lower extremities, 2) bladder dysfunction, usually urinary retention, and 3) varying
degrees of sensory loss below the level of the lesion.1 Occurring mainly in elderly patients who have
sustained a cervical hyperextension injury, TCCS has been reported to be the most common
spinal cord injury (SCI) syndrome, accounting for approximately 9% of all traumatic SCIs.2-4
Despite its frequency, uniform and globally accepted diagnostic criteria of TCCS are
lacking. In the first of this two-paper series, we concluded that a variety of definitions had been
applied in the original studies reporting on TCCS.5 Interestingly, none of the referenced
studies provided specific neurological or functional eligibility criteria. A pragmatic analysis of
pooled TCCS patients showed that, based on the Medical Research Council scale, the mean
difference between strength of the upper and lower extremities was 10.5 motor score points in
favor of the lower extremities.5
The introduction of quantitative diagnostic criteria allows clinicians to report on a
more homogeneous, well-defined group of patients suffering TCCS. A minimum difference in
strength between upper and lower extremities as proposed in part 1 may assist in
distinguishing TCCS from other forms of incomplete tetraplegia. From one perspective, a
diagnostic criterion based on a difference in motor strength alone may be seen as oversimplistic and that associated symptoms need consideration. Furthermore, the introduction of
quantitative diagnostic TCCS criteria may be considered unnecessary due to a lack of impact
on treatment decision-making.
To investigate the hypothetical tension between 1) the variety of applied diagnostic
TCCS criteria among physicians, 2) the reduction of diagnostic parameters and 3) the clinical
relevance of the TCCS diagnosis, we developed a questionnaire survey. The primary objective
of this survey was to evaluate the need for the introduction of quantitative diagnostic criteria
of TCCS among physicians involved in spinal trauma care and research. The secondary
objective was to evaluate the face validity of the diagnostic criterion of a minimum difference
of 10 motor score points between the upper and lower extremity power.5
Materials & methods
At the annual meeting of the European multicenter study of human SCI (EM-SCI) network
in Prague, Czech on July 3 2009, the results of part 1 of this two-paper series were presented
and discussed.5 During this session several neurological reports of incomplete traumatic
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Table 8.1
Survey items and answers of the 156 participating spine specialists.
Survey items and questions

Answers (%)

1

9

No opinion

4

20

-

No/
Disagree

71

Yes/
Agree
What is your applied definition of the Traumatic Central Cord Syndrome?
95

Introduction of the survey and explanation of research objectives

1.

Are you satisfied with this definition for clinical purposes and communication?

Intro
2.

From a scientific point of view: Do you agree that diagnostic criteria for a TCCS are needed for future
clinical studies? (To define clear eligibility criteria, for instance.)

Essay, see Table 8.2.

3.

If answer question 3 was Agree; Which diagnostic item(s) and cut-off criteria would you propose?

-

Essay, see text.

4.

Quotation of TCCS definition as introduced by Schneider and colleagues.1

24

24

15

See Table 8.3.

Intermezzo 1

61

36

What do you consider as a disproportionate difference of motor loss? With use of the UEMS and
LEMS, how would you standardize or quantify this difference.

40

8

5.

Do you think that a minimum difference of 10 motor points is an acceptable cut-off criterion to
differentiate between TCCS and non-TCCS patients?

16

-

6.

Do you think this approach is a too much simplified one for research purposes?

76

Summary of the methods & results of part 1, including a quotation of proposed diagnostic TCCS
criterion.5

7.

Do you agree that TCCS patients have a favorable prognosis with regard to the neurological and/or
functional recovery compared to non-TCCS incomplete tetraplegic patients?

Intermezzo 2

8.

Symbols & abbreviations. TCCS: Traumatic Central Cord Syndrome. UEMS: Upper Extremity Motor Score, LEMS: Lower Extremity Motor Score.
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tetraplegic patients were also evaluated and discussed. It became clear that even among the
scientifically active EM-SCI network, a variety of interpretations of TCCS existed. This led
us to the development of the questions of the current study. An interactive pilot questionnaire
survey was created and a group of 22 participants of the 48th International Spinal Cord
Society (ISCoS) annual scientific meeting in Florence, October 21-24 2009, were found to
participate. Based on the answers, comments and suggestions of these 22 participants a
definitive online survey version was created using Quizmaker '09 (Articulate®, New York,
NY). The survey items and questions are presented in Table 8.1. Each question was presented
on a separate webpage. The ‘browse backward’-option was disabled to prevent participants
from correcting earlier answers based on additional information provided in following
questions.
To reach a large number of specialists in spinal trauma care, we contacted the
secretary of the AOSpine Research Commission. The AOSpine community is an established
organization with a considerable number of orthopaedic- and neurosurgeons actively involved
in the diagnosis, treatment and study of SCI. On December 10, 2009 an invitation to
participate in the online questionnaire survey was sent to AOSpine community members.
The website of the online survey was closed at December 31 2009. Data concerning physicians’
specialties was extracted from the membership databases. Prior to the data analysis, answers to
open-ended questions were re-coded independently by two reviewers (JJvM, MHP). The data

Figure 8.1
Geographical distribution of the 157 survey responders.
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were entered into spreadsheets and in Excel (Microsoft®, Office Excel 2003) for descriptive
analysis. Post hoc chi-square analyses were applied to evaluate the relation between the
participants’ duration of experience in the clinical field of SCI (two subgroups: <5 years vs. ≥5
years) and the categorical survey answers.
Results
Characteristics of responders
An invitation to participate in the questionnaire survey was sent to 3340 professionals.
Complete responses were received from 157 professionals (5% response rate), including 62
(39%) orthopaedic surgeons, 47 (30%) spine surgeons, 43 (27%) neurosurgeons and 5 (3%)
residents orthopaedic surgery. The respondents represented 41 countries from all 6 major
regions of the world (Figure 8.1). The mean duration of participants’ experience in the clinical
field of SCI was 9.1 years (range 1-29 years) with 95 surgeons (61%) having a minimum of 5
years of experience. In survey questions with categorical answers, no statistically significant
differences were found between the subgroups of participants with less or more than 5 years of
experience.
Applied TCCS definitions (Question 1)
A wide variety of answers were given to the question "What is your definition of Traumatic
Central Cord Syndrome?" (Table 8.2). The majority of respondents included neurological (91%)
and/or functional (4%) impairment in their definition. Most of the physicians (75%) described
the typical disproportionate upper limb motor loss. Less than half of the respondents included
sensory deficit (39%) or bladder dysfunction (24%) as symptoms of TCCS. Only 36
physicians (23%) described all three classical features of the TCCS as defined by Schneider
and colleagues.1
Other characteristics than neurological and functional signs and symptoms associated
with TCCS were documented as well. Approximately 15% of respondents described the
elderly patient with a pre-existent stenotic, spondylotic spinal canal sustaining a
hyperextension injury as being at highest risk for TCCS. A minority of physicians applied
neuro-anatomical explanatory descriptives (20%; e.g., “affected corticospinal tracts” ) and the
anticipated findings of spinal cord imaging (6%; e.g., “intramedullary high-signal intensity on
Magnetic Resonance Imaging (MRI)”) as essential items in the definition of TCCS (Table 8.2).
Need for diagnostic TCCS criteria (Questions 2, 3 & 4)
With regard to clinical practice, communication and treatment decision-making, the majority
of surgeons (71%) considered their own TCCS definition satisfactory (Table 8.1). Of the
remaining surgeons, 32 (20%) were not satisfied with their current definition. Referring to the
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Table 8.2
Descriptive Items included in the personal TCCS definitions applied by the 157 survey participants.
Descriptive item

N

%

Neurological & Functional deficits
Neurological deficit
UE's more affected than LEs
Motor deficit
Sensory deficit
Level of injury: Cervical or upper Thoracic
Sacral sparing: Incomplete SCI
Motor deficit more predominant than sensory deficit
Functional deficit of extremities
UE's more affected than LEs
Bladder dysfunction
Bowel dysfunction

143
113
89
61
45
25
1
6
5
37
0

91
72
57
39
29
16
1
4
3
24
-

Other descriptives
Neuro-anatomy of affected structures spinal cord
Injury mechanism
Pre-existent stenotic, spondylotic spinal canal
Associated spinal column injury
Age of patients
Findings discerned from spinal cord imaging
Prognosis
Spinal cord ischemia
Symmetrical neurological deficit

31
29
23
13
11
10
3
2
2

20
18
15
8
7
6
2
1
1

Symbols & abbreviations. UEs: Upper extremities, LEs: Lower extremities.

‘Schneider definition’, 22 physicians (14%) stated that the TCCS definition is an ambiguous
one which is lacking in precision. Another stated reason for the lack of physician support for
the current TCCS definition was a perceived lack of clinical relevance and utility (8%).
Even with physicians’ general acceptance of the clinical applicability of the TCCS
definition (71%), the vast majority of respondents (95%) acknowledged the need for diagnostic
criteria for research purposes. Physicians of this latter group were asked to provide the
necessary diagnostic items for inclusion in such criteria. Although a wide variety of diagnostic
items similar to answers provided in Question 1 were proposed, none of the respondents
suggested a specific cut-off criterion.
Disproportionate difference of motor loss (Question 5)
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Table 8.3
Categories of interpretations of the disproportionateness1 of the greater motor impairment of the upper than of the
lower extremities in TCCS patients as reported by the 157 survey participants.
Category

N

%

LEMS>UEMS - ≥15 points
LEMS>UEMS - ≥10 points
LEMS>UEMS - ≥5 points
LEMS>UEMS - ≥2 points
LEMS>UEMS - ≥1 point (ie. any difference)

5
3
3
7
36

3
2
2
4
23

LEMS>UEMS - ≥50%
LEMS>UEMS - ≥20%
LEMS>UEMS - ≥10%
LEMS>UEMS - ratio (NOS)

3
2
1
4

2
1
1
3

LEMS MMS grades 3-5 & UEMS MMS grades 0-2
Difference between AIS grades of UE’s & LE’s*
Functional deficits UEs > LEs (NOS)
Other suggestion

7
5
4
10

4
3
3
6

No suggestion
LEMS>UEMS – Disproportionate (NOS)
No need for diagnostic criteria

55
7
5

35
4
3

Symbols & abbreviations. *: Although this answer was provided, it is theoretically an impossible approach, UEMS: Upper
Extremity Motor Score, LEMS: Lower Extremity Motor Score. (Both according to the ASIA International Standards for
Neurological Classification of Spinal Cord Injury.6) NOS: Not otherwise specified, AIS: ASIA Impairment Scale, UEs:
Upper extremities, LEs: Lower extremities.

As presented in Table 8.3, physicians’ interpretation of the disproportionate difference of
motor loss varied considerably. The interpretations of a disproportionate difference in strength
as reported by the respondents can be categorized as 1) absolute or 2) proportionate difference
between the UEMS and LEMS, and 3) a threshold difference of the manual muscle test
(MMT) grades of the affected key muscles between the upper (i.e. 0-2) and lower extremities
(i.e. 3-5).6 Even within these approaches a variety of interpretations existed (Table 8.3).
Remarkably, any difference between the strength of the upper and lower extremities in favor of
the lower extremities (23%) was frequently considered a disproportionate difference. Fifty-five
physicians (35%) did not report their interpretation of a disproportionate difference and
another 11 physicians (7%) continued reporting a ‘disproportionate difference’ without any
further specification.
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Diagnostic TCCS criterion & prognosis (Questions 6, 7 & 8)
Respondents were asked their opinion of the diagnostic criterion of TCCS as proposed in the
first of this three-paper series (Intermezzo 2, Table 8.1).5 The majority of physicians (61%)
considered a minimal difference of 10 motor score points between the upper and lower
extremities in favor of the lower extremities as an acceptable cut-off criterion for research
purposes. Of the remaining surgeons, 23 (15%) had no opinion and 28 (24%) did not agree
with the proposed diagnostic criterion and/or cut-off level. Thirteen respondents (8%) of this
latter group suggested applying a minimum difference of less than 10 motor score points
between upper and lower limb power. In contrast, 4 respondents (3%) suggested a minimum
difference of greater than 10 points as a diagnostic criterion.
Physicians were also asked whether they agreed or disagreed that the proposed ’10
motor score points difference’-approach is too simplistic to accurately identify TCCS patients
for clinical trials. Where 57 respondents (36%) regarded this a valid approach, most
respondents (40%) regarded this approach over-simplistic (Table 8.1). The latter group
suggested that the following areas need also be covered by diagnostic criteria : findings of
spinal cord imaging (11%); sensory deficit (4%); bladder dysfunction (4%); level of injury (3%);
sacral sparing (3%); neurophysiological parameters (2%) and others. However, as in Question 4,
none of the respondents suggested a specific cut-off criterion in combination with their
proposed additional diagnostic item.
Finally, participants were asked their opinion of the prognosis of recovery in TCCS
patients. Most of the participating surgeons (76%) held the opinion that TCCS had a
favourable prognosis for neurological and/or functional recovery compared with non-TCCS
incomplete tetraplegic patients (Table 8.1).
Discussion
This survey study illustrates that a wide range of TCCS definitions are in use among
physicians involved in spinal trauma care. Although the majority of the respondents apply
their own TCCS definitions in clinical applications, most physicians agree on the need for
more specific diagnostic criteria in the setting of research. The majority of physicians
considered a difference in motor score of at least 10 points as an acceptable cut-off criterion,
however, the majority of the respondents also felt that applying a single criterion to the
diagnosis of TCCS would be insufficiently accurate for clinical research purposes.
In the recent past, the historical paper of Schneider et al.1 has been challenged. Not
only have the original descriptions of pathogenesis and neuro-anatomical basis of TCCS been
criticized,7-11 but optimal treatment of the condition has also been reappraised.3, 12-16 The current
survey study challenges the ambiguity of the TCCS definition as introduced by Schneider
and colleagues. Whereas several physicians assign a diagnosis of TCCS in SCI patients with
only 1 motor score point lower in the upper extremities than in the lower extremities, other
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physicians consider subjects with a minimum difference of 15 points as TCCS patients. In part
1 we demonstrated that clinical researchers also apply a variety of approaches in assigning a
diagnosis of TCCS.5 Obviously, a lack of uniform diagnostic criteria in clinical studies may
limit the translational potential of results.
In the most recent revision of the International Standards for Neurological
Classification of Spinal Cord Injury (2002) the CCS is defined as “a lesion, occurring almost
exclusively in the cervical region, that produces sacral sensory sparing and greater weakness in the upper
limbs than in the lower limbs.” Interestingly, items from the original ‘Schneider definition’
including bladder dysfunction and varying degrees of sensory loss have been omitted from this
consensus-based definition. Concurrent findings of this study showed that the presence of
sensory deficit and bladder dysfunction were reported as TCCS descriptives by only 39% and
24% respectively of this survey’s respondents,. From a practical point of view, distinguishing
TCCS patients from other incomplete tetraplegics based on specific cut-off criteria for bladder
dysfunction and varying degrees of sensory loss would be a difficult, if not impossible, task.
However, since the Schneider definition is the most commonly reported definition of TCCS,5
we adhered to this definition by introducing a quantitative addendum to the description
“disproportionately more motor impairment of the upper than of the lower extremities”.1 Approximately
one out of ten respondents suggested the introduction of additional diagnostic criteria based
on spinal cord imaging. Although clinically relevant correlations between acute phase MRI
findings and neurological outcomes have been reported in SCI patients, no studies reporting
significant correlation between MRI findings and initial neurological examination results have
been published to date.17-20 Nonetheless, as diagnostic imaging technology continues to evolve,
future modification of SCI syndrome definitions may occur.
The clinical relevance of TCCS was questioned in 8% of the responses provided by
surgeons. Indeed, from a neurological point of view, TCCS can be considered as tetraplegia
with sparing of the sacral segments. Interestingly, 76% of the responding physicians had the
opinion that TCCS patients have a better outlook than non-TCCS incomplete tetraplegic
patients. Although strong evidence supporting this common opinion is currently missing, this
finding clearly illustrates that - in terms of natural history - TCCS is considered a clinically
relevant entity by the majority of surgeons.21 This finding is supported by a panel of SCI
experts from the International Campaign for Cures of Spinal Cord Injury Paralysis (ICCP)
who published four reference works appraising methodological issues for the conduct of
clinical trials in SCI.22-24 Referring to higher spontaneous rates of overall sensory and motor
recovery in TCCS, the expert panel considered TCCS subjects “not being the best subjects to be
included with other types of traumatic SCI during a Phase 1 or Phase 2 trial, as they could increase the
variability of the outcome data”.24 To examine the hypothesis that TCCS subjects truly have a
higher rate of neurological recovery, the use of a clear diagnostic criterion may be of great
benefit.
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To illustrate, in future clinical comparative studies incomplete tetraplegic patients
may be stratified into three groups: 1) those with equal or less power in the lower limbs, 2)
those with 1 to 9 points more power in the lower limbs, and 3) those with 10 points or more
power in the lower limbs compared to the upper limbs. If multiple studies would show that
subjects in group 3 indeed do have higher spontaneous rates of overall recovery than those in
group 1, then the assumptions of the majority of the responding surgeons and the ICCP expert
panel would be confirmed. This in turn will justify a subsequent evaluation of the possibilities
to adjust the currently proposed diagnostic criterion into a less conservative one (i.e., less than
10 points difference).25 Yet, if the hypothesis would be rejected, then the clinical relevance of
the TCCS in terms of natural history and acute phase treatment-decision making should,
again, be reappraised critically.3 These two scenarios clearly illustrate the importance of clear
and unambiguous definitions for patient stratification in SCI research. A face valid,
quantitative diagnostic criterion as presented in this three-paper series may facilitate this
patient selection.26
Several limitations to the proposed criterion require consideration. A substantial
number of surgeons initially considered any difference of motor strength between the upper
and lower extremities as a disproportionate difference. Furthermore, some respondents
regarded the proposed minimum difference of 10 motor score points too high. From a clinical
point of view, a difference of 1 motor score point between the upper and lower extremities does
not reflect a ‘clinically significant’ difference in strength between TCCS and other incomplete
tetraplegic subjects. The same can be said for the ‘proportional difference’ approach when
applied in subjects with a more severe deficit in the lower limbs (e.g., UEMS/LEMS: 40/50
(=20%) compared to 16/20(=20%)). Nonetheless, as illustrated in Box 8.1, clinically evident
TCCS subjects - in particular those with lower cervical level of injuries - may not be
categorized as TCCS subjects by applying our proposed criterion. Although we did not find
an identical case as presented in Box 8.1 in the EM-SCI database (No. traumatic SCI patients
>1000), we acknowledge that the proposed criterion is a somewhat conservative one lacking
optimal (clinical) sensitivity. As outlined earlier, the use of our proposed diagnostic criterion in
future studies would inevitably result in a selection of more outspoken TCCS patients
compared to those patients described in studies included for review in part 1.5 Moreover, by
applying our proposed criterion the proportion of quantitatively diagnosed TCCS subjects
would be less in future studies. This may increase the risk of not detecting significant effects
(type II error) in following comparative studies.23 Hence, future clinical studies comparing the
recovery of incomplete tetraplegic and TCCS patients should ideally be performed in large
multicenter networks.
Another aspect that requires consideration is the timing of examination. It has been
documented that the motor power returns earlier to the lower than to the upper limbs in
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Myotomes

Right

Left

Key muscles

C5

5

5

Elbow flexors

C6

5

5

Wrist extensors

C7

3

3

Elbow extensors

C8

2

2

Finger flexors (distal phalanx dig. III)

T1

1

1

Finger abductor (dig. V)

Total UEMS

32

L2

4

4

Hip flexors

L3

4

4

Knee extensors

L4

4

4

Ankle dorsiflexors

L5

4

4

Long toe extensors

S1

4

4

Ankle plantar flexors

Total LEMS

40

Box 8.1
A theoretical case of a patient with traumatic incomplete tetraplegia: Is this a TCCS patient or not?

TCCS patients.3 This means that the difference of motor strength between the upper and
lower limbs increases during the initial phase of recovery. To illustrate, whereas the
difference in power between the upper and lower limbs may be 8 points 24 hours postinjury (Box 8.1), this difference may be increased to 10 or even more points one week after
the injury. To improve the applicability of the proposed cut-off criterion for (acute)
TCCS, we therefore suggest to extend the scientific applicability of the diagnostic criterion
to the first 2 weeks post-injury.27 We acknowledge that this standardization of timing is
somewhat arbitrary. However, this indicative time frame may result in an increased
sensitivity of the diagnostic criterion and also an improved homogeneity of future TCCS
study populations. To gain more insight in the initial recovery patterns of incomplete
tetraplegics and TCCS subjects, further descriptive studies are warranted.
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In this survey a substantial number of surgeons described the elderly patient with a
pre-existent stenotic, spondylotic spinal canal sustaining a hyperextension injury as being at
highest risk for TCCS.1, 28 Several reports proposed the benefit of surgical treatment in elderly
TCCS patients with a pre-existent degenerative cervical spine for the prevention of late
neurological deterioration or progressive chronic myelopathy.2, 29, 30 This suggestion may shed a
new light on the earlier mentioned clinical relevance of TCCS in the elderly. Nevertheless, no
study evaluating the differences in pre-existent degenerative changes of the cervical spine and
late onset neurological deterioration between elderly patients with incomplete tetraplegia and
TCCS has been published to date. Also from this point of view well-conducted clinical studies
comparing the recovery of incomplete tetraplegic and TCCS patients are warranted.
The main strength of this survey study is the large number of participating spine
specialists from all over the world. Although the response rate was low, the sample size is
relatively large. A possible explanation for the low response rate may be that not all AOSpine
members are involved in spinal trauma care. Another limitation of the power of this survey’s
finding is the absence of rehabilitation specialists. Although the ISCoS secretary was
contacted at an early stage, the digital infrastructure of this organisation did not allow us to
reach a large number of rehabilitation specialists. Nonetheless, a number of rehabilitation
specialists were involved in development of the questionnaire and study design. Following
previous questionnaire surveys in the field of SCI and spinal surgery, this survey study
reinforces the notion that, by gathering experts’ opinions, a clear insight can be obtained into
controversial issues.31-33 International scientific organizations like the AOSpine and ISCoS can
play an important facilitating role in such important scientifically and clinically orientated
collaborative research initiatives.
Conclusion
This survey study found that a wide range of definitions of TCCS exists among physicians
involved in spinal trauma care. Although the majority of respondents expressed their desire to
apply their own TCCS definitions in a clinical setting, most physicians agreed upon the need
for more specific diagnostic criteria for scientific purposes. Based on the results of the first two
studies of this three-paper series, the authors consider a difference of at least 10 motor score
points between the upper and lower extremities a clear diagnostic criterion. Applying this
additional diagnostic criterion in future SCI studies may result in more clearly defined patient
samples and improved translational potential of results.
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Diagnostic Criteria of
Traumatic Central Cord Syndrome
Part 3: Descriptive Analyses of Neurological and
Functional Outcomes in a Prospective Cohort of
Traumatic Motor Incomplete Tetraplegics
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“On first examining a new district nothing can appear more hopeless than the chaos of rocks; but by
recording the stratification and nature of the rocks and fossils at many points, always reasoning and
predicting what will be found elsewhere, light soon begins to dawn on the district, and the structure of the
whole becomes more or less intelligible.”
Charles R. Darwin (1809–1882)

Abstract
Study design. Prospective multicenter cohort study.
Objectives. To compare the neurological recovery and functional outcomes between traumatic
central cord syndrome (TCCS) patients and motor incomplete tetraplegic patients
Setting. European Multicenter Study of Human Spinal Cord Injury.
Methods. In 248 traumatic motor incomplete tetraplegics, initial phase (0–15 days) American
Spinal Injury Association (ASIA) impairment grading (AIS C-D), upper and lower
extremity motor scores (UEMS and LEMS), upper and lower sensory scores and chronic
phase (6 or 12 months) neurological outcomes were analysed. In addition, chronic phase selfcare and indoor mobility Spinal Cord Independence Measure (SCIM) items were studied.
Tetraplegics were subdivided into three groups: 1) non-TCCS group (UEMS ≥ LEMS), 2)
intermediate-TCCS group (UEMS = (1-9 points) < LEMS), and 3) TCCS group (UEMS =
( ≥10 points) < LEMS). Student’s t-tests and chi square tests were applied.
Results. Eighty-nine non-TCCS subjects (AIS D, n=28), 62 int-TCCS (AIS D, n=43), and 97
TCCS (AIS D, n=80) subjects were analysed. Although minimal significant differences in
chronic phase LEMS and UEMS outcomes were identified between TCCS and non-TCCS
patients, our data showed no significant differences in functional upper and lower extremity
outcomes after stratification by the AIS grade at 6 or 12 months post-injury.
Conclusions. The AIS grading system, and not the diagnosis TCCS, continues to be the best
available prognostic parameter for neurological and functional outcomes in motor incomplete
tetraplegics. The authors recommend that for future outcome studies in motor incomplete
tetraplegia, patients should not be selected based on, or stratified by, the diagnosis TCCS.
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Introduction
The traumatic central cord syndrome (TCCS) is a clinical diagnosis that was first described by
Schneider et al. in 1954.1 The TCCS is characterized by: 1) a disproportionate impairment
(weakness and reduced function) of the upper limbs compared with the lower limbs 2)
neurogenic bladder dysfunction, and 3) varying degrees of sensory loss at and below the level
of lesion.1 Out of these three clinical characteristics, the first is generally considered to be the
most typical and important one.2, 3
Although it has been hypothesized that TCCS patients have a favourable recovery
pattern compared to other motor incomplete tetraplegia, no studies comparing the
neurological and functional recovery between TCCS patients and other motor incomplete
tetraplegic patients have been published to date.4-12 Despite this absence of evidence, the panel
of SCI experts from the International Campaign for Cures of Spinal Cord Injury Paralysis
(ICCP) stated that TCCS patients are not the best candidates to be included with other types
of traumatic SCI during a Phase 1 or Phase 2 trial, as they could increase the variability of the
outcome data.13
In the first two parts2, 3 of this three-paper series, we demonstrated that a wide variety
of definitions of TCCS are employed among both researchers and physicians. In part 1, a
pragmatic analysis of 312 pooled TCCS subjects included in previous studies showed that the
average difference in motor strength between the upper extremity motor score (UEMS) and
the lower extremity motor score (LEMS) was 10.5 points based on the Medical Research
Council Scale (MRC).2 In part 2, a questionnaire survey among spine physicians showed that
the majority of physicians considered this difference in motor score of at least 10 points as an
acceptable cut-off criterion for scientific purposes. Nonetheless, there were a number of
physicians who favoured assigning the diagnosis TCCS in SCI patients with 1-9 motor points
difference between the UEMS and LEMS.3
The introduction of the quantitative diagnostic TCCS criterion in part 2 of this
three-paper series, ie. ‘a minimal difference of 10 motor score points between the upper and
lower extremities, in favor of the lower extremities’, enabled us to investigate the hypothesized
differences in recovery patterns between subgroups of motor incomplete tetraplegics with use
of a sound methodological tool. The objective of this study therefore was to compare the
neurological recovery and functional outcomes between motor incomplete tetraplegic patients
1) with equal or less motor strength in the lower extremities, 2) with 1 to 9 motor points more
in the lower extremities, and 3) with 10 motor points or more in the lower extremities
compared to the upper extremities.
Materials & methods
Eighteen European SCI centres prospectively collected clinical data of complete and
incomplete traumatic SCI patients between 2002 and 2009. Patients referred to one of the 18
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SCI centers were enrolled consecutively into the European Multicenter Study on Human
Spinal Cord Injury (EM-SCI; www.emsci.org) database. The data are gathered to establish a
multicenter basis for future therapeutic interventions in human spinal cord injury. Data within
the EM-SCI are collected at five time intervals: at the initial phase (ie. within the first 15 days
post injury) and 1, 3, 6 and 12 months after the injury. Clinical assessments in the EM-SCI are
conducted by certificated neurologists and rehabilitation physicians having at least 1-year
experience in examining patients with SCI. The study protocols were approved by the local
ethics committees and the subjects gave their informed consent before entering the study
protocol.
Study population
Patients were included in the study if they had a motor incomplete traumatic tetraplegia (C2T1) injury (ASIA Impairment Scale (AIS) C or D)14 assessed within the first two weeks postinjury. The motor incomplete tetraplegia were subdivided into three study groups: 1) patients
with equal or less MRC points in the LEMS compared to the UEMS (non-TCCS group), 2)
patients with 1 to 9 points more in the LEMS compared to the UEMS (intermediate or intTCCS group), and 3) patients with 10 points or more in the LEMS compared to the UEMS
(TCCS group).2
Patients with a severe cognitive impairment, peripheral nerve lesion, incomplete
database record, non-traumatic spinal cord lesion, polyneuropathy, or craniocerebral injury
were not included. Accompanying polyneuropathy independent of SCI was excluded by
medical history and by means of measuring the ulnar and tibial nerve conduction velocity.
Neurological examination
Neurological examinations were conducted according to the American Spinal Injury
Association (ASIA) standards.15 Only patients with completely conducted neurological
examinations within the first two weeks post-injury were included for analysis. The scores of
the UEMS and the LEMS were calculated. Each of the two motor score subscales consist of a
total of 5 bilateral key muscles innervated by myotomes C5-T1 (UEMS) and L2-S1
(LEMS).15 To evaluate the sensory scores of the upper and lower extremities we subdivided
and calculated the light touch and pin-prick scores into upper scores (dermatomes C4-T1) and
lower scores (dermatomes L1-S4-5).The level of injury and AIS grade were determined based
on the ASIA sensory and motor scores.
Functional outcomes
The Spinal Cord Independence Measure (SCIM) is an instrument that focuses on performing
everyday tasks, and captures the disability as well as the impact of disability on the patient’s
overall medical condition and comfort.16 The SCIM II17 consists of three main categories,
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namely, 1) self-care, 2) respiration and sphincter management, and 3) mobility. The chronic
phase measurements were assessed for the self-care items that test upper extremity function
(SCIM II items 1, 2a, 3a, and 4). Ambulation was tested using the mobility indoors (SCIM II
item 12) in each patient.
In addition, the SCIM scores of items 1, 2a, 3a, 4, and 12 were converted to
dichotomous outcomes, i.e. able to perform the function independent or not. Patients who
needed fully assisted oral feeding, a gastrostomy, parenteral feeding or were able to eat food
but unable to hold a cup, were scored as dependent “feeding” group (SCIM II item 1).
Patients who required total or partial assistance in upper-body bathing, were scored as
dependent “upper-body bathing” group (SCIM II item 2a). Patients who required total or
partial assistance in upper-body dressing, were scored as dependent “upper-body dressing”
group (SCIM II item 3a). Patients who required total assistance, performed only one task or
performed some tasks using adaptive devices but needed help to put on/take off devices, were
scored as dependent “grooming” group (SCIM II item 4). Patients who required total
assistance for their mobility, partial assistance to operate a manual wheelchair, a manual
wheelchair without assistance or supervision while walking, were grouped and scored as
dependent “mobility indoors” group (SCIM II item 12).
Statistics
Descriptive statistics on age, gender, and AIS were used to provide general information about
the study population. Analyses on AIS, gender (χ2 analysis), and age (student’s t-test) were
performed to identify possible differences between the three study groups.
We performed three main analyses on the study groups (see Figure 9.1). The first
analysis was performed to demonstrate neurological impairment of motor incomplete
tetraplegics as assessed within the first 2 weeks post-injury (‘initial descriptive analysis’). The
second analysis was performed to demonstrate any differences between initial neurological
findings and neurological and functional outcomes in incomplete tetraplegic patients (‘outcome
analysis’). Finally, those patients with a complete set of follow-up measurements (1, 3, and 6 or
12 months) were analysed to demonstrate the neurological recovery over time (’longitudinal
analysis’). In both the “outcome analysis” and the “longitudinal analysis”, 6-months follow-up
measurements were used for analysis in patients with missing chronic phase (12 months)
follow-up measurements.
Differences in mean ASIA scores between the three study groups were calculated
using student’s t-tests. The differences in the number of patients who were capable of
performing the SCIM II items 1, 2a, 3a, or 4 independently were calculated using chi-square or
Fisher’s exact tests as appropriate between the three study groups. The differences were
considered statistically significant at p<0.05. Spearman correlation coefficients (SCC) were
calculated for comparisons between 6 and 12 months UEMS and LEMS scores. The
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agreement between the 6 and 12 months outcomes of the dichotomous SCIM scores were
calculated using kappa statistic (κ). Data were analysed using SPSS software (version 16.0,
SPSS, Chicago, IL).
Results
Among the 1733 traumatic SCI patients within the EM-SCI database, 248 (14%) met the
study inclusion criteria, see Figure 9.1. Of the 248 patients, there were 89 (36%) non-TCCS
patients, 62 (25%) int-TCCS and 97 (39%) TCCS patients. The patient characteristics of each
study group are presented in Table 9.1. The non-TCCS group consisted of a significantly
higher proportion of AIS grade C patients compared to patients in both the int- TCCS and

Traumatic SCI patients:
N=1733
Patients without complete initial neurological
examination* (N=817)

Patients eligible for analysis:
N=916
Patients Ineligible for analysis:
- AIS Grade A or B (N=530)
- Paraplegia (N=138)

Patients included for initial
descriptive analysis:
N=248 (27%)

Follow-up

Patients without complete 6 or 12 months
neurological examination or SCIM outcomes
(N=106)

Patients included for
outcome analysis:
N=142 (15%)
Patients without complete 1 and 3 months
neurological examination (N=31)

Patients included for
longitudinal analysis:
N=111 (12%)

Symbols & abbreviations. * Neurological examination performed according to the International standards within the first 15 days
post-injury, SCI: spinal cord injury, AIS: ASIA/ISCoS neurological standard scale, SCIM: Spinal cord independence measure.

Figure 9.1
Flowchart of patients in the European Multicenter Study of Human Spinal Cord Injury (EM-SCI) database with
subjects of patients eligible and included for analysis. Recruitment period: January 2002 to December 2009.
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TCCS groups (p<0.001). Conversely, the int-TCCS and TCCS group consisted of a
significantly higher proportion of AIS grade D patients compared to patients in the nonTCCS group (p<0.001). Since the number of subjects with an AIS grade C and D appeared
not to be equally distributed within the three study groups, we decided to stratify each study
group by AIS grades in all of the three main analyses. Thus, in each of the three study groups
two additional subgroups, consisting of AIS grade C and D patients, were evaluated. No
significant differences in age were identified between the subgroups after stratification for by
AIS grade.
Initial descriptive analysis
The neurological measurements assessed within the first 2 weeks post-injury were available in
248 motor incomplete tetraplegics. In the majority of the patients (72%) the NLI was situated
at level C4 or C5 (see Table 9.2). Only four motor incomplete tetraplegics (2%) had a NLI
caudal to level C6. Table 9.2 clearly illustrates that stratification by the AIS grading system
had a bigger impact on the mean UEMS at each NLI compared to the categorization of the
differences in limb strength as represented by the three study groups. Nonetheless, compared
to non-TCCS subjects, TCCS subjects had lower UEMSs at each NLI within both the AIS
grade C and D strata. A clear association between a more caudal NLI and higher UEMS
scores was not identified. Because of the small sample sizes, the aforementioned descriptive
associations were not tested statistically.
Table 9.3 covers the initial neurological subscores of the motor incomplete tetraplegics. Compared to the mean UEMS of 22.2 in TCCS subjects, the initial UEMS was
significantly higher in the non-TCCS and int-TCCS groups (25.9 (p=0.032) and (28.8

Table 9.1
Baseline characteristics of the included traumatic motor incomplete tetraplegics (n=248).
Characteristic

Non-TCCS group

Int-TCCS group

TCCS group

Patients (n)
Gender, male (%)

89
59

62
49

97
81

Age (range), SD

49 (17-89), 19

52 (16-85), 19

55 (19-87), 17

AIS

n

n

n

C
D

61 (69%)
28 (31%)

(%)

(%)

19 (31%)
43 (69%)

(%)

17 (18%)
80 (82%)

Symbols & abbreviations. TCCS: Traumatic central cord syndrome, AIS: ASIA/ ISCoS neurological standard scale
(grades).
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(p=0.001), respectively). Compared to the mean LEMS of 40.6 in TCCS subjects, the initial
LEMS was significantly lower in the non-TCCS and int-TCCS groups (11.2 (p<0.001) and
33.0 (p<0.001), respectively). After stratification by AIS grade, these differences in UEMS
and LEMS became even more apparent.
With regard to the initial upper extremity sensory scores, no statistically significant
differences were observed between the three study groups. Compared to AIS grade C nonTCCS patients, AIS grade C TCCS subjects had significantly higher pin-prick scores of the
lower extremities (p<0.05). This difference was not observed in the light touch sensation scores
in AIS grade C patients. Compared to AIS grade D non-TCCS patients, AIS grade D
TCCS subjects had significantly higher pin-prick and light touch scores of the lower
extremities (p<0.05).
Outcome analysis
A complete record of 12 months post-injury neurological and functional measurements was
available in 122 patients (49%). In 20 patients (8%) with absent 12 months post-injury
measurements, 6-months follow-up measurements were available and used for analysis. Strong
and significant correlations (p<0.001) were observed between 6 and 12 months UEMS (SCC:
0.92), LEMS (SCC:0.89) and SCIM (κ:0.64-0.88) outcome measures in 102 patients with
complete 6 and 12 month measurements.
Neurological outcomes: Upper extremities
Compared to the initial UEMS, the chronic phase UEMS improved considerably in all of
the three study groups. After stratification by AIS grade, the mean improvement of nonTCCS patients with an AIS grade C was 16 motor points. Compared to these non-TCCS
patients, int-TCCS and TCCS patients with an AIS grade C had a significantly greater
improvement of motor points in 6 or 12 months (25.2 (p<0.01) and 29.7 (p<0.001),
respectively). In addition, with a mean improvement of 20.1 versus 10.0 motor points, AIS
grade D TCCS patients gained significantly (p<0.001) more motor points than non-TCCS
AIS grade D patients.
Except for a significant difference in AIS grade D patients (p=0.033), no significant
differences were observed in the UEMS between the three study groups after 6 or 12 months
(see Table 9.4). However, when the AIS grade C and D strata were compared within each of
the three study groups clear differences in neurological outcomes were found. On average,
AIS grade C patients had approximately 10 upper extremity motor points less in the chronic
phase than AIS grade D patients.
Neurological outcomes: Lower extremities
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AIS D

SD
2
0
12
3
0
0
0
0

No.
10.5
4.5
14.7
-

Mean
2.1
4.0
1.5
-

SD

3
2
5
12
5
1
0
0

No.

32.7
33.0
33.8
35.0
38.2
39
-

Mean

9.6
12.2
5.5
7.4
-

SD

3
6
16
11
6
0
1
0

No.

33.7
39.7
32.0
36.1
41.5
48
-

Mean

11.1
7.4
9.6
8.4
5.9
-

SD

4
10
27
32
6
1
0
0

No. Mean

TCCS group

Mean
3.4
8.2
4.1
-

Int-TCCS Group

No.
8.8
10.7
16.1
-

Non-TCCS group

SD
0
4
7
8
0
0
0
0

TCCS group

Mean
2.1
4.9
8.1
9.5
6.2
-

Int-TCCS group

Table 9.2
Upper extremity motor scores per NLI in the included traumatic motor incomplete tetraplegics (n=248).
AIS C
No.
21.5
11.5
16.1
26.5
28.1
49

Non-TCCS group
NLI
2
6
22
23
7
0
0
1

31.8
25.2
19.5
28.2
33.3
32
-

C2
C3
C4
C5
C6
C7
C8
T1
Symbols & abbreviations. NLI: Neurological level of injury.

SD

8.7
11.2
9.2
8.0
4.0
-
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AIS C
Mean
61
21.71,2
5.91,2
18.3
16.7
17.0
10.52
10.5
6.6
4.2
8.5
4.9
9.3

SD

AIS D
Mean
28
35.12
22.61,2
19.3
22.42
18.5
19.72
7.3
8.4
4.5
9.4
5.4
10.7

SD

Total
Mean
62
28.83
33.01,3
17.5
22.91,3
16.9
19.41,3

13.7
13.7
4.2
8.6
6.1
10.7

SD

12.61,3
17.51,3
16.5
17.6
14.6
12.6

19

Mean

AIS C

Int-TCCS group

Table 9.3
Motor and sensory scores of the included traumatic motor incomplete tetraplegics (n=248).

11.4
10.6
4.3
9.1
5.1
10.6

SD

Non-TCCS group
Total
89

Variable
N (total)
25.92
11.21,2
18.7
18.51,2
17.5
13.41,2

Mean

UEMS
LEMS
UELTS
LELTS
UEPPS
LEPPS

SD

6.4
7.2
3.7
5.7
6.6
10.1

Total

11.5
9.7
5.0
8.9
5.7
11.2

SD

TCCS group
AIS D

22.22,3
40.62,3
18.0
26.92,3
16.8
23.72,3

97

SD Mean

9.1
9.5
4.4
8.7
5.7
9.6

Mean
43
35.93
40.01,3
18.0
25.2
17.9
22.4

AIS C

Mean

17

7.02,3
24.62,3
16.0
21.2
14.5
16.12

SD

5.4
5.7
5.6
10.5
6.3
10.7

AIS D

Mean

80

25.52,3
44.12,3
18.4
28.12
17.3
25.32

SD

9.7
6.4
4.7
8.1
5.5
10.7

Symbols & abbreviations. 1: Statistical significant difference (p<0.05) between non-TCCS and int-TCCS patients, 2: Statistical significant difference (p<0.05) between non-TCCS and TCCS
patients, 3: Statistical significant difference (p<0.05) between int-TCCS and TCCS patients, UEMS: Upper extremity motor score, LEMS: Lower extremity motor score, UELTS: Upper
extremity light touch score, LELTS: Lower extremity light touch score, UEPPS: Upper extremity pin prick score, LEPPS: Lower extremity pin prick score.
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Mean SD

AIS D
Mean

Total

SD

AIS D

SD

TCCS group

AIS C

Mean SD Mean

Total

Mean SD

Int-TCCS group

Table 9.4
Initial and chronic phase UEMS and self-care independency outcomes in traumatic motor incomplete tetraplegics (n=142).

AIS C

Non-TCCS group
Variable/Outcome Total

SD

Mean SD

AIS C

49

Mean

AIS D

Mean

7

Mean SD

22.12,3
43.4

56

%

27

n

96
88
86
90

10

35

%

47
43
42
44

37

49

n

86
43
29
57

14

N (total)

%

6
3
2
4

24.52,3
44.62

n

95
82
79
86

5.7
7.2

%

53
46
44
48

5.62
35.3

n

100
100
89
96

11.1
5.3

%

27
27
24
26

9.4
4.4

n

70
60
50
60

33.93
46.0

%

7
6
5
6

7.9
10.6

n

92
89
78
87

11.91
37.1

%

34
33
29
32

13.3
7.6

n

100
100
93
100

27.93
43.6

%
14
14
13
14

6.6
3.1

26.92
41.1

n
91
74
71
77

37.12
47.12

%
32
26
25
27

11.4
10.9

Initial UEMS
Chronic phase
UEMS

n
94
82
78
84

22.81,2
38.7

SCIM II
46
40
38
41

12.1
10.1

Feeding
Upper body bathing
Upper body dressing
Grooming

SD

9.5
3.9

Symbols & abbreviations. 1: Statistical significant difference (p<0.05) between non-TCCS and int-TCCS patients, 2: Statistical significant difference (p<0.05) between non-TCCS and TCCS
patients, 3: Statistical significant difference (p<0.05) between int-TCCS and TCCS patients, UEMS: Upper extremity motor score, SCIM: Spinal Cord Independency Measure.
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AIS C
Mean

SD

AIS D
Mean
14

SD

SD

10

Mean

AIS C

Int-TCCS group
Total
Mean
37

SD

AIS D
Mean
27

SD

Table 9.5
Initial and chronic phase LEMS and the ability to walk independently in traumatic motor incomplete tetraplegics (n=142).

SD

Non-TCCS group
Variable/Outcome Total
Mean
35

Total

SD

TCCS group
Mean
56

7

Mean SD

AIS C

49

Mean

AIS D

%

43.42,3
48.62

49

%

5.1
7.7

N (total)

%

21.32
40.9

n

%

9.6
4.1

%

47 96

40.72,3
47.62

n

71

9.7
3.9

%

5

38.01,3
47.8

n

93

8.5
10.3

n

522

15.31
41.5

%

25 93

13.8
6.8

n

50

31.81,3
46.11

n

5

9.0
3.8

n

30 81

25.21,2
45.42

n

13 93

6.5
17.5

11.11,2
35.61,2

%
18 51

5.51,2
31.6

Initial LEMS
Chronic phase
LEMS

n
63

11.6
16.1

SCIM II
312

%

Independent indoor
mobility

SD

6.3
2.1

Symbols & abbreviations. 1: Statistical significant difference (p<0.05) between non-TCCS and int-TCCS patients, 2: Statistical significant difference (p<0.05) between non-TCCS and TCCS
patients, 3: Statistical significant difference (p<0.05) between int-TCCS and TCCS patients, UEMS: Upper extremity motor score, SCIM: Spinal Cord Independency Measure.
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Like the upper extremities, the LEMS also improved considerably over time in the three
subgroups, especially in the non-TCCS patients (see Table 9.5). After stratification by AIS
grade, the mean improvement of non-TCCS patients with an AIS grade C was 26.1 motor
points. Compared to these non-TCCS patients, int-TCCS and TCCS patients with an AIS
grade C had a non-significantly different improvement of motor points in 6 or 12 months (26.2
and 19.6, respectively). In addition, the mean improvement of non-TCCS patients with an
AIS grade D was 20.1 motor points. Compared to the non-TCCS patients, int-TCCS and
TCCS patients with an AIS grade D gained significantly less motor points in 6 or 12 months
(9.8 (p<0.001) and 5.2 (p<0.001) motor points, respectively).
However, after 6 or 12 months, non-TCCS patients had a significantly worse
(p<0.001) LEMS compared to TCCS patients in the total subgroup. Nonetheless, after
stratification by AIS grade, no differences were found between the AIS grade C patients of
the three study groups. Conversely, a significant mean difference of 3.2 motor points (p<0.001)
was observed between AIS grade D non-TCCS (LEMS: 45.4) and AIS grade D TCCS
(LEMS: 48.6) patients.
Functional outcomes
No clear differences were observed between the three study groups for upper-extremity
function. Although AIS grade C patients were more dependent in assistance in self-care
components compared to AIS grade D patients within each of the three study groups, no
significant differences were observed (see Table 9.4).
For the ambulation outcomes, the non-TCCS group showed a significantly greater
proportion of patients (p<0.001) unable to ambulate independently compared to the TCCS
group. However, this statistical relation completely disappeared after stratification by AIS
grades. Whereas the majority of AIS grade D patients (>93%) were able to walk
independently after 6 months post injury, only approximately half of the AIS grade C
patients were able to do so (see Table 9.5).
Longitudinal analysis
A complete record of 12 months post-injury neurological and functional measurements was
available in 95 patients (28%). In 16 patients (7%) with absent 12 months post-injury
measurements, 6-months follow-up measurements were available and used for analysis. In
Figure 9.2, the mean UEMS of each (stratified) study group is plotted out against the timing
of the follow-up assessment. After stratification by AIS grades, the three study groups are
typically ordered from the non-TCCS group with relatively high initial mean UEMSs to the
TCCS group with relatively low initial mean UEMSs. It is only after 6 months to 1 year
when neurological outcomes of the three study groups approach each other. Figure 9.2 also
demonstrates that the relation between the AIS grades and neurological outcomes appears to
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be stronger than the relation between the three study groups (TCCS, int-TCCS and nonTCCS) and neurological outcomes.
In Figure 9.3, the mean LEMS of each (stratified) study group is plotted out against
the timing of the follow-up assessment. In contrast to Figure 9.2, the three study groups are
now typically ordered from the TCCS group with relatively high initial mean LEMSs to the
non-TCCS group with relatively low initial mean LEMSs. At three months post injury, the
largest proportion of the total motor recovery was regained.
Neither in the mean UEMS, nor in the mean LEMS, were differences in recovery
found between the three study groups.
Discussion
In contrast to what has been hypothesized by physicians for many years, this study
demonstrates that the neurological and functional outcomes in motor incomplete tetraplegia
cannot be simply attributed to the presence or absence of the TCCS. We found that the
severity of the initial neurological deficit, as measured with AIS grading system, has more
impact on the prognosis of neurological and functional outcomes than categorization into
TCCS or not. The presented data confirm that TCCS subjects frequentlyhave a less severe
neurological deficit and are often categorized as AIS grade D patients.4, 10, 18, 19 Our data
showed that most differences between TCCS patients and non-TCCS patients became nonsignificant after stratification by AIS grade. Although TCCS patients showed significantly
higher rates of upper extremity motor strength recovery compared to non-TCCS patients and,
vice versa, non-TCCS patients showed significantly higher rates of lower extremity motor
strength recovery compared to TCCS patients, these differences can be easily explained by
ceiling effects in neurological recovery after traumatic SCI. It is the AIS grading system, and
not the diagnosis TCCS, which seems to be the most important prognostic parameter for
neurological and functional outcomes in motor incomplete tetraplegics. Based on these results,
we recommend that future outcome studies in patients with a traumatic motor incomplete
tetraplegia rather use a stratification based on the severity of the initial injury as quantified by
the AIS grading system than by clinical syndrome (ie. presence of absence of TCCS).13
In TCCS patients, recovery of arm and hand function is regarded as the most
important clinical outcome. Although AIS grade D TCCS patients had significantly lower
UEMS outcomes when compared to AIS grade D non-TCCS patients, no significant
differences in the functional upper extremity independence were found between the two
groups. Vice versa, whereas AIS grade D TCCS patients had significantly higher LEMS
outcomes when compared to AIS grade D non-TCCS patients, no significant difference in
independent ambulation was found between the two groups. Therefore, the clinical relevance
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Figure 9.2
Longitudinal analysis of the UEMS in traumatic motor incomplete tetraplegics (n=111).
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Figure 9.3
Longitudinal analysis of the LEMS in traumatic motor incomplete tetraplegics (n=111).
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of the only two identified statistical differences in outcomes between the non-TCCS and
TCCS patient groups is - after stratification by AIS grade - minimal.
In 1996, Waters et al.20 suggested that the recovery of strength in TCCS patients is
comparable to that of other motor incomplete tetraplegic patients. They concluded, however,
that a lower proportion of TCCS patients were able to walk at least 150 feet compared to nonTCCS patients. The authors’ explanation for this unexpected finding was that the residual
upper extremity weakness in TCCS patients restricted the use of assisted devices such as canes
and crutches and therefore limited the ability to walk.20 In contrast, we found no differences in
independent ambulation outcomes between TCCS patients and non-TCCS patients when
stratified by AIS grade. The residual upper extremity weakness in TCCS patients therefore
does not appear to have a negative influence on ambulation outcomes. In fact, the lower
extremity strength outcomes in TCCS patients are comparable to, or even slightly better than
in, non-TCCS patients.
Our results should be interpreted in the context of specific study limitations. Firstly,
several putative confounders such as treatment regimens, including administration of
methylprednisolone, blood pressure augmentation and urgent spinal cord decompression, are
not standardized within the EM-SCI consortium. Secondly, co-morbidities, rehabilitation
programs, and walking aids have not been registered in detail within the EM-SCI database.
Thirdly, the small sample sizes in the three study groups resulted in limited statistical power
of the analyses. Fourthly, as our study population was not corrected for other SCI syndromes,
these other syndromes could have been absorbed into either TCCS, non-TCCS or both.
Hayes et al.18 reported that many SCI patients defy a clear-cut classification because of a mixed
presentation of two or more SCI syndromes. It remains unclear what the influence of the other
SCI syndromes is on the neurological and functional outcome.
The strength of this study is that, to our knowledge, it is the first one that stratified
TCCS patients by applying a quantitative and reproducible TCCS diagnostic criterion. Until
now the diagnosis of TCCS was based on non-specific criteria and subjective interpretation of
the neurological examination.1, 14 In earlier publications (part 1 and 2), we proposed a minimum
of 10 motor points in favour of the lower extremities to diagnose TCCS for research
purposes.2, 3 However, two points of discussion originated among SCI physicians along with
the introduction of this diagnostic criterion.
Firstly, a minimum difference of 10 motor points was considered to be too high to
diagnose TCCS in patients with a lower cervical level of injury. As an interesting additional
demographic finding, the current study found that motor incomplete tetraplegics with a lower
cervical level of injury are rare. Out of 248 patients, only four were diagnosed with motor
incomplete SCI at the NLI C7-T1. Therefore, the hypothesized limited (clinical) sensitivity
of the TCCS criterion in patients with a lower cervical level of injury, as discussed in part 2,
did not result in an underestimation of the number of TCCS subjects.
169

Secondly, a substantial number of physicians considered any (≥1 motor points)
difference between upper and lower extremity strength as an appropriate criterion to diagnose
patients with TCCS. Although a minimum of 10 motor points was supported by the majority
of the physicians in part 2, we decided to evaluate the outcomes of the so-called intermediate
TCCS patient group as well.3 Nevertheless, as no apparent clinically relevant differences in
neurological and functional outcomes were found between the non-TCCS and TCCS study
groups after stratification by AIS grade C or D, investigation of the intermediate TCCS
study group was not relevant.
In fact, the current study also challenges the scientific relevance of the applied
diagnostic TCCS criterion itself. One should realize, however, that without the introduction
of a face valid, quantitative and reproducible diagnostic TCCS criterion, we probably would
not have been able to postulate and support the conclusions of this study. This three-paper
series is unique in its kind because it evaluates, analyses and challenges the reproducibility and
prognostic relevance of a commonly diagnosed SCI syndrome.4 This project clearly
demonstrates that there is a need to revisit the scientific and clinical value of previously
introduced concepts in SCI by applying a systematic and sound methodological approach.
Conclusion
Minimal clinically relevant differences in neurological and functional outcomes were identified
between the three study groups after stratification by AIS grades. The AIS grading system,
and not the diagnosis TCCS, seems to be the most important prognostic parameter for
neurological and functional outcomes in motor incomplete tetraplegics. Based on this study, in
which a sound methodological diagnostic TCCS criterion was applied, we recommend that for
future outcome studies in traumatic motor incomplete tetraplegia, patients should rather be
stratified by the severity of the initial injury as quantified by the AIS grading system than by
presence of absence of TCCS.
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- Chapter 10 -

ASIA Impairment Scale
Conversion in Traumatic SCI:
Is It Related with the Ability to Walk?
A Descriptive Comparison with Functional Ambulation
Outcome Measures in 273 Patients

Published as:
van Middendorp JJ, Hosman AJ, Pouw MH, EM-SCI Study Group , van de Meent H. ASIA Impairment Scale
Conversion in Traumatic SCI: Is It Related with the Ability to Walk? A Descriptive Comparison with Functional
Ambulation Outcome Measures in 273 Patients. Spinal Cord. 2009 Jul;47(7):555-60.

“What we call a mind is nothing but a heap or collection of different perceptions, united together by
certain relations, and suppos’d, tho’ falsely, to be endow’d with a perfect simplicity and identity”
David Hume (1711–1776)

Abstract
Study design. Prospective multicenter longitudinal cohort study.
Objectives. To determine the relationship between improvements of the American Spinal
Injury Association/International Spinal Cord Society (ASIA/ISCoS) neurological standard
scale (AIS) outcome measure and improvements of functional ambulatory outcome measures
in patients with traumatic spinal cord injury (SCI).
Setting. European multicenter study of human SCI (EM-SCI).
Methods. In 273 eligible patients with traumatic SCI, acute (0–15 days) and chronic phase (6 or
12 months) AIS grades, timed up and go (TUG) test and 10-m walk test (10MWT) outcome
measurements were analyzed. Subanalysis of those patients who did have AIS conversion was
performed to assess its relation with functional ambulatory outcomes.
Results. Studied population consisted of 161 acute phase AIS grade A patients; 37 grade B; 43
grade C and 32 acute phase AIS grade D patients. Forty-two patients (26%) converted from
AIS grade A, 27 (73%) from grade B, 32 (75%) from grade C and five patients (16%) from
AIS grade D. The frequencies of AIS conversions and functional ambulation recovery
outcomes were significantly different (Po0.001) in patients with motor complete SCI. The
ratio of patients with both recovery of ambulatory function and AIS conversion (n¼101)
differed significantly (Po0.001) between the acute phase AIS grade scores; AIS grade A (6/40
patients, 15%), B (9/27 patients, 33%), C (23/29 patients, 79%) and D (5/5 patients 100%).
Conclusions. The AIS conversion outcome measure is poorly related to the ability to walk in
traumatic SCI patients. Therefore, the authors recommend the use of functional ambulation
recovery outcome measures in prognosticating the recovery of walking capacity and
performance of patients with SCI.
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Introduction
Recovery of walking is one of the most important aspects during rehabilitation in patients with
spinal cord injury (SCI).1 In order to quantify the recovery of walking, several functional
ambulation outcome parameters have been introduced in past decades.2 Nowadays, consensus
exists concerning the importance of evaluation and validation of clinical trial outcome
measures within the field of SCI research. In this field, three main classes of outcome measures
have been postulated: 1) anatomical or neurological, 2) functional and 3) quality of life
outcomes.3
The American Spinal Injury Association (ASIA)/ International Spinal Cord
Society (ISCoS) neurological standard scale (AIS) is currently regarded as the standard
measure for neurologic outcomes.3, 4 Although the AIS is regularly used to classify the severity
of initial SCI, the conversion rate of the AIS has also frequently been used as neurological
outcome measure in clinical trials.5-8
Functional outcomes are regarded as the outcome measures of choice in clinical trials.3
In a systematic review, Lam et al.2 divided functional ambulation outcomes in two categories:
timed and categorical measures of ambulation. Two of the timed measures are the Timed Up
and Go (TUG) test9 and the 10-meter Walk test (10MWT)10, both having an excellent
construct validity and reliability.2, 11 Two of the categorical measures are the functional
independence measure (FIM)12 and the walking index for spinal cord injury (WISCI II/III)13,
with the latter showing an excellent construct validity and reliability.2, 14
In clinical practice, the relation between neurological and functional outcome
measures is a very interesting one. In several reports reviewing the prediction of neurologic
recovery in traumatic SCI, the AIS conversion rates reported in studies have been
extrapolated to and interpreted as the ability to walk in a pragmatic way 15, 16 To our
knowledge, statistical relations between neurological (AIS) and ambulation outcome measures
have not been reported in literature. It was our objective to determine the relationship between
AIS conversion outcomes and improvements of functional ambulatory (TUG test, 10MWT)
outcome measures in SCI patients. We hypothesized that the AIS conversion rate is a
relatively insensitive measure to determine functional improvement compared to functional
ambulation outcome measures.
Materials & methods
From January 2002 to December 2007 subjects with traumatic SCI were enrolled within the
framework of the ‘‘European Multicenter Study on Human Spinal Cord Injury” (EM-SCI;
www.emsci.org). Data on neurological and functional status was prospectively collected at the
acute phase (ie. within the first 15 days post injury) and 1, 3, 6 and 12 months after the injury.
Patients with a non-traumatic spinal cord lesion, severe cognitive impairment, peripheral nerve
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lesion, polyneuropathy, or craniocerebral injury were not included in the EM-SCI database. In
addition, patients with a central cord syndrome, conus medullaris or cauda equina injury were
excluded from analysis. Central cord syndrome was defined as an injury with a total Lower
Extremity Motor Score of 10 or more points higher than the total Upper Extremity Motor
Score. Conus medullaris syndrome or cauda equina injury was defined as a neurological level
of injury at level T11 or below.
In patients with absent chronic phase (1-year) follow-up measurements, the 6-months
follow-up measurements were used for analysis. The study protocols were approved by the
local ethics committees and the subjects gave their informed consent before entering the study
protocol.
Physical examination
Neurologic examinations were conducted according to the ASIA standards.4, 17 All patients
with completely conducted acute phase examinations, i.e. ASIA motor score, ASIA pin prick
(PP) score, ASIA light touch (LT) sensory score of all levels and anal examination, were
included for analysis. Acute phase AIS grades of included subjects were used for analysis.
Based on the ASIA sensory and motor scores, the level of injury and AIS grade were
computed by a software program. This software program was used in order to exclude possible
systematic errors in the AIS grading. Clinical assessments were conducted by certificated
neurological and rehabilitation physicians having at least 1 year experience in examining SCI
patients.
Neurological and functional outcomes
The AIS improvement between the acute and chronic phase, the AIS conversion, was defined
as primary neurological outcome. Two validated functional outcomes, both representing
ambulatory capacity, were also assessed in each patient during follow-up. Ambulatory capacity
was examined with the Timed Up & Go (TUG) test9 and the 10-meter walk test
(10MWT)10. The TUG test measures the time it takes a patient to stand up from an
armchair, walk 3 meters, return to the chair, and sit down.9 Assessing short-duration walking
in SCI patients, the 10MWT measures the time it takes to walk 10 metres.10 The TUG test
and 10MWT have both been validated in a SCI population.11, 18 However, in this study the
TUG test and 10MWT outcomes were not applied as continuous (seconds) but as
dichotomous (completed the test or not) variables. All patients who were able to complete
either the TUG test or the 10MWT were defined as able to walk, regardless of use of
assistive devices or duration.
Statistics
Statistical analysis of data was performed with SPSS software package version 16.0 (SPSS,
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Traumatic SCI patients:
N=1170

Patients eligible for analysis:

Patients Ineligible for analysis:
- Central Cord Syndrome (N=115)
- Neurological level of injury T11 or
more caudal (N=314)

N=741
Patients without complete initial
neurological examination* (N=364)

Patients included for analysis:
N=377
Follow-up

Patients without 6 and 12 months
FU measurements:
N=104 (28%)

Patients with 12 months
FU measurements:
N=204 (54%)

Patients with only 6 months
FU measurements:
N=69 (18%)

Patients included for analysis:
N=273 (72%)

Symbols & abbreviations. * Neurological examination performed according to the International standards within the first 15 days
post-injury, SCI: Spinal cord injury, FU: Follow-up.

Figure 10.1
Flowchart of patients in the European Multicenter Study of Human Spinal Cord Injury (EM-SCI) database with
subjects of patients eligible and included for analysis. Recruitment period: January 2002 to December 2007.

Chicago, Illinois) and basically included a descriptive analysis of the investigated patient
population. Incidence and frequency of both acute phase AIS grade and chronic phase
neurological and ambulation outcomes were determined. Subanalysis, including chi-square
analysis, of those patients who had an AIS conversion was performed to assess the clinical
improvements in terms of functional ambulatory outcomes.
Results
Among the 1170 trauma patients within the EM-SCI database, 377 (32%) met all of the study
criteria (see Figure 10.1). The mean patient age at time of injury was 43 years (range 15-92
years), 77% were male, 69% of the patients suffered tetraplegia and 31% paraplegia. One-year
follow-up of AIS measurements were available in 204 (54%) patients. In absence of 1-year
follow-up measurements, 6-months follow-up measurements were used for analysis in 69 cases
(18%). Outcome measurements were available in a total of 273 patients (72%, see Figure 10.1).
Mean time between injury and first ASIA assessment at admission was 7.3 days ± 4.8
(range; less than 24 hours to 15 days). Eighty-two patients (30%) were examined within 72
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hours post injury. Acute phase AIS grades of patients with complete follow-up are presented
in the right column of Table 10.1. Most of these patients had a complete SCI (n=161, 59%).
Chronic phase AIS grades of patients with complete follow-up are presented in the lower row
of Table 10.1. Although 42 of the acute phase complete SCI patients (26%) improved to
incomplete injury in the chronic phase, AIS grade A remained the major type of injury
(n=122, 45%), see Table 10.1.
The majority of patients (n=27, 73%) with an acute phase AIS grade B injury
improved neurologically to chronic phase AIS grade C (n=13, 35%), D (n = 13, 35%) and E
(n=1, 3%), see Table 10.2. Thirty-two patients (75%) with acute phase AIS grade C improved
to chronic phase AIS grade D. While 27 patients (84%) with acute phase AIS grade D did
not improved neurologically in the chronic phase, 5 patients (16%) recovered completely from
their SCI (AIS grade E).

Table 10.1
Initial AIS measures versus chronic phase AIS measures in eligible and included patients (n=273).
Initial AIS
grade
A
B
C
D
Total

A

B

119
2
1
0
122

23
8
0
0
31

Chronic phase AIS grade
C
D
9
13
10
0
32

10
13
32
27
82

E

Total

0
1
0
5
6

161
37
43
32
273

The joint distribution of the acute phase AIS grades and equal or improved chronic
phase neurological and functional ambulatory outcomes are displayed in Table 10.2. Only 6
out of 42 patients (14%) who converted from complete SCI to incomplete injury were able to
complete the chronic phase TUG test and/or 10MWT test. All of these 6 patients scored
chronic phase AIS grade D. Nine out of 27 patients (33%) who improved neurologically from
AIS grade B to AIS grade C (n=1), grade D (n=7) and grade E (n=1) completed the chronic
phase ambulatory tests. In motor complete SCI patients, the frequencies of AIS conversions
and functional ambulation recovery outcomes were significantly different (p<0.001).
Twenty-three out of 32 patients (72%) who converted from AIS grade C to AIS
grade D were able to walk 6 to 12 months after the injury. Ten acute phase AIS grade C
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patients did not improve neurologically according to the AIS grade scale. Yet, 2 patients
within this group were able to walk and to complete the chronic phase TUG test. Within the
acute phase AIS grade C patients, frequencies of AIS conversions and functional ambulation
recovery outcomes were significantly different (p<0.001). All 32 patients with acute phase AIS
grade D were able to walk and to complete the chronic phase ambulatory tests. Five of these
32 AIS grade D patients (16%) improved neurologically to chronic phase AIS grade E.

Table 10.2
Acute phase AIS measures versus chronic phase neurological (AIS) and functional ambulation (TUG test,
10MWT) outcome measures in eligible and included patients (n=270).
Chronic phase measurements: AIS grade, TUG test and 10MWT
Initial
AIS

grade
A
B
C
D

A

n
%
n
%
n
%
n
%

B

No. patients
completed
TUG
10
test
MWT

119
74
2
5
1
2

23*
14
8
22

0
0
0
0

0
0
0
0

-

-

-

-

-

-

-

C

No. patients
completed
TUG
10
test
MWT

9*
6
13
35
10
23

0
0
1
3
2
5

0
0
1
3
1
2

-

-

-

D
†

10
6
13
35
32‡
75
27
84

No. patients
completed
TUG
10
test
MWT
5
3
6
16
23
53
27
84

5
3
7
19
23
53
27
84

E
0
0
1
3
0
0
5
16

No. patients
completed
TUG
10
test
MWT
0
0
1
3
0
0
5
16

0
0
1
3
0
0
5
16

Symbols & abbreviations. * 1 patient with missing chronic phase TUG test and 10MWT measurements, † 1 patient with
missing chronic phase TUG test measurement and 1 patient with missing chronic phase 10MWT outcome measurement, ‡ 3
patients with missing chronic phase TUG test and 10MWT measurements.

Table 10.3
Recovery of ambulatory function in patients with AIS conversion of at least 1 grade and available chronic phase
functional ambulation measurements (n=101).
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Initial
AIS grade

No. AIS conversion
patients

Patients with both AIS conversion and
recovery of ambulatory function (%)

A
B
C
D

40
27
29
5

6 (15)
9 (33)
23 (79)
5 (100)

Out of those 106 patients with chronic phase AIS grade improvement, 101 patients
(95%) did also have available chronic phase functional ambulation measurements (see Table
10.3). In this subgroup, the ratio of patients with both recovery of ambulatory function and
AIS conversion differed significantly (p<0.001) between the acute phase AIS grade scores;
AIS grade A (6 out of 40 patients, 15%), B (9/27 patients, 33%), C (23/29 patients, 79%) and
D (5/5 patients, 100%).
Discussion
Until now, the relation between AIS conversion and functional ambulation recovery
outcomes have not been investigated in SCI patients. In this study we found that the
percentage of patients with both AIS conversion and recovery of ambulatory function during
the first year after SCI differed significantly between the initial AIS grade groups (p<0.001).
This confirms that the AIS conversion outcome measures reported in clinical trials should not
be extrapolated to and interpreted as the ability to walk in a pragmatic way.
Acute phase AIS grade A patients improving to chronic phase grade B remain motor
complete injured. Despite of their sensory recovery, they basically are not able to walk with or
without assistive devices. In contrast, all patients with an initial AIS grade D without AIS
conversion were able to walk 1-year post injury. This means that an AIS conversion is not
necessarily associated with an ability to walk, and vice versa, a 1-year post injury ability to walk
does not always reflect an AIS conversion.
This study also shows remarkable differences in the ability to walk in patients
improving to chronic phase AIS grade D. Approximately 50% of those patients having no
acute phase motor function below the level of injury (AIS grade A or B) and who improved to
chronic phase AIS grade D, were able to walk after 1 year. Approximately 80% of acute phase
AIS grade C patients who improved to grade D were able to walk. All of the acute phase
AIS grade D patients without AIS conversion, completed the functional ambulation tests.
This pattern also confirms that AIS conversion to a specific grade is not necessarily associated
with the ability to walk 1-year post injury.
Limitations of using the AIS as an outcome measure have been discussed in previous
correspondence. Instead of using the standard AIS grades to assess neurological
improvements, Jaeger et al.19 proposed the use of the ‘more than 2 motor or sensory points
improvement’ methodology. To date, however, this meticulous approach indicating presence
of functionally meaningful recovery has not been validated.
Recently, the International Campaign for Cures of spinal cord injury Paralysis
(ICCP) Clinical Guidelines Panel articulated the importance of using more sensitive
neurological outcome measures like the upper and lower extremity motor score (UEMS and
LEMS).3, 20 Comparing to the total ASIA motor score, Marino and Graves21 showed that
applying these separate neurological subscales for degree of impairment, results in an improved
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prediction of functional abilities. Primary outcome of choice was the motor FIM instrument
score.21 In another study, the Spinal Cord Injury Locomotor Trial (SCILT) Group concluded
that the baseline LEMS was the best predictor of the WISCI score at 12 months.22 However,
with use of the same outcome measure, Wirz et al.23 did not find a significant relation between
LEMS improvement and recovery of ambulatory capacity. Neither improvements in
impairment’s severity (WISCI)13, nor the dependency of assistance in daily care (FIM)12, but
recovery of walking is one of the prior preferences during rehabilitation in SCI patients1.
Therefore, we consider (the capability of finishing) timed functional ambulation outcome
measurements to be more relevant in quantifying and predicting recovery of ambulatory
function. Nonetheless, applying the TUG test and 10MWT as dichotomous variables has
not been validated and does not discriminate between household and community walkers.
Further research is needed to categorize continuous ambulatory outcome measures in
traumatic SCI patients.2
Within the EM-SCI database, analysis was performed in a relatively large group of
eligible patients. Seventy-two percent of patients completed follow-up. Six-months follow-up
measurements were used in case of absence of 1-year follow-up measurements. A highly
significant correlation was observed in patients with both 1-year and 6-months follow-up AIS
measurements (n=174, Spearman correlation= 0.907, p<0.001). Therefore, replacement of
missing 1-year follow-up measurements by 6-months measurements is regarded as a valid
approach.
Patients with a central cord, conus medullaris or cauda equina syndrome were
excluded for analysis because these syndromes have been associated with a favorable
neurological improvement compared to classic tetra- and paraplegic recovery patterns.24, 25
Since current central cord syndrome definitions lack specific quantified criteria, this injury was
arbitrarily defined as an injury with a total Lower Extremity Motor Score of 10 or more points
higher than the total Upper Extremity Motor Score. We also considered the recovery
patterns of conus medullaris and cauda equina syndromes as potentially different from C1-T11
spinal cord injuries as these neurological syndromes are principally lesions of the peripheral
nervous system. Although the exclusion of patients with a neurologic level of injury at level
T11 or below resulted in a homogeneous SCI population, this approach was rather
conservative and resulted in a relatively large proportion of tetraplegic patients.
Although timing of examination have been discussed frequently in literature, no
consensus exists about the difference between the prognostic value of immediate and subacute
(>72 hours) examinations.15, 26, 27 Since most of the EM-SCI centers are referral clinics, most
acute phase ASIA measurements have not been performed within 72 hours post injury. In this
study, 30 out of 82 patients (37%) with an examination within 72 hours post injury improved
at least 1 AIS grade during follow-up. This rate was not statistically different (p=0.618)

182

compared to the conversion rate in patients with an assessment after 72 hours and within 15
days post injury (76 out of 191 (40%)).
Some limitations warrant consideration. The number of recorded baseline
demographic characteristics does not include all putative confounders. Treatment regimens
including administration of methylprednisolone, bloodpressure augmentation and urgent
spinal cord decompression are not standardized within the EM-SCI consortium. In addition,
details concerning spinal fractures and dislocations, co-morbidities, rehabilitation programs
and walking aids have not been registered within the EM-SCI database. Furthermore,
different AIS grade scales within subgroup analysis resulted in relatively small patient
numbers per group. Therefore, these results will require confirmation in another large-sample
population.
In conclusion, the AIS conversion outcome measure is poorly related to the ability to
walk in traumatic SCI patients. An AIS conversion is not necessarily associated with an
ability to walk, and vice versa, a 1-year post injury ability to walk does not always reflect an
AIS conversion. Therefore, we recommend use of investigated functional ambulation recovery
outcomes in prognosticating SCI patients’ recovery of walking capacity and performance.

183

References
1.

Ditunno PL, Patrick M, Stineman M, Ditunno JF. Who wants to walk? Preferences for recovery after SCI: a
longitudinal and cross-sectional study. Spinal Cord 2008;46(7):500-6.

2.

Lam T, Noonan VK, Eng JJ. A systematic review of functional ambulation outcome measures in spinal cord injury.
Spinal Cord 2008;46(4):246-54.

3.

Steeves JD, Lammertse D, Curt A, Fawcett JW, Tuszynski MH, Ditunno JF et al. Guidelines for the conduct of
clinical trials for spinal cord injury (SCI) as developed by the ICCP panel: clinical trial outcome measures. Spinal Cord
2007;45(3):206-21.

4.

American Spinal Unjury Association: International Standards for Neurological Classification of Spinal Cord Injury,
revised 2002. Chicago, IL: American Spinal Injury Association; 2002.

5.

Geisler FH, Coleman WP, Grieco G, Poonian D. The Sygen multicenter acute spinal cord injury study. Spine
2001;26(24 Suppl):S87-98.

6.

Kirshblum S, Millis S, McKinley W, Tulsky D. Late neurologic recovery after traumatic spinal cord injury. Arch Phys
Med Rehabil 2004;85(11):1811-7.

7.

Marino RJ, Ditunno JF, Jr., Donovan WH, Maynard F, Jr. Neurologic recovery after traumatic spinal cord injury: data
from the Model Spinal Cord Injury Systems. Arch Phys Med Rehabil 1999;80(11):1391-6.

8.

McKinley W, Meade MA, Kirshblum S, Barnard B. Outcomes of early surgical management versus late or no surgical
intervention after acute spinal cord injury. Arch Phys Med Rehabil 2004;85(11):1818-25.

9.

Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility for frail elderly persons. J Am
Geriatr Soc 1991;39(2):142-8.

10.

Salbach NM, Mayo NE, Higgins J, Ahmed S, Finch LE, Richards CL. Responsiveness and predictability of gait
speed and other disability measures in acute stroke. Arch Phys Med Rehabil 2001;82(9):1204-12.

11.

van Hedel HJ, Wirz M, Dietz V. Assessing walking ability in subjects with spinal cord injury: validity and reliability
of 3 walking tests. Arch Phys Med Rehabil 2005;86(2):190-6.

12.

Keith RA, Granger CV, Hamilton BB, Sherwin FS. The functional independence measure: a new tool for
rehabilitation. Adv Clin Rehabil 1987;1:6-18.

13.

Dittuno PL, Dittuno Jr JF, Jr. Walking index for spinal cord injury (WISCI II): scale revision. Spinal Cord
2001;39(12):654-6.

14.

Morganti B, Scivoletto G, Ditunno P, Ditunno JF, Molinari M. Walking index for spinal cord injury (WISCI):
criterion validation. Spinal Cord 2005;43(1):27-33.

15.

Kirshblum SC, O'Connor KC. Predicting neurologic recovery in traumatic cervical spinal cord injury. Arch Phys Med
Rehabil 1998;79(11):1456-66.

16.

Scivoletto G, Di Donna V. Prediction of walking recovery after spinal cord injury. Brain Res Bull 2008;Epub ahead of
print:2008 Jul 16.

17.

American Spinal Injury Association: Standards for Neurological Classification of SCI Worksheet, Revised 2006.
Accessed: August 2008. Available from: URL: http://www.asiaspinalinjury.org/publications/2006_Classif_worksheet.pdf.

18.

van Hedel HJ, Wirz M, Dietz V. Standardized assessment of walking capacity after spinal cord injury: the European
network approach. Neurol Res 2008;30(1):61-73.

19.

Jaeger R, Brechtel K, Schluesener HJ, Conrad S, Kaps HP, Schwab JM. A simple methodology to improve AIS-based
assessment of recovery after acute spinal cord injury. Spinal Cord 2005;43(1):61-3; author reply 4.

20.

Graves DE, Marino RJ. Metric properties of the International Standards for Neurological Classification of Spinal
Cord Injury, implications for research use. In: Neurological Standards Committee of the American Spinal Injury
Association, editor. Reference manual for the International Standards for Neurological Classification of Spinal Cord
Injury. Chicago, IL: American Spinal Injury Association; 2003:68-88.

21.

Marino RJ, Graves DE. Metric properties of the ASIA motor score: subscales improve correlation with functional
activities. Arch Phys Med Rehabil 2004;85(11):1804-10.

22.

Ditunno JF, Jr., Barbeau H, Dobkin BH, Elashoff R, Harkema S, Marino RJ et al. Validity of the walking scale for
spinal cord injury and other domains of function in a multicenter clinical trial. Neurorehabil Neural Repair
2007;21(6):539-50.

184

23.

Wirz M, van Hedel HJ, Rupp R, Curt A, Dietz V. Muscle force and gait performance: relationships after spinal cord
injury. Arch Phys Med Rehabil 2006;87(9):1218-22.

24.

Ishida Y, Tominaga T. Predictors of neurologic recovery in acute central cervical cord injury with only upper extremity
impairment. Spine 2002;27(15):1652-8; discussion 8.

25.

Thongtrangan I, Le H, Park J, Kim DH. Cauda equina syndrome in patients with low lumbar fractures. Neurosurg
Focus 2004;16(6):e6.

26.

Blaustein DM, Zafonte R, Thomas D, Herbison GJ, Ditunno JF. Predicting recovery of motor complete quadriplegic
patients. 24 hour v 72 hour motor index scores. Am J Phys Med Rehabil 1993;72(5):306-11.

27.

Brown PJ, Marino RJ, Herbison GJ, Ditunno JF, Jr. The 72-hour examination as a predictor of recovery in motor
complete quadriplegia. Arch Phys Med Rehabil 1991;72(8):546-8.

185

186

- Chapter 11 -

Is Determination between Complete and
Incomplete Traumatic Spinal Cord Injury
Clinically Relevant?
Validation of the ASIA Sacral Sparing Criteria in a
Prospective Cohort of 432 Patients

Published as:
van Middendorp JJ, Hosman AJ, Pouw MH, EM-SCI Study Group , van de Meent H. Is Determination
between Complete and Incomplete Traumatic Spinal Cord Injury Clinically Relevant? Validation of the ASIA
Sacral Sparing Criteria in a Prospective Cohort of 432 Patients. Spinal Cord. 2009 Nov;47(11):809-16.

“Is the spinal cord injury complete or incomplete? The sacral segments must be carefully examined for
sensation and motor power. If the patient has no peri-anal sensation and no voluntary control over his
sacral innervated muscles, toe flexors, or rectal sphincter, he is then classified as having a complete lesion.
If this condition persists for 24 hours, 99 per cent of the patients will have no functional recovery.”
E. Shannon Stauffer (1931-2002)

Abstract
Study design. Prospective multicenter longitudinal cohort study.
Objective. To validate the prognostic value of the acute phase sacral sparing measurements
with regard to chronic phase-independent ambulation in patients with traumatic spinal cord
injury (SCI).
Setting. European Multicenter Study of Human Spinal Cord Injury (EM-SCI).
Methods. In 432 patients, acute phase (0–15 days) American Spinal Injury Association
(ASIA)/ International Spinal Cord Society neurological standard scale (AIS) grades, ASIA
sacral sparing measurements, which are S4–5 light touch (LT), S4–5 pin prick (PP), anal
sensation and voluntary anal contraction; and chronic phase (6 or 12 months) indoor mobility
Spinal Cord Independence Measure (SCIM) measurements were analyzed. Calculations of
positive and negative predictive values (PPV/NPV) as well as univariate and multivariate
logistic regressions were performed in all four sacral sparing criteria. The area under the
receiver-operating characteristic curve (AUC) ratios of all regression equations was calculated.
Results. To achieve independent ambulation 1-year post injury, a normal S4–5 PP score
showed the best PPV (96.5%, p<0.001, 95% confidence interval (95% CI): 87.9–99.6). Best
NPV was reported in the S4–5 LT score (91.7%, p<0.001, 95% CI: 81.6–97.2). The use of the
combination of only voluntary anal contraction and the S4–5 LT and PP sensory scores
(AUC: 0.906, p<0.001, 95% CI: 0.871–0.941) showed significantly better (p<0.001, 95% CI:
0.038–0.128) discriminating results in prognosticating 1-year independent ambulation than
with the use of currently used distinction between complete and incomplete SCI (AUC:
0.823, p<0.001, 95% CI: 0.781–0.864).
Conclusions. Out of the four sacral sparing criteria, the acute phase anal sensory score
measurements do not contribute significantly to the prognosis of independent ambulation.
The combination of the acute phase voluntary anal contraction and the S4–5 LT and PP
scores, predicts significantly better chronic phase-independent ambulation outcomes than the
currently used distinction between complete and incomplete SCI.
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Introduction
All over the world, patients with spinal cord injury (SCI) are neurologically examined and
classified according to the American Spinal Injury Association (ASIA) classification
standards.1 The ASIA classification has been revised several times since its primary
introduction in 1982.1-3 One of those revisions could be partially attributed to the issue
complete versus incomplete SCI. Since formerly used criteria for “neurological level of injury”
and “zone of partial preservation” appeared to be of limited prognostic value, Waters et al.4
introduced the sacral sparing criteria in 1991.
The sacral sparing criteria consist of the following items: 1) S4-5 dermatome light
touch (LT) sensation, 2) S4-5 dermatome pin prick (PP) sensation, 3) anal sensation and 4)
voluntary anal contraction, see Box 10.1.5 Waters et al.4 concluded that the sacral sparing
criteria for complete injury, ie. “no sensory and/or motor function at the sacral segments” and
incomplete injury, ie. “some preservation of sacral motor and/or sensory function”, were simpler and
more stable definitions of complete and incomplete SCI compared to the ASIA 1990 revision.
The ASIA classification committee decided to revise these and other definitions in the ASIA
1992 standards revision.6 After this major revision, minor redefinitions in the ASIA 1996 and
2000 standards resulted in currently applied definition of complete injury: “If voluntary anal
contraction = No AND all S4-5 sensory scores = 0 AND any anal sensation = No, then injury is
COMPLETE.” If otherwise, then the injury is regarded incomplete.5
In both clinical practice and clinical SCI trials, one of the core aims of the ASIA
standards is to classify the extent of neurological impairment.7, 8 Another important aspect of
the standards is prognosticating chronic neurologic recovery on the basis of the initial
examination.3 For this purpose, both neurological9, 10 and functional11, 12 outcome parameters
have been applied in previous prognostic studies.13 Recovery of ambulatory function can be
regarded as one of the most important functional outcome measures of interest. Recently,
Ditunno et al.14 showed that independent ambulation is a high priority for recovery among
SCI subjects. Three instruments which address the level of dependence on ambulation have
been validated in SCI subjects: the functional independence measure (FIM15), the spinal cord
independence measure (SCIM III16) and the walking index for spinal cord injury (WISCIII17). Out of these three measures, the SCIM mobility items describe the gradual levels of
dependence and use of assistive devices in the most detail. Based on 9 scale items, the SCIM
mobility items gradually range from total assistance to wheelchair use to walking with aids to
walking without aids, and are therefore applicable to a broader range of SCI patients.18
With reference to the prediction of ambulatory recovery, distinction between
complete and incomplete SCI is commonly applied.19-21 To date, however, the core elements of
this distinction, the ASIA sacral sparing criteria, have not been validated with respect to
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The ASIA sacral sparing items:
1. Voluntary anal contraction
2. S4-5 light touch sensory score
3. S4-5 pin prick sensory score
4. Anal sensation
Definition of the distinction between complete and incomplete SCI:
If
•
AND

voluntary anal contraction = absent

•
AND

all S4-5 sensory scores = absent

•

any anal sensation = absent

=

injury is complete.

then

Otherwise the injury is incomplete.

Box 10.1
The ASIA sacral sparing items1,5

0. Requires total assistance
1. Needs electric wheelchair or partial assistance to operate manual wheelchair
2. Moves independently in manual wheelchair
3. Requires supervision while walking (with or without devices)
4. Walks with a walking frame or crutches (swing)

*

5. Walks with crutches or two canes (reciprocal walking)
6. Walks with one cane
7. Needs leg orthosis only
8. Walks without walking aids
Symbols & abbreviations. *: The cut-off level of the SCIM indoor mobility score applied in this study to distinguish
patients who are unable to walk or are dependent of assistance while walking from patients who are able to walk
independently.

Box 10.2
SCIM item 12: Mobility Indoors. 15,16

191

chronic phase functional outcomes. It was our objective to validate the prognostic value of the
acute phase sacral sparing measurements with regard to chronic phase independent ambulation
in SCI patients.
Materials & methods
From January 2002 to October 2008 subjects with traumatic SCI were enrolled in 16 centres
within the framework of the ‘‘European Multicenter Study on Human Spinal Cord Injury”
(EM-SCI; www.emsci.org). Data on neurological and functional status was prospectively
collected at the acute phase (ie. within the first 15 days post injury) and 1, 3, 6 and 12 months
after injury. Patients with a non-traumatic spinal cord lesion, severe cognitive impairment,
peripheral nerve lesion, (poly)neuropathy, or craniocerebral injury were not included in the
EM-SCI database. Frequent causes of polyneuropathy were excluded by taking the history or
by means of measuring the ulnar and tibial sensory nerve conduction velocity. The study
protocols were approved by the local ethics committees and the subjects gave their informed
consent before entering the study protocol.
In this study, patients with a conus medullaris or cauda equina syndrome were
excluded from the analysis. The cauda equina is defined as the bundle of spinal nerve roots
which extend below the apex of the conus medullaris. Since the apex of the conus medullaris is
normally located at the L1-L2 level, the L2 nerve roots are, by definition, the most cranial
roots of the cauda equina. Subsequently, the spinal nerve roots originating from the epiconus
(L4-S1 spinal cord segments) and conus medullaris (S2-S5 spinal cord segments) are also part
of the cauda equina. Because patients seldom suffer clearly isolated conus medullaris or cauda
equina injuries, differentiation between these syndromes is difficult and not always possible. In
addition, the cauda equina has been associated with favourable prognosis because of the
potential peripheral nerve regeneration. Therefore, injuries below the neurological level L1,
which potentially are conus medullaris and cauda equina syndromes, were grouped and
excluded from the analysis.
Physical examination
Neurologic examinations were conducted according to the ASIA standards.1, 5 All patients
who had complete acute phase examinations performed, i.e. ASIA motor scores, light touch
and pin prick sensory scores of all levels including anal examination, were included for
analysis. The acute phase ASIA/International Spinal Cord Society (ISCoS) neurological
standard scale (AIS) grades and the four sacral sparing measurements (see Box 10.1) were used
for analysis. In each patient only levels’ best score, ie. right or left, were included for analysis.
For instance, if a patient scored a S4-5 LT left 1 and right 2, then the best S4-5 LT score was
regarded as 2. Clinical assessments were conducted by trained and certified neurological and
rehabilitation physicians having at least 1 year experience in examining SCI patients. ASIA
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scores were recorded in the electronic EM-SCI database and the quality and correctness of the
data was centrally monitored. In complete patient records AIS grades were computed
automatically according to the ASIA standards.1
Functional outcome
Recovery of independent ambulation was defined as the primary functional outcome. The
SCIM indoor mobility (<10 meters) item was assessed and analyzed for this purpose. The
SCIM items address the ability to accomplish activities of daily living. Beside self-care items,
the SCIM also assesses the level of dependency in indoor and outdoor ambulation. The
SCIM mobility items gradually range from total assistance to wheelchair use to walking with
aids to walking without aids. The SCIM version III16 indoor and outdoor mobility items
showed excellent reliability and construct validity.16

Traumatic SCI patients:
N=1366
Patients eligible for analysis:

Patients ineligible for analysis:
- Neurological level of injury
caudal to L1 (N=148)

N=1218
Patients without complete initial
neurological examination*

Patients included for analysis:
N=600
Patients without 6 and 12
months FU measurements:
N=168 (28%)

Patients with 12 months
FU measurements:
N=314 (52%)

Follow-up
Patients with only 6 months
FU measurements:
N=118 (20%)

Patients included for analysis:
N=432 (72%)

Symbols & abbreviations. * Neurological examination performed according to the International standards within the first 15 days
post-injury, SCI: Spinal cord injury.

Figure 11.1
Flowchart of patients in the European Multicenter Study of Human Spinal Cord Injury (EM-SCI) database with
subjects of patients eligible and included for analysis. Recruitment period: January 2002 to October 2008.
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Since the difference between indoor and outdoor mobility scores particularly reflect
the difference in daily performance rather than in ambulatory capacity, only the indoor
mobility follow-up scores were used for analysis. In addition, to distinguish dependent from
independent indoor walkers, the SCIM indoor scores were converted to dichotomous
outcomes. Patients who required total assistance, partial assistance to operate a manual
wheelchair, a manual wheelchair without assistance or supervision while walking were grouped
and scored as ‘unable to walk or dependent of assistance while walking’. Patients who were able to
walk with or without assistive devices, but without supervision, were grouped and scored as
‘able to walk independently’. Thus, a cut-off level of the SCIM indoor mobility score was
applied; scores 0-3 were grouped and defined as ‘unable to walk or dependent of assistance while
walking’ and scores 4-8 were grouped and defined as ‘able to walk independently’, see Box 10.2.16
Within the EM-SCI consortium the SCIM version II was replaced by version III in
November 2007. Because these versions are identical with respect to the graded scores of
indoor and outdoor mobility items, the SCIM version II and III indoor mobility scores were
grouped. In patients with absent 1-year follow-up measurements, 6-months follow-up
measurements were used for analysis.
Statistics
Patients were divided into 2 groups: those who were able to ambulate independently after 1
year and those who were not. Comparisons between groups were performed with use of chisquared tests. The positive predictive values (PPV) and negative predictive values (NPV)
were calculated from contingency tables with 95% confidence intervals (95% CI) calculated
using the binominal exact method.
Univariate logistic regression equations were then computed for each sacral sparing
item separately. To identify the strongest predictive rule for ambulation in chronic phase after
traumatic SCI, stepwise backward multiple logistic regression was performed. All 4 sacral
sparing items were entered into the model. The area under the receiver-operating characteristic
(ROC) curve (AUC) was used to assess the performance of the items separately and the
model in terms of accuracy of correct prediction.22 The ROC-curve is a plot of the true positive
rate (sensitivity) against the false-positive rate (1-specificity) of the model. The curve illustrates
the ability of the model to discriminate between patients who ambulate independently after 1
year and those who do not. A test with no better discriminative ability than what would
otherwise be obtained by pure chance will have an area under the curve (AUC) of 0.5,
represented graphically by the area under a 45 degree line. The accepted statistical rule of
thumb is that a test with an AUC of less than 0.7 has a poor discriminative ability; an AUC
between 0.7 and 0.8 provides acceptable discrimination and a test with an AUC above 0.8 is
considered to have an excellent discriminative ability.23 The AUC ratio of the regression
analysis was then compared to the AUC ratio of the predictive rule using currently applied
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distinction between complete versus incomplete SCI.24 All statistical analyses were considered
statistically significant when alpha < 0.05. All data analysis was performed with the use of the
SPSS software package version 15.0 (SPSS, Chicago, Illinois).

Table 11.1
The initial SCI severity and the ability to ambulate independently in the chronic phase (n=432).
Severity initial SCI
Complete
(AIS grade A)
Incomplete
(AIS grade B, C, D)

Able to ambulate independently?
No
Yes
n

215

15

%

93,5%

6,5%

n

72

130

%

35,6%

64,4%

Results
Among the 1366 trauma patients within the EM-SCI database, 600 (44%) met all of the study
criteria (see Figure 11.1). The mean patient age at time of injury was 45 years (range 15-92
years), 79% were male, 58% had tetraplegia and 42% patients had paraplegia. One-year followup SCIM measurements were available in 314 (52%) of included subjects. In absence of 1-year
follow-up measurements, 6-months follow-up measurements were used for analysis in 118 cases
(20%). In total, 432 patients were analyzed (see Figure 11.1).
Mean time between injury and first ASIA assessment at admission was 7.7 days ± 4.7
(range; less than 24 hours to 15 days). One-hundred and fourteen patients (19%) were
examined within 72 hours post injury. At admission 310 patients (52%) scored AIS grade A,
72 (12%) AIS grade B, 95 (16%) AIS grade C and 123 patients (20%) AIS grade D. Of all
AIS grade A patients with available follow-up (n=230), 215 subjects (94%) were unable to
walk or were dependent of assistance while walking. One-hundred and thirty out of 202
incomplete SCI patients with available follow-up (64%) were able to walk independently (see
Table 11.1).
PPVs and NPVs of the 4 sacral sparing items on the ability to walk independently
are presented in Table 11.2. A normal S4-5 pin prick score showed the best PPV of 96.5%
(p<0.001, 95% CI: 87.9-99.6). The S4-5 LT score showed the best NPV; absence of LT
sensation at the time of admission resulted in 226 of 244 patients (92.6%, p<0.001, 95% CI: the
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Table 11.2
Positive and negative predicted values of the four acute phase sacral sparing items on the ability to ambulate
independently in the chronic phase (n=432).
Sacral sparing items
Item

Score

n

%

Able to ambulate independently?*
Yes (n)
PPV‡
95% CI

No (n)

NPV‡

95% CI

Voluntary anal
contraction

0
1

327
105

75.7
24.3

51
94

15.6
89.5

11.8-20.0
82.0-94.7

276
11

84.4
10.5

80.1-88.2
5.4-18.0

Anal sensation

0
1

252
180

58.3
41.7

25
120

9.9
66.7

6.5-14.3
59.3-73.5

227
60

90.1
33.3

85.7-93.5
26.5-40.7

S4-5 Light
touch score†

0
1
2

244
128
60

56.5
29.6
13.9

18
72
55

7.4
56.2
91.7

4.4-11.4
47.2-65.0
81.6-97.2

226
56
5

92.6
43.8
8.3

88.6-95.6
35.0-52.8
2.8-18.4

S4-5 Pin

0
1
2

281
94
57

65.0
21.8
13.2

32
58
55

11.4
61.7
96.5

7.9-15.7
51.1-71.5
87.9-99.6

249
36
2

88.6
38.3
3.5

84.3-92.1
28.5-48.9
0.4-12.1

prick score†

Symbols & abbreviations. *: SCIM item 12 score ≥4 (Yes) or ≤3 (No). In case 1-year follow-up was not recorded, 6-months
follow-up was used for analysis, †: Best score of each patient was used for analysis (ie. left or right), ‡: Highest predictive
values per sacral sparing item are underlined, PPV: Positive predictive value, NPV: Negative predictive value.

88.6-95.6) being unable to walk or being dependent of assistance while walking. The NPV of
absence of anal sensation and voluntary anal contraction on the functional outcome was 90.1%
(p<0.001, 95% CI: 85.7-93.5) and 84.4% (p<0.001, 95% CI: 80.1-88.2) respectively.
Presence of anal sensation in the traumatic SCI patients resulted in a PPV of 66.7%
(p<0.001, 95% CI: 59.3-73.5). In case the best score of the S4-5 LT and PP sensation was
impaired (score 1) at admission, no significant differences existed between the PPV and NPV;
56.2% vs. 43.8% (p=0.185) and 61.7% vs. 38.3% (p=0.130) respectively.
Univariate logistic regression equations were computed for each sacral sparing item separately.
Concerning the ability to walk independently, the predicted probability and effect sizes of
each sacral sparing item are presented in Figure 11.2 and Table 11.3. All sacral sparing items did
have an excellent ability (AUC above 0.8) for discriminating between the ability to walk
independently or not (see Table 11.3).
Multiple logistic regression showed that only the voluntary anal contraction and S4-5
LT, PP sensory scores contribute significantly to the prognosis of independent ambulation.
This model showed the best discriminating ability to predict between patients who were able
to walk independently and those who were not (AUC: 0.906, p<0.001, 95% CI: 0.871-0.941,
see Table 11.4 and Figure 11.3). Within this model the anal sensory score (p=0.605) did not
contribute significantly to the predictive probability of walking independently or not. Use of
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Table 11.3
Area under the ROC for the four acute phase sacral sparing item measurements for discriminating between the
ability to walk independently or not (n=432).

Sacral sparing item

Area

p-value*

95% Confidence Interval
Lower Bound
Upper Bound

Voluntary anal contraction
Anal sensation
S4-5 – Light touch score
S4-5 – Pin prick score

0,805
0,809
0,864
0,846

<0,001
<0,001
<0,001
<0,001

0,775
0,764
0,826
0,802

0,855
0,854
0,903
0,890

Symbols & abbreviations. * Null hypothesis: true area = 0.5

1,0

0,8

Sensitivity

0,6

0,4

Legend
Voluntary anal contraction
Anal sensation
S4-5 – Light touch score
S4-5 – Light touch score
Reference line

0,2

0,0

0,0

0,2

0,4

0,6

1-Specificity

0,8

1,0

Figure 11.2
Area under the ROC for the four acute phase sacral sparing item measurements for discriminating between the
ability to walk independently or not (n=432).
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Table 11.4
Area under the ROC for the regression model and currently used ASIA ‘Complete’ vs. ‘Incomplete’ SCI
distinction for discriminating between the ability to walk independently or not (n=432).

Model

Area

p-value*

95% Confidence Interval
Lower Bound
Upper Bound

Regression model†
Currently used model‡

0,906
0,823

<0,001
<0,001

0,871
0,781

0,941
0,864

Symbols & abbreviations. * Null hypothesis: true area = 0.5, †: Combination of acute phase voluntary anal contraction, S4-5
light touch and S4-5 pin prick score, ‡: ASIA ‘Complete’ vs. ‘Incomplete’ SCI distinction.

1,0

Sensitivity

0,8

0,6

0,4

Legend
Regression model
‘Complete’ vs.
Incomplete’ SCI

0,2

Reference line

0,0
0,0

0,2

0,4

0,6

0,8

1,0

1-Specificity
Figure 11.3
Area under the ROC for the regression model and currently used ASIA ‘Complete’ vs. ‘Incomplete’ SCI
distinction for discriminating between the ability to walk independently or not (n=432).
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the predictive model without anal sensory score (AUC: 0.906) showed significantly better
(p<0.001, 95% CI: 0.038-0.128) discriminating results than use of currently used distinction
between complete and incomplete SCI (AUC: 0.823, p<0.001, 95% CI: 0.781-0.864, see Table
11.4 and Figure 11.3).
Discussion
Determination between complete and incomplete SCI is commonly applied in prognosticating
patients’ functional recovery.19-21 Currently applied criteria of complete and incomplete SCI are
based on the ASIA sacral sparing measurements. This is the first study we are aware of that
examines the validity of the acute phase ASIA sacral sparing items in reference to chronic
phase functional recovery. We found that, except for anal sensation, both minimum and
maximum scores of the sacral sparing criteria provided high NPVs and PPVs with respect to
chronic phase ambulation. The association between sacral pinprick preservation and improved
ambulatory outcomes is consistent with previous literature.12
Only 67% of patients with presence of anal sensation in the acute phase after SCI,
were able to walk independently at 6 or 12 months post injury. One possible explanation for
this low PPV might be the controversy around the definition and technique of the anal
sensation examination. Referring to Waters et al.4, the most recent ASIA reference manual
defines sacral sensation as follows: “sensation at the anal mucocutaneous junction as well as deep
anal sensation”.1 Remarkably, Waters et al.4 did not mention deep anal sensation in the sacral
sensation criteria: “The presence of sacral sensation was determined by the presence of sensation in the
perineum at the anal mucocutaneous junction, glans penis or clitoris.”4 Stauffer25 neither reported on
the prognostic value of deep anal sensation in one of the first descriptive studies concerning
sacral sparing. Previous studies described presence of visceral sensation in ‘complete’ SCI
patients.26, 27 Hypothetically, deep anal sensation might also elicit visceral sensation and
perhaps contribute to the low PPV of the anal sensation examination.
Regression modeling showed that only the combination of voluntary anal contraction
and the S4-5 LT and PP sensation scores contributes significantly to the prognosis of
ambulation. With respect to chronic phase ambulation, distinction between acute phase
complete and incomplete SCI resulted in a significantly lower AUC than the AUC of the
regression model. In other words, omitting the anal sensation score, results in a better
predictive model of independent ambulation than the currently applied combination of all 4
sacral sparing items. Therefore, we state that currently applied distinction between complete
and incomplete SCI is not the best indicator of ambulation recovery. This study stresses the
importance of further research on this topic. In the end, these efforts may result in an optimal
functional predictive algorithm in the acute setting of traumatic SCI care.
The eligibility criteria applied in this study resulted in a homogeneous traumatic SCI
population of upper motor neuron lesions. Patients with a potential cauda equina and conus
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medullaris syndrome were excluded. The rationale behind these exclusion criteria is that
injured peripheral axons regenerate whereas central axons normally do not.28 Although the
impact of this evidence on functional recovery has not been investigated, we consider a clear
central nervous system injury (SCI) as different than a cauda equina injury. Another point of
discussion remains the neurological cut-off level to exclude patients with potential cauda
equina syndrome. The cut-off criterion was defined as injuries below neurological level L1
based on neuroanatomical considerations. To determine the validity of these pragmatic
approaches, further investigation is warranted.
Within the EM-SCI database, validation of the sacral sparing was performed in a
relatively large group of patients. Fifty-two percent of all patients completed 1-year follow-up.
Six-months follow-up measurements were used in case of absence of 1-year follow-up
measurements. A highly significant correlation was observed in patients with both 1-year and
6-month follow-up SCIM indoor mobility scores (n=276, Spearman correlation:0.887,
p<0.001). Therefore, replacement of missing 1-year follow-up measurement by 6-month
measurement is regarded as a valid approach.
Since most of the EM-SCI centers are referral clinics, most ASIA measurements at
admission have not been performed within 72 hours post injury. In our study, acute phase
measurements ranged from 0 to 15 days post injury. Although timing of examination have
been discussed frequently in the literature, no consensus exists about the difference between
the prognostic value of immediate and subacute (>72 hours) examinations.20, 29, 30 Kirshblum et
al.20 concluded that the subacute examination may be more reliable for prognostic purposes
because the immediate examination may be limited by associated injuries and level of alertness.
On the other hand, once the period between injury, examination and treatment increases,
more putative confounders might influence analysis of patients’ functional prognosis.
One-year post injury independent ambulation was the outcome of interest in this
study. The SCIM indoor mobility item was assessed and analyzed for this purpose. Other
instruments addressing the level of dependence on ambulation have also been validated in
SCI patients: the FIM15 and WISCI-II17. The SCIM is currently recognized as the preferred
global measure for assessment of clinical progress.14 In this study the gradual SCIM indoor
mobility scores were converted to dichotomous outcomes for analytic purposes. Although this
pragmatic approach resulted in a qualitative reduction of the data, we have been able to
estimate the ability to walk independently indoors. Rather than capacity, the SCIM
particularly addresses patients’ level of dependence and performance achieved in daily
activities in their current environment. Using the SCIM indoor mobility item as an outcome
measure can therefore be regarded as a valuable and clinical relevant outcome.
Some limitations of this study warrant consideration. Treatment regimens including
administration of methylprednisolone, blood pressure augmentation and urgent spinal cord
decompression are not standardized within the EM-SCI consortium. Despite examinations by
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trained and certified neurological and rehabilitation physicians having at least 1 year
experience in examining SCI patients, inter-rater differences of neurological examinations
remain inevitable due to the multi-center nature of this study. Nonetheless, recently Savic et
al.31 showed a very strong inter-rater reliability of the clinical neurological examination
performed according to the ASIA standards in experienced examiners. A further limitation of
this study is the absence of details concerning spinal fractures and dislocations, co-morbidities,
rehabilitation programs and walking aids within the EM-SCI database.
In conclusion, all sacral sparing items did have an excellent ability for discriminating
between the ability to walk independently or not. Nonetheless, with respect to chronic phase
ambulation, a low PPV of the acute phase anal sensation examination was reported. Out of
the four sacral sparing criteria, the acute phase anal sensory score measurement does not
contribute significantly to the prognosis of independent ambulation. The combination of the
acute phase voluntary anal contraction and the S4-5 LT and PP scores, predicts significantly
better chronic phase independent ambulation outcomes than the currently used distinction
between complete and incomplete SCI. This study stresses the importance of further
investigation on functional predictive algorithms in the acute setting of traumatic SCI care.
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“It is never possible to predict a physical occurrence with unlimited precision.”
Max Planck (1858–1947)

Abstract
Background. Traumatic spinal cord injury (tSCI) is a serious life changing disorder where an
early and reliable prediction of ambulation is key for adjusting programs and goals of
rehabilitation. We developed and validated a clinical prediction rule based on acute phase
neurological findings for the prediction of chronic phase ambulation outcomes in tSCI
patients.
Methods. In a prospective longitudinal cohort study 640 adult tSCI patients with early (within
the first 15 days post-injury) and late (1 year follow-up) examinations were included in 19
European Centers from July 2001 to June 2008. A straightforward clinical prediction rule was
developed on the basis of patient characteristics and neurological variables derived from the
‘International standards for neurological classification of SCI’ using a multivariate logistic a
regression model. Primary outcome measure was the ability to walk independently 1-year postinjury based on the indoor walking scale of the Spinal Cord Independence Measure (SCIM).
Model performances were quantified with respect to discrimination (area under receiver
operating characteristics curve (AUC)). A temporal validation was performed in 99
consecutive patients included from July 2008 to December 2009.
Results. A combination of age (<65 vs. ≥65 years of age), motor scores of the quadriceps femoris
(L3) and gastrocsoleus (S1) muscles and light touch sensation of dermatomes L3 and S1
showed an excellent discriminating ability in distinguishing independent from dependent
walkers and non-walkers (AUC:0.956, p<0.001, 95% CI:0.936–0.976). Temporal validation
confirmed the excellent discriminating ability of the prediction rule (AUC:0.967, p<0.001,
95% CI:0.939–0.995).
Conclusions. Based on simple bedside tests a clinically reliable and valid prediction for the
outcome of ambulation can be applied in acute tSCI. Early prognosis will not only inform
clinicians and patients about meaningful goals in the rehabilitation of ambulation but may also
be applicable in interventional trials to improve the stratification of patients.
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Introduction
Traumatic spinal cord injury (tSCI) has a tremendous impact on patients’ physical and
psychosocial well-being. Although the incidence of tSCI is relatively low with a reported
incidence ranging from 10.4 to 83 cases per million population worldwide, this devastating
disorder imposes a substantial burden on the health care system.1 Despite promising advances
in basic spinal cord repair research, no effective therapy resulting in major neurological or
functional recovery is available to date.2, 3
After the injury, a reliable prognosis of the potential functional outcome of a SCI
patient is essential to counsel the patient and to formulate an individual rehabilitation
program.4 Recovery of walking is a high priority among SCI patients during rehabilitation.5
However, no prediction rule with regard to independent ambulation after tSCI is currently
available.
Data retrieved from a prospective longitudinal multicentre cohort study of a
representative European SCI population were analyzed to develop an accurate, simple and
universally applicable clinical prediction rule for ambulation outcomes in tSCI patients. Age
at injury and variables from the ‘International standards for neurological classification of SCI’
were targeted for the clinical algorithm.6-8 In addition, a second consecutive group of patients
was collected to confirm the reliability of the newly derived prediction rule with regard to
independent ambulation after tSCI.7, 8
Materials & methods
Study design and patient population
A standardized dataset consisting of neurological and functional outcomes has been gathered
prospectively by five centers (19 at present) as part of the ‘European Multicenter Study on
Human Spinal Cord Injury’ (EM-SCI) since July 2001.9 Data on neurological and functional
status were collected prospectively, per protocol, within the first 15 days and 1, 3, 6 and 12
months post-injury. As no proven effective therapy is available to date,3 treatment regimens
are not standardized within the EM-SCI network. Details on applied therapies were not
recorded systematically. The multicentre follow-up study was conducted in accordance with
the ethics standards laid down in the updated version of the 1964 Declaration of Helsinki.10
The study protocols were approved by the local ethics committees of all participating centres,
and the patients gave their informed consent before entering the study.
We extracted EM-SCI data from consecutive enrolments of adult patients with acute
tSCI, including conus medullaris and cauda equine injuries, from July 2001 to June 2008.
Patients without neurological examinations assessed within the first 15 days post-injury were
ineligible for inclusion. Patients with severe cognitive impairment, peripheral nerve lesion,
(poly)neuropathy or craniocerebral injury were not included in the EM-SCI database.
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Polyneuropathy was tested by means of measuring the ulnar and tibial sensory nerve
conduction velocity. Patients with frequent causes of polyneuropathy (e.g. diabetes mellitus)
were excluded by using information from the patients’ medical files. Patients without a
completely conducted neurological assessment were excluded from the analysis.
Prognostic variables
For the prognostic model we considered age and variables from the initial neurological
examination. Compared to younger patients, elderly SCI patients have a diminished potential
to translate neurologically improvements into functional recovery.6 Therefore, age was
categorized into two groups: patients younger and patients equal or older than 65 years of age.6
Neurological examinations were conducted according to the International standards.8, 11
This neurological examination includes motor score (MS) testing (graded on a 5-point scale
adapted from the ‘Medical Research Council’ scale)12, light touch (LTS) and pin prick (PPS)
sensory testing (0: absent, 1: impaired and 2: normal) and sacral sparing scores, including
voluntary anal contraction and anal sensation (0: absent, 1: present).8 Muscle testing was
performed in the supine position. Since the PPS scores and the LTS scores are highly
correlated, we decided to include only one of the two sensory scoring systems in the initial
model.13, 14 Considering that a LTS score of 0 points means that there is no light touch
sensation at all and a PPS score of 0 points means that there may be local sensation, but the
separation of dull and sharp sensation is absent,8 we considered the LTS scoring system least
error-prone. Therefore only LTS scores were selected for analysis. To validate this approach
the final model was tested for the additional value of PPS scores.
In each patient, only the best scores of each level, ie. right or left, of the lower
extremity and sacral scores were included for analysis.14 Clinical assessments were conducted by
trained and certified neurologists and rehabilitation physicians having at least 1 year of
experience in examining SCI patients. ASIA motor and sensory scores were recorded in the
electronic EM-SCI database and the quality and correctness of the data were monitored
centrally. Patients’ AIS grades were computed automatically according to the ASIA
standards.8 Since the aim of this study was to introduce a simple clinical prediction rule with a
minimum burden on patients and a maximum time efficiency for physicians, we did not
attempt aggregated neurological scores for analyses.15
Outcome assessment
The ability to walk independently 1-year post-injury was defined as the primary functional
outcome. The ‘Spinal Cord Independence Measure’ indoor mobility item (SCIM item 12,
<10m) was assessed and analyzed for this purpose.16, 17 The SCIM indoor mobility item
gradually ranges from total assistance to wheelchair use, to walking with aids, to walking
without aids and showed excellent reliability and construct validity in SCI patients.17 To
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distinguish dependent from independent indoor walkers, the SCIM indoor scores were
converted to dichotomous outcomes. A cut-off level of the SCIM indoor mobility score was
applied; scores 0–3 were grouped and defined as ‘unable to walk or dependent on assistance
while walking’ and scores 4–8 were grouped and defined as ‘able to walk independently’.14 In
ancillary analyses, the SCIM indoor mobility outcomes were correlated with the ambulation
outcomes for moderate distance (10-100m) and outdoors (>100m), i.e. SCIM items 13 and 14,
respectively.16, 17 As previously validated, 6-months follow-up measurements were used in
patients with absent 1-year follow-up measurements.14 Physicians, physiotherapists and
occupational therapists who assessed the SCIM measurements were not blinded to the initial
neurological examination results.
Statistical analysis
A descriptive analysis of patients’ characteristics was performed using absolute and relative
frequencies for qualitative variables and means (SD) for quantitative variables. Positive
predictive values (PPVs) and negative predictive values (NPVs) were calculated from
contingency tables with 95% confidence intervals (95% CIs) using the binomial exact method.
As the included neurological candidate predictors are highly correlated, several
models with almost equivalent performances can be constructed. We applied an exhaustive
model search in which all logistic regression models, with a maximum of 7 predictor variables,
were evaluated. The Akaike information criterion (AIC) was determined for each model to
assess the goodness-of-fit.18 The smaller the AIC, the better the model performs. A shortlist of
'best' models was created including the model with the lowest AIC and those models with a
maximum of four AIC points higher. In case of almost equivalent performances of the
remaining ‘best’ models, we selected the optimal model based on the number of predictors (the
smaller the better) and estimated optimal simplicity in use. The relative weighting of each
variable included in the final model was based on its β value in the logistic regression analysis.
Based on these weighted values predicted probabilities were calculated.
The performances of the prediction rule were quantified with respect to
discrimination which was defined as the area under receiver operating characteristics (ROC)
curve (AUC). This curve illustrates the ability of the model to discriminate between patients
who ambulate independently after 1 year and those who do not.19 Calibration of predictions
was assessed graphically by plotting observed frequencies against predicted probabilities.
Several ancillary analyses were performed. First, the potential additional predictive
value of the PPSs, the timing of examination ( ≤24 h, <72 h or <15 days post-injury), and the
level of injury (tetra- or paraplegia) were examined by adding these variables separately to the
final model.4, 20-22 Second, the AUC of the newly derived prediction rule was compared to the
AUC of the AIS grading system.8 Third, the agreement between dichotomous SCIM indoor
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Traumatic SCI patients:
N=1442
Patients eligible for analysis:

Patients ineligible for analysis:
- Age <18 years (N=56)
- Non-traumatic SCI (N=104)
- No neurological examination
within the first 15 days post-injury
(N=577)

N=704
Patients excluded from analysis:*
- Patients with NT measures (N=64)

Patients included for analysis:
N=641
Patients without 6 and 12
months FU measurements:
N=148 (23%)

Patients with 12 months
FU measurements:
N=375 (59%)

Follow-up
Patients with only 6 months
FU measurements:
N=118 (18%)

Patients included for analysis:
N=492 (77%)

Symbols & abbreviations. * Neurological examination performed according to the International standards within the first 15 days
post-injury, SCI: Spinal cord injury, NT: Not testable, FU: Follow-up.

Figure 12.1
Flowchart of patients in the European Multicenter Study of Human Spinal Cord Injury (EM-SCI) database with
subjects of patients eligible and included for analysis. Recruitment period: January 2001 to June 2008.

mobility outcomes and ‘moderate distance’ and ‘outdoor’ mobility outcomes was calculated
using kappa statistic (κ).
Finally, for temporal validation, the performance of the clinical prediction rule was
evaluated on tSCI subjects included in the EM-SCI network from July 2008 to December
2009. No alteration in the prognostic score was permitted after temporal validation was
initiated. Statistical analyses were performed using the SPSS software package version 16.0.02
(SPSS, Chicago, IL, USA) and the R software package version 2.10.1 (R Foundation for
Statistical Computing, Vienna, Austria).
Results
During the study period July 2001 to June 2008, 1282 eligible adults with tSCI were admitted
to 19 EM-SCI centers. A total of 640 patients with completely documented neurological
examinations assessed within the first 15 days post-injury was included for analysis (Table 12.1).
Ambulation outcome measures were available in 492 patients (77%, see Figure 12.1).
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Table 12.1
Characteristics of adult traumatic SCI Patients in the Derivation Set and Validation Set.*
Variable

Derivation Set

Temporal Validation Set

Setting
Inclusion period

19 European SCI Centers
July 2001 - June 2008

19 European SCI Centers
July 2008 - December 2009

Eligible patients
Complete initial neurological examination
within the first 2 weeks post-injury, n† (%)
Male gender, n (%)
Mean age at injury in years (±, range)
≥65 year old, n (%)
Mean timing of examination in days
post-injury (±, range)
Examination <72 h post-injury, n (%)

1282
640 (50%)

389
214 (55%)

504 (79%)
44 (±17, 18-92)
108 (17%)
7.7 (±4.7, <24h-15)

169 (79%)
47 (±19, 18-89)
49 (23%)
8.0 (±4.6, <24h-15)

123 (19%)

34 (16%)

314 (49%)
88 (14%)
96 (15%)
142 (22%)

85 (40%)
26 (12%)
46 (21%)
57 (27%)

341 (53%)

114 (53%)

374 (59%)
118 (18%)
200 (41%)

54 (25%)
45 (21%)
43 (43%)

Severity of initial neurological deficit
AIS A, n (%)
AIS B, n (%)
AIS C, n (%)
AIS D, n (%)
Tetraplegics‡, n (%)
Outcome measurements
1 year follow-up measure, n (%)
Only 6 mo. follow-up measure, n (%)
Independent ambulators§ (%)¶

Symbols & abbreviations. *: Means and their standard deviations are given for all continuous variables, †: These numbers of
patients are used as reference numbers for following proportional calculations, ‡: Versus paraplegics, §: As assessed with
Spinal Cord Independence Measure item 12 (dichotomous outcome, see text), ¶: As a proportion of patients with available
follow-up patients, AIS: American Spinal Injury Association (ASIA)/International Spinal Cord Society (ISCoS)
neurological standard scale.

After logistic regression analysis, 11 different models consisting of age and four
neurological predictors were most significantly related to ambulation outcomes. The complete
datasets of the best models are available in Appendix 12.1. Based on the estimated optimal
simplicity in use, the final model was selected and included age dichotomized at 65 years
together with the neurological predictors; quadriceps femoris muscle grade (L3), gastrocsoleus
muscle grade (S1), LTS at L3 and LTS at S1. The probability of independent ambulation 1
year after tSCI can be estimated using the weighted coefficients of the final prediction model
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Table 12.2
The weighted coefficients of the novel clinical prediction rule.
Variable*

Range of test
scores

Weighted
coefficient

Minimum
score

Maximum
score

Age ≥65y
Motor Score L3
Motor Score S1
Light Touch Score L3
Light Touch Score S1

0-1†
0-5
0-5
0-2
0-2

-10
2
2
5
5

-10
0
0
0
0

0
10
10
10
10

-10

40

Total

Symbols & abbreviations. *: Only the best score of each myotome or dermatome, ie. right or left, should be applied for the
prediction rule (see text). †: 0= No, 1=Yes

as shown in Table 12.2, with a minimum score of -10 and a maximum score of 40 points. To
calculate the probability of independent ambulation based on this rule the following equation
can be used:

e -3,273+0.267xScore
1 + e-3,273+0.267xScore
Alternatively, Figure 12.2 provides a graphic representation of the clinical prediction rule
which can be easily applied to predict independent ambulation outcomes in individual
patients.
The prediction rule showed an excellent discriminating ability (AUC: 0.956,
p<0.001, 95% CI: 0.936–0.976, see Appendix 12.2) in distinguishing those patients who were
able to walk independently from those who were not. For the calibration of the prediction
rule, the total sample was divided into four intervals. For each of the intervals, the predicted
proportion of patients that was able to walk independently 1-year-post-injury is depicted in
Figure 12.3A, showing an excellent calibration.
Ancillary analyses showed that neither the level of injury (p=0.659) nor the timing
of examination (p=0.312) had a significant additional value with respect to predicting
independent ambulation outcomes. Adding all PPS scores to the final model did not provide
a significant increase in fit (p=0.339). However, after applying a backward selection we found a
single significant additional effect for PPS at L5 (p=0.017). The AUC of the model including
the additional PPS L5 was marginally higher than the AUC of the prediction rule without
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0,9
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0,8
0,7
0,6
0,5
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0,2
0,1
0,0
-10

-5

0
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10
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Prediction rule score
Figure 12.2
Graphic representation of the novel prediction rule. The prediction rule score (X-axis, range: -10 to 40) is plotted
out against the probability of walking independently 1 year post-injury (Y-axis). The light grey area around the
curve represents the 95% CI of the prediction rule based on the regression model. The dashed lines are a visual aid
to determine the probability of walking independently.

this variable (0.959 versus 0.956). The predictive values of the AIS grading system are
presented in Table 12.3. The accuracy of the prediction rule was significantly higher ( ΔAUC:
0.058, p<0.001, 95% CI: 0.030–0.086) than of the AIS grading system (AUC: 0.898, p<0.001,
CI: 0.867–0.928). As demonstrated in Appendix 12.3, the prediction rule had a clear additional
clinical value for the prediction of independent ambulation in each of the AIS grades.
Highly significant correlations were found of SCIM item 12 with SCIM items 13
(κ=0.962, p<0.001) and 14 (κ=0.862, p<0.001), see Table 12.4.
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Temporal Validation
The clinical characteristics of the patients included in the validation set are shown in Table
12.1. As expected, the 99 patients in the validation group had a lower rate of 1-year follow-up
measurements compared with the patients in the derivation group. The discriminating ability
of the prediction rule in the validation set was again excellent (AUC: 0.967, p<0.001, 95% CI:
0.939–0.995, see Appendix 12.2). Figure 12.3B presents the calibration of the prediction rule as
assessed in the validation set. Although deviations from the predicted probability of the four
intervals were more apparent due to smaller sample sizes, the calibration remained excellent.
The addition of the PPS score at L5 to the novel prediction rule resulted in a
marginally lower AUC compared to the AUC of the prediction rule alone (0.964 versus
0.967).

Table 12.3
The predictive value of the AIS grading system on independent ambulation outcomes in 492 tSCI subjects
from the derivation dataset.

N

AIS grade

(%)

NPV

95% CI

PPV

in %
A
B
C
D

240
66
76
110

(49)
(13)
(16)
(22)

91.7
60.6
38.2
2.7

95% CI

in %
87.4-94.8
47.8-72.4
27.3-50.0
0.6-7.8

8.3
39.4
61.8
97.3

5.2-12.6
27.6-52.2
50.0-72.8
92.2-99.4

Symbols & abbreviations. NPV: Negative predictive value, PPV: Positive predictive value.

Table 12.4
Agreement between primary outcome measure SCIM item 12 and SCIM items 13 and 14 calculated in 492
traumatic SCI subjects from the derivation dataset.
SCIM item 12
Yes
No

N

SCIM item 13
Yes
No

κ (p-value)

SCIM item 14
Yes
No

κ (p-value)

200
292

191
0

0.962
(<0.001)

168
0

0.862
(<0.001)

9
292

32
292
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Figure 12.3
Calibration plots of the novel prediction rule score with the 492 tSCI subjects from the derivation dataset (Figure 12.3 A) and the 99 tSCI subjects from the validation
dataset (Figure 12.3 B) divided into four intervals. The size of each point corresponds to the number of patients in the interval with vertical lines representing 95% CIs. The
vertical stripes at the lower horizontal border represent the prediction rule scores of patients who were not able to walk independently. The vertical stripes at the upper
horizontal border represent the prediction rule scores of patients who were able to walk independently.
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Discussion
Our study has provided a simple clinical prediction rule derived from a large prospective
European database that can be used by physicians to counsel tSCI patients and their families
during the initial phase after the injury. Based on age and four clinical neurological
parameters, the probability of walking independently in the chronic phase after tSCI can be
calculated more accurately than when using the commonly applied AIS grading system.
There is a literature trail both past and current that demonstrates the superiority of lower
extremity motor scores and at times combined with sensory tests over AIS grades alone to
predict who will walk after tSCI.23, 24 Our prediction rule not only confirms this previous
clinical data, but pinpoints the most statistically reliable basis for prediction of walking after
tSCI with the most efficient and simple clinical examination to date.
Improved prediction of ambulation
Numerous neurological variables derived from the International standards have already been
examined for their predictive value for ambulation outcomes.8, 14, 22, 24-29 Several studies
demonstrated the prognostic value of the early assessment of a single neurological predictor
such as the strength of the quadriceps,30 strength of the hip flexors31 or anal sensation24, 25, but
these studies have often been small sized except for more robust samples from a clinical trial
and a European database.14, 24 Use of multivariate prognostic models for determining outcomes
after neurotrauma such as traumatic brain injury have recently gained increased recognition
provided they have included large sample sizes and applied external validation, but such
models have not yet been applied to tSCI.32, 33 To our knowledge we present the first accurate,
well validated and universally applicable prediction rule for independent ambulation after
tSCI.
The proposed clinical prediction rule shows a greater accuracy than the AIS grading
system. Using the AIS grading system is also more time consuming than testing two key
muscles and dermatomes. Nonetheless, accurate and reliable assessment of the four
neurological tests requires some experience in the physical examination of tSCI patients.34
Although the proposed clinical prediction rule provides a quick and accurate prognostic tool
for ambulation outcomes in tSCI patients, the International standards remain the gold standard
for the assessment of SCI’s severity as well for the assessment of experimental treatments’
efficacies.34
Rationalizing clinical items for prediction
Neurophysiological parameters, such as somatosensory evoked potentials, have also been
evaluated for their prognostic value on ambulation outcomes, but are time consuming and less
suitable for inclusion in a straightforward prediction rule.26, 35, 36 Nonetheless, neurophysiolo-

217

al assessments may be of value in patients who cannot participate in a reliable physical
examination.26, 35
Variables that are highly correlated with others contribute little independent
information and may be excluded beforehand in prognostic modeling research.13 In contrast to
earlier reports,25, 37 a recent high-volume study from the EM-SCI consortium showed that the
sacral PPS and LTS scores have a similar discriminative ability in the prediction of
ambulation outcomes after tSCI.14 Aiming for simplicity of the prediction rule we decided to
include only LTS scores in the initial model. Although addition of the PPS at L5 to the
novel prediction rule resulted in a marginally higher AUC in the derivation set analysis, it
also resulted in a marginally lower AUC in the validation set analysis. This phenomenon was
probably the result of an over-fitted model with the addition of PPS L5. Overall, we consider
excluding the PPS scores prior to model building as a valid approach.
Since most of the EM-SCI centers are referral centers, the majority (81%) of the
neurological assessments had not been performed within 72 h post injury. There is no
consensus regarding the difference between the prognostic value of immediate versus subacute
(<72 h) examinations.20, 38, 39 A post hoc analysis in our population showed that the timing of
examination (<24 h, <72 h or <15 days post injury) did not have a significant effect on the
accuracy of the prediction rule. Furthermore, whereas Kirshblum and colleagues hypothesized
that the percentage of subjects with incomplete tetraplegia able to achieve independent
ambulation is lower than for incomplete paraplegia,4 we did not find a statistically significant
difference between tetra- and paraplegics with regard to ambulation outcomes.
A previously introduced dichotomization of SCIM item 12 was applied as the
primary functional outcome measure.14, 16, 17 This study confirms that the SCIM indoor
mobility outcome is strongly correlated with moderate and outdoor distance outcomes.40 The
presented prediction rule, however, can only be applied to predict the ability to walk
independently for indoor distances.
Strengths, limitations and future perspectives
Important strengths of our study include the prospectively collected data in a large European
tSCI population, the availability of validated and detailed information on patients’ initial
neurological impairments assessed by trained and certified physicians, the use of a well
validated clinical outcome measure for ambulation (SCIM), and a temporal validation of the
derived clinical prediction rule. Nonetheless, several potential limitations of our study merit
consideration. Since a number of EM-SCI centres are specialized rehabilitation centres, acute
phase measurements were absent in a relatively large proportion of patients. Nonetheless, the
distribution of patient characteristics is comparable to the distribution reported in previous
North-American multicenter studies.41 Although therapeutic strategies have not been
recorded within the EM-SCI database, the large heterogeneous patient sample may have
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resulted in diminished confounding influences. Details of patients lost to follow-up (eg.
mortality) have not been documented, which might have resulted in an over-optimistic
prediction model. Before applying the prediction rule in clinical practice, an external validation
study is required to assess its generalizability.42 Moreover, the clinical efficacy of the prediction
rule also needs to be determined by investigating whether its use results in more efficient use
of rehabilitation resources and improved psychological well-being of SCI patients.4, 43, 44
Finally, although no effective therapy resulting in major neurological or functional recovery is
available to date, future effective therapeutic strategies may require a reassessment of the
prediction rule’s accuracy.45
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Appendix 12.1

Model
1
2
3
4
5*
6
7
8
9
10
11

Intercept
-3,209021
-3,228556
-3,254674
-3,104147
-3,234007
-3,299778
-3,210505
-3,237455
-3,283169
-3,193155
-3,162820

Predictor variables
Age ≥ 65 VAC
-3,108483
-3,143594
-3,196213
-3,189945
-2,702160
-2,777611
-2,678659
-2,702445
-2,754112
-3,012834
-2,883007

AS

LTS L1

LTS L2

LTS L3 LTS L4
1,022254

LTS L5

LTS S1

LTS S2 LTS S3

0,893220
0,852032
1,063011
1,155254

1,427147
1,629236
1,489739
1,521866
1,671592

0,975683
1,056305
0,996930
0,909863
1,099296
1,084444

1,453794

Appendix 12.1-A
The shortlist of the best models available after regression analysis with a total of 5 predictor variables.

Model
1
2
3
4
5
6
7
8
9
10

Intercept
-3,309395
-3,250792
-3,263062
-3,295561
-3,267868
-3,198877
-3,256625
-3,237874
-3,267731
-3,233680

Predictor variables
AS
Age ≥ 65 VAC
-3,193526
-3,122225
-3,143360
-3,232775
-3,186572
-3,060140 0,538065
-3,183990
-3,156136
-3,135195
-3,152876

LTS L1 LTS L2
0,767266

LTS L3

LTS L4

LTS L5

0,894460
0,782308
0,720517
0,642508

LTS S1 LTS S2 LTS S3
0,779997
0,656154
0,655776

0,620890
0,616323
1,029452
0,747438

0,528460
0,481018

0,852874
0,626663

0,450657
0,670720

0,525147

Appendix 12.1-B
The shortlist of the 10 best models available after regression analysis with a total of 5 predictor variables (ntotal: 60).

Model
1
2
3
4
5
6
7
8
9
10

Intercept
-3,302812
-3,264332
-3,311760
-3,292449
-3,239964
-3,326052
-3,252719
-3,301836
-3,324354
-3,260800

Predictor variables
AS
Age ≥ 65 VAC
-3,144003 0,547744
-3,135769 0,615969
-3,148933
-3,189366 0,601365
-3,066095 0,509176
-3,143372
-3,095434 0,493706
-3,192392
-3,129259
-3,071086

LTS L1 LTS L2
0,785799
0,653624
0,468184
0,738238

LTS L3

LTS L4

LTS L5

LTS S1 LTS S2 LTS S3
0,746904

0,634647
0,479227

0,673181
0,623087

0,906797
0,802261
0,789227
0,664460
0,808829

0,356872
0,928904

0,633964
0,834795
0,633174
0,585826
0,862762
0,714851

Appendix 12.1-C
The shortlist of the 10 best models available after regression analysis with a total of 7 predictor variables (ntotal: 150).

Symbols & abbreviations. *: Final prediction model, VAC: Voluntary anal contraction, AS: Anal sensation, MS: Motor score,
LTS: Light touch score, AUC: Area under the receiver operating curve, SE: Standard Error, AIC: Akaike information criteria.
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Appendix 12.1
Continued .
LTS S4-5
1,533563
1,636812
1,710696
1,453665

MS L2

1,516903

0,393208
0,501819

Derivation set
AUC
SE
0,957628
0,009673
0,954512
0,010537
0,955163
0,010401
0,952483
0,010732
0,735541 0,956336
0,010044
0,734777 0,955925
0,010039
0,644486
0,955753
0,010075
0,736954 0,955300
0,010175
0,657137
0,955659
0,010026
0,939151
0,956182
0,009799
0,720906
0,955959
0,010028

AIC
241,8126
242,0358
242,3706
244,1125
244,3836
244,8811
245,4506
245,5047
245,5205
245,5823
245,6686

Validation set
AUC
SE
0,966777
0,013812
0,963455
0,014711
0,960341
0,015671
0,968023
0,013423
0,970515
0,012906
0,968439
0,013437
0,966777
0,014060
0,968439
0,013451
0,964701
0,014662
0,960756
0,015607
0,966570
0,014071

Derivation set
AUC
SE
0,958784
0,009671
0,958108
0,009743
0,957757
0,009852
0,958562
0,009604
0,958707
0,009570
0,957971
0,009668
0,958074
0,009751
0,957568
0,009688
0,958810
0,009545
0,957971
0,009731

AIC
241,9838
242,1825
242,4152
242,5229
242,5266
242,7068
242,7775
242,8284
242,8331
242,8632

Validation set
AUC
SE
0,967608
0,013682
0,970307
0,012926
0,966154
0,014076
0,965116
0,014330
0,964701
0,014459
0,966199
0,014088
0,967400
0,013659
0,970100
0,012978
0,964078
0,014653
0,966777
0,013779

Derivation set
AUC
SE
0,959426
0,009590
0,958699
0,009568
0,959033
0,009606
0,958741
0,009601
0,957971
0,009762
0,958365
0,009697
0,957954
0,009815
0,958690
0,009663
0,958682
0,009680
0,957663
0,009772

AIC
242,8596
243,0966
243,1464
243,1661
243,1774
243,2806
243,4799
243,5048
243,5131
243,5357

Validation set
AUC
SE
0,964286
0,014709
0,960884
0,015598
0,970723
0,012820
0,964711
0,014516
0,970451
0,012984
0,968854
0,013337
0,965986
0,014233
0,964701
0,014529
0,969684
0,013125
0,968023
0,013572

MS L3
0,455579
0,482088
0,474079
0,530954
0,462450
0,483464
0,562759
0,493936
0,574653

MS L4 MS L5
0,837796
0,840874
0,839143
0,759073

MS S1

MS S1

LTS S4-5
1,162171
1,120095
1,203883
1,357887
1,401974
1,444196
1,364697
1,315155
1,533741
1,413636

MS L2

MS L3
0,525644
0,507494
0,530761
0,506002
0,431203
0,441995
0,513008
0,493800
0,428382
0,451930

MS L4 MS L5
0,749196
0,757461
0,757364
0,778525
0,843899
0,768266
0,784341
0,784306
0,860428
0,838521

LTS S4-5
1,099662
1,294536
1,105331
1,263477
1,047811
1,068627
1,140989
1,122488
1,034115
1,016581

MS L2

MS L3
0,502982
0,408686
0,483334
0,484192
0,490251
0,514022
0,514946
0,487182
0,497397
0,498572

MS L4 MS L5 MS S1
0,686162
0,768948
0,778209
0,708670
0,694313
0,538841 0,240011
0,697760
0,775003
0,542261
0,235726
0,559821 0,222861
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1,0

0,8

Sensitivity

0,6

0,4

0,2

ROC in the derivation set
ROC in the validation set

0,0
0,0

0,2

0,4

0,6

0,8

1,0

1-Specificity
Appendix 12.2
The receiver-operating characteristics curves (ROC) for the novel clinical prediction rule for discriminating between
the ability to walk independently or not in the derivation set (Black line, n=492) and in the validation set (Grey
line, n=99).
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Appendix 12.3
Graphic representations of the prediction rule stratified by the initial AIS grading system scores (ntotal=492). The vertical stripes at each lower horizontal border represent the
prediction rule scores of patients who were not able to walk independently. The vertical stripes at each upper horizontal border represent the prediction rule scores of patients
who were able to walk independently.

Probability of walking independently

227

228

Section D
Synthesis

- Chapter 13 -

General Discussion

“I am fully convinced that medical research can offer one a happy and productive life. And if one has a
little Viking spirit he can explore the world and people as no one else can do. The whole medical research
area is wide open for exploration.”
Earl W. Sutherland Jr. (1915–1974)

What improvements have been made over time in the prognostication and classification of spinal column
and spinal cord injuries?
The Edwin Smith papyrus contains the first known categorizations of spinal column and
spinal cord injuries. The scroll demonstrates that the ancient Egyptian ‘physicians’ were
already aware of the clinical importance of various vital symptoms which, in turn, were
considered in the treatment decision-making process. As becomes clear in the papyrus, the
ancient Egyptians were already aware of the poor prognosis in SCI patients. Most of the
patients died a relatively short period after the injury because of a pneumonia, urinary tract
infection or other complications.
In his classic work On Joints, Hippocrates addresses a similar sense of despair for the
treatment of patients with spinal cord injury:1
“The spinal cord, too, would suffer, if the luxation due to jerking out of a vertebra had made so sharp a
curve; and the vertebra in springing out would press on the cord, even if it did not break it. The cord,
then, being compressed and intercepted, would produce complete narcosis of many large and important
parts, so that the physician would not have to trouble about how to adjust the vertebra, in the presence of
many other urgent complications. So, then, the impossibility of reducing such a dislocation either by
succussion or any other method is obvious…”
The historical writings of Hippocrates on the diagnostic and therapeutic aspects of injuries of
the spinal column and spinal cord were considered as a reference work for many, many
centuries. To illustrate, in 1825, Cooper advocated a similar treatment for traumatic spinal
cord injury as proposed by Hippocrates during the 4th century B.C., namely: cupping-glasses...2
The most famous successor of Hippocrates was the Ancient Roman physician
Clarissimus Galenus who lived during the 2nd century A.D.. In three of his masterworks: On
Anatomical Procedures,3 On the Causes of Symptoms,4 and On Affected Areas,5 Galen documented
his findings on spinal cord injuries he acquired from experimental laboratory animal studies.
The methodological quality of Galen’s experiments and its underlying rationale can be
considered as exceptional for that time. Galen postulated that when the spinal marrow is
injured at level C1 or C2 or even between C3 and C4, the animal dies because respiration
ceases. On the contrary, the autonomic function of the heart is sustained in these high-level
injuries. When level C5 is affected, the upper extremities are deprived of sensibility and
motion. Further, injuries at level C7 lead to minor disturbance in sensory and motor functions
of the upper extremities. Although a cord lesion below level C6 results in paralysis of the
intercostal and abdominal muscles, the animal will not die because the autonomic respiratory
function remains intact. Galen was the first one to prove that the (phrenic) nerve that
innervates the diaphragm originates from the cervical spinal cord. In addition to these
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findings, Galen also described with remarkable accuracy the neurological and functional
sequelae resulting from injuries to the lumbar part of the spinal cord, including paraplegia,
retention of urine and feces or incontinence.6
In the many centuries that followed after the Galenic era, no considerable
improvements were made in the understanding of the prognosis of spinal cord injuries. This
again illustrates that Galen was amazingly far ahead of his time. Despite the great educational
and scientific contributions of the ancient Egyptians, Hippocrates and Galen, physicians faced
immensely high mortality rates in SCI patients, even until the late 19th century:7, 8
“…I gave very little medicine and that only to satisfy friends of the patient that I was doing all that
could be done. I knew of no remedy that could restore the continuity of spinal marrow. I used the catheter
twice a day; no urine passed without it. The bowels were not moved… In spite of the care and
watchfulness of anxious friends and the feeble efforts of your reporter, patient sank and died...”
Dr. Blount tried to optimize the care of the patient by applying intermittent catheterization.
The ancient Egyptians already used bronze catheters for urinary drainage. Despite catheter
use, the urinary tract remained one of the most vulnerable systems in SCI patients:9, 10
‘‘Any local infection is liable to be followed by a general infection, cystitis, or pyelitis; and pyelitis is
almost always the ‘end condition’ of the paraplegic.’’
It was not until the first half of the 20th century when survival rates increased
dramatically because of the introduction of specialized care, prevention of complications and,
most importantly, the discovery and use of antibiotics.11-14 Dr. Donald Munro and Sir Ludwig
Guttmann are both considered to be the pioneers in modern spinal cord injury care. Dr.
Munro established the first spinal cord unit in the US at the Boston City Hospital in 1936.
Considering all of the neurological, urological, orthopedic, psychological, and social aspects of
SCI, he was the first to introduce an eye-opening ‘multiple organ systems’ approach. He also
made attempts to improve the self-care and mobility of SCI patients into society. In 1944, it
was Sir Ludwig Guttmann who established the first European SCI unit at Stoke-Mandeville
Hospital. Like Munro’s, his SCI unit became a model for future centers.9
Within a few decades of time, the quality of health care for SCI patient improved to
a large extent. Whereas up to the beginning of the 20th century the prognosis of SCI was
usually expressed in terms of days of survival, after the improvements in SCI rehabilitation
and care the prognosis was expressed in terms of neurological and functional recovery and
psychosocial well-being. This entirely new approach led to the requirement of adequate
assessment tools and appropriate outcome measures.
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In 1969, Michaelis reported on the lack of agreement on the assessment and
description of the level of injury in SCI patients.15 Based on these findings he urged the SCI
community of physicians to adopt a uniform classification.15, 16 In the same year, as part of a
`Festschrift' for Sir Ludwig Guttmann's 70th birthday, dr. Frankel published the first known
classification system to grade the severity of SCI, see Table 13.1.17 During the 10 years that
followed, expert members of the American Spinal Injury Association (ASIA) searched for a
more optimal classification and grading system than the Frankel scale. The first ASIA
classification was introduced in 1982 and has been revised several times afterwards.18-20 The
1992 revision constituted several important modifications concerning the distinction between
complete and incomplete SCI.19 As formerly applied (Frankel scale) criteria for ‘neurological
level of injury’ and ‘zone of partial preservation’ were considered to be of limited prognostic
value, Waters and colleagues introduced the sacral sparing criteria in 1991.21 The latest
revision dates from 2002 and was developed and published together with the International
Spinal Cord Society (ISCoS).20 Most recently, the ‘International standards to document
remaining autonomic function after spinal cord injury’ were introduced.22
The endorsement and adaptation of a uniform classification enabled physicians and
researchers to communicate in a consistent manner. It can be concluded that the underlying
neurological classification of the International standards has reached a certain mature level.
Based on this classification, the severity of the neurological deficit is expressed according to the
ASIA/ISCoS neurological standard scale (AIS).20 Until recently, this AIS scale was the
only gradual neurological system available to predict functional outcomes in SCI patients.
With the introduction of the clinical prediction rule, as presented in Chapter 12, a next step in
the prognostication of functional outcomes has been made.

Table 13.1
The Frankel scale for spinal cord injury which classifies the extent of the neurological/functional deficit into five
grades.
Frankel Scale
A
B
C
D
E

Complete
Sensory only
Motor Useless
Motor Useful
Recovery

No motor or sensory function below level of lesion.
No motor function, but some sensation preserved below level of lesion.
Some motor function without practical application.
Useful motor function below level of lesion.
Normal motor and sensory function, may have reflex abnormalities.
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Although this thesis primarily focused on the prognostic value of the neurological
examination in SCI patients, there are several other methods to estimate neurological and
functional outcomes. During the last decades various study groups investigated the prognostic
value of neurophysiological tests in traumatic SCI patients,23 in particular somatosensory
evoked potentials (SSEPs).24-27 Although SSEPs have no additional prognostic value over
neurological examination, SSEPs may be of clinical value in patients in whom a neurological
examination cannot be assessed appropriately, namely, uncooperative and unconscious patients
and those with major distracting injuries of the lower extremities.24, 27
From the 1990s on, the clinical use of magnetic resonance imaging (MRI) received
much scientific attention and showed promising results for future clinical implementation.
Several study groups investigated the prognostic value of MRI images after SCI.
Unfortunately, these efforts did not result in currently applicable prognostic imaging
variables. Although clinically relevant correlations between acute phase MRI findings and
neurological outcomes have been reported in SCI patients, no studies have reported a
significant correlation between MRI findings and initial neurological examination results to
date.28-30 However, as pointed out in chapter 3, given that diagnostic imaging technology
continues to evolve, MRI still has the potential to become an important assessment tool for
the prognostication of neurological and functional outcomes in SCI patients.
Until the end of the 19th century, the presence of a spinal column injury has always stood in
the shadow of the presence of that devastating and lethal injury to the spinal cord. In one of
the first ever known reports on a large spinal trauma patient series, which comprised a total of
244 patients recruited between 1864 and 1904, dr. Burrell observed and documented a trend of
decreasing rates of mortality through the years.31 Instead of primarily relating this tendency to
the improved care provided by himself and his colleagues, Burrell wrote down the following
interesting remark:
‘‘Injuries of the spinal column that were formerly considered to be wrenches of the spine are to-day known,
in some instances, to be fractures of the spine without cord symptoms.”
In his fairly precise descriptions of the 244 cases, Burrell reported two signs and symptoms not
related to spinal cord injury: crepitus and deformity. Moreover, the level of injury (cervical,
upper dorsal, lower dorsal, or lumbal) was estimated as well. More specific descriptions of
injuries became only available after surgical intervention or post-mortem examinations. In
1895, one of Burrell’s colleagues, dr. Horsley, reported a few remarkable spinal injury cases in
the Lancet.32 The following case is not only impressive because of the reported recovery, but
also includes a more specific description of the spinal injury itself:
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“The patient had fallen from a cart, striking his head and right shoulder. He walked about for a week,
but gradually lost power in all his limbs. When admitted to Queen's Square Hospital, fracture of the
sixth cervical vertebra was diagnosed. The left optic disk was swollen. Laminectomy of the fourth, fifth,
and sixth cervical vertebra removed a ridge which had been pressing on the spinal cord. Power began to
appear on the twelfth day. He has since recovered completely.”
During the same year, a milestone in the diagnosis of spinal column injuries was reached when
Wilhelm Röntgen discovered X-rays.33 Soon after the invention of X-rays, Wagner and
Stolper published the first spinal X-ray images in their classic work Die Verletzungen der
Wirbelsäule und des Rückenmarks in 1898.34 From the moment of Röntgen’s discovery, it was
possible to determine the specific level of spinal column injury prior to the surgical procedure.
This resulted in a tectonic shift in diagnostic, prognostic and therapeutic reasoning.
The early 20th century literature on spinal column injuries was mainly focused on
treatments’ efficacies. Although classification systems were absent, spinal injuries were broadly
categorized into fractures, disclocations and fracture dislocations. Descriptions of spinal
injuries’ anatomical features were more frequently used to support certain theories of optimal
treatment regimens – like the (already ancient) closed hyperextension therapy for
thoracolumbar vertebral body fractures – rather than being considered as prognostic factors
prior to the treatment-decision making.35
The first known spinal injury classification based on radiographs was introduced by
Böhler in 1929.36 The classification was fairly simple. Spinal injuries were classified into two
main categories: fractures of the vertebral body and fractures of the neural arch. Subsequently,
these two morphological anatomical categories were both subcategorized as with or without
paralysis. As can be read in chapter 3, numerous classification systems were introduced during
the decades that followed. It is fascinating to review the approaches that were applied to
categorize spinal column injuries. As mentioned, Böhler introduced injury categories based on
morphological descriptions. Through the years, however, spinal injuries were more and more
categorized in terms of underlying biomechanical principles. In 1963, Holdsworth published a
historical paper on the classification of spinal column injuries.37 In this reference work
Holdsworth applied several biomechanical descriptions to categorize the injuries. Mainly
based on this concept, the spinal injury classifications introduced during the second half of the
twentieth century (including the Allen, Denis, Fergusson and Magerl classifications) can be
characterized by their predominantly hypothetical biomechanical causal descriptions.38-42
Without doubt it can be said that the majority of currently practicing spine surgeons
categorize spinal column injuries in a Holdsworthy way...
With a reputation comparable to the Frankel scale, the 1994 Magerl classification is
probably one of the most commonly applied spinal injury classification in the world.42
Comprising a total of 55 categories, this classification is the most comprehensive spinal injury
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system ever published. Because of its inherent complexity, the reliability of the Magerl
classification system decreases considerably with the increasing number of subcategories.43 On
the other hand, it was Magerl’s et al. intention to introduce an “all-encompassing”
classification, meant to be considered as a reference work or encyclopedia of spinal injuries. In
personal communication with prof. Magerl, he noticed that the classification system can be
easily restricted to the three main and first three subcategories for clinical purposes.
It was the second breakthrough in the diagnostic work-up of spinal injuries,
Computed Tomography (CT), which enabled Magerl et al. to develop such a comprehensive
classification system. Nowadays, CT scans are routinely performed during the diagnostic
work-up in a large majority of level I trauma centers.44 As reviewed in chapter 3, a
contemporary spinal injury classification should primarily be based on the increasingly
routinely performed CT imaging. During the last 10 years, the Spine Trauma Study Group
(STSG) made great efforts to introduce a CT images-based injury classification systems for
the subaxial cervical and thoracolumbar spine.45, 46 The strengths and limitations of these
contemporary classifications will be discussed in the next section.
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What is the methodological quality of prognostication and classification concepts for spinal column and
spinal cord injuries applied in contemporary scientific literature and clinical practice?
The International standards have become the clinical gold standard for the measurement of
neurological impairment in SCI patients.20, 47 Nonetheless, classification of neurological
deficits according to the Frankel scale is still applied in contemporary literature.17 The Frankel
scale is a 5-point spinal cord injury severity scale. Patients are classified “arbitrarily” as
Complete (grade A), Sensory only (grade B), Motor Useless (grade C), Motor Useful (grade
D), or no neurological deficit/complete recovery (grade E), see Table 13.1. This scale provided
a simple, though insensitive, scheme for the categorization of SCI patients. A major limitation
of this scale is the subjectivity inherent in judging what constitutes “useful”.48 It is important to
consider that grades C and D are subjected to ceiling effects, whereby disproportionally few
patients improve beyond these scores. During the eighties and nineties of the last century, the
shortcomings of the Frankel scale were considered by the ASIA classification committees.
The Frankel scale was revised and renamed as the ASIA Impairment Scale (AIS),19 which
was renamed again to the ‘ASIA/ ISCoS neurological standard scale’ in the most recent
revision of the International standards.20
With the introduction of the revisions of the International standards, the initial
ambiguity of the Frankel scale resolved and the reproducibility increased considerably. Even
more importantly, the AIS was now primarily based on the underlying classification of the
neurological status. This classification comprises a set of accurately defined variables, including
10 bilateral myotome scores, 28 bilateral dermatome scores and two additional sacral sparing
scores. Based on this classification it is possible to determine both the neurological level of
injury and zone of partial preservation in an accurate manner. In fact, to assess neurological
improvements precisely, it is the underlying classification system which is advocated to be used
in therapeutic clinical trials.47 In clinical practice, however, the AIS remained the principle
grading system which was used for communication and treatment-decision making.
In their excellent comprehensive review on the neurological assessment of SCI
patients, Furlan and colleagues evaluated the psychometric properties of the 2000 revision of
the International standards.49 Among adult patients with SCI, the intra-rater and inter-rater
correlation coefficients reported for the ASIA motor score assessment varied from 0.98 to 0.99
and 0.97, respectively. The intra-rater and inter-rater correlation coefficients for the ASIA
sensory scores varied from 0.76 to 0.98 and 0.88 to 0.96, respectively. Furlan et al.
demonstrated that the neurological classification potentially has a good responsiveness to
change.
In chapter 11 we stated: “Although the timing of examination has been discussed frequently
in the literature, no consensus exists regarding the difference between the prognostic value of immediate
and subacute (<72 h) examinations.” Furlan et al. also addressed this issue and advised, for
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comparison with follow-up neurological assessments, not to obtain a detailed neurological
examination using the ASIA Standards before 72 h post-injury. They supported this
recommendation by recapitulating the potential flaws of initial neurological examination
within the first 24 h when patients can experience severe effects of spinal shock, medical
instability, concomitant traumatic brain injury, and coma. Within the EM-SCI network
patients are not assessed neurologically when they are not able to cooperate adequately. Of
course, the latter arguments raised by Furlan et al. deal with patients uncooperative for
assessment. These arguments are, however, not related to timing (<72 h vs. >72 h) of
examination per se. Moreover, the heavily debated “confounding effect” of the (neurogenic)
“spinal shock” does not influence the neurological examination assessed according to the
International standards, as this classification system does not comprise testing of reflexes.50
This thesis confirms that the neurological variables of the International standards as
assessed during the initial phase after the injury have a strong construct validity with regard to
neurological and functional (ambulation) outcomes in traumatic SCI patients.49 Nonetheless,
this thesis also showed that neurological improvements cannot be directly “translated” into
functional improvements.
As will be discussed in the following section, the classification of spinal column injuries is more
complex than of spinal cord injuries. The cervical, thoracic and lumbar (neurological) segments
of the spinal cord can be considered as one large continuous and uniform segment. In other
words, the motor and sensory scores of the upper extremities are, in essence, comparable to
those of the lower extremities. This simply is not the case in the classification of spinal column
injuries. The anatomical structures of the cervical vertebrae are considerably different from the
anatomical structures of the thoracic and lumbar vertebrae. Moreover, it is well known that
the upper cervical spine (C0-C2) is a unique anatomical structure which cannot be easily
compared to the segmental structure of the subaxial cervical spine (C3-C7). Furthermore,
previous attempts to extrapolate the classification system of the thoracolumbar spine to the
subaxial cervical spine can be considered as unwise and hasty as in particular the lateral masses
of the subaxial cervical region play a far more predominant role in both motion and stability of
the spine than in the thoracolumbar region.
While reviewing the methodological quality of spinal injury classification systems, it
is of utmost importance to consider the impact of the diagnostic assessment on the
classifications accuracy and reliability.51 In chapter 3, the study of Bach et al. was cited to
illustrate this crucial aspect.52 Bach et al. reported higher inter-observer agreement in the
detection of cervical spine fractures with plain radiographs than with CT images. On the
other hand, CT was more sensitive in detecting cervical spine fractures than plain
radiography.52
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Introduced in 1974, the Anderson and D'Alonzo classification of odontoid process
(dens) fractures is one of the few “old generation” classifications which is still applied in current
practice.53 Recently, Barker et al. showed that, based on CT scans, the inter-rater kappa (κ)
values for this classification ranged from 0.46 to 0.67 and the intra-rater κ-value was 0.28.
Although there was a substantial variation with regard to the classification of dens fractures
based on CT scans, the reproducibility of the classification system was even worse with the use
of plain radiographs.54 Another classification, which is steadily becoming part of the “old
generation”, is the Magerl classification of thoracolumbar fractures. As mentioned, the Magerl
classification comprises a total of 55 categories. Blauth et al. demonstrated that its (inter-rater)
reliability decreased considerably with the increasing number of subcategories.43 One should
consider again, however, that Blauth et al. assessed the reproducibility of the Magerl system
with the use of conventional radiographs, and not CT scan images. Kriek et al. confirmed
Blauth et al. their findings, but again, no CT scans but plain radiographs were used in their
evaluation.55
During the last 10 years, the Spine Trauma Study Group (STSG) introduced
multidimensional injury classification systems for the subaxial cervical and thoracolumbar
spine.45, 46 The STSG needs to be commended because of the systematic approach that was
applied during the development phase of the classification systems (ie. extensive review of the
literature and consensus expert meetings). In chapter 3, the most important aspects of the
STSG classifications are reviewed. Although the STSG members demonstrated that they are
quite aware of the importance of issues like reproducibility and validity for the development of
a classification system, several methodological limitations of the developed classifications were
discussed in chapter 3. The most important aspect concerned the difference between
morphological and biomechanical injury descriptives. This thesis raised the notion that
biomechanical injury descriptives are rather speculative.56-58 It is this speculative nature that
seriously affects (increases) the inter-rater variability of the introduced classification systems.
Furthermore, although the STSG was the first to report on the construct validity of a spinal
injury classification system, the way this group approached this important aspect is rather
questionable.59 Relating (prognostic) classification characteristics with the choice of treatment
has nothing to do with construct validity. Relating classification characteristics with patient
outcomes, however, is a perfect indicator to demonstrate a classification’s degree of construct
validity.
Although not explicitly discussed in chapter 3, it is fascinating to realize that the
STSG launched two different types of subaxial cervical spinal injury classifications: 1) the
classification of lower cervical spine injuries (CSISS) and 2) the subaxial cervical spine injury
classification system (SLIC).45, 60 There are two clear differences between the classifications.
First, whereas the CSISS uses anatomical morphological descriptives to describe the type of
injury, the SLIC uses more-or-less biomechanical descriptives (as extrapolated from the
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thoracolumbar injury classification). Second, whereas the CSISS covers spinal injury
characteristics only, the SLIC covers neurological deficits and the integrity of the discoligamentous complex as well. For these two reasons, the CSISS is to be preferred above the
SLIC. However, due to a lack of descriptive and communicative dimensions, a successful
scientific implementation of the CSISS remains to be seen. To conclude, the classification
systems introduced by the STSG may be valuable tools for clinical decision-making.
However, their potential to be used in clinical spinal injury research, eg. for the appropriate
patient stratification, seems to be limited.
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What are the hot future research niches eventually leading to sound and clinically valuable
prognostication and classification models in the field of spinal column and spinal cord injuries?
“Do we measure what we intend to measure?” From both a subjective and objective point of view,
this is the single most important question that we should ask ourselves when doing clinical
research. The subjective interpretation of this question has been quested for ages. Particularly
for spinal injuries, a shift of treatment intentions has occurred over time. Whereas ancient,
medieval and pre-20th century physicians considered survival as the most important outcome of
interest, we nowadays aim to value the best quality of life and independency of living. More
specifically, during the last few decades, the awareness of the importance of patient-related
outcomes - rather than solely radiographical outcomes - increased considerably among
orthopaedic and spine surgeons. Such developments clearly demonstrate that when the overall
quality of health care advances, there is a need for a different array, or a more specific set, of
outcome measures. In methodological terms: clinical outcomes are primarily a function of a
multitude of prognostic factors. Therefore, a shift in outcome measures requires a reassessment of their prognostics factors. Construct validity follows clinical relevance.
This rationale can be easily applied to spinal injury classification systems. A
classification system should comprise of the most relevant prognostic factors. The currently
applied classification for SCI perfectly meets this demand: the neurological parameters, ie.
myotomes & dermatomes, as assessed during the initial phase after the injury, are strongly
related with both neurological and functional outcomes. For the currently available spinal
injury classifications, however, the prognostic values of specific injury characteristics are less
clear. For instance, it is not entirely clear whether a unilateral facet joint dislocation of the
subaxial cervical spine has a better, comparable or even worse clinical prognosis than a nondislocated unilateral lateral mass fracture at the same level.
The principal explanation for the difference in ‘matureness’ between spinal cord
injury and spinal column injury classifications concerns the complexity of their construct. In
spinal cord injury patients, neurological deficits can be clearly assessed and described. Initial
neurological findings are strongly related to neurological outcomes. The neurological
outcomes, in turn, are strongly related to functional outcomes, especially to those functions
requiring specific motor activities. The construct of a spinal column injury classification is, in
essence, more complex. A traumatic impact to the spinal column may result in a loss of its
integrity and, for instance, lead to a dislocated facet joint fracture. Most of the physicians
treating patients with such an injury are concerned about the stability of the affected spinal
segment. Here it becomes interesting. The question that plagued spinal trauma care for ages
rises again: what is, or how should we interpret, stability of the spinal column? While it is
beyond the scope of this thesis to discuss this matter in detail, stability can broadly be
interpreted in two ways. The first approach, which is generally believed to be the most
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important one, concerns the alignment of the spinal canal. Because of its potentially
devastating consequences, namely neurological deficits as a result of compression of the spinal
cord or cauda equina, (further) de-alignments of the spinal canal should be prevented at all
costs. The second approach for the concept stability deals with long-term alignment of the
spinal column in general. Early therapeutic prevention of post-traumatic deformities is an
important aspect that spinal surgeons are dealing with during their treatment-decision making.
To make things even more complex, consideration of the clinical implications of the potential
‘long-term’ type of instability is not straightforward at all. For instance, what is the impact of a
substantial post-traumatic kyphosis of the subaxial cervical spine on patients’ quality of life?
Similar questions can be raised for post-traumatic deformities of the thoracic and lumbar levels
of injury.
To recapitulate, prognostic factors for clinical outcomes in SCI patients are currently
better defined than prognostic factors for spinal column injury outcomes. The simple question
that follows: ‘How do we gain insight into prognostic factors for spinal column injury outcomes?´ The
answer is simple as well: ‘By conducting observational research’. It is fascinating to realize that, as
no effective therapy is available to date, clinical SCI researchers did not have another choice
than to accurately describe the ‘natural history’ in patients. This setting contributed
considerably to the current knowledge we have on prognostic factors. In contrast, from the
Hippocrates era on, the therapeutic aspects of spinal injuries dominated physicians’ interest.
Of course, that’s what physicians are for: to treat. The point is, however, that because of the
dominant role of the therapeutic intervenience, the true prognostic value of certain injury
characteristics remained (and still is) unclear.
The EM-SCI network is an enlightening example for future observational research
initiatives. From 2001 on, data are gathered within this network to create a benchmark of
physiological and clinical SCI data. Based on this collaboration several important reports on
outcome measures and prognosis have been published in renowned journals
(http://emsci.org/Publications). Furthermore, as demonstrated in the Traumatic Central
Cord Syndrome project, the EM-SCI network is a platform upon which previously
introduced SCI concepts can be systematically assessed for both their clinical relevance and
validity. This collaboration may act as an ideal multicenter framework for future therapeutic
interventions in human SCI. There is a need to set up such valuable collaborations in the field
of spinal column injuries as well. A multicenter observational study will definitely result in
increased knowledge about prognostic factors, therapeutic efficacies and the occurrence of
adverse events in the spinal trauma population. Such initiatives require, however, a systematic
way of data collection, financial support, qualified personnel, dedicated data managers and
heaps of enthusiasm...
The question “Do we measure what we intend to measure?” can also be interpreted in a
more objective, or scientific, way. From this scientific perspective the question focuses on the
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methodological quality of the measurement: ‘Does the measurement reflect reality appropriately’, or
‘Is the measurement valid?’. As can be concluded from several chapters of this thesis, the
methodological quality appears to be suboptimal in currently available literature. There is
considerable room for improvement. Nonetheless, the introduction of methodological
guidelines for clinical medical studies resulted in a dramatically increased awareness of its
importance during the last decade. After the implementation of the guidelines for the
preparation, conduct and reporting of randomized controlled trials (RCTs) (eg, CONSORT)
statement61, methodological safeguards for non-randomized trials like the "Strengthening The
Reporting of OBservational studies in Epidemiology” (STROBE) statement62, have also been
welcomed with enthusiasm. In subsequent evaluations based on these guidelines, however,
orthopaedic literature appeared to be of suboptimal quality.
Although knowledge about the quality of reporting in the orthopaedic surgery
literature has grown rapidly, much remains unclear about the quality of reporting in the spinal
trauma literature. In chapter 5, the first methodological systematic review evaluating the
quality (of reporting) of spinal trauma studies has been presented. This review focused on
methodological issues faced in the evaluation of mortality outcomes in elderly patients with
cervical spine injuries. Future methodological reviews may also appraise the internal and
external validity of studies reporting on other hot topics in spinal trauma, including the
efficacy of - and the effect of timing on - the treatment of thoracolumbar spine injuries, the
optimal treatment for facet joint injuries of the subaxial cervical spine and, of course, dens
fractures. For this purpose, safeguards like the CONSORT and STROBE statements may
be used as a surrogate assessment tool.
One should consider, however, that although the CONSORT and STROBE
statements are valuable quality checklists, they do not address specific bias prone issues faced
during the preparation, conduction and reporting of trials in the field of spinal trauma. For
instance, the diagnostic work-up of spinal trauma has been investigated extensively. Despite
these efforts, however, the reliability of the interpretation and classification of spinal injuries
on conventional radiographs remains a topic of debate. If these factors are not described in
detail in studies reporting on the treatment of a specific type of spinal injury, this might affect
both the internal and external validity of studies' results. Now, the problem lies here-in that
the CONSORT and STROBE statements do not describe the minimally required
description of the diagnostic work-up applied in a study. Whether to report these details or
not depends on the accuracy and methodological awareness of the authors themselves.
Specialty-specific reporting standards may cover these aspects and have already been
introduced in the field of vascular surgery.63 Before implementation of such specialty-specific
guidelines in spinal trauma surgery, however, shortcomings in the quality of reporting of
currently available literature need to be appraised critically first. This challenge definitely is a
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Figure 13.1
Graphic representation of the novel prediction rule as presented in chapter 12 (continuous line). The dashed curve
represents a theoretical model with a better discriminative ability.

scientific niche demanding future attention. In the end, it is the improvement of clinical
studies’ quality which may lead to results with a higher impact on everyday patient care.
The prediction of neurological and functional outcomes in SCI patients certainly
will remain an important research niche during the next decades. As mentioned, we already
know that the initial neurological findings are strongly related to neurological and functional
outcomes in traumatic SCI patients. However, there are still neurological patterns in which it
is difficult to predict the functional outcome. Let us take a look at Figure 13.1 where two
different curves are presented. The continuous curve represents the prediction rule as
developed in chapter 12. We demonstrated that the prediction rule showed an excellent
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discriminating ability in distinguishing independent from dependent walkers and non-walkers.
The dashed curve is a theoretical one with an even higher discriminative ability. In other
words, this curve represents a model with less false positive and less false negative outcomes.
In order to develop a more accurate prediction model, other variables than age and
neurological predictors need to be considered. On the other hand, we should adhere to the
principle that a prediction rule should ideally excel in simplicity and (global) clinical utility.
Therefore, novel imaging techniques that will arrive in the next few decades – which will
probably be expensive - will initially be unattractive to be implemented in an ‘updated’
prediction rule. Because of their time-consuming nature and complexity, neurophysiological
tests, like the earlier mentioned SSEPs, may not be the best candidates to be considered for a
prediction rule either. Recently, our study group reviewed the prognostic value of biomarker
concentrations in the cerebrospinal fluid (CSF) in traumatic SCI patients.64 It was concluded
that CSF biomarkers have the potential to become a (additional) discriminative prognostic
tool for the prediction of outcomes in SCI patients. If this notion becomes reality, then the
prediction rule would require a reassessment. Perhaps the curve of the prediction as presented
in Figure 13.1 will then approach the optimal dashed curve.
In conclusion, this thesis demonstrated that prospective observational research may
lead to important clinical findings. Before progressing into an era of comparative therapeutic
trials, a clear insight into the most relevant prognostic factors influencing patient outcomes is
warranted. Furthermore, as patients are commonly stratified by spinal cord and/or spinal
column injury severity in clinical trials, categorizations and classification of these injuries
should ideally have been validated by demonstrating their clinical relevance, reliability, and
accuracy. With regard to the methodological quality of clinical studies in the field of spinal
trauma, there is considerable room for improvement. To improve the quality of everyday
spinal trauma care in the future, it is our duty to improve the validity of future clinical studies’
findings.
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- Chapter 14 -

Summary

“We have the duty of formulating, of summarizing, and of communicating our conclusions, in intelligible
form, in recognition of the right of other free minds to utilize them in making their own decisions.”
Sir Ronald A. Fisher (1890–1962)

Summary
The general aim of this thesis was to critically appraise current concepts of prognostication and
classification of spinal column and spinal cord injuries. In Chapter 2, this aim was approached
from a historical point of view. For this purpose the Edwin Smith papyrus, written more than
3,500 years ago by (an) Egyptian physician(s), was revisited. The Edwin Smith papyrus is a
unique treatise containing the oldest known descriptions of signs and symptoms of injuries of
the spinal column and spinal cord. The scroll can be characterized as a well-structured teaching
manual guiding physicians’ differential diagnostic processes and treatment-decision making for
a range of disorders. The papyrus excels in rationality, even more so when considering the
scroll originated at the time when written language itself was a recent invention and medicine
was at its birth. The papyrus contains the first known categorizations of spinal column and
spinal cord injuries and covers important clinical prognostic factors that were considered in the
treatment decision-making process as documented by the writer.
Nowadays, more than 3,500 years after the first categorization of spinal column
injuries, only a few reliable, validated spinal injury classifications exist. The aim of Chapter 3
was to review the methodological issues faced during the development of a novel classification
system. The basic principles of a spinal injury classification system are, in essence, simple. The
classification should be clinically relevant, reliable, and accurate. The clinical relevance of a
classification is directly related to its content validity. Based on rationale and supported by
currently available evidence, we stated that the ideal content of a spinal injury classification
should 1) only include injury characteristics of the vertebral column, 2) be primarily based on
increasingly routinely performed CT imaging, and 3) be clearly distinctive from severity scales
and treatment algorithms. Observation and conversion criteria are literarily the most crucial
factors that can make or break the reliability of a spinal injury classification system.1 To
optimize a spinal injury classification’s reliability, ideally two principle spinal injury
characteristics should be easy to discern on diagnostic images: 1) the specific location and 2) the
morphology of the injured spinal structure. In contrast to the content of numerous previously
introduced classification systems, we stated - again supported by currently available evidence that descriptions of the mechanisms of injury and ligamentous injury should not be included in
a spinal injury classification. In line with the earlier mentioned ideal content of a classification
system it was suggested that the presence of concomitant neurologic deficits can be integrated
in a spinal injury severity scale, which in turn can be considered in a spinal injury treatment
algorithm. Ideally, a validation pathway of a spinal injury classification system, as previously
introduced by Audigé and colleagues,2 should be completed prior to its clinical and scientific
implementation.
As outlined in Chapter 3, a classification system should be clinically relevant,
reliable, and accurate. While the reliability and accuracy of a classification are relatively easy
to assess, measuring the clinical relevance of a classification obviously is not. In the end, the
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clinical relevance of a classification system is established by the opinion of experts in the field
and, therefore, is a matter of face validity. Two previously published cervical spinal injury
clearance rules, the NEXUS Low Risk Criteria and the Canadian C-Spine Rule, categorized
isolated transverse process fractures of the cervical spine as clinically insignificant and
unimportant.3-5 In Chapter 4, we were the first to scientifically confirm this hypothesis based
on the analysis of a prospectively recorded consecutive series of high-energy blunt trauma
patients presenting to the Radboud University Nijmegen Medical Centre. Out of 865
enrolled patients, 21 patients (2.4%) had 25 isolated transverse process fractures (TPFs) of the
subaxial cervical spine. The initial treatment regimen was unrestricted movement in all
patients. No associated complications were observed during hospitalization. A minimum
follow-up of 12 months was available in 14 patients. Follow-up showed a stable and intact
subaxial cervical spine in all patients’ radiographs, a patient satisfaction of 9.3 (SD 1.48), a
Cybex measured range of motion in the sagittal plane of 109° (SD 12.5, 95–129), the frontal
plane of 70° (SD 17.8, 37–100) and the transverse plane of 144° (SD 12.5, 116–164), and a
mean neck disability index score of 3.93 (SD 8.24). We concluded that unrestricted movement
after an isolated TPF of the subaxial cervical spine resulted in satisfying functional, anatomic,
and neurologic outcomes without associated complications.
Whereas Chapter 4 deals with the prognostic value of a specific injury characteristic,
other studies primarily focused on the prognostic value of patient characteristics in the
treatment of cervical spine injuries. In the cervical spinal injury population, the effects of age
on treatment outcomes have been studied in particular.6, 7 Interestingly, halo vest
immobilization has commonly been associated with high mortality rates in elderly patients.6, 8, 9
The question that remains, however, is whether it are 1) the patient demographics (including
age) 2) the applied treatment regimen, 3) both, or 4) other prognostic factors that have a
profound effect on adverse events and outcomes in cervical spine injury patients. For this
reason a methodological systematic review was conducted to determine the validity of reported
risk factors for mortality in elderly patients with cervical spine injury as presented in Chapter
5. After a systematic search of the literature, 26 eligible studies were identified, including a
total of 1550 pooled elderly cervical spine injury patients. The studies were assessed for the
reporting of 1) concomitant traumatic injuries, 2) pre-existing comorbidities, 3) numbers, time
and cause of death and 4) applied statistical methods for the analysis of risk factors for
mortality. We found that, except for 2, all studies reported presence or absence of SCI. Details
concerning the severity and/or extent of the SCI were reported in 12 studies (46%). Preexisting comorbidities were reported in 9 studies (35%). In the pooled subjects, the cause of
death was not reported in 155 of 335 deceased patients (42%). Based on studies’ own results, 18
studies (69%) reported on risk factors for mortality. Of these studies, 6 (23%) performed
statistical analyses of risk factors for mortality outcomes. Only 1 study statistically adjusted
potential risk factors for mortality for confounding. We concluded that, in general, pre254

existing comorbidities, concomitant injuries, follow-up and cause of death have been
underreported in studies investigating the treatment of cervical spine injuries in elderly
patients. Based on this conclusion we stated that in order to strengthen the validity of risk
factors for mortality in future clinical trials, adjustments for appropriately reported putative
confounders by regression analysis are mandatory.
The objective of Chapter 6 was to analyze the incidence of and risk factors associated
with complications during halo vest immobilization (HVI) in both young and elderly patients
for a broader range of indications. Patients undergoing HVI at the University Medical
Centre Utrecht were collected prospectively, and every complication was recorded. Univariate
regression analysis and regression modeling were used to analyze the risk factors associated
with complications during HVI. In a total of 239 patients treated with halo-vest
immobilization, 26 major, 72 intermediate, and 121 minor complications were observed.
Fourteen patients (6%) died during the treatment, although only one death was related
directly to the immobilization and three were possibly related directly to the immobilization.
Twelve patients (5%) acquired pneumonia during halo-vest immobilization. Patients older
than sixty-five years did not have an increased risk of pneumonia (p=0.543) or halo vest-related
mortality (p=0.467). Pinsite infection was significantly related to pin penetration through the
outer table of the skull (OR: 4.34; 95% CI: 1.22-15.51; p=0.024). In 164 trauma patients treated
only with halo-vest immobilization, cervical fractures with facet joint involvement or
dislocations were significantly related to radiographic loss of alignment during follow-up (OR:
2.81; 95% CI: 1.06-7.44; p=0.031). It was concluded that mortality rates and incidence of
pneumonia during halo-vest immobilization are relatively low. Elderly patients did not have
an increased risk of pneumonia or death related to halo-vest immobilization. Nevertheless, the
total number of minor complications was substantial. We confirmed the previous hypothesis
that awareness of and responsiveness to minor complications can prevent subsequent
development of serious morbidities and perhaps reduce mortality.
The most prevalent incomplete spinal cord injury syndrome in elderly patients, the
traumatic central cord syndrome (TCCS), is approached from a scientific point of view in
Chapters 7,8 and 9. As certain discrepancies were observed in the applied definition of the
TCCS between physician members of the European multicenter study of human SCI (EMSCI) network, we aimed to systematically appraise the applied definitions of the TCCS in
previously published literature and current practice. In Chapter 7, we reviewed 30 original
studies evaluating TCCS subjects and assessed the specific definitions that had been applied.
The quantitative properties of the most important aspect of the TCCS, ie. ‘disproportionately
more motor impairment of the upper than of the lower extremities’,10 were determined after
pooling of 312 TCCS patients in 9 studies with available neurological data. We found that
none of the identified studies on TCCS patients reported eligibility criteria using a quantified
difference between the total upper extremity motor score (UEMS) and the total lower
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extremity motor score (LEMS). Out of 30 retrieved studies, seven different clinical descriptors
that had been applied as TCCS diagnostic criteria were identified. In the 9 studies reporting
the neurological details of a total of 312 TCCS patients, the mean total UEMS was 10.5
motor points lower than the mean total LEMS. We concluded that there is no standardized,
quantitative approach for the description of TCCS patients in the scientific literature. Our
pragmatic analysis showed an average of 10 motor points between the UEMS and LEMS,
which has the potential to become a future quantitative TCCS diagnostic criterion. However,
as reported in Chapter 3, further discussion by an expert panel (chapter 8) and validation
(chapter 9) are required to establish definitive quantitative diagnostic criteria for the TCCS.
For the second part of this TCCS project, a selection of international experts reviewed the
results of a conducted survey which evaluated the clinical and scientific interpretations of
TCCS among spine specialists (Chapter 8). The aim of this study was to evaluate both the
clinical and scientific interpretations of TCCS among spine specialists. Of the 156
participating surgeons from 41 countries most (75%) described greater impairment of the upper
extremities than of the lower extremities in their own TCCS definitions. In contrast,
symptoms such as sensory deficit (39%) and bladder dysfunction (24%) were reported less
frequently. Initially, any difference in motor strength between the upper and lower
extremities was considered most frequently (23%) as a ‘disproportionate’ difference in motor
strength. After presenting literature review findings (as reported in Chapter 7), however, the
majority of surgeons (61%) considered a proposed difference of at least 10 motor points in favor
of the lower extremities as an acceptable cut-off criterion for the diagnosis TCCS. Most of the
participants (40%), however, felt that applying a single criterion to the diagnosis TCCS would
be insufficient for research purposes. Similar to our findings in Chapter 7, we found that a
wide variety of definitions of TCCS is employed by physicians involved in spinal trauma care.
Based on the survey results, the selection of international experts considered a difference of at
least 10 motor score points between the upper and lower extremities a clear and face valid
diagnostic TCCS criterion for clinical research purposes. This diagnostic criterion can be
considered as a quantitative and reproducible addendum to the commonly applied TCCS
definition as introduced by Schneider and colleagues in 1954.10
Another interesting finding of the survey study was that 76% of the responding
physicians had the opinion that TCCS patients have a favorable prognosis for neurological
and/or functional recovery compared to non-TCCS incomplete tetraplegic patients. Whereas
1) strong evidence supporting this common opinion was missing and 2) the quantitative
diagnostic criterion evaluated in Chapter 8 enabled us to study this hypothesis, we decided to
conduct descriptive, outcome and longitudinal analyses in a prospectively collected cohort of
motor incomplete traumatic tetraplegic patients recruited within the EM-SCI network
(Chapter 9). The aim of this study was to compare the neurological recovery and
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Table 14.1
The American Spinal Injury Association/International Spinal Cord Society neurological standard scale (AIS)
grading system, which is also known as the ASIA impairment scale.
AIS grading system

SCI lesion

A
B

Complete
Incomplete

C
D
E

No motor or sensory function is preserved in the sacral segments S4-S5.
Sensory but not motor function is preserved below the neurological level and includes
the sacral segments S4-S5.
Motor function is preserved below the neurological level, and more than half of key
muscles below the neurological level have a muscle grade less than 3.
Motor function is preserved below the neurological level, and at least half of key
muscles below the neurological level have a muscle grade of 3 or more.
Motor and sensory function are normal.

Incomplete
Incomplete
None

functional outcomes of TCCS patients with other incomplete tetraplegic patients. For this
purpose, motor incomplete tetraplegics were subdivided into three groups: 1) non-TCCS
group (UEMS≥LEMS), 2) intermediate, or int-TCCS group (UEMS=(1-9 points)<LEMS),
and 3) TCCS group (UEMS≥10 points<LEMS). A total of 89 non-TCCS subjects, 62 intTCCS, and 97 TCCS subjects were eligible for analysis. Comparable neurological and
functional upper extremity outcomes were observed in the 3 study groups. Compared to
TCCS patients, non-TCCS patients had significantly lower motor strength outcomes of the
lower extremities (p<0.001). However, no clinically relevant differences in neurological and
functional outcomes were identified between the three study groups after stratification by AIS
(ie. American Spinal Injury Association/International Spinal Cord Society (ASIA/ISCoS)
neurological standard scale) grades, see Table 14.1. In contrast to what has been hypothesized
by physicians for many years, this study demonstrated that the AIS grading system, and not
the diagnosis TCCS, is the most important prognostic parameter for neurological and
functional outcomes in motor incomplete tetraplegics. Based on this conclusion we
recommended that in future outcome studies of traumatic spinal cord injury, patients should
not be selected based on, or be stratified by the diagnosis TCCS.
The research project as presented in Chapters 7, 8 and 9 is unique in its kind
because it evaluated, analysed and challenged the reproducibility and prognostic relevance of a
commonly diagnosed SCI syndrome. This project clearly demonstrated that there is a need to
revisit the scientific and clinical value of previously introduced concepts of SCI by applying a
systematic and sound methodological approach. A similar systematic approach was applied in
the research project as reported in Chapters 10, 11 and 12. The general aim of this project was
to examine the prognostic value of the initial neurological examination11 (<2 weeks post injury)
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on ambulation outcome (6 or 12 months post injury) in traumatic SCI patients. All of these
three studies were performed in collaboration with the EM-SCI network.
In both the scientific and clinical setting, the severity of the SCI is commonly
expressed in AIS grades, see Table 14.1. In several reports reviewing the prediction of
neurologic recovery in traumatic spinal cord injury (SCI), the AIS conversion rates reported in
original studies have been extrapolated to and interpreted as the ability to walk in a pragmatic
way.12, 13 To our knowledge, statistical relations between neurological (AIS) and ambulation
outcome measures had not yet been reported in literature. Therefore, we conducted an analysis
aiming to determine the relationship between improvements of the AIS and functional
ambulatory outcome measures in patients with traumatic SCI (Chapter 10). A group of 273
eligible patients with traumatic SCI consisted of 161 acute phase AIS grade A patients, 37
grade B, 43 grade C and 32 acute phase AIS grade D patients. Forty-two patients (26%)
converted from AIS grade A, 27 (73%) from grade B, 32 (75%) from grade C and five patients
(16%) from AIS grade D. The frequencies of AIS conversions and functional ambulation
recovery outcomes were significantly different (p<0.001) in patients with motor complete SCI.
Although this finding had been reported previously, our study also demonstrated other
interesting findings. The ratio of patients with both recovery of ambulatory function and AIS
conversion (n=101) differed significantly (p<0.001) between the acute phase AIS grade scores:
AIS grade A (6/40 patients, 15%), B (9/27 patients, 33%), C (23/29 patients, 79%) and D
(5/5 patients, 100%). This study demonstrated that the AIS conversion outcome measure is
poorly related to the ability to walk in traumatic SCI patients. Therefore, we recommended
the use of functional ambulation recovery outcome measures in prognosticating the recovery of
walking capacity in patients with SCI.
Another important clinical aspect of SCI was evaluated in a study reported in
chapter 11. In both clinical practice and scientific literature, a distinction between complete and
incomplete SCI is commonly applied. For the prediction of ambulation outcomes in SCI
patients this simplified approach is (still) popular as well.12, 14, 15 In 1991 and 1992 Waters et al.
and the ASIA classification committee introduced the initial concept of the ‘complete and
incomplete SCI distinction’.16, 17 Although Waters et al. based their initial concept on patient
data, the implementation of the sacral sparing criteria - which are the cornerstones of the
‘complete and incomplete SCI distinction’, see Table 14.1. - into the 1992 ASIA International
standards was actually based on consensus between the highly esteemed members of the
classification committee. The objective of Chapter 11 was to analyze the construct validity of
the distinction between complete (AIS grade A) versus incomplete (AIS grades B-D)
traumatic SCI with regard to independent ambulation outcomes. This study included 432
EM-SCI network patients. The results showed that to achieve independent ambulation 1-year
post injury, a normal S4–5 Pin Prick score had the best positive predictive value (96.5%,
p<0.001, 95% CI: 87.9–99.6). The best negative predictive value was found for the S4–5 Light
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Touch score (91.7%, p<0.001, 95% CI: 81.6–97.2). The use of the combination of only
voluntary anal contraction and the S4–5 LT and Pin Prick sensory scores (Area under the
receiver-operating characteristic curve (AUC): 0.906, p<0.001, 95% CI: 0.871–0.941) showed
significantly better (p<0.001, 95% CI: 0.038–0.128) discriminating results in prognosticating 1year independent ambulation than with use of the currently applied distinction between
complete and incomplete SCI (AUC: 0.823, p<0.001, 95% CI: 0.781–0.864). Based on these
results it was concluded that out of the four sacral sparing criteria, the acute phase anal sensory
score measurements do not contribute significantly to the prognosis of independent
ambulation. The combination of the acute phase voluntary anal contraction and the S4–5 LT
and PP scores, predicts chronic phase-independent ambulation outcomes significantly better
than the currently applied distinction between complete and incomplete SCI. Therefore, we
stated that the current distinction between complete and incomplete SCI is a suboptimal
indicator for the prediction of ambulation outcomes.
The study reported in Chapter 11 clearly demonstrated the importance of further
research on accurate measures to predict functional outcomes in the traumatic SCI population.
In the end, these efforts may result in an clinically utilizable functional prediction rule for the
individual traumatic SCI patient. In Chapter 12, the first known clinical prediction rule for
chronic phase ambulation outcomes in traumatic SCI was presented. The objective of this
study was to develop and validate a (very) simple rule to enable physicians to predict
independent ambulation in a highly accurate manner. Only 1) neurological measures, based on
the International standards11 and assessed within the 15 days post-injury, and 2) age (<65 vs. ≥65
years of age, based on literature findings)18 were considered as candidate variables for the
model. The model was built based on data of the derivation set, which consisted of 492
patients with available outcome data. Afterwards, the model was validated in a temporal
validation dataset, which included another 99 patients. The results showed that a combination
of age, MRC scale scores of key muscles innervated by myotomes L3 and S1, and light touch
sensory scores of dermatomes L3 and S1 showed an excellent discriminating ability in
distinguishing independent walkers from dependent and non-walkers (AUC: 0.956, p<0.001,
95% CI: 0.936–0.976). Moreover, the accuracy of the prediction rule was significantly higher
(AUC: 0.058, p<0.001, 95% CI: 0.030–0.086) than of the AIS grading system (AUC: 0.898,
p<0.001, CI: 0.867–0.928). Temporal validation confirmed the excellent discriminating ability
of the prediction rule (AUC: 0.967, p<0.001, 95% CI: 0.939–0.995). Thus, we have
introduced a very well discriminating and validated prediction rule for ambulation outcomes
based on age and four simple neurological tests only. Until clinically effective therapies
become available, this rule can be used by physicians all over the world to counsel SCI patients
and formulate individual rehabilitation programs.
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- Chapter 15 -

Nederlandse Samenvatting

“...Ach wat had ik eigenlijk te melden, de dood van een nietszeggende, het leven als instituut dat
bestreden moet worden. Ik heb mijn idealen, het streven naar rust, het leven is zo mooi, maar dat weet je
alleen als je geleefd hebt. Dus het gevoel van missen wordt door het leven geïnduceerd, maar als het er
helemaal niet was, had niemand er last van...”
Marc Pleizier (1983–2009)

Samenvatting
Het doel van deze thesis was het verrichten van een kritische beschouwing van hedendaagse
concepten welke ten grondslag liggen aan de prognosticering en classificering van
wervelkolom- en ruggenmergletsels. In Hoofdstuk 2 wordt het oudst bekende document
waarin beschrijvingen staan van wervelkolom- en ruggenmergletsels besproken. Het betreft de
‘Edwin Smith Papyrus’ welke hoogstwaarschijnlijk meer dan 3,500 jaar geleden geschreven is
door een Oudegyptische ‘arts’. De papyrus is een uniek document. De rol is uiterst
gestructureerd opgeschreven en diende mogelijk als een leerboek voor jonge ‘medici’ waarbij
het onderscheiden van verschillende ziektebeelden en het voorstellen van behandelstrategieën
de belangrijkste doelen waren. Een ander uniek aspect is de mate van rationaliteit en de
hoeveelheid causale relaties beschreven in de papyrus. In de papyrus komen verscheidene
prognostische factoren naar voren welke duidelijk van belang waren in de voorgestelde
behandelingsstrategieën. Tot slot bevat de rol, hoewel niet expliciet vermeld door de
oorspronkelijke auteur, de oudst bekende categoriseringen van wervelkolom- en
ruggenmergletsels.
Heden ten dage, meer dan 3,500 jaar na de eerste categorisering van wervelkolom- en
ruggenmergletsels, bestaan er slechts enkele gevalideerde wervelkolomletsel classificatie
systemen. In Hoofdstuk 3 wordt het belang van betrouwbare, accurate en gevalideerde
classificatie systemen besproken. Samenvattend komt het er op neer dat de basis principes van
een wervelkolomletsel classificatie systeem in essentie simpel en recht-toe-recht-aan zijn. Een
wervelkolomletsel classificatie systeem dient klinisch relevant, betrouwbaar en accuraat te zijn.
De klinische relevantie van een classificatie systeem is direct gerelateerd aan de validiteit van
zijn omvattendheid. Gebaseerd op zowel een simpele gedachtegang als op de huidig
beschikbare literatuur, stellen wij in hoofdtuk 2 dat een wervelkolomletsel classificatie systeem
idealiter de volgende drie aspecten dient te omvatten: 1) enkel en alleen letseleigenschappen
van de wervelkolom dienen geclassificeerd te worden, 2) het classificatieproces dient primair op
basis van beelden van de steeds vaker verrichte CT-scan dienen plaats te vinden, en 3) het
classificatie systeem dient duidelijk onderscheidbaar te zijn van ‘severity scales’, waarin de ernst
van het letsel een graduele score krijgt toebedeeld, en behandelalgoritmes. De voorheen
geïntroduceerde termen,1 observatie en conversie criteria zijn letterlijk de belangrijkste factoren
die de betrouwbaarheid van een wervelkolomletsel classificatie systeem kunnen maken of
kraken. Om de betrouwbaarheid van een classificatiesysteem optimaal te maken dienen er op
diagnostisch beeldmateriaal idealiter twee elementaire wervelkolomletsel karakteristieken
eenvoudig te kunnen worden onderscheiden: 1) de specifieke locatie en 2) de morfologie van
het aangedane wervelkolomsegment. In tegenstelling tot de inhoud, of omvattendheid, van
vele voorheen geïntroduceerde classificatie systemen, wordt in hoofdstuk 3 – op basis van de
huidig beschikbare literatuur - gepostuleerd dat beschrijvingen van het (verondersteld)
onderliggend ongevalmechanisme en beschrijvingen van disco-ligamentair letsel idealiter niet
263

omvat dienen te worden in een wervelkolomletsel classificatie systeem. Beschrijvingen van
ruggenmerg gerelateerde neurologische uitval dienen in een wervelkolomletsel ‘severity scale’
te worden opgenomen. Een wervelkolomletsel ‘severity scale’ kan op zijn beurt worden
opgenomen in een wervelkolomletsel behandelalgoritme. Tot slot dient, idealiter, een
wervelkolomletsel classificatie systeem met succes een validatie procedure - zoals voorheen
geïntroduceerd door Audigé en collega’s -2 te hebben ondergaan, alvorens geïntroduceerd en
geïmplementeerd te worden in zowel de kliniek als wetenschap.
Zoals besproken in hoofdstuk 3, dient een wervelkolomletsel classificatie systeem
klinisch relevant, betrouwbaar en accuraat te zijn. Daar waar de betrouwbaarheid en
accuratesse van een classificatiesysteem relatief eenvoudig te meten en aan te tonen zijn, is het
meten van klinische relevantie echter een moeilijke opgave. De klinische relevantie van een
classificatie systeem stoelt primair op de (al dan niet onderbouwde) mening van inhoudelijke
experts. Dit fenomeen wordt aangeduid als ‘gezichtsvaliditeit’. In twee voorheen gepubliceerde
en welbekende nekwervelletsel detectieregels, te weten de NEXUS Low Risk Criteria en de
Canadian C-Spine Rule, worden geïsoleerde fracturen van de processus transversus van de
nekwervelletsels als klinisch insignificant en irrelevant beschouwd.3-5 In Hoofdstuk 4 wordt
door ons het eerste wetenschappelijk bewijs geleverd die de zojuist genoemde hypothese
bevestigd. In het UMC St. Radboud te Nijmegen zijn gegevens van hoog-energetische
trauma patiënten op een prospectieve en opeenvolgende wijze verzameld. Van de 865
geincludeerde patiënten waren er 21 (2.4%) met in totaal 25 geïsoleerde fracturen van de
processus transversus (TPFs) van de subaxiale nekwervels. In alle 21 patiënten bestond de
initiële behandelstrategie uit ‘ongelimiteerd bewegen’. Tijdens de ziekenhuisopname werd in
geen van de patiënten een complicatie gezien welke gerelateerd was aan de TPF. Van 14
patiënten waren er metingen van minimaal 1 jaar na het ongeluk beschikbaar. In deze groep
werd op röntgenbeelden een stabiele en intacte subaxiale nekwervelkolom gezien, was de
patiënttevredenheid 9.3 (SD 1.48), de graden van beweegbaarheid in het saggitale vlak 109°
(SD 12.5, 95–129), het frontale vlak 70° (SD 17.8, 37–100) en het transversale vlak 144° (SD
12.5, 116–164) en de gemiddelde ‘neck disability index’ score 3.93 (SD 8.24). Op basis van
deze gegevens werd geconcludeerd dat het toestaan van ongelimiteerde bewegingen na het
oplopen van een geïsoleerde fractuur van de processus transversus van de subaxiale nekwervels
resulteert in goede functionele, anatomische en neurologische uitkomsten.
Daar waar in hoofdstuk 4 het onderzoek naar de prognostische waarde van een
specifiek wervelkolomletsel type is gerapporteerd, hebben andere studies met name gekeken
naar de prognostische waarde van (andere) patiëntkarakteristieken in de behandeling van
nekwervelletsels. Zo is het effect van leeftijd op de behandeluitkomsten van
nekwervelletselpatiënten veelvuldig onderzocht.6, 7 Interessant genoeg is in het verleden tevens
de therapie halo-vest immobilisatie vaak geassocieerd met hoge mortaliteitscijfers in oudere
nekwervelletselpatiënten.6, 8, 9 De vraag waar clinici echter mee blijven zitten is of het nu 1)
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algemene patiëntgegevens (inclusief leeftijd), 2) toegepast behandelstrategie, 3) beiden, of 4)
een geheel andere prognostische factoren zijn die een groot effect hebben op de uitkomsten
van nekwervelletselpatiënten. Gevoed door deze vraag hebben wij, zoals gerapporteerd in
Hoofdstuk 5, een methodologisch systematisch literatuuronderzoek verricht om de validiteit
van risicofactoren voor (de belangrijkste negatieve behandeluitkomst) mortaliteit in oudere
(65+) nekwervelletselpatiënten te bepalen. Na een systematische literatuurzoektocht werden
26 geschikte artikelen gevonden waarin totaal 1550 oudere nekwervelletselpatiënten werden
beschreven. De studies werden beoordeeld op het beschrijven van 1) overige traumatische
letsels, 2) reeds bestaande comorbiditeit, 3) het aantal, tijdstip en de oorzaak van overlijden en
4) de toegepaste statistische methoden voor het bepalen van risicofactoren voor mortaliteit.
Op twee studies na, rapporteerden alle studies aan- of afwezigheid van ruggenmergletsel.
Details over de ernst van het ruggenmergletsel werden in 12 studies (46%) gerapporteerd. De
aanwezigheid van reeds bestaande comorbiditeit werd in 9 studies (35%) gerapporteerd. In de
samengevoegde groep van 1550 patiënten werd de oorzaak van overlijden in 155 van de 335
overleden patiënten (42%) niet vermeld. In 18 studies (69%) werden risicofactoren voor
mortaliteit besproken gebaseerd op eigen resultaten. Echter, in 6 van de 18 studies werden
statistische analyses gebruikt voor het aantonen van de risicofactoren. Slechts 1 studie
corrigeerde de gevonden risicofactoren voor andere potentiële factoren welke tevens een
mogelijke associatie hebben met mortaliteitsuitkomsten. We concludeerden dat over het
algemeen de reeds bestaande comorbiditeiten, overige traumatische letsels, patiënten
vervolgtijd en oorzaak van het overlijden te weinig is gerapporteerd in studies die de
behandeling van oudere nekwervelletselpatiënten hebben onderzocht. Gebaseerd op deze
conclusie adviseren wij in hoofdstuk 5 dat voor het verbeteren van de validiteit van
risicofactoren voor mortaliteit in oudere nekwervelletselpatiënten, in toekomstig onderzoek
statistisch juiste correcties voor helder gerapporteerde potentiële nevenfactoren van essentieel
belang zijn.
In Hoofdstuk 6 wordt een studie gepresenteerd waarin de incidentie van en
risicofactoren voor complicaties tijdens halo-vest immobilisatie in een brede groep patiënten
met diverse indicaties is onderzocht. In het UMC Utrecht behandelde patiënten werden
prospectief geregistreerd en gevolgd. Iedere complicatie tijdens de halo-vest immobilisatie
periode werd geregistreerd. Univariate regressie analyses en regressie modelvorming werden
toegepast voor het bepalen van risicofactoren voor complicaties tijdens halo-vest immobilisatie.
In totaal werden 239 patiënten behandeld met halo-vest immobilisatie en werden er 26
‘ernstige’, 72 ‘intermediaire’ en 121 ‘lichte’ complicaties geregistreerd. Veertien patiënten (6%)
overleden tijdens de halo-vest behandeling. Echter, slecht in één van de overledenen werd de
oorzaak direct gerelateerd aan het gebruik van het halo-vest en in drie patiënten werd het
halo-vest als ‘mogelijk gerelateerd’ aan het overlijden beschouwd. Twaalf patiënten (5%) liepen
een pneumonie op tijdens de behandeling. Patiënten ouder dan 65 jaar hadden geen verhoogd
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risico op het oplopen van een pneumonie (p=0.543) of op halo vest gerelateerd overlijden
(p=0.467).
Het oplopen van pengat-infectie was significant gerelateerd aan het oplopen van een
pen-penetratie van de buitenste lamina van de schedel (OR: 4.34; 95% BI: 1.22-15.51; p=0.024),
waar de pennen normaliter op gefixeerd zijn. In de 164 trauma patiënten die behandeld werden
met alleen halo-vest immobilisatie werd een significante relatie gevonden tussen het type letsel,
een nekwervelletsel met aangedane facetgewrichten, en het optreden van een radiologisch
bevestigd verminderd alignement van de nekwervels (OR: 2.81; 95% BI: 1.06-7.44; p=0.031).
Op basis van deze studie concludeerden we dat de mortaliteitscijfers en het voorkomen van
een pneumonie tijdens halo-vest immobilisatie relatief laag zijn. Oudere patiënten hadden
geen aantoonbaar verhoogd risico op het ontwikkelen van een pneumonie of op halo-vest
gerelateerd overlijden. Desalniettemin was het totaal aantal gerapporteerde complicaties
aanzienlijk. De studie bevestigde tevens de voorheen aangenomen hypothese dat intensief
vervolg van halo-vest patiënten en adequaat handelen bij ‘lichte’ halo-vest gerelateerde
complicaties het aantal ‘ernstige’ complicaties en mogelijk zelfs de mortaliteitscijfers kan laten
verminderen.
In Hoofdstuk 7, 8 en 9 wordt het meest voorkomende incomplete ruggenmergletsel
syndroom in oudere patiënten, het traumatisch centraal ruggenmerg syndroom (TCCS),
vanuit een wetenschappelijk oogpunt benaderd. Omdat tijdens een vergadering van het
‘European multicenter study of human SCI (EM-SCI)’ netwerk duidelijk werd dat er onder
de experts verschillende definities van het TCCS werden gehanteerd, besloten we om de
toegepaste definities van het TCCS in de literatuur en klinische praktijk systematisch te gaan
onderzoeken en, waar mogelijk, te optimaliseren. Allereerst verrichtten we een systematisch
literatuur onderzoek. Er werden 30 studies gevonden waarin TCCS patiënten werden
geëvalueerd, zie Hoofdstuk 7. De kwantitatieve eigenschappen van het meest belangrijke
aspect van het TCCS, dat is ‘disproportioneel meer krachtverlies van de bovenste dan van de
onderste ledematen’,10 werden bepaald na het samenvoegen van 312 TCCS patiënten in de 9
studies met beschikbare neurologische beschrijvingen van onderzochte patiënten. Geen van de
TCCS studies rapporteerden (reproduceerbare) in- en exclusiecriteria door middel van een
gekwantificeerd verschil tussen de kracht van de bovenste en de onderste ledematen. In de 30
studies werden 7 verschillende klinische TCCS beschrijvingen gebruikt om TCCS patiënten
te onderscheiden van overige ruggenmergletsel patiënten. In de wereld van het klinisch
ruggenmergletselonderzoek wordt de (totale) kracht van de bovenste en onderste ledematen
respectievelijk vaak aangeduid met ‘upper extremity motor score’ (UEMS) en ‘lower
extremity motor score’ (LEMS). In de 9 studies met beschikbare neurologische details van in
totaal 312 TCCS patiënten was gemiddelde van de UEMS 10.5 punten lager dan het
gemiddelde van de LEMS. Deze literatuurstudie liet zien dat er in de huidge literatuur geen
gestandaardiseerde, kwantitatieve benadering is voor het omschrijven van TCCS patiënten.
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Onze pragmatische analyse van de samengevoegde TCCS patiënten liet zien dat er een
gemiddeld verschil van 10 punten bestaat tussen de kracht van de bovenste en onderste
ledematen. Dit verschil heeft de potentie om een toekomstig kwantitatief diagnostisch
criterium voor het TCCS te worden. Echter, zoals gerapporteerd in hoofdstuk 3, dient er
voorafgaand aan de introductie van een nieuw diagnostisch criterium consensus te worden
bereikt door een groep experts (hoofdstuk 8) en dient het criterium idealiter gevalideerd te
worden in klinisch onderzoek (hoofdstuk 9).
Voor het tweede deel van dit TCCS project bestudeerde een geselecteerd gezelschap
van internationale experts de resultaten van een uitgevoerde enquête onder
wervelkolomspecialisten, zie Hoofdstuk 8. De enquête had als doel om inzicht te verkrijgen
in de klinische en wetenschappelijke interpretaties van het TCCS onder clinici. Van de 156
deelnemende chirurgen uit 41 verschillende landen beschreef het merendeel (75%) het grotere
krachtverlies van de bovenste dan van de onderste ledematen in hun eigen gehanteerde
TCCS definitie. Daarentegen werden symptomen als sensorische uitval (39%) and
blaasdysfunctie (24%) minder vaak als onderdeel van de TCCS definitie gerapporteerd.
Aanvankelijk werd ‘enig’ ( ≥1 punt) verschil in kracht tussen de bovenste en onderste
ledematen het vaakst als ‘disproportioneel’ beschouwd. Na het presenteren van de conclusies
gerapporteerd in hoofdstuk 7 echter, beschouwde de meerderheid van de chirurgen (61%) het
voorgestelde verschil van 10 punten bestaat tussen de kracht van de bovenste en onderste
ledematen als een acceptabel afkappunt criterium voor de diagnoses TCCS. Vermeld dient te
worden dat 40% van de enquêtedeelnemers een enkel diagnostisch criterium voor de diagnose
TCCS onvoldoende vonden voor wetenschappelijke doeleinden. Deze studie liet vergelijkbare
resultaten met de resultaten gepresenteerd in hoofdstuk 7 zien. Evenals in de literatuur is er
onder clinici een behoorlijke variatie in de gehanteerde definities van het TCCS. Gebaseerd
op de bevindingen van de enquête werd door het geselecteerd gezelschap van internationale
experts het verschil van 10 punten tussen de kracht van de bovenste en onderste ledematen als
een duidelijke en ‘gezichtsvalide’ diagnostisch TCCS criterium beschouwd voor
onderzoeksdoeleinden. Na het bereikt hebben van consensus onder een groep van experts
resteerde nog de validering van het nieuwe criterium in klinisch onderzoek (hoofdstuk 9).
De enquête gerapporteerd in hoofdstuk 8 liet nog een andere interessante bevinding
zien. Maarliefst 76% van de ondervraagde clinici was in de veronderstelling dat TCCS
patiënten een gunstigere prognose ten aanzien van het neurologische en/of functioneel herstel
hebben in vergelijking met andere (niet-TCCS) incomplete tetraplege patiënten. Daar waar 1)
momenteel geen overtuigend bewijs bestaat die deze hypothese ondersteund en 2) het
kwantitatieve criterium geëvalueerd in hoofdstuk 8 ons in staat stelt deze hypothese te
onderzoeken, besloten we om beschrijvende, uitkomst en longitudinale analyses te verrichten
in een prospectief verzameld cohort van motor incomplete traumatische tetraplege patiënten.
(Hoofdstuk 9). In deze studie werden motorisch incomplete tetraplegen onderverdeeld in
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drie groepen: 1) niet-TCCS groep (UEMS≥LEMS), 2) intermediaire of int-TCCS groep
(UEMS=(1-9 punten)<LEMS), and 3) TCCS groep (UEMS ≥10 punten<LEMS). In totaal
werden er 89 niet-TCCS patiënten, 62 int-TCCS en 97 TCCS patiënten geïncludeerd.
Binnen de drie studiegroepen werden vergelijkbare neurologische en functionele uitkomsten
van de bovenste ledematen gevonden. Vergeleken met de TCCS patiënten, hadden nietTCCS patiënten significant lagere krachtuitkomsten van de onderste ledematen (p<0.001). Er
werden echter geen klinisch relevante verschillen tussen de neurologische en functionele
uitkomsten gevonden tussen de drie studiegroepen na stratificatie naar AIS (ie. American

Tabel 15.1
Het ‘American Spinal Injury Association/International Spinal Cord Society neurological standard scale’ (AIS)
score systeem, welke beter bekend is als de ‘ASIA impairment scale’.
AIS score systeem

Laesie

A Geen sensibele of motorische functie is behouden in de sacrale segmenten S4-S5.
B Sensibele, maar geen motorische functie is behouden onder het neurologisch niveau, welke
tevens de sacrale segmenten S4-S5 omvat.
C Motorische functie is behouden onder het neurologisch niveau en meer dan de helft van
de hoofdspiergroepen onder het neurologisch niveau heeft een spierkracht minder dan
MRC graad 3.
D Motorische functie is behouden onder het neurologisch niveau en meer dan de helft van
de hoofdspiergroepen onder het neurologisch niveau heeft een spierkracht groter of gelijk
aan MRC graad 3.
E Sensibele en motorische functies zijn normaal.

Compleet
Incompleet
Incompleet

Incompleet

Normaal

Spinal Injury Association/ International Spinal Cord Society (ASIA/ISCoS) neurological
standard scale) scores, zie Tabel 15.1. In tegenstelling tot wat voor jaren werd verondersteld,
laat de studie gerapporteerd in hoofdstuk 9 zien dat de AIS scores, en niet de diagnose
TCCS, de meest belangrijke prognostische factor is ten aanzien van neurologische en
functionele uitkomsten in motorisch incomplete tetraplegen. Op basis van deze conclusie
bevelen wij aan om in toekomstige uitkomst studies, patiënten niet te selecteren of stratificeren
op basis van de diagnose TCCS.
In Hoofdstuk 10, 11 en 12 worden drie studies gepresenteerd waarin de
voorspellende waarde van het initiële neurologisch onderzoek11 (binnen 2 weken na het letsel)
op loopuitkomsten (6 of 12 maanden na het letsel) in traumatisch ruggenmergletsel (SCI,
‘Spinal cord injury’) patiënten wordt geëvalueerd. Alle drie de studies werden uitgevoerd in
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samenwerking met het (eerder genoemde) EM-SCI netwerk. Zowel in de kliniek als in de
wetenschappelijk setting wordt de ernst van het de SCI uitgedrukt in een graduele schaal, het
AIS score systeem, zie Tabel 15.1. Mogelijk vanwege het veelvuldig gebruik van het AIS
systeem is in verschillende artikelen de neurologische verbetering, aangeduid als een toename
van de AIS score, gemakshalve geëxtrapoleerd naar en geïnterpreteerd als het vermogen om te
kunnen lopen.12, 13 Tot zover onze kennis reikte, waren er geen studies die deze relatie
statistisch hebben onderbouwd. Daarom hebben wij een analyse uitgevoerd waarin de
neurologische verbeteringen op de AIS schaal werden vergeleken met de functionele
loopuitkomsten in SCI patiënten (Hoofdstuk 10). In een groep van 273 SCI patiënten,
waren 161 AIS graad A patiënten, 37 graad B, 43 graad C en 32 initiële fase AIS graad D
patiënten. In deze subgroepen verbeterden 42 patiënten van graad A (26%) , 27 van graad B
(73%), 32 van graad C (75%) en 5 patiënten van AIS graad D (16%). Het voorkomen van
zowel AIS graad verbeteringen als functionele loopuitkomsten verschilde significant in
motorisch complete SCI patiënten (AIS grade A) in vergelijking met de motorisch
incomplete SCI patiënten (p<0.001). Hoewel dit op zich niet opzienbarend was, liet de studie
een ander duidelijk verschil tussen de AIS graderingen zien. De verhouding van patiënten
met zowel herstel van loopfunctie als verbetering van de AIS graad (totaal aantal patiënten:
101) waren statistisch significant verschillend (p<0.001) tussen de initiële AIS groepen; AIS
graad A (6/40 patiënten, 15%), B (9/27 patiënten, 33%), C (23/29 patiënten, 79%) and D (5/5
patiënten, 100%). Deze studie toonde aan dat neurologische verbeteringen aangeduid als een
toename van de AIS score onvoldoende gerelateerd zijn aan het vermogen om functioneel te
kunnen lopen in SCI patiënten. Op basis van deze conclusies bevelen wij in hoofdstuk 10 aan
om functionele (loop)uitkomstmaten te verkiezen boven het gebruik van neurologische
uitkomstmaten in toekomstig prognostisch onderzoek naar het herstel van loopfunctie in SCI
patiënten.
Een ander belangrijk klinisch aspect van SCI is geëvalueerd in een studie beschreven
in hoofdstuk 11. In zowel de praktijk als in de literatuur wordt veelvuldig een onderscheid
gemaakt tussen complete en incomplete ruggenmergletsels/SCIs. Dit onderscheid wordt
tevens gebruikt in het voorspellen van loopuitkomsten bij SCI patiënten.12, 14, 15 In 1991 en 1992
introduceerden Waters et al. en het ASIA classificatiecomité het initiële concept van het
verschil tussen een complete en een incomplete SCI.16, 17 Hoewel Waters et al. hun initiële
concept baseerden op patiëntendata, was de implementatie van de ‘sacrale intactheids’ criteria
– wat de basis is van het verschil tussen complete en incomplete SCI, zie Tabel 15.1 – in de
1992 ASIA Internationale standaarden (voor classificatie van neurologische uitval bij SCI
patiënten) gebaseerd op consensus tussen vooraanstaande leden van het classificatie comité. In
Hoofdstuk 11 wordt de constructvaliditeit van de initiële metingen van de ‘sacrale intactheids’
criteria ten aanzien van chronische onafhankelijke loopuitkomsten in SCI patiënten bepaald.
Er waren 432 EM-SCI netwerk patiënten geschikt voor deze studie. De resultaten lieten zien
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dat voor een onafhankelijke loopuitkomst, a intacte S4-5 ‘naald prik’ score de beste positief
voorspellende waarde had (96.5%, p<0.001, 95% BI: 87.9–99.6). De beste negatief
voorspellende waarde werd gevonden voor de S4-5 ‘zachte aanraking’ score (91.7%, p<0.001,
95% BI: 81.6–97.2). De combinatie van de ‘bewuste anale sphincter contractie’ score en de S4-5
‘zachte aanraking’ en ‘naald prik’ scores (Area under the receiver-operating characteristic curve
(AUC): 0.906, p<0.001, 95% BI: 0.871–0.941) liet een significant beter discriminerend
vermogen (p<0.001, 95% BI: 0.038–0.128) zien in het voorspellen van onafhankelijke
loopuitkomsten dan het gebruik van het onderscheid tussen ‘complete en incomplete SCI
(AUC: 0.823, p<0.001, 95% BI: 0.781–0.864). Op basis van deze resultaten werd
geconcludeerd dat van de vier ‘sacrale intactheids’ criteria de initiële ‘anale sensibele’ score niet
significant bijdraagt aan de voorspelling van onafhankelijke loopuitkomsten. De combinatie
van de ‘bewuste anale sphincter contractie’ score en de S4-5 ‘zachte aanraking’ en ‘naald prik’
scores voorspellen onafhankelijk loopuitkomsten significant beter dan het veelvuldig gebruikt
onderscheid tussen complete en incomplete SCI. Hierop werd gesteld dat het huidige
onderscheid tussen complete in incomplete SCI een suboptimale indicator is voor het
voorspellen van onafhankelijke loopuitkomsten.
In hoofdstuk 11 kwam duidelijk het belang van verder onderzoek naar accurate
instrumenten voor het voorspellen van functionele uitkomsten bij SCI patiënten naar voren.
De inspanningen die op dit onderzoeksterrein worden verricht zullen er uiteindelijk tot toe
leiden dat artsen door middel van praktische voorspellingsregels de functionele uitkomsten
van een individuele SCI patiënt kunnen voorspellen. In Hoofdstuk 12 wordt de eerst
bekende klinische voorspellingsregel voor het voorspellen van loopuitkomsten bij SCI
patiënten gepresenteerd. Het doel van deze studie was om een (erg) simpele regel op te stellen
en te valideren om artsen in staat te stellen de onafhankelijke loopuitkomsten nauwkeurig te
kunnen voorspellen. Slechts 1) neurologische maten, gebaseerd op de (eerder genoemde)
Internationale standaarden en gemeten binnen de eerste 2 weken na het letsel, en 2) leeftijd (<65
vs. ≥65 jaar, gebaseerd op literatuur bevindingen)18 werden meegenomen als kandidaat
variabelen voor het voorspellingsmodel. Het model werd (statistisch) opgesteld op basis van
data van 492 patiënten met beschikbare uitkomstdata (de derivatieset). Vervolgens werd het
model gevalideerd in een zogenaamde temporale validatie dataset, welke uit 99 andere SCI
patiënten bestond. De resultaten lieten een combinatie van de volgende variabelen zien welke
uiteindelijk de basis vormden voor het definitieve predictie model: leeftijd, kracht scores van
myotomen L3 en L5, en zachte aanraking scores van dermatomen L3 en S1. Dit model liet een
uitmuntend discriminerend vermogen zien in het onderscheiden tussen onafhankelijke lopers
en afhankelijke lopers en niet-lopers (AUC: 0.956, p<0.001, 95% BI: 0.936–0.976). Bovendien
was het discriminerend vermogen van de nieuwe regel significant hoger (AUC: 0.058,
p<0.001, 95% CI: 0.030–0.086) dan die van het AIS score systeem (AUC: 0.898, p<0.001, CI:
0.867–0.928). De temporale validatie bevestigde het discriminerend vermogen van de
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predictie regel (AUC: 0.967, p<0.001, 95% BI: 0.939–0.995). Het doel was met succes bereikt.
We hebben op basis van slechts leeftijd en 4 neurologische testen een uitmuntend
discriminerende en gevalideerde voorspellingsregel geïntroduceerd. Tot het moment dat
effectieve therapieën binnen de SCI populatie een feit zijn, kan de geïntroduceerde
voorspellingsregel door artsen worden gebruikt om SCI patiënten voor te lichten over het te
verwachten herstel en kan op basis daarvan een individueel revalidatietraject worden
opgesteld.
In Hoofdstuk 13 worden de verschillende concepten welke ten grondslag liggen aan
de prognosticering en classificering van wervelkolom- en ruggenmergletsels bediscussieerd. De
discussie is onderverdeeld in drie secties. In de eerste sectie worden de voornaamste
verbeteringen van de betreffende concepten vanuit een historisch perspectief benaderd. In de
tweede sectie wordt ingegaan op de methodologische kwaliteit van hedendaagse wervelkolomen ruggenmergletsel classificaties. In het derde deel worden de veelbelovende toekomstige
onderzoeksgebieden, welke in het verlengde van de onderwerpen van het huidige proefschrift
liggen, besproken.
Op basis van de wetenschappelijk hoofdstukken van dit proefschrift kan in het kort
worden geconcludeerd dat prospectief observationeel onderzoek tot belangrijke klinische
inzichten kan leiden. Alvorens een tijdperk van gerandomiseerde klinische studies in te gaan,
is het van belang om goed inzicht te verkrijgen in de meest belangrijke prognostische factoren
die van invloed zijn op patiënt gerelateerde uitkomsten. Verder dienen classificaties van
wervelkolom- en ruggenmergletsels, voordat deze worden gebruikt voor de stratificatie van
patiënten in gerandomiseerde klinische studies, idealiter te zijn gevalideerd met betrekking tot
klinische relevantie, reproduceerbaarheid en precisie. Ten aanzien van de methodologische
kwaliteit van klinische studies binnen de wervelkolomtraumatologie is er genoeg ruimte voor
verbetering. Het is daarom onze uitdaging om de validiteit van toekomstig klinisch onderzoek
te verbeteren. Uiteindelijk zal dit leiden tot een hogere kwaliteit van de toekomstige
patiëntenzorg binnen de wervelkolomtraumatologie.
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