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I that am curtail'd o f fair proposition,
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Into this breathing world, scarce half made up, 
And so that lamely and unfashionable 
That dogs bark at me as I halt by thee....
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Introduction and background

Scoliotic and kyphotic deformities have been described since classical 
times6. Early treatment options were primitive and extension frames were 
primarily used4. In a historic review Halter and Krödel pointed out that 
treatment was inadequate and the hunchback was stigmatised1.
Diseases and disorders are often used as a metaphor to portray fear and 
terror. Numerous writers have used the hunchback as a caricature and have 
metamorphosed the evil mind, or just the fear of ugliness, into the physical 
image of the curtail'd spine. Even today, in this "enlightened" age, these 
diseases are still being used as curses or metaphors2-7. Perhaps the poor 
prospect for a panacea is a reason why the deformed spine has so willingly 
been accepted a stigma. As recently as sixty years ago, deformed patients 
were bowed down by social disapproval and even made potential candi
dates for annihilation8.
To erect patients from their spinal deformity and free them from social iso
lation more insight must be gained in both the orthopaedic and social 
aspects.

Basic treatment principles in adolescent idiopathic spinal deformities
During the past decades innovations in operative techniques and advances 
in the anaesthesiologic field have dramatically improved the outcome of 
surgery in idiopathic spinal deformities9. Yet previous well-documented 
basic principles that underlay the treatment of idiopathic spinal deformities 
seem to have been cast into the shadow by this success.
Vintage textbooks state that operative treatment in idiopathic deformities 
is indicated when: (1) curve progression leads to poor body balance and 
deformity; (2) curve correction improves appearance or health; (3) fusion of 
the curve relieves pain3. At present we still adhere these indications but we 
seem to have forgotten how our forefathers completed their preoperative 
planning or surgical correction.
Mc Elvenny (1941) stated that «preoperatively it is necessary to find the 
curves over which the patient has voluntary control. These curves are the 
compensatory curves. To fuse the compensatory curve with or without cor
rection, would remove all compensatory possibilities from the spine»5. 
Unfortunately with the recent innovations in instrumentation techniques, 
treatment has become a surgical reflex to realign the spine, but classic 
treatment principles have been repressed.
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The studies for this thesis were undertaken to assess the effect of selective
thoracic fusion in patients with adolescent idiopathic thoracic scoliosis and
kyphosis and to analyse compensatory mechanisms.

Aims of this thesis

The following aims were formulated:

1. To review the literature concerning the selective fusion treatment and 
compensatory mechanisms in adolescent idiopathic scoliosis and kypho
sis.

2. To postulate a concept to promote a better understanding of the syner
gy between the structural and the functional biomechanical mechanisms 
that induce spinal deformities.

3. To report the clinical results of posterior instrumentation for the surgical 
correction of idiopathic thoracic scoliosis.

4. To assess postoperative rib hump correction and rotational changes in 
the unfused compensatory lumbar curve after selective thoracic fusion 
for idiopathic scoliosis.

5. To report the clinical results of the posterior instrumentation for idio
pathic thoracic kyphosis, i.e. Scheuermann's Disease, and to assess the 
necessity of an anterior release.

6. To investigate the relation between sagittal balance and the lumbar- 
pelvic motion in idiopathic kyphosis and to develop a model for the pre
diction of the postoperative balance in idiopathic kyphosis.
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Chapter 1

Abstract

In this article the biomechanical aspects and compensatory mechanisms in thoracic 
deformities will be discussed and reviewed. Generally deficient anterior or posterior 
elements may lead to primary kyphotic and scoliotic deformities. In thoracic scolio
sis, balance will be achieved by a compensatory scoliotic lumbar curve, while in tho
racic hyperkyphosis a lumbar hyperlordotic curve will evolve. This cascade of 
mechanisms seems simple, but for idiopathic scoliosis or Scheuermann's kyphosis 
our limited understanding of these complex primary and compensatory mecha
nisms hinders treatment. Little is known on how the postural balance is maintained 
and even less about the dynamic role of the compensatory curve, the pelvis or the 
lower extremities. Optimal postural balance depends on the synergy between the 
osteoligamentous structures, i.e. standing rigging, and the neuro-muscular status,
i.e. the running rigg ing  of the spine. This rigg ing  concept, a nautical term, can be 
used as a model in order to understand the structural and functional mechanisms 
that might induce spinal deformities. In idiopathic spinal deformities the primary 
curve evolves through impairment of these rigging  mechanisms. The compensatory 
curve will adjust for postural imbalance both preoperatively and postoperatively. 
However, this complex compensatory mechanism may also be compromised by the 
impaired rigging  mechanisms and thus negatively influence the postural balance. A 
dynamic classification concept should provide a basis in deformity treatment since it 
will emphasise the importance of the compensatory mechanisms. The continued 
absence of a more specific classification for adolescent idiopathic spinal deformities 
has made comparisons between the various instrumentation techniques and insight 
into compensatory mechanisms impossible tasks.
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Introduction

The development of the spine was an important step forward during the 
evolution, and vertebrates increasingly started to dominate the earth.
As men started to walk in an erect position, the spine developed into an 
axial weight bearing structure. During childhood, triggered by this axial 
loading mechanism, the typical physiological thoracic kyphosis as well as 
the cervical and the lumbar lordosis of the adult spine mature. In adoles
cents, although growth and flexibility may still be present, the adult physio
logical curvature reaches completion. In the frontal plane, the normal spine 
appears straight, except for an occasional slight right thoracic curve due to 
the position of the aorta92.
Generally the magnitude of the spinal curvatures can be described by the 
Cobb angle technique24. In the sagittal plane the thoracic kyphosis varies 
from 20 to 50 degrees14;41;91;102. The lumbar lordosis varies between 20 to 
70 degrees, with a significant correlation between the magnitude of the 
thoracic kyphosis and the lumbar lordosis14;42;44;91;102. The alignment of the 
spine in both the frontal as well as the sagittal plane, together with the 
position of the pelvis and lower extremities, depends on these curves. 
During sitting, standing or walking, the centre of gravity is found to be 
anterior to the spine and forces the thoracic spine into flexion82. The anteri
or column will be compressed and the posterior ligaments and muscles are 
stretched. The interaction between these forces keeps the spine balanced, 
but impairment to this mechanism by deficient anterior or posterior ele
ments may lead to kyphotic or even scoliotic deformities. When the trunk is 
deformed, the primary deformity must be compensated in order to obtain 
appropriate balance that keeps the head centred over the pelvis. In thoracic 
scoliosis, balance will be achieved by a compensatory scoliotic lumbar curve, 
while in thoracic hyperkyphosis a lumbar hyperlordotic curve will evolve. 
This cascade of mechanisms seems simple, but for idiopathic scoliosis or 
Scheuermann's kyphosis our limited understanding of these complex com
pensatory mechanisms might hinder treatment. Little is known about pos
tural balance and even less about the dynamic role of the compensatory 
curve, the pelvis or the lower extremities. Few studies have reported on 
postoperative alignment or mentioned the concept of compensation mech- 
anisms40;45;54;58;74;100. Therefore in this section a literature review will be 
provided, since one should first have a basic knowledge of the biomechani
cal consequences of thoracic deformities such as scoliosis and kyphosis 
before considering treatment, and choosing a surgical technique.
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Chapter 1

Furthermore, a new synergistic biomechanical concept of the rigging mech
anism of the spine will be introduced and used as a metaphor to illustrate 
static and dynamic biomechanical processes (Table 1).

Optimal postural balance depends on the synergy between the standing 
rigging, i.e. the osseous and ligamentous structures, and the running rig
ging, i.e. the neuro-muscular mechanisms, of the spine. Each rigging, a nau
tical term, contributes to the general balance and symmetry of the body. 
Scoliosis and kyphosis can result from either major or minor disruptions of 
this delicate stabilising mechanism. Diseases cannot be assigned exclusively 
to a single rigging mechanism because, in general, basic pathology or etiol
ogy is not absolute for each category. Therefore in Table 1 no diseases are 
listed.

Part I: Scoliosis

Scoliosis, a lateral deviation of the normally straight spine, changes the 
mechanical structure of the spine. Particularly in idiopathic scoliosis, we 
observe an abnormal deformation of the spine, possibly caused by an axial 
rotation, inducing a curvature in the frontal plane by rotation of the spine. 
In more detail: idiopathic scoliosis is the product of rotation and subse
quent lordosis of the thoracic spine; the sagittal curves are in the wrong 
plane with the vertebrae being rotated2. Although the apical vertebra or 
disc, i.e. the most laterally deviated vertebra or disc in a scoliosis curve, has

Table 1
The synergistic concept for categorising spinal deformities

"The Standing Rigging"
i.e. Osseous and ligam entous structures
Changes in the material characteristics of the support structure 
Changes in the geometry of the support structures

"The Running Rigging" 
i.e. Neuro-muscular mechanisms 
Changes in the neuromuscular properties 
Changes in postural balance
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Figure 1
In idiopathic scoliosis a considerable deformation w ith in a given vertebra may be noted. The morphometry in 
scoliotic vertebrae is substantially d ifferent from that of vertebrae in normal spines, w ith  asym m etrical 
intravertebral deformities being com m on in scoliotic vertebrae31;61. There may be deform ation of the pedi
cles, transverse processes, laminae, and vertebral bodies.

been well-defined no such definition exists for the most rotated verte- 
brai;6i;93. it has been suggested that the most rotated vertebra is always 
located at the apex, but a recent study pointed out that the most rotated 
vertebra may be as far as two levels from the apex1;61.
In idiopathic scoliosis a considerable deformation within a given vertebra 
may be noted (Figure 1). The morphometry in scoliotic vertebrae is substan
tially different from that of vertebrae in normal spines, with asymmetrical 
intravertebral deformities being common in scoliotic vertebrae31;51;61. 
There may be deformation of the pedicles, transverse processes, laminae, 
and vertebral bodies. In time these structural changes will even progress, 
making the scoliosis more rigid and finally inducing severe degenerative 
changes.
Numerous innovative studies have been performed and have improved our 
understanding of the biomechanics in adolescent idiopathic scoliosis. Many 
new terms and definitions have been introduced and were standardised. 
The Scoliosis Research Society plays a key role in refining these definitions 
and promoting the use of standardised terminology.
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Chapter 1

Considerations involved in etiological theories and studies
Generally clinical and experimental biomechanical studies focus on the 
pathology in the etiological onset of a disease and clinicians are trained to 
relate to these diseases or pathology.
Although the above rigging concept appears arid it is an essential key for 
understanding the static and dynamic factors in etiological theories based 
on biomechanical studies and experiments. Accordingly the theories and 
studies to be discussed in this section will be classified corresponding the 
addressed rigging.

The standing rigging; the osseous and ligamentous structures
The mechanical behaviour of a column under load is influenced by geomet
ric, as well as by material properties; it is clear that the spinal column is also 
subjected to these physical laws. Adams (1865) stated that an idiopathic 
scoliosis is the product of lordosis of the thoracic spine and subsequent 
rotation2. Experimental studies confirm these observations23;56;108. Animal 
experiments have shown that an idiopathic scoliosis can be produced if a 
lordosis is created in the thoracic spine by tethering or hindering the 
osseous growth of the vertebral bodies23;56;108. Lawton and Dickson noted 
that when, in the experimental animal the normal, thoracic kyphosis is 
reconstituted before maturity, the idiopathic scoliotic deformity sponta
neously improves56. In their opinion an increased anterior vertebral height 
at the apex of the curve with posterior endplate irregularity characterises 
the median plane asymmetry, suggesting that idiopathic scoliosis is the 
reverse of Scheuermann's Disease56. The experimental (animal) curves 
increased with time, and post-mortem examination of vertebrae revealed 
structural alterations similar to those produced in human scoliosis23;56. 
More recently Newton et al noted that also flexible tethering of the spine 
creates kyphosis and scoliosis in the rapidly growing bovine model73. The 
spinal tether limited motion primarily in lateral flexion. However, total lat
eral bending motion returned to levels comparable with control motion 
segments after removal of the tether. The authors concluded that their 
model of spine growth modulation might provide a possible treatment for 
the correction of spine deformities without arthrodesis in patients who are 
skeletally immature73. In concordance with these experiments, Mayfield et 
al noted in children treated for neuroblastomas by radiation a vertebral 
growth arrest that resulted in a variety of spinal deformities66.
It is important to understand that structural changes in the primary curve 
require adaptation in the functional or secondary curve in order to main
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tain balance and keep the centre of gravity properly positioned. With time, 
this functional, compensatory curve may become structural and show verte
bral malformation as seen in the experimental animal studies.
Thus a primary scoliotic curve can be induced by structural changes, but 
how are these structural deformations induced? Bony and ligamentous tis
sues are anisotropic; i.e. their material properties depend on the direction 
of loading. The degree of deformation depends upon the intrinsic proper
ties of the ligamentous and bony materials, which can be the primary 
source of impairment. On the other hand structural deformation of the 
spine can also occur due to stress and strain produced within the vertebral 
column as a direct result of muscle force and moments acting upon the 
spine. As mentioned above, the basic pathology or aetiology is not absolute 
for each category.

The running rigging; the neuro-muscular mechanisms
The assumption that a so-called idiopathic scoliosis results from a neurologi
cal or neuromuscular deficit produced a major impetus of biomechanical 
experiments. Several experimental interventions have been performed, and 
these studies support the biomechanical model that neuro-muscular deficits 
can produce lateral curves in the spine4;65;89;95.
A scoliosis can experimentally be created by ablation of the dorsal sensory 
roots, also causing associated motor root impairment4. A more recent 
experimental animal study in rabbits by Suk et al confirmed this observa
tion and showed that scoliosis may indeed be induced by both selective 
anterior and posterior root paralyses95. Clinically Shultz et al recorded sub
stantial changes in lateral spine configuration in humans resulting from 
trunk muscle contractions of even modest intensity89.
Numerous neuro-muscular impairments show a variation in the static or 
dynamic induced imbalance. To achieve and maintain postural balance, 
compensatory mechanisms are needed. As stated earlier, a compensatory 
curve can be a response to this problem, but the primary neuro-muscular 
impairment may also affect the compensatory curve, thus inducing a pro
gressive imbalance and scoliosis.

Although this current review of experimental and clinical studies does not 
produce any salient new hypothesis regarding the etiology of scoliosis it 
provides a synergistic biomechanical concept. The normal spine should be 
regarded as a precise and delicately balanced mechanical system. In general 
asymmetrical changes in the osseous-ligamentous structures or neuro-mus-
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Chapter 1

cular components can result in the development of a deformity. Thoracic 
idiopathic deformities may also develop due to osseous-ligamentous or 
neuro-muscular impairments. These deformities can be categorised accord
ing to these impairments, i.e. independently from the principal etiological 
onset. Understanding of these biomechanical impairments will give us 
insight into the behaviour of the spine and improve the treatment options.

Considerations involved in surgical treatment
In scoliosis the mechanical aspects of treatment strive to restore the 
deformed spine to physiological relations. The scoliotic spine basically con
sists of structural and functional curves. A functional curve, or so-called 
compensatory curve, provides the compensation needed to achieve bal
ance. In a structural thoracic scoliotic deformity, two compensatory curves 
may develop; one at the top end and one at the bottom end of the struc
tural curve (Figure 2).

O  Compensatory curve

\
Structural curve

C3̂I— > Compensatory curve

Ä  - V
rpo

Figure 2
In a structural thoracic scoliotic deformity, tw o  com pensatory curves may develop: one at the top end and 
one at the bottom end of the structural curve. These compensatory curves provide the compensation needed 
to achieve balance
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The structural curve is the primary deformation and is essentially rigid87;101. 
This curve usually involves some deformation within the vertebrae such as 
wedging of the osseous structure and cannot be corrected by active muscle 
force. The functional curve is an abnormal curve that is always present 
unless some active muscle force is applied such as in bending toward the 
convexity of the functional curve. If not corrected, long-standing functional 
curves may become structural due to the anisotropic material properties of 
bony and ligamentous tissues3;10;71. Both the structural and functional 
curves may have an axial rotation component as earlier outlined.
In conservative and surgical treatment, the correction of a spinal deformity 
requires the application of external forces to the spine. These forces vary 
inversely with the flexibility and magnitude of the curve. Mathematical sim
ulation of the correction of the scoliotic spine requires a complex, three
dimensional model. However a simplified model of axial, transverse or the 
combination of these loads is generally employed to explain the effects of 
these forces applied to a scoliotic spine for correction20. Figure 3 shows the 
comparative results of this model in graphical form. White and Panjabi 
have shown that the effectiveness of axial corrective force increases in 
direct proportion to the angular deformity, whereas the effectiveness of 
transverse loading decreases with increasing Cobb angle105. For spinal cur-

Com bined load 
A xial load 
Transverse load

A n g u la r deform ity in Cobb degrees

Figure 3
A  simplified graphic representation of the corrective load as a function o f spine deform ity in Cobb angle 
degrees as discribed by W h ite  and Panjabi. The combined load is the most effective for any degree of defor
mity. The axial load efficiency increases w ith the angular deformity; the transverse load efficiency decreases 
w ith the angular deformity.
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Chapter 1

vatures of all degrees, a combination of these two forces provides the most 
effective correction.
Based on these considerations, the innovations utilised in the development 
of instrumentation systems can be explained: distraction, compression and 
transverse corrective loads have been combined. The Harrington distraction 
system, the first generation of instrumentation, produced a correction only 
in the frontal plan. Moe recognised that this solely frontal plane correction 
compromised the sagittal alignment due to a surgically induced reduction 
of the kyphosis and lordosis, i.e. the flat spine68. Moe modified the 
Harrington technique and introduced a second generation of posterior 
instrumentation using contoured rods to achieve sagittal plane lordosis and 
kyphosis68. Luque promoted the third generation of spinal instrumentation, 
pioneered by Resina, as a segmental fixation technique attained by attach
ing sublaminar wires from the rod to the spine64;79. This multiple, segmen
tal, transverse force technique provided more potential for spinal 
correction, and it was presumed that some derotation might be achieved by 
segmentally pulling the deformity lateral-medial and posteriorly towards 
the concavely placed rod. In the 1980's Cotrel and Dubousset introduced a 
fourth generation of spinal instrumentation (CDI)26. Although still contro
versial, the objective of achieving derotation in addition to two-plane cor
rection and segmental fixation was obtained by rotating the rods to the 
concave side. This evolution in instrumentation techniques has now led to 
the introduction of a fifth generation of instrumentation technique 
(USS)103. This technique is based on the basic principle of latero-posterior 
translational correction. During the translation manoeuvre the longitudinal 
bar must be fixed at only one point such that the spine remains mobile and 
glides along the rods. Once translation occurs, additional compression may 
be applied across the convexity3.
The theoretical model of White and Panjabi in which the combination of 
the axial and transverse loading are employed in order to achieve correc
tion of the scoliosis explains the evolution of these posterior surgical tech
niques105. Similar to the posterior procedure, the anterior surgical 
correction according to Dwyer has been updated. Zielke introduced an 
improved instrumentation technique, which resulted in better anterior cor
rection outcomes and since then many new instrumentation systems have 
been developed12;112. Initially the anterior approach was applied for the 
correction of thoracolumbar and lumbar curves, but recent study results 
show that good corrections can be obtained with an anterior short fusion 
of the scoliotic thoracic spine15;33;46;69.
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As stated earlier, a proper alignment of both the frontal and sagittal plane 
depend on both the correction of the structural and compensatory curve. 
However the surgical correction of the scoliotic curve still seems only to 
concentrate on the correction of the structural curve. During the innovation 
of instrumentation techniques and the development of more rigid systems, 
a better understanding of the compensatory curve has evolved. For thoracic 
curves the fusion levels have become shorter, and subsequently lumbar 
spine mobility could be preserved. Extensive fusions down to the lower lev
els of the lumbar spine have become less necessary, and the selective tho
racic fusion technique was introduced. King et al provided an important 
impetus for this change50. By subdividing the various scoliotic curve pat
terns, according to the basic pattern of the primary and compensatory 
curves, these authors were able to formulate a dynamic classification of the 
various idiopathic scoliotic curve types in which the importance of the flexi
ble compensatory curve was acknowledged. They concluded that in the 
rigid thoracic scoliotic spine with a flexible compensatory lumbar curve, 
selective fusion supported by Harrington distraction can be performed and 
that the lumbar curve will spontaneously correct to balance the spine. To 
prevent imbalance, one should not overcorrect the structural thoracic curve 
beyond the limit that can be compensated by the flexible lumbar curve. 
Presently the King fusion guidelines are confusing since they are only valid 
for scoliosis corrections by Harrington distraction, and as outlined above 
other instrumentation techniques are currently used. Therefore the absence 
of an updated observer reliable and universally acceptable system for classi
fication of adolescent idiopathic scoliosis has made comparisons between 
various types of instrumentation techniques an impossible task13;76. Long
term outcomes cannot be determined because of the great variations in the 
description of the study groups. King et al postulated their fusion guide
lines before the fourth and fifth generation of instrumentation systems 
were developed, and revision of these guidelines have been pro- 
posed43;59;78;81;84. Lenke et al have introduced a new sagittal-frontal plane 
classification for adolescent idiopathic scoliosis, and as tested by two groups 
of surgeons, this was shown to be more reliable than the King system59. But 
a valid criticism of Lenke's classification is that forty-two different curve 
types can be identified, which makes this classification impractical for clini
cal use. Although the King et al criteria for selecting fusion levels are dated, 
their observations remain pertinent since they highlight the importance of 
dynamic classification criteria. The King concept of dynamic classification 
forms a basis with which to understand scoliosis treatment as it emphasises
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Chapter 1

the importance of the flexible compensatory curve. But since new instru
mentation techniques have been developed, the assumption that sponta
neous balancing of a thoracic scoliotic spine with a flexible compensatory 
lumbar curve will occur after selective fusion perhaps needs to be re-evalu
ated. Indeed, also in more recently designed classification models the 
dilemma on how to predict the responses of the adjacent compensatory 
curves to different types of correction forces remains unsolved, and has led 
to classification models that provide us with a confusing variability of curve 
types. Perhaps a better approach is to develop a model, which uses the ele
mentary corrective forces, i.e. distraction, compression, translation and 
rotation, as the basis for describing scoliotic deformities. It will inform us 
how a deformity reacts if corrective forces are applied. Preoperatively, 
under defined forces, the dimension of flexion, extension, side bending and 
axial rotation can be dynamically assessed and used as simulation of the 
operatively applied forces. Such a dynamic model might predict the postop
erative result and will outdo the current curve descriptive classification 
methods since it will address both static and dynamic rigging mechanisms 
and not just echo a list of curves types.

Previous investigations of the spine focused mainly on maximal exertions in 
various symmetric and asymmetric postures5;27;37;88. A study by Keifer et al 
used a synergetic approach to analyse the spine48;49. Their model combines 
the previously mentioned osteoligamentous spine, and the spinal muscles. 
They report that muscles inserting onto the lumbar vertebrae mainly 
increase the stability of the spine49. This concept has been supported and 
enhanced by others who noted that in scoliosis the ability of the compensa
tory spine-pelvis complex to seek and maintain balance depends both on 
anatomical parameters and on the adaptability of the muscular 
structures58. However, the surgical outcome might be affected by both rig
ging mechanisms as both can be impaired and will also influence the com
pensatory curve. The greater the scoliotic parameters, the more restricted 
the capacity to modulate the lumbar curve will be, which increases the risk 
of imbalance58. Richards stated that a flexible lumbar curve does not ensure 
a postoperatively balanced spine80. If selective thoracic fusion is undertaken 
in those whose lumbar curve exceed 40° one should expect to find that the 
lumbar curve and pelvic obliquity will persist80. In addition, and even more 
difficult to understand, is the observation that the operative result will be 
influenced by surgical derotation of the primary thoracic curve as this will 
induce an additional en bloc rotation of the compensatory lumbar
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spine44;110. This increased rotation outside the areas of instrumentation can 
induce decompensation7;44;97;110. When derotating the thoracic curve in 
idiopathic scoliosis care must be taken not to overcorrect, especially in the 
thoracic scoliotic curves where the compensatory lumbar segments may not 
be able to assume the transmitted torque110. Generally, in lumbar motion 
segments without degeneration, annulus fibres restrict axial rotation more 
than the facets, but in degenerated discs a significant increase of axial rota
tion and lateral translation under torque has been noted52;53. Therefore, in 
the course of time, perhaps the en bloc rotation of the compensatory scoli
otic curve might even increase and induce imbalance.
Hence the answer to the question whether a thoracic scoliotic spine with a 
flexible compensatory lumbar curve will spontaneously correct into a bal
anced spine after selective fusion must still be considered to be unknown. 
To achieve a better insight into this matter more comparative studies must 
be performed, but first an updated, practicable, and dynamic classification 
model for scoliosis must be developed.

Part II: Kyphosis

A kyphotic deformity of the spine is defined as an abnormal curvature in 
the sagittal plane with a posterior convexity. The major criteria for the 
diagnosis of adolescent idiopathic kyphosis, or so- called Scheuermann's 
kyphosis are irregular vertebral plates and wedging of more than 5° for at 
least three adjacent vertebrae at the apex of the curve, which can occur in 
either the thoracic or the lumbar regions18;90. An idiopathic kyphosis might 
cause pain and even neurological deficits due to spinal cord impairment 
have been described42;42;72;75;86;90. Scheuermann deformities are accompa
nied by a scoliosis in 8% of the cases, and in thoracic Scheuermann's kypho
sis, the hyper-kyphotic curve must be greater than 60 Cobb 
degrees14;19;72;91. In contrast, lumbar Scheuermann patients often do not 
present the classical wedging sign and Blumenthal et al classified these 
patients as "atypical"17. Furthermore the onset of lumbar Scheuermann's 
Disease varies from thoracic Scheuermann's Disease since it often is related 
to degenerative changes of the spine and traumatic interosseous disc herni
ations1̂ 67.
In the sagittally balanced spine, the cranium is centred over the sacrum. The 
thoracic and sacral curves are both kyphotic and rigid with the shape of the 
vertebral bodies and intervertebral discs accommodating the configuration
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of the thoracic spine. The thoracic curvature is considered the basic curve 
since it can even be found at birth. The compensatory lordotic cervical and 
lumbar curves provide homeostatic balance. In addition, the position of the 
lower extremities and pelvis will influence the sagittal alignment profound
ly. In a kyphotic deformity adjustment of the lumbar spine, pelvis and lower 
extremities are needed in order to keep the spine balanced.
There is a multitude of causes for an increased thoracic kyphosis. In idio
pathic kyphosis, i.e. Scheuermann's Disease, the etiology is essentially 
unknown. Several methods of classification have been developed, but as in 
scoliosis, a biomechanical synergistic approach will be provided in this sec
tion (Table 1). Moreover, a given disease may contribute to more than just 
one rigging mechanism. Optimal postural balance depends on the synergy 
between the standing rigging, i.e. the intrinsic osseous and ligamentous 
structural elements, and the running rigging, i.e. the neuro-muscular bal
ance mechanisms, of the spine.

Considerations involved in etiological theories and studies
As a result of the anterior location of the centre of gravity, with respect to 
the thoracic spine, a normal kyphotic thoracic spine is subjected to compres
sion and flexion loads. Essentially the onset and progression of a kyphotic 
deformity may be triggered by a relative increase in anterior compression 
loading of the vertebrae or by a relative impairment of the posterior com
ponents. The posterior components are primarily loaded in tension and 
optimal sagittal balance depends on the counteraction of these compres
sion and tension forces. Both the anterior and posterior vertebral column 
components are constructed of osseous and ligamentous structural ele
ments, i.e. standing rigging. Impairment of these components, whether or 
not imposed by pathology of the functional neuro-muscular status, i.e. the 
running rigging, may induce alterations of the structural elements which 
result in kyphotic deformities. A decrease in the anterior part of the verte
bral body height results in wedging of the vertebrae and an increase in 
kyphosis. The biomechanical consequence of this kyphotic deformity is an 
increase in the lever arm of the centre of gravity line with respect to the 
impaired vertebrae. White and Panjabi composed a mathematical model to 
analyse the effect of vertebral wedging on the flexion moment of the spine 
(Figure 4)107. The relative increase of the flexion moment is, however, 
dependent on the proportion of vertebral wedging and the position of the 
body centre of gravity as seen in the equation of Figure 4 and 5107. 
Vertebral wedging is a pure structural impairment, but neuro-muscular
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Sim plified model to ca lculate the flexion m om ent as illustrated for the normal vertebra and the w edged  
shaped kyphotic vertebra. Increased vertebral body wedging leads to an increased flexion moment as deter
mined by the equation: [(sin (ß + a/2)/sin ß)-1].

Beta = 20 dgr 
Beta = 40 dgr

Vertebral Wedge Angle

Figure 5
The relative increase of the flexion bending m om ent depends on the vertebral w ed g e  angle. Furthermore, 
the flexion moment will also increase if the ß  angle extends (see Fig 4).

handicaps or malalignment of the pelvis and lower extremities also influ
ence the flexion moment and might even induce anatomic changes to the 
structural elements. Hence, a kyphosis might be triggered by more than just 
one rigging mechanism.
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Unlike the numerous experimental studies on the etiology of idiopathic sco
liosis, there have only been a few studies on the cause of idiopathic kyphosis.

The standing rigging; the osseous and ligamentous structures
There is a distinct vertebral wedging of the vertebral body in individuals 
with Scheuermann's Disease. DigIovanni et al noted that this wedge-shaped 
anterior extension was composed of mature cancellous bone and was mor
phologically different from marginal osteophyte formation32. These areas, 
which appear as erosions on radiographs, are actually altered enchondral 
ossification in which bone is directly formed from cartilage6. 
Fundamentally, there is a change in the matrix of the vertebral plate and 
the growth plate cartilage due to a defect of the cells and the matrix. It has 
been suggested that in Scheuermann's Disease the cartilaginous end plates 
of the vertebral bodies display a loosening or complete interruption of the 
collagen fibres9. Disturbance of collagen or ground substance biosynthesis 
is of importance in the pathogenesis of juvenile osteochondrosis and will 
compromise the standing rigging9. In a recent animal study gene inactiva
tion for collagen was shown to lead to early skeletal manifestations that 
bear resemblance to human spine disorders85. Future studies might recog
nise an association of gene defects in Scheuermann's Disease and explain 
the possible heredity of Scheuermann's kyphosis16;34.
Vertebral wedging and impaired ligamentous structures are probably sec
ondary to the loss of mechanical strength in the defective areas8;70. 
Sahlman et al noted irregular endplates and shorter vertebrae, during 
growth in mice, but the degree of thoracic kyphosis was not increased85. In 
man these intrinsic bony changes could predispose to wedging of the verte
brae as a result of the anterior located centre of gravity in relation to the 
thoracic spine85;106. The biomechanical consequence of this wedging 
process is a progressive increase of the flexion moment due to an increase 
in the lever arm of the centre of gravity line with respect to the impaired 
vertebrae (Figure 4 and 5)106. Initially, a kyphotic deformity will be flexible 
but the vertebral deformations may become rigid in time and may be 
accentuated by subsequent deformities caused by shortening of the anteri
or chest wall and structural changes of the compensating lumbar lordosis. 
Hence when referring to biomechanical models the neuro-muscular status, 
i.e. running rigging, of a patient may be a predictive force in the progres
sion of idiopathic kyphosis. As mentioned above, the basic pathology or 
aetiology is not absolute for each rigging category.
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The running rigging; the neuro-muscular mechanisms
In addition to the deformity of the spine, patients with Scheuermann's 
kyphosis often have anterior bowing of the shoulder girdle, with associated 
tightness of the pectoral muscles. Tightness of the hamstrings and hip flex
ors are also common. Clinical observations like these suggest that neuro
muscular factors may play a role in the etiology of Scheuermann's Disease. 
Lambrinudi (1934) emphasised the importance of hamstring tightness in 
Scheuermann's Disease as a factor that produces increased stress on the 
spine55. In addition Fisk et al stated that spinal proprioceptors can influ
ence muscle facilitation as far down as the hamstrings, and, thus, 
«Scheuermann's Disease could influence the degree of hamstring tight
ness, and possibly vice versa»35. Other studies suggested that intense athletic 
training, as in rowing, increases the risk for adolescent hyperkyphosis111,109. 
These reports are often anecdotal but, a possible relation between idio
pathic kyphosis and muscular imbalance is likely since some studies support 
the hypothesis that neuro-muscular disorders may underlay idiopathic 
kyphosis36;47. In an animal model, the relationship between damage to 
brain stem and the occurrence of spinal deformity has been investigated; 
this indicates that postural dysfunction caused by brain stem damage may 
induce kyphoscoliosis and imbalance of the paraspinal muscles11. Roth 
noted that Arnold- Chiari malformation and basilar impression are repre
sentative of "osteo-neural growth pathologies" encompassing "dysplastic" 
disorders such as Scheuermann's kyphosis83.
Again the biomechanical consequence of an increasing kyphosis is a pro
gression of the flexion moment. Muscular compensation to resist the flex
ion moment will finally fail, and the anisotropic deformation of the 
vertebrae will progres104. Compensatory mechanisms could be a response 
to this problem. Lumbar hyperlordosis, adjustments in pelvic inclination or 
positioning of the lower extremities may be adaptations that prevent curve 
progression and postural imbalance and various studies indicated that 
pelvic tilting and lumbar lordosis are coupled to the degree of thoracic 
kyphosis28-30;38;57;60;96;99. To keep a spine balanced postural translations can 
cause significant changes in thoracic kyphosis, lumbar curve, and pelvic 
tilt38. Comprehension of these coupled movements might aid the under
standing of spinal deformities. But osteoligamentous and neuro-muscular 
impairments may also affect these compensatory mechanisms and, thus, 
reduce the ability to withstand a progressive imbalance and kyphosis.
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Considerations involved in surgical treatment
Similarly to scoliosis, the surgical correction of a kyphotic deformity requires 
the application of adequate instrumentation in order to obtain correction 
of the deformity and to secure the arthrodesis. Various studies have dis
cussed the surgical outcome and addressed problems such as how to 
achieve correction, the length of the fusion or the use of an anterior 
release6;19;21;42;63;94. Innovations in instrumentation systems have resolved 
many of these technical problems and as a result the topic of correction loss 
seems mastered. However, in contrast to scoliosis surgery, these innovations 
did not provide us with an improved insight into the compensatory mecha
nisms. Dynamic classification criteria's, as King et al have postulated for sco
liosis, are not yet available for Scheuermann's Disease. Furthermore, the 
importance of the lumbar-pelvic complex or lower extremities in the surgi
cal planning have never been addressed. Nevertheless without any scientific 
rationalisation, it is generally believed that the lumbar hyperlordosis in 
Scheuermann's Disease is the single compensation for the hyperkyphosis of 
the thoracic spine. But is this true, and in addition can the compensatory 
curve be classified, i.e. is this curve flexible or has it been subjected to struc
tural changes? In scoliosis bending radiographs of the primary and compen
satory curve are commonly obtained in order to answer some of these 
questions. Surprisingly in idiopathic kyphosis such a procedure has not been 
applied to the compensatory curve, although the flexibility of the primary 
kyphotic curve is commonly assessed.
When reviewing the studies on the surgical management of Scheuermann's 
kyphosis and considering this shortcoming in surgical planning, the effect 
of this incomplete diagnostic work up becomes apparent. As stated, initially 
the studies on the surgical outcome addressed the problem of correction 
loss. Better instrumentation techniques solved this dilemma, but the urge 
for maximal correction became the next pitfall and iatrogenic complica
tions such as overcorrection resulting in imbalance and proximal or distal 
junctional kyphosis have been noted. Lowe and Kasten reported that imbal
ance and junctional kyphosis were associated with over-correction of a 
kyphotic deformity63. They postulated that a kyphosis should not be cor
rected to more than 50% of its preoperative level and that it should never 
be corrected to less than 40° in order to prevent proximal junctioning63. 
However, they did not acknowledge that a proper postoperative postural 
balance does not only depend on the degree of kyphosis correction but is 
also linked to the capacity of the lumbar-pelvic unit to compensate for 
imbalance. Concerning distal junctional kyphosis, extensive fusion of the
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lumbar spine can be employed in order to prevent distal junctioning. 
However, this surgical tactic also compromises the compensatory lumbar- 
pelvic balance mechanism and might result in proximal junctioning25;62;77. 
On the basis of these studies, we can state that in a kyphosis correction 
optimal postural balance can only be achieved if the lumbar-pelvic compen
sation mechanism has been respected. Overcorrection of the kyphosis or an 
extensive fusion of the lumbar spine can be expected to compromise the 
lumbar-pelvic complex. Furthermore, when considering the tight ham
strings pattern in Scheuermann's kyphosis, the positioning of the lower 
extremities also influences the position of the pelvis and the lumbar com
pensation mechanism. Bylak et al noted that knee flexion results in a pelvic 
rotation and a shift of the sagittal balance anteriorly with an increase of 
lordosis in the lower lumbar segments22. Therefore, lumbar hyperlordosis is 
not the single compensatory mechanism, and indeed in order to predict the 
surgical outcome the compensatory mechanisms of the lumbar-pelvic com
plex should be qualified. But how? In ankylosing spondylitis the entire 
spine can be considered rigid, and therefore, the effect of a lumbar 
osteotomy in ankylosing spondylitis can be used as a reciprocal model to 
answer this question.
Van Royen et al pointed out that in ankylosing spondylitis the effect of a 
lumbar osteotomy on the sagittal alignment depends upon the combina
tion of the osteotomy correction angle and the lumbar range of motion 
(ROM) of the pelvis around the hips98. Postoperatively an arthrodesis of a 
thoracic Scheuermann's kyphosis can be considered to be rigid as well, and 
consequently, a proper sagittal alignment can only be obtained by chang
ing the lumbar lordosis or tilting the pelvis as in the surgically controlled 
and corrected ankylosing spondylitis. In ankylosing spondylitis, when aim
ing for balance, the preoperatively planned correction angle of the lumbar 
osteotomy should match the ability of the pelvis to rotate around the 
pelvis98. Similarly, preoperatively the ROM of the lumbar spine and pelvic 
should be assessed in Scheuermann's Disease. In a recent study assessment 
of the lumbar and pelvic ROM was performed in patients with thoracic 
Scheuermann kyphosis39;40. The results of this study pointed out that two 
patient groups could be distinguished. In one group postoperative balance 
was primarily obtained by adjustment of the lumbar lordosis, this patient 
group had a fixed pelvis and hamstring tightness. The second group 
showed both postoperative lumbar and pelvic adjustments to obtain bal
ance. Remarkably, the second group, i.e. the lumbar-pelvic compensators, 
had a significant greater lumbar and pelvic ROM. Imbalance was mainly
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noted in the first group with tight hamstring since their limited ROM and 
fixed pelvis provided insufficient postoperative adjustments to compensate 
for the kyphosis correction in order to accommodate balance40. To the 
question how the lumbar-pelvic complex should be classified the authors 
concluded that when planning a surgical correction for Scheuermann 
kyphosis preoperatively both the lumbar and pelvic ROM should be 
assessed since two different groups of patients can be distinguished; the 
lumbar compensators and the lumbar-pelvic compensators40.
As stated above, in any deformity the intrinsic structural and neuro-muscu- 
lar impairments may also affect the compensatory system. Insight into these 
rigging mechanisms not only provides us with knowledge about the onset 
of the deformity but also forces us to comprehend the importance of a lim
ited lumbar-pelvic ROM, and it serves us with better tools when planning a 
deformity correction.
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Conclusion

Optimal postural balance depends on the synergy between the structural 
elements, i.e. standing rigging, and the functional status, i.e. the running 
rigging of the spine. In scoliosis and kyphosis the primary curve evolves 
through impairment of these rigging mechanisms and the lumbar-pelvic 
compensatory mechanism will have to adjust for postural imbalance both 
preoperatively and postoperatively. However, this complex compensatory 
mechanism may also be compromised by the impaired rigging mechanisms 
and thus negatively influence the postural balance after surgical correction. 
When planning surgery, preoperative assessment of the compensatory lum
bar curve and pelvic ROM are therefore obligatory. Understanding the com
pensatory mechanism assists in preventing postoperative imbalance and 
overcorrection of a thoracic deformity.
The King concept still forms a basis in understanding scoliosis treatment 
and has emphasised the importance of the compensatory curve. 
Unfortunately the absence of a more specific classification for adolescent 
idiopathic scoliosis has made comparisons between various types of instru
mentation techniques, and the resultant insight into compensatory mecha
nisms an impossible task. Perhaps a dynamic model, which uses the 
elementary corrective forces, i.e. distraction, compression, translation and 
rotation, as the basis for describing scoliotic deformities might be a better 
approach. Similarly there is also an evident need for a dynamic classification 
model in Scheuermann's kyphosis. The lumbar-pelvic compensator model 
might be a first step in this pursuit.

27



Chapter 1

28



Reference List

1. Acaroglu E, Yazici M, Deviren V, Alanay A, Cila A, and Surat A. Does transverse 
apex coincide with coronal apex levels (regional or global) in adolescent idiopathic 
scoliosis? Spine 2001;26:1 143-6.

2. Adams.A. Lectures on the pathology and treatment of lateral and other curvature 
of the spine. London: Churchill and Sons, 1865.

3. Aebi M, Thalgott JS, W ebb JK. AO ASIF Principles in Spine Surgery. Berlin: 
Springer-Verlag, 2002.

4. Alexander MA, Bunch W H , and Ebbesson SOE. Can experimental dorsal rhizotomy 
produce scoliosis? Journal of bone and joint 1973;54A:1509.

5. Andriacchi T, Schultz A, Belytschko T, and Galante J. A  model for studies of 
mechanical interactions between the human spine and rib cage. J.Biomech. 
1974;7:497-507.

6. Ascani E, La Rosa G. Scheuermann's Kyphosis. In: Weinstein SL, ed. The pediatric 
Spine: Principles and Practice. New York: Raven Press, 1994:557-84.

7. Asher M A  and Cook LT. The transverse plane evolution of the most common ado
lescent idiopathic scoliosis deformities. A  cross-sectional study of 181 patients. 
Spine 1995;20:1386-91.

8. Aufdermaur M. Juvenile kyphosis (Scheuermann's disease): radiography, histology, 
and pathogenesis. Clin.Orthop. 1981;166-74.

9. Aufdermaur M and Spycher M. Pathogenesis of osteochondrosis juvenilis 
Scheuermann. J.Orthop.Res. 1986;4:452-7.

10. Augat P, Link T, Lang TF, Lin JC , Majumdar S, and Genant HK. Anisotropy of the 
elastic modulus of trabecular bone specimens from different anatomical locations. 
Med.Eng Phys. 1998;20:124-31.

11. Barrios C and Arrotegui JI. Experimental kyphoscoliosis induced in rats by selective 
brain stem damage. Int.Orthop. 1992;16:146-51.

12. Been HD. Anterior decompression and stabilization of thoracolumbar burst frac
tures using the Slot-Zielke-device. Acta Orthop.Belg. 1991;57 Suppl 1:144-61.

13. Behensky H, Giesinger K, Ogen M, and Krismer M. Multisurgeon assessment of 
coronal pattern classification systems for adolescent idiopathic scoliosis: reliability 
and error analysis. Spine 2002;27:762-7.

14. Bernhardt M and Bridwell KH. Segmental analysis of the sagittal plane alignment 
of the normal thoracic and lumbar spines and thoracolumbar junction. Spine 
1989;14:717-21.

15. Betz RR, Harms J, Clements DH, III et al. Comparison of anterior and posterior 
instrumentation for correction of adolescent thoracic idiopathic scoliosis. Spine 
1999;24:225-39.

29



Chapter 1

16. Bjersand AJ. Juvenile kyphosis in identical twins. A JR Am .J.Roentgenol. 
1980;134:598-9.

17. Blumenthal SL, Roach J, and Herring JA. Lumbar Scheuermann's. A  clinical series 
and classification. Spine 1987;12:929-32.

18. Bradford DS. Juvenile kyphosis. Clin.Orthop. 1977;128:45-55.
19. Bradford DS, Ahmed KB, Moe JH, W inter RB, and Lonstein JE. The surgical man

agement of patients with Scheuermann's disease: a review of twenty-four cases 
managed by combined anterior and posterior spine fusion. J.Bone Joint Surg.[Am.] 
1980;62:705-12.

20. Bradford DS, Hensinger RN. The pedatric spine.New York: Thieme, 1985:463-464.
21. Bradford DS, Moe JH, Montalvo FJ, and W in ter RB. Scheuermann's kyphosis. 

Results of surgical treatment by posterior spine arthrodesis in twenty-two patients. 
J.Bone Joint Surg.[Am.] 1975;57:439-48.

22. Bylak JA, Mardjetko SM, Basobas L. Effect of knee flexion on sagittal spinal align
ment and balance. presented at the 35th meeting of the Scoliosis Research 
Society, Cairns, Australia, October 2001. 2002.

23. Carpintero P, Mesa M, Garcia J, and Carpintero A. Scoliosis induced by asymmetric 
lordosis and rotation: an experimental study. Spine 1997;22:2202-6.

24. Cobb JR. Outline for the study of scoliosis. Instructional Course Lectures, The 
American Academy of Orthopaedic Surgeons. 5 ed.Ann Arbor. MI, J.W . Edwards, 
1948:261-275.

25. Coscia MF, Bradford DS, and Ogilvie JW . Scheuerman's kyphosis. Results in 19 
cases treated by spinal arthrodesis and L-rod instrumentation. Orthop.Trans. 
1988;12:255.

26. Cotrel Y, Dubousset J, and Guillaumat M. New universal instrumentation in spinal 
surgery. Clin.Orthop. 1988;227:10-23.

27. Crisco JJ, III and Panjabi M M . The intersegmental and multisegmental muscles of 
the lumbar spine. A  biomechanical model comparing lateral stabilizing potential. 
Spine 1991;16:793-9.

28. Day JW , Smidt GL, and Lehmann T. Effect of pelvic tilt on standing posture. 
Phys.Ther. 1984;64:510-6.

29. Delisle A, Gagnon M, and Sicard C. Effect of pelvic tilt on lumbar spine geometry. 
IEEE Trans.Rehabil.Eng 1997;5:360-6.

30. DeLuca PA, Ounpuu S, Davis RB, and Walsh JH. Effect of hamstring and psoas 
lengthening on pelvic tilt in patients w ith spastic diplegic cerebral palsy. 
J.Pediatr.Orthop 1998;18:712-8.

31. Dickson RA, Lawton JO, Archer IA, and Butt WP. The pathogenesis of idiopathic 
scoliosis. Biplanar spinal asymmetry. J.Bone Joint Surg.[Br.] 1984;66:8-15.

30



32. DigIovanni BF, Scoles PV, and Latimer BM. Anterior extension of the thoracic verte
bral bodies in Scheuermann's kyphosis. An anatomic study. Spine 1989;14:712-6.

33. Ebara S, Kamimura M, Itoh H et al. A  new system for the anterior restoration and 
fixation of thoracic spinal deformities using an endoscopic approach. Spine 
2000;25:876-83.

34. Findlay A, Conner AN, and Connor JM . Dominant inheritance of Scheuermann's 
juvenile kyphosis. J.Med.Genet. 1989;26:400-3.

35. Fisk JW , Baigent ML, and Hill PD. Scheuermann's disease. Clinical and radiological 
survey of 17 and 18 year olds. Am.J.Phys.Med. 1984;63:18-30.

36. Fitzsimons RB. Idiopathic scoliosis, scheurmann's disease and myopathy: two case 
reports. Clin.Exp.Neurol. 1979;16:303-7.

37. Gardner-Morse M, Stokes IA, and Laible JP. Role of muscles in lumbar spine stabili
ty in maximum extension efforts. J.Orthop.Res. 1995;13:802-8.

38. Harrison DE, Cailliet R, Harrison DD, and Janik TJ. How do anterior/posterior trans
lations of the thoracic cage affect the sagittal lumbar spine, pelvic tilt, and thoracic 
kyphosis? Eur.Spine J. 2002;1 1:287-93.

39. Hosman AJ, Kleuver de K, Anderson PG, Limbeek van J, Langeloo DD, and Slot 
GH. Tight hamstrings in Scheuermann's kyphosis, a predictor in surgical planning. 
A  new paradigm. submited to Spine 2002.

40. Hosman AJ, Kleuver de K, Pavlov PW, and Slot GH. Tight hamstrings: the postop
erative sagittal alignment in patients w ith Scheuermann's kyphosis. Presented at 
the annual meeting of the Spine Society of Europe, Gothenburg, Sweden, 
September 7, 2001.Euro.Spine J. 2001;10S:S21.

41. Hosman AJ, Kleuver de M, Pavlov PW, and Slot GH. Scheuermann's kyphosis; 
results of surgical corrective treatment by posterior spine fusion and the effect of 
an anterior release. Presented at the annual meeting of the Spine Society of 
Europe, Antwerp, Belgium, October 11, 2000, Euro.Spine J. 2000;9:289.

42. Hosman AJ, Langeloo DD, de Kleuver M, Anderson PG, Veth RP, and Slot GH. 
Analysis of the Sagittal Plane After Surgical Managem ent for Scheuermann's 
Disease: A  V iew  on Overcorrection and the Use of an Anterior Release. Spine 
2002;27:167-75.

43. Hosman AJ, Slot GH, Beijneveld W J, van Limbeek J, and Kooijman MA. Correction 
of idiopathic scoliosis using the H-frame system. Eur.Spine J. 1996;5:172-7.

44. Hosman AJ, Slot GH, van Limbeek J, and Beijneveld W J. Rib hump correction and 
rotation of the lumbar spine after selective thoracic fusion. Eur.Spine J. 
1996;5:394-9.

45. Jackson RP, Kanemura T, Kawakami N, and Hales C. Lumbopelvic lordosis and 
pelvic balance on repeated standing lateral radiographs of adult volunteers and 
untreated patients with constant low back pain. Spine 2000;25:575-86.

31



Chapter 1

46. Kamimura M, Ebara S, Kinoshita T et al. Anterior surgery with short fusion using 
the Zielke procedure for thoracic scoliosis: focus on the correction of compensa
tory curves. J.Spinal Disord. 1999;12:451-60.

47. Kewalramani LS, Riggins RS, and Fowler W M , Jr. Scheuermann's kyphoscoliosis 
associated w ith Charcot-Marie-Tooth syndrome. Arch Phys.Med.Rehabil. 
1976;57:391-7.

48. Kiefer A, Shirazi-Adl A, and Parnianpour M. Stability of the human spine in neutral 
postures. Eur.Spine J. 1997;6:45-53.

49. Kiefer A, Shirazi-Adl A, and Parnianpour M. Synergy of the human spine in neutral 
postures. Eur.Spine J. 1998;7:471-9.

50. King HA, Moe JH, Bradford DS, and W in ter RB. The selection of fusion levels in 
Thoracic idiopathic scoliosis. J.Bone Joint Surg.[Am.] 1983;56A:1302-13.

51. Krismer M, Chen AM , Steinlechner M, Haid C, Lener M, and W im m er C. 
Measurement of vertebral rotation: a comparison of two methods based on CT 
scans. J.Spinal Disord. 1999;12:126-30.

52. Krismer M, Haid C, Behensky H, Kapfinger P, Landauer F, and Rachbauer F. Motion 
in lumbar functional spine units during side bending and axial rotation moments 
depending on the degree of degeneration. Spine 2000;25:2020-7.

53. Krismer M, Haid C, and Rabl W . The contribution of anulus fibers to torque resist
ance. Spine 1996;21:2551-7.

54. Lam KS and Mehdian H. The importance of an intact abdominal musculature 
mechanism in maintaining spinal sagittal balance. Case illustration in prune-belly 
syndrome. Spine 1999;24:719-22.

55. Lambrinudi L. Adolescent and senile kyphosis. Br Med J 1934;11:800-4.
56. Lawton JO  and Dickson RA. The experimental basis of idiopathic scoliosis. 

Clin.Orthop. 1986;9-17.
57. Lee CS, Lee CK, Kim YT, Hong YM , and Yoo JH. Dynamic sagittal imbalance of the 

spine in degenerative flat back: significance of pelvic tilt in surgical treatment. 
Spine 2001;26:2029-35.

58. Legaye J, Duval-Beaupere G, Hecquet J, and Marty C. Pelvic incidence: a funda
mental pelvic parameter for three-dimensional regulation of spinal sagittal curves. 
Eur.Spine J. 1998;7:99-103.

59. Lenke LG, Betz RR, Harms J et al. Adolescent idiopathic scoliosis: a new classifica
tion to determine extent of spinal arthrodesis. J.Bone Joint Surg.Am. 2001;83- 
A:1169-81.

60. Levine D and W hittle  M W. The effects of pelvic movement on lumbar lordosis in 
the standing position. J.Orthop Sports Phys.Ther. 1996;24:130-5.

61. Liljenqvist UR, Link TM, and Halm HF. Morphometric analysis of thoracic and lum
bar vertebrae in idiopathic scoliosis. Spine 2000;25:1247-53.

32



62. Lowe TG. Double L-rod instrumentation in the treatment of severe kyphosis sec
ondary to Scheuermann's disease. Spine 1987;12:336-41.

63. Lowe TG and Kasten MD. An analysis of sagittal curves and balance after Cotrel- 
Dubousset instrumentation for kyphosis secondary to Scheuermann's disease. A 
review of 32 patients. Spine 1994;19:1680-5.

64. Lugue ER. segmental spinal instrumentation for correction of scoliosis. 
Clin.Orthop. 1982;163:192-8.

65. Machida M, Murai I, Miyashita Y, Dubousset J, Yamada T, and Kimura J. 
Pathogenesis of idiopathic scoliosis. Experimental study in rats. Spine 
1999;24:1985-9.

66. Mayfield.J.K, Riseborough.E, Jaffe.N , and Nehm e.M.E. Spinal deformity in 
childeren treated for neuroblastoma. Journal of bone and joint 1981;63A:183.

67. McCall IW, Park W M , O'Brien JP, and Seal V. Acute traumatic intraosseous disc her
niation. Spine 1985;10:134-7.

68. Moe JH. Methods of correction and surgical technique in scoliosis. 
Orthop.Clin.North Am. 1972;2:48.

69. Moe JH, Purcell GA, and Bradford DS. Zielke instrumentation (VDS) for the correction 
of spinal curvature. Analysis of results in 66 patients. Clin.Orthop. 1983;133-53.

70. Morin B, Poitras B, Duhaime M, Rivard CH, and Marton D. Congenital kyphosis by 
segmentation defect: etiologic and pathogenic studies. J.Pediatr.Orthop. 
1985;5:309-14.

71. Mosekilde L, Viidik A, and Mosekilde L. Correlation between the compressive 
strength of iliac and vertebral trabecular bone in normal individuals. Bone 
1985;6:291-5.

72. Murray PM, Weinstein SL, and Spratt KF. The natural history and long-term follow- 
up of Scheuermann kyphosis. J.Bone Joint Surg.Am. 1993;75:236-48.

73. Newton PO, Fricka KB, Lee SS, Farnsworth CL, Cox TG, and Mahar AT. 
Asymmetrical flexible tethering of spine growth in an immature bovine model. 
Spine 2002;27:689-93.

74. Nissinen M. Spinal posture during pubertal growth. Acta Paediatr. 1995;84:308-12.
75. Normelli HC, Svensson O, and Aaro SI. Cord compression in Scheuermann's kypho

sis. A  case report. Acta Orthop.Scand. 1991;62:70-2.
76. Ogon M, Giesinger K, Behensky H et al. Interobserver and intraobserver reliability 

of Lenke's new scoliosis classification system. Spine 2002;27:858-62.
77. Poolman RW, Been HD, and Ubags LH. Clinical and radiographical results after sur

gical treatement of Morbus Scheuermann. Presented at the annual of the Dutch 
Orthopaedic Society, Groningen, the netherlands, May 18, 2001 2002.

78. Puno RM, Grossfeld SL, Johnson JR, and Holt RT. Cotrel-Dubousset instrumenta
tion in idiopathic scoliosis. Spine 1992;17:S258-S262.

33



Chapter 1

79. Resina J and Alves F. A  technique of correction and internal fixation for scoliosis. 
Journal of bone and joint 1977;59B:159-65.

80. Richards BS. Lumbar curve response in type II idiopathic scoliosis after posterior 
instrumentation of the thoracic curve. Spine 1992;17:S282-S286.

81. Richards BS, Birch JG , Herring JA, Johnston CE, and Roach JW . Frontal plane and 
sagittal plane balance following Cotrel-Dubousset instrumentation for idiopathic 
scoliosis. Spine 1989;14:733-7.

82. Rohlmann.A, Klöckner.C, and Bergm ann.G. [Biomechanics of the Kyphosis]. 
Orthopäde 2001;30:915-8.

83. Roth M. Cranio-cervical growth collision: another explanation of the Arnold- Chiari 
malformation and of basilar impression. Neuroradiology 1986;28:187-94.

84. Roye DP, Jr., Farcy JP, Rickert JB, and Godfried D. Results of spinal instrumentation 
of adolescent idiopathic scoliosis by King type. Spine 1992;17:S270-S273.

85. Sahlman J, Inkinen R, Hirvonen T et al. Premature vertebral endplate ossification 
and mild disc degeneration in mice after inactivation of one allele belonging to the 
Col2a1 gene for Type II collagen. Spine 2001;26:2558-65.

86. Scheuermann HW. Kyphosis dorsalis juvenilis. Ugeskr Laeger 1920;82:385.
87. Schulthess W . Die Pathologie und Therapie der Rückengratsverkrümmungen. 

Joachimsthal Handbuch der Orthopädischen Chirurgie. Jena: Fischer,G., 1905.
88. Schultz A, Cromwell R, Warwick D, and Andersson G. Lumbar trunk muscle use in 

standing isometric heavy exertions. J.Orthop.Res. 1987;5:320-9.
89. Schultz A, Haderspeck K, and Takashima S. Correction of scoliosis by muscle stimu

lation: biomechanical analyses. Spine 1981;6:468-76.
90. S0rensen KH. Scheuermann's Juvenile Kyphosis. Copenhagen: Enjar Munksgaard 

Forlag, 1964:214-222.
91. Stagnara P, De Mauroy JC, Dran G et al. Reciprocal angulation of vertebral bodies 

in a sagittal plane: approach to references for the evaluation of kyphosis and lor
dosis. Spine 1982;7:335-42.

92. Steindler A. Kinesiology of the Human Body. Springfield, IL: Charles C Thomas, 
1955.

93. Stokes IA. Three-dimensional terminology of spinal deformity. A  report presented 
to the Scoliosis Research Society by the Scoliosis Research Society Working Group 
on 3-D terminology of spinal deformity. Spine 1994;19:236-48.

94. Sturm PF, Dobson JC, and Armstrong GW . The surgical management of 
Scheuermann's disease. Spine 1993;18:685-91.

95. Suk SI, Song HS, and Lee CK. Scoliosis induced by anterior and posterior rhizoto
my. Spine 1989;14:692-7.

96. Sullivan MK, Dejulia JJ, and Worrell TW. Effect of pelvic position and stretching 
method on hamstring muscle flexibility. Med.Sci.Sports Exerc. 1992;24:1383-9.

34



97. Thompson JP, Transfeldt EE, Bradford DS, Ogilvie JW , and Boachie-Adjei O. 
Decompensation after Cotrel-Dubousset instrumentation of idiopathic scoliosis. 
Spine 1990;15:927-31.

98. Van Royen BJ, De Gast A, and Smit TH. Deformity planning for sagittal plane cor
rective osteotomies of the spine in ankylosing spondylitis. Eur.Spine J. 2000;9:492-8.

99. Vaz G, Roussouly P, Berthonnaud E, and Dimnet J. Sagittal morphology and equi
librium of pelvis and spine. Eur.Spine J. 2002;11:80-7.

100. Vedantam R, Lenke LG, Keeney JA , and Bridwell KH. Comparison of standing 
sagittal spinal alignment in asymptomatic adolescents and adults. Spine 
1998;23:211-5.

101. Veraart, B. E. E. M. J. Treatment of idiopathic scoliosis during adolescence by har
rington rod fusion. 1985. University of Rotterdam. Thesis/Dissertation

102. Voutsinas SA and MacEwen GD. Sagittal profiles of the spine. Clin.Orthop. 
1986;235-42.

103. W ebb JK, Burwell RG, Cole AA, and Lieberman I. Posterior instrumentation in scol
iosis. Eur.Spine J. 1995;4:2-5.

104. Weinstein SL. The Pediatric Spine: Principles and Practice. 2 ed.Lippincott Williams 
and Wilkins, 2001.

105. W h ite  AA  and Panjabi M M . The clinical biomechanics of scoliosis. Clin.Orthop. 
1976;118:100-12.

106. W h ite  AA, Panjabi M M . Clinical Biomechanics of the Spine. Philadelphia: J.B. 
Lippincott, 1987:461.

107. W h ite  AA, Panjabi M M , and Thomas CL. The clinical biomechanics of kyphotic 
deformities. Clin.Orthop. 1977;8-17.

108. Wittebol.P. Idiopathic scoliosis (an experimental investigation). Arch Chir Neerl 
1956;8:269-79.

109. Wojtys EM, Ashton-Miller JA , Huston LJ, and Moga PJ. The association between 
athletic training time and the sagittal curvature of the immature spine. Am.J.Sports 
Med. 2000;28:490-8.

110. W ood KB, Transfield EE, Ogilvie JW , Schendel M J, and Bradford DS. Rotational 
changes of the vertebral-pelvic ais following Cotrel-Dubousset instrumentation. 
Spine 1991;16:S404-S408.

111. Woynarowska B and Bojanowska J. [Effect of increased motor activity on changes 
in posture during puberty]. Probl.Med.Wieku.Rozwoj. 1979;8:27-35.

112. Zielke K and Berthet A. [VDS— ventral derotation spondylodesis— preliminary 
report on 58 cases]. Beitr.Orthop.Traumatol. 1978;25:85-103.

35



36



Chapter 2

Correction of idiopathic scoliosis 
using the H-frame system

A.J.F. Hosman MD 
G.H. Slot PhD 

W.J. Beijneveld MD 
J. van Limbeek PhD 

M.A.P. Kooijman PhD

European Spine Journal, 1996; 5: 172-177



Chapter 2

Abstract

To determine the effectiveness of posterior instrumentation for the surgical treat
ment of idiopathic scoliosis, 36 patients were studied. The patients underwent sur
gery between 1989 and 1993 and were evaluated for curve correction, hump 
correction, vertebral rotation, fusion level and complications. Average age at sur
gery was 19 years. Duration of follow-up averaged 2.5 years. Mean primary curve 
correction in patients with a King type I curve was 44.8% (n = 4) and in patients 
with a type II curve 67.3% (n = 9). Patients with King type III (n = 17) and IV (n = 6) 
curves achieved respective mean curve corrections of 67.8% and 63.9%. During fol
low-up there was a mean correction loss of 0.8% in type I, 5.4% in type II, 10.1% in 
type III and 2.4% in type IV curves. No significant derotation of the primary curves 
was noted. Rib hump correction and rotational changes of the unfused compensa
tory curves were significant. Fusion levels extended beyond L2 in six cases. Major 
neurological problems did not occur. Pseudoarthrosis developed in one patient and 
imbalance in two patients. The H-frame system satisfactorily achieves curve and rib 
hump correction with little correction loss.
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Introduction

Correction of idiopathic scoliosis by posterior instrumentation and fusion is 
an established treatment. Harrington rod techniques have been the main
stay of scoliosis surgery since the late 1950's9;10. Later, other methods were 
developed and a fourth generation of spinal instrumentation was intro
duced by Cotrel and Dubousset (CDI)4;5. Although still controversial, the 
objective of achieving derotation in addition to two-plane correction and 
segmental fixation was added by this generation13;24;26.
The H-Frame instrumentation is also a derotating instrumentation system. 
Derotation is achieved by segmentally pulling the deformity latero-posteri- 
orly in relation to the axis of the spinal column by means of sublaminar 
wiring on the concave side of the curve6;7. The rod on the convex side pro
vides an additional derotation force by pushing the concave side of the ver
tebrae anteriorly. When hooks are used, derotation is achieved by rotating 
the rods. The basic principle of transverse connection differs from other sys
tems. The H-frame system uses only one central transverse crosslinkage to 
provide sideways rotation control and lateral stability. An "H"-shape frame 
is formed in this way11.
Many reports have studied the effectiveness of systems such as the Texas 
Scottish Rite Hospital instrumentation and CDI8;20;22;23. We present our initial 
experience with the H-frame system for the treatment of idiopathic scoliosis.

Materials and methods

We reviewed a consecutive series of 36 patients who were managed with 
posterior spinal fusion and insertion of H-frame instrumentation between 
1989 and 1993. All these patients had idiopathic scoliosis and were classi
fied according to King12. The King classification was used to make compar
isons with recent studies more valid.
Surgeries and follow-ups were performed by the senior author (G.H.S.). 
Charts and radiographs were reviewed by a single independent examiner 
who had not been involved in the care of these patients (A.J.H.).
The radiographs used for measurement were PA views of the patient in 
upright and supine side-bending positions performed immediately before 
operation, soon after operation and at the last available follow-up. Curve 
magnitudes were determined using the Cobb technique. The rotation of 
the apical vertebrae of both primary and compensatory curves were meas
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ured using the Perdriolle torsionmeter19. The neutral and stable vertebrae 
were recorded as well as the levels of fusion12. Frontal plane balance was 
assessed with the plumb-line technique before operation and during fol
low-up. The Bunnell scoliometer was used in accordance with the criteria 
suggested by Murrell to determine pre- and postoperative thoracic or lum
bar asymmetry1;18.
Analysis of the data included a comparison of the preoperative and postop
erative measurements of the clinical information and roentgenograms. 
Statistical analysis of the lateral curve corrections and rotation differences 
was performed via the Student paired i-test. We excluded from the tests 
two patients who had had their compensatory curves fused; thus ensuring 
that all the patients in the study had comparable rotational potency of the 
primary and compensatory curves. To avoid multiple test problems, 
Bonferroni's correction was used as follows: the P-value was divided by the 
number of tests on the same factor. This resulted in a P-value for signifi
cance of 0.05/3 = 0.017.

The study population
Using the King classification12, 4 patients had a type I curve, 9 a type II, 17 a 
type III and 6 a type IV curve. At time of surgery, groups I, II and III had an 
average age of 17.1 years (SD 4.3 years) and group IV had an average age 
of 28.8 years (SD 15.4 years). Of the 36 patients, 32 were female and 4 were 
male-, 33 had right and 3 had left convex curves. The average follow-up 
period was 2.5 years, with a range of 1.0 - 4.4 years (SD 1.1 years).

Operative information
Four patients had an anterior release prior to the operation. These were all 
classified as having type IV curves. The length of the rods varied from 20 to 
30 cm and fixation was maintained by screws, hooks and sublaminar wires. 
Six patients of the studied group had fusion that extended beyond the sec
ond lumbar vertebra. These six patients all had a neutral, stable and lower 
end-vertebra below L3. The remaining patients had fusion down to T12, L1 
or L2 in (7, 19 and 4 patients respectively). The number of vertrebrae fused 
averaged 9 (range 5 -10). Autogenous (iliac crest) bone was used in 34 cases 
and homologous bone was used in 2 cases.
The duration of surgery, excluding anaesthesia preparation, averaged 158 
min (SD 28.8 min). The mean estimated blood loss was 1,085 ml (SD 328.9 
ml). All patients were managed intraoperatively using the Cotrel extension 
table.
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Results

Frontal plane correction
The results of frontal plane correction are presented in Tables 1 and 2.

Table 1
Mean primary curve correction in the frontal plane

King curve type

I II III IV

No Patients 4 9 17 6
Preoperative curve (°) 56.0 (6.2) 59.2 (6.4) 50.1 (7.5) 80.0 (14.2)
Preoperative side bending (°) 30.5 30.3 25.5 49.8
Side bending correction (% ) 46.3 48.2 50.2 36.2
Postoperative curve (°) 30.8 (6.2) 19.4 (5.6) 16.3 (7.2) 30.2 (15.9)
Curve correction (% ) 44.8 67.3 67.8 63.9
Follow-up curve (°) 31.0 23.0 20.9 31.7
Correction loss (% ) 0.8 5.4 10.1 2.4

Note: SD in parenthesis

Table 2
Mean compensatory curve correction in the frontal plane

King curve type

I II III IV

No Patients 4 9 17 6
Preoperative curve (°) 38.8 (6.4) 45.8 (8.0) 22.2 (6.0) 29.8 (9.7)
Preoperative side bending (°) 17.8 7.4 2.1 3.0
Side bending correction (% ) 58.3 83.3 92.3 92.5
Postoperative curve (°) 25.0 (4.9) 20.6 (4.7) 11.8 (5.4) 15.3 (5.1)
Curve correction (% ) 38.2 53.1 46.9 58.3
Follow-up curve (°) 23.8 22.6 12.8 14.3
Correction loss (% ) 2.9 4.9 3.4 1.8

Note: SD in parenthesis
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Single thoracic (King type III and IV) curves
The 17 patients with King type III curves had preoperative primary curves 
that averaged 50.1°. The position of C7 over the sacrum was out of align
ment in 7 cases with an average misalignment of 1.6 cm (range 1.0-3.5 cm). 
Shortly after surgery, the primary curves gained an average correction of 
67.8%. The average correction rate in the lumbar compensatory curves was 
46.9%. In one patient, a perpendicular line through C7 did not cross the 
centre of the sacrum; there was a 1.5 cm imbalance.
The six patients with King type IV curves had the largest primary preopera
tive Cobb angle, averaging 80°. The mean thoracic side-bending correction 
was 36.2%, indicating that the rigidity of the primary curves was substan
tial, as one might expect considering the age distribution in this group3;25. 
Five cases were out of alignment before operation by an average of 2.2 cm 
(range 1.5-3.0 cm). Follow-up revealed in initial mean primary curve correc
tion of 63.9%, and a mean compensatory curve improvement of 58.3%. 
Clinically, in all patients the perpendicular line through C7 crossed the cen
tre of the sacrum following surgery.

Double thoraco-lumbar (King type I and II) curves
Various publications question selective thoracic fusion in type II cases with 
large (> 40°) lumbar curves14;21;22. In this study, type II management did not 
involve extending fusion deep into the compensatory lumbar curve, even 
when these curves were larger than 40°.
The four patients with King type I curves had a mean preoperative primary 
(lumbar) curve of 56°. Primary curve correction averaged 44.8% at the first 
postoperative control. Preoperative C7-alignment was out of true in three 
patients by 2.0, 2.0 and 3.0 cm, respectively. One patient was still out of bal
ance after surgery (< 1.0 cm). The compensatory curves gained a 38.2% cor
rection.
In the nine patients with king type II curves, the primary thoracic curves 
averaged 59.2°. Four patients had an imbalance averaging 2 cm (range 1.5 - 
3.0cm). At the first follow-up the primary curves had a correction of 67.3%. 
The lumbar curve had a correction of 53.1%. After fusion no clinical imbal
ance was found.

Vertebral rotation
The primary curves showed a nonsignificant average decrease of rotation of 
1.7° (P = 0.301). The compensatory curves showed a significant change of 
rotation following surgery (P < 0.001). Curve types I, II and III displayed an
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Figure 1 A-D
Pre- and postoperative PA and lateral radiographs of a 13.6-year-old girl w ith  a left convex King type IV 
curve. Curve correction was 8 7 %  and correction loss at follow-up w as 2 % .  Evident in this case w as the dero
tation of the unfused lumbar spine after surgery. The difference betw een the pre- and postoperative rota
tion, measured by the perdriolle technique, was 10°

average increase in rotation of 11° (SD 2.5°), 9.4° (SD 4.5°) and 3.5° (SD 
2.8°), respectively; whereas the type IV curves demonstrated a mean verte
bral rotation decrease of 5° (SD 4.3°) (Figure 1). Rotation of the compensa
tory curve was directed towards the rib hump in all four curve types.
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Hump correction
In addition to preventing scoliosis progression, surgery is also of great cos
metic and psychological importance to patients2. As a group, the patients 
demonstrated a significant change in rib hump after surgery (P < 0.001). 
The average decrease was 6.9° (SD 3.6°). However, looking at the response 
of each curve type separately, a much smaller decline in rib hump in the 
type III curves is apparent. Patients with type III curves had a mean differ
ence of 4.4° (SD 2.7°) between pre- and postoperative hump measurements, 
whereas those with type I, II or IV curves had an average correction of 8.9° 
(SD 3.0°).

Complications and reoperations
Five complications were noted. Two patients were reoperated because of 
delayed infection (one negative culture and one Staphylococcus 
aureus/Propionibacterium acnes positive culture). Their instrumentation 
was removed. Two other patients had instrumentation failure shortly after 
their initial operation (one rod and one screw failure) and one of them 
developed a pseudoarthrosis. Breakage of the screw and rod were due to 
participation in sports activities shortly following surgery. Both patients 
underwent revision of their instrumentation. The remaining patient had a 
lumbar root decompression and removal of her instrumentation.
A further seven patients were reoperated with no urgent medical need. Six 
of these patients were operated for prominence of proximal instrumenta
tion and the remaining one for an irritation caused by metallosis on a trans
verse connection.

Discussion

The H-frame instrumentation system provides an adaptable technique for 
treating idiopathic scoliosis. The frame is fixed to the spine using hooks on 
the thoracic vertebrae and/or screws on the lumbar vertebrae. Rotation can 
be provided by sublaminar wires or hooks, which allow for three-point cor
rection. The hooks and screws are secured to the threaded rods by nuts. A 
system for clamping the screws and hooks to the rods is also in use. The 
rods are transversely connected at their midpoints by an inbuilt rod or a 
separate crosslinkage for sideways rotation control and lateral stability 
(Figure 2). A spring-action is obtained in this way by the instrumentation, 
which provides a steady postoperative correction force.
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In this series of patients, primary curve correction varied depending on the 
King type of the curve. Other studies have also noted these differences in 
postoperative correction when curves were classified according to 
King15;20;22. Significant correction of the primary and secondary curves was 
noted for the overall group as well as each King type subgroup (P < 0.005). 
The King type III group was the largest in number, which makes it clinically 
the most interesting group. As noted earlier, four patients had an anterior 
release prior to their dorsal instrumentation, and all were classified as hav
ing King type IV curves.
In this study King type III curves had an average Cobb angle correction of 
67.8% shortly after operation. At subsequent follow-ups, a mean correction 
of 57.7% was recorded, representing a mean correction loss of 10.1%. 
Richards et al. measured an average follow-up correction of 52% with a 
correction loss of 13%22. The corrections recorded at follow-up Puno et al. 
and Lenke et al. were respectively 54.6% and 51 % , and both noted correc
tion losses of 8 % 15;20. Trunk decompensation was minimal: only 1 of the 17

Figure 2
The H-frame system. The inbuilt rots or separate crosslinkage is positioned in the middle of the rods. Coupled 
together, an "H"-shaped frame is formed
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patients was out of balance (1.5 cm). In none of the patients did fusion 
extend beyond the stable vertebra. Our King type III curve corrections are 
consistent with the outcomes of other studies, but all our results were 
achieved by selective fusing.
The type IV curves in our study achieved a mean correction at final control 
of 61.5%; the equivalent figure noted by Lenke et al. was 50%15. Both 
Lenke's and our type IV results were positively influenced by the anterior 
releases performed in a number of the type IV cases.
Our King type II cases had a mean initial thoracic curve correction of 67.3%. 
Mean correction at final follow-up measured 61.9%. Puno et al. also record
ed good initial correction, but reported a loss of 11.6% at follow-up; the 
thoracic curves in their study were corrected by 57.8%20. Both Lenke et al. 
and Richards et al. achieved mean corrections at follow-up of 46% and 
40%, respectively15'22. There were no fusions beyond L1 and all patients 
had a balanced trunk following surgery. Type I curves in our study attained 
an average correction of 44%. The findings of Richards et al. were less posi
tive, with a 31% mean correction at follow-up22. Comparison of these 
results should be undertaken with care; different instrumentation systems 
have been used and the studied group are not matched. Nonetheless, our 
results are satisfactory, thanks in part to experience with the instrumenta
tion and surgical techniques.
Richards reported that if selective thoracic fusion is undertaken in patients 
with type II curves whose lumbar curve exceeds 40°, one should expect the 
lumbar curve to remain larger than the instrumentated thoracic curve21. 
The outcome in our type II group, comparable to Richards' in size and pre
operative Cobb angle, did not confirm this. Mean lumbar rotation in our 
group, measured according to Perdriolle, was 7.8° in Richards' group it was 
23°. The lumbar curve at bending in our group was 7.4°; that in Richards' 
group was 15°. These differences lend credence to the idea that the limita
tion of the dynamics of the lumbar curve can not be put down to preopera
tive upright and side-bending curve size alone. Misalignment between L4 
and the pelvis may also be a predictor of limited correction of the lumbar 
spine21. Further studies in this field are needed to establish why some curve 
types attain greater rib hump correction, show a better curve correction 
and tend to undergo greater postoperative lumbar rotation than others.
For choosing the optimal caudal level of fusion many paradigms have been 
promoted12;16;17;21. The stable and neutral vertebrae are still useful aids in 
analysing and classifying the scoliotic spine, but the fusion criteria advocat
ed by King have been questioned in relation to the management of scolio
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sis, with the advent of fourth generation instrumentations20. We were able 
to perform selective fusion in nearly all curve types we studied. In our opin
ion fusion should extend caudally as far as the end vertebra but never 
above T12. If the neutral and/or stable vertebra lies two levels below, the 
end vertebra fusion should be extended one level downwards. If the end 
vertebra and neutral vertebra are the same and the stable vertebra is not 
more than two levels below, no extension of the fusion is needed. When 
these criteria are used, fusion levels hardly ever extend beyond L2. Clinical 
imbalance was reported in only two cases.
Due to pedicle occlusion by the instrumentation, vertebral rotation was dif
ficult to assess within the fusion tract. A nonsignificant derotation of the 
primary curves was noted in this study (P = 0.301). The compensatory curves 
showed a significant shift in rotation (P < 0.001) directed towards the rib 
hump. This suggests that the derotation forces of the instrumentation do 
not affect the fused curve, but are translated to the adjacent segments. The 
statistically significant rib hump correction can not be explained by the 
behaviour of the primary curve. Further study of lumbar curve dynamics 
may give some answers to this question.
As mentioned in our results, two patients had breakage of their instrumen
tation. Both patients had participated in sports activities soon after their 
operation. These failures show that good advice must be given on physical 
behaviour and where there is a perceived risk of non-compliance, addition
al bracing should be considered. Regarding the complications due to infec
tion, one should be aware of the fact that Propionibacterium acnes is 
difficult to grow and often gives negative cultures21. No irreversible neuro
logical complications occurred in the studied group. Metallosis occurred in 
one patient because a transverse connection was too long. lt was shortened 
in a second operation. Six patients showed prominence of the proximal part 
of their instrumentation. All these patients were slim young women and 
were unhappy with this cosmetic disturbance. Although there was no surgi
cal need, we did not hesitate to remove parts of or the complete instru
mentation. Physical appearance and psychological wellbeing are delicate 
and closely related issues in these patients2.

In summary: selective fusion and frontal curve and rib hump correction can 
be satisfactorily achieved using H-frame instrumentation in the treatment 
of idiopathic scoliosis. Correction loss at follow-up is minimal.
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Chapter 3

Abstract

In this study a series of 32 patients with idiopathic scoliosis, managed with selective 
thoracic fusion, was reviewed. Classified according to King and instrumented with 
the H-frame, the patients were evaluated for curve correction, rib hump correction 
and postoperative shift in lumbar rotation. Age and follow-up averaged 19.4 and 
2.4 years, respectively. The 32 patients had an average primary and lumbar curve 
correction of, respectively, 66% (6.0% correction loss) and 53% (3.4% correction 
loss). The respective values for postoperative rib hump correction and shift in apical 
lumbar rotation averaged 8° and 9.4° in type II King curves, 4.4° and 3.5° in type III 
and 11° and -5° in type IV. Significant differences were noted between the curve 
types in rib hump correction and shift in lumbar rotation. The study showed that en 
bloc postoperative rotation of the compensatory lumbar segment directed towards 
the rib hump, positively influences rib hump correction. This en bloc rotation of the 
unfused lumbar segments is induced by the correcting forces applied by the instru
mentation. The unfused lumbar spine of a patient with a King type II curve shows a 
larger lumbar rotation shift and subsequent rib hump correction than that of a 
patient with a King type III curve. Together with factors such as lateral angulation, 
rib-vertebra angles and structural limitations, the rotational dynamics of the 
unfused lumbar spine seem to form an important component in the understanding 
and surgical management of scoliosis.
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Introduction

Scoliosis can be one of the most bizarre and crippling deformities. The trip
tych of coronal, sagittal and rotational geometrical changes makes it a 
three-dimensional impairment. Vertebral rotation forms an important com
ponent in the genesis and clinical manifestation of this disfiguring patholo- 
gy6;7;i9;22;28. Correction of the rib hump by derotation of the primary curve 
is one of the main aims of surgery in the management of idiopathic scolio
sis. The introduction of a fourth generation of posterior instrumentation by 
Cotrel and Dubousset added the concept of derotation to two-plane correc- 
tion4;5;26. Derotation remains a controversial issue. However, discussion con
cerning this concept has focused primarily on derotation of the major 
curve1;8;9;13;20;21, with little attention being paid to the rotating effects on 
the unfused lumbar compensatory curves and the impact this might have 
on rib hump correction.
In this retrospective survey we studied postoperative rib hump correction 
and rotational changes in the unfused compensatory lumbar curve after 
selective thoracic fusion with the H frame system.

Materials and methods

In our clinic, 95 patients with various types of scoliosis were managed by 
selective posterior fusion using H-frame instrumentation between 1989 and 
1993. For this study we selected 32 cases from the group of 95 patients. The 
selection criteria were (1) diagnosis of idiopathic scoliosis and (2) selective 
fusion of the primary thoracic curve. The King classification system was used 
to make comparisons with other studies possible11 Nine of the cases were 
classified as King type II, 17 as King type III and 6 as King type IV.
Surgery and follow-ups were performed by the senior author (G.H.S.). 
Charts and radiographs were evaluated by an independent single examiner 
who had not been involved in the care of these patients (A.J.H.). Analysis 
was performed with data that were averages of four measurements per 
case.
Average age at surgery was 28.8 years (SD 13.4 years) for the group with 
King type IV curves and 17.1 years (SD 4.5 years) for the groups with curve 
types II and III. Of all the patients, 28 were female and 4 were male, 31 had 
right convex curves and 1 had a left convex curve. Follow-up averaged 2.4 
years (SD 1.1 year). Among those with King type II curves, fusions extended
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caudally to T12, L1 and L2 in three, five and one patient(s), respectively. 
Among those with King type III curves, fusions extended to T12, L1, L2 and 
L3 in 4, 12, 1 and 0 patients, respectively. The equivalent values for patients 
with King type IV curves were 0, 2, 3 and 1 case, respectively.
The roentgenograms used for measurement were obtained in standing PA 
position immediately before operation, shortly after surgery and at follow- 
up (between 1.0 and 4.4 years after surgery). The Cobb angles of the pri
mary and compensatory curves were noted3. Pre- and postoperative apical 
vertebral (de)rotation of the fused thoracic and unfused lumbar curves 
were measured using the Perdriolle template16. For each group, the 5°- 
interval measurements were averaged (to an accuracy of one decimal 
point). Average intratester repetition error was assumed to be 1.0° 
(Perdriolle) as described by Weiss27. Differences in rotational shift between 
the various King curve types were therefore considered significant if they 
measured 1.0° or more. The Bunnell scoliometer2 was used to measure rib 
hump angle preoperatively and during follow-up, as suggested by Murrell 
et a l15. Frontal balance was clinically assessed using the plumb-line tech
nique.
Data were analysed by comparing radiographical and clinical parameters 
using statistical techniques including Pearson Moment correlations and 
analysis of variance techniques. The Duncan procedure was used to locate 
differences between subgroups. P levels of 5% or less were considered sig
nificant.
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Results

The preoperative thoracic primary and lumbar compensatory curves in 
patients with King type II curves (n = 9) had average Cobb angles of 59.2° 
(SD 6.4°) and 45.8° (SD 8.0°), respectively. Those with curve types III (n = 17) 
and IV (n = 6) and mean preoperative primary and secondary Cobb angles 
of 50.1° (SD 7.5°) and 22.2° (SD 6.0°), and 80.0° (SD 14.2°) and 29.8° (SD 
9.7°), respectively (Table 1). Postoperatively the mean primary and second
ary curve corrections in type II curves were 67.3% and 53.1% respectively. 
King type III and IV curves had mean primary and secondary curve correc
tions of 67.8% and 46.9%, and 63.9% and 58.3%, respectively. During fol
low-up there were respective losses in correction of primary and secondary 
curves averaging 5.4% and 4.9% in type II curves, 10.1% and 3.4% in type
III curves, and 2.4% and 1.8% in type IV curves (Table 1).
The position of C7 over the sacrum was out of balance in 16 patients. 
Average imbalance was 1.9 cm (SD 0.73 cm). Clinically one patient (King III) 
had a C7-perpendicular line that did not cross the centre of the sacrum 
post- operatively.

Table 1
Primary (thoracic) and compensatory (lumbar) curve correction in the frontal plane, 
presented as mean (SD).

King curve type

II III IV
n = 9 n = 17 n = 6

Primary curve
Preop curve (°) 59.2 (6.4) 50.1 (7.5) 80.0 (14.2)
Side bending curve (°) 30.3 25.5 49.8
Side bending correction (% ) 48.2 50.2 36.2
Postop curve correcction (% ) 67.3 67.8 63.9
Curve correcction loss (% ) 5.4 10.1 2.4

Compensatory curve
Preop curve (°) 45.8 (8.0) 22.2 (6.0) 29.8 (9.7)
Side bending curve (°) 7.4 2.1 3.0
Side bending correction (% ) 83.3 92.3 92.5
Postop curve correction (% ) 53.1 46.9 58.3
Curve correction loss (% ) 4.9 3.4 1.8

Note: SD in parenthesis
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Preoperatively the average apical rotation of the unfused lumbar curves 
measured 7.8° for type II, 2.6° for type III and 10° for type IV curves. In all, 
bar eight patients, the apical vertebra of the unfused lumbar curves 
showed a shift in rotation postoperatively. Six of these eight patients had 
King type III curves. At follow-up, an increase was measured in apical lum
bar rotation in curve types II and III of 9.4° (SD 4.6°) and 3.5° (SD 2.9°) 
respectively. A decrease in apical lumbar rotation of 5.0° (SD 2.3°) was 
noted in King type IV curves (Figure 1).
Preoperatively the average thoracic rib hump in patients with type II and 
those with type III curves was 16.3°. The group with King curve type IV had 
an average rib hump of 26.3°. At follow-up, all 32 patients demonstrated a 
decrease in rib hump angle. The group with type II curves had an average 
8.0° (SD 2.7°) reduction, and the groups with type III and IV curves had aver
age rib hump reductions of 4.4° (SD 2.7°) and 11.0° (SD 3.5°), respectively 
(Figure 1).
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Figure 1
Changes in apical lumbar rotation and rib hump angle.
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Statistical results
Analysis of the various King curves showed that they differed from each 
other in postoperative lumbar rotational shift. With the Duncan procedure 
it was noted that patients with curve type II experienced a significantly 
larger absolute lumbar rotational shift than those with curve types III and 
IV [F = 7.1; df (2.28); P = 0.003]. There was no significant difference in 
absolute rotational shift between patients with curve type III and those 
with type IV. Rib hump correction also differed according to type of curve 
[F = 10.9; df (2.24); P = 0.0004]. The Duncan procedure showed a significant
ly smaller rib hump correction in patients with curve type III than in those 
with types II and IV. Patients with curve types II and IV did not differ signifi
cantly in rib hump correction. The series as a whole showed a correlation 
between change in lumbar rotation and reduction in rib hump (r = 0.48, P = 
0.01).

Discussion

A primary idiopathic scoliotic curve and its opposing compensatory curve 
form a dynamic entity that can take various forms. King et al unravelled 
this variety by classifying the appearances of scoliosis into five categories11. 
Even so, similar curve types with comparable vertebral rotation of the pri
mary curve may vary in aspects of clinical presentation, such as the rib 
hump.
Thulbourne and Gillespie noted that in groups of patients with the same 
degree of vertebral rotation, rib cage deformity is not directly related to 
the severity of the lateral angulation or rib-vertebra angles23. These results 
again emphasise that the clinical presentation of scoliosis is difficult to 
understand, and one should not expect a linear correlation with the major 
curve deformity. Surprisingly enough, this linear approach often forms the 
basis of theories concerning the surgical treatment of scoliosis. The widely 
used concept of derotation of the major curve by segmental fixation, and 
the supposed correlation between the use of this technique and observed 
reductions in rib hump, remain controversial1-8-9'13'20'21. Derotation of the 
major curve by segmental instrumentation has also been reported to induce 
vertebral and segmental rotation not only within the major curve, but out
side the instrumented levels as well9-24-25. These studies indicate that the 
clinical presentation of scoliosis in terms of the rib hump may not only be 
dictated by major curve deformities such as lateral angulation, rotation and
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rib-vertebra angles but possibly also by the whereabouts of its compensa
tory antagonist, the lumbar curve. If so, an understanding of the lumbar 
dynamics could be of importance. In support of Weiss, it should be men
tioned that follow-up measurements of rotation do not necessarily repre
sent the real rotation but quantify a trend in rotation27.
In this study, the postoperative change in rotational dynamics of the 
unfused lumbar curve in relation to reduction in rib hump was investigated 
in patients with King curve types II, III and IV. Our results showed that a 
rotational shift in the lumbar curve and a reduction in rib hump can indeed 
be noted and that these magnitudes varied according to curve type. In sup
port of our findings, Wood and other authors have also noted differences 
in pre- and postoperative lumbar rotation that varied by King curve type, 
but they did not comment on a possible relation with rib hump reduc
tion17̂ 29.
We measured a postoperative change in lumbar rotation that correlated 
(r = 0.48) with a reduction in rib hump after surgery. This correlation is 
fairly weak, which can be explained by the fact that each of our King curve 
groups showed a different tendency regarding lumbar rotational shift and 
rib hump regression. This made the overall group appear less homoge
neous. As mentioned earlier, the hypothesis of a linear correlation is appar
ently not adequate for certain problems. The use of the Duncan procedure 
(an analysis of variance technique) showed that the King type II group 
experienced a significantly greater rotational shift than did the groups with 
curve types III and IV, and that a significantly smaller rib hump correction 
could be noted in patients with type III curves than in those with curve 
types II and IV.
These results led to the hypothesis that a rotational lumbar shift directed 
towards the rib hump is a dynamic factor that positively influences the clini
cal appearance of the rib hump. In addition to this hypothesis, it is also pos
sible that each King curve type has not only its own lumbar curve 
figuration, but also its own curve-type-related lumbar dynamics, which pre
dictively influence the pre- and postoperative appearance of scoliosis. 
Although this study had a retrospective character, we think that our data, 
strengthened by the statistical results, can support these hypotheses.
The statistical analysis used provided us with measures of association; how
ever, the study design permits us to dwell upon more causal reasoning. By 
using a strong quasi-experimental study design, in which the results after 
intervention are compared with the situation before surgical treatment, it 
is possible to infer that the intervention itself - the so-called en bloc rota-
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Figure 2 A-B
Pre- and postoperative PA radiographs o f a 14 year-old girl w ith  a right convex King type II curve. Lateral 
curve corrections w ere  6 9 %  for the primary curve and 6 0 %  for the lumbar compensatory curve; correction 
losses were 7 .4 %  and 2 % ,  respectively. Lumbar rotation shift w as 5 ° and the rib hump correction measured 7°.

tion of the lumbar segments induced by the derotating forces due to instru
mentation of the major curve9;24;25 - contributes to the rib hump decline10. 
The postoperative shift in lumbar rotation that we noted occurred en bloc 
with the rotation of the instrumented segments. Thus, the shift in lumbar 
rotation was directed towards the rib hump. In curve types II and III, this 
shift was translated into an increase of rotation. In curve type IV it resulted 
in an en bloc decrease of rotation. (Note that most of the lumbar processus 
spinosi of a type IV curve point towards the concave side of the major 
curve.)
Type III curves showed little postoperative change in rotation (3.5°) and rib 
hump (4.4°). Our group of King type III curves appeared to be rigid in their 
ability to rotate and showed little rib hump correction. This corresponds 
with our hypothesis that lumbar dynamics in terms of rotation have a posi
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tive effect on the complex system of postoperative rib hump correction 
(Figure 2). Type II curves showed a 9.4° postoperative increase of rotation 
with a corresponding marked 8° rib hump decrease, as our hypotheses 
would suggest. Type IV curves had only a 5° change of rotation and a sub
stantial 11° decrease in rib hump.
The data concerning type IV curves are not consistent with our assumption 
that a large postoperative lumbar rotation shift is one of the important fac
tors in the correction of the rib hump. In retrospect, the substantial hump 
reduction in this group could be explained by the large derotation of the 
primary curves due to anterior releases (67% of the cases). Concerning the 
group with type IV curves, it must be noted that we selected all our studied 
patients on the criteria of idiopathic scoliosis and selective fusion. The (tho
racic) anterior releases and age profile of our type IV group did not com
promise these criteria. Bending films of patients with curve types II, III and
IV showed good lumbar curve corrections 83.3%, 92.3% and 92.5% respec
tively, which indicated that the dynamics of the lumbar spines were intact 
in all our patients. We suggest that the type IV curves in our study had 
curve-type-related potency to rotate that was less than that of the type II 
curves. No conclusions can be reached concerning the reduction in rib hump 
in relation to the lumbar rotational shift in patients with type IV curves due 
to the anterior releases.
Richards noted in one of his studies that if he subdivided his King type II 
patients into two groups, the lumbar curve correction in his first group, 
those with lumbar Cobb angles of less than 50°, was just as great (mean 
26%) as that in his second group, those with a lumbar Cobb angle of more 
than 50°18. Group 1 had an average lumbar rotation of 13° and group 2 had 
an average lumbar rotation of 23° (Perdriolle). In his opinion, preoperative 
lumbar rotation was not predictive for lumbar curve response18.
In this study, the King type II group had an average lumbar Cobb angle of 
45.8°, but the average preoperative lumbar rotation was much smaller than 
that in the Richards study (mean 7.8°). This permitted greater additional 
rotation in our patients than was noted postoperatively by Richards. A bet
ter closing of the intervertebral spaces could be obtained12, which may 
have made possible the 48.2% correction in our patient's lumbar curves at 
follow-up. This illustrates that assessment of lumbar rotation may not only 
be predictive of rib hump correction, but may also give insight into the abil
ity of a lumbar curve to stretch itself. Structural components are of course 
also predictive in the correction of the lumbar curve.
Straightening and rotation can be hindered by these components. L4-pelvis
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obliquity is an example of a structural curve factor14;18.
In our opinion, this study illustrates that together with factors such as later
al angulation, rib-vertebra angles and structural limitations, lumbar rota
tion is a factor in the clinical presentation and correction of scoliosis. lt also 
seems that lumbar rotational shift may be related to King curve type.

In conclusion, posterior instrumentation of the scoliotic spine translates its 
derotating forces not only onto the primary curve but also en bloc onto the 
compensatory curve. The discussion about derotation of the primary curve 
by segmental instrumentation is still in full flow. In our opinion, this discus
sion should also take account of the translation of the forces applied by the 
instrumentation to the lumbar compensatory curve. Selective fusion leaves 
the lumbar spine unharmed and establishes a new balance in the scoliotic 
spine after surgery. Together with other factors, such as lateral angulation, 
rib-vertebra angles and structural limitations such as L4-pelvis obliquity, the 
possible effects of rotation of the lumbar spine should not be underesti
mated in the surgical management of scoliosis.
We noted that the unfused lumbar spine of a patient with a King type II 
curve showed a larger lumbar rotational shift and subsequent rib hump cor
rection than that of a patient with a King type III curve. These findings indi
cate that an understanding of lumbar dynamics is essential for surgical 
treatment of scoliosis. Extensive fusion of the lumbar spine should there
fore be carried out with great care.
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Chapter 4

Abstract

Currently, both posterior and anteroposterior techniques seem to produce impres
sive corrections for Scheuermann's Disease. However, few  reports have been made 
on sagittal malalignment after surgery.
A historic cohort study was conducted to investigate surgical correction and sagittal 
alignment in 33 patients with thoracic Scheuermann's Disease; group A: posterior 
technique (n = 16), group B: anteroposterior technique (n = 17). Kyphosis correc
tion, correction loss, sagittal balance, and the effect of an anterior release were 
evaluated.
Pre- and postoperative curve morphometry (Cobb, Ferguson, Voutsinas), balance 
(C7 plumb line), and Oswestry score were compared.
The mean follow-up period was 4.5 SD 2 years (range, 2-8.2 years). The mean pre
operative kyphosis (Cobb) was 78.7° SD 8.9°, and the mean postoperative kyphosis 
was 51.7° SD 10.3°. A t follow-up evaluation, the correction loss was 1,4° SD 3.9°. 
There was no difference in curve morphometry, correction, sagittal balance, aver
age age, and follow-up period between Groups A and B. One junctional kyphosis, 
in Group B, was noted. After surgery, all the patients were satisfied, and the 
Oswestry score showed significant improvement. No neurologic complications were 
observed.
Conclusions: good follow-up results included a 100% follow-up rate, adequate cor
rections, little correction loss, lower Oswestry scores, and a high satisfaction rate in 
both groups. The anteroposterior treatment did not influence the curve morphom
etry more than posterior fusion only. In reducing postoperative sagittal malalign
ment, the authors believe that surgical management should aim at a correction 
within the high normal kyphosis range of 40° to 50°, consequently providing good 
results and, particularly in flexible adolescents and young adults, minimizing the 
necessity for an anterior release.
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Introduction

Il contemplait ce bonheur, cette beauté avec amertume. Après tout, la nature n'é
tait pas muette chez le pauvre diable, et sa colonne vertébrale, tout méchamment 
tordue qu'elle était, n'était pas moins frémissante qu'une autre24.
(Victor Hugo)

Most patients studied for their treatment of spinal deformities, such as 
Morbus Scheuermann, report cosmetic concerns and pain1;2. Quasimodo's 
emotional pain, as described in the opening lines of this article, was con
nected irrevocably with his physical appearance. Victor Hugo's ability to ele
vate the Hunchback's torment into an ultimate work of art 
notwithstanding, medical science still is seeking to alleviate this condition 
by studying the pathogenesis and treatment of hump deformities. 
Scheuermann's Disease is defined as an abnormal arcuate kyphosis that 
develops during adolescence38. Its etiology has been a matter of controver
sy, and essentially still is unknown2. Major criteria for the diagnosis of 
Scheuermann's kyphosis are irregular vertebral plates and wedging of more 
than 5° for at least three adjacent vertebrae at the apex of the curve6;40. 
The pointers for deciding on management for patients with Scheuermann's 
kyphosis are age, symptoms, curve magnitude, and progression of the 
kyphosis.
Generally, the initial treatment is nonoperative2;6;9;43. Depending on the 
clinical presentation, operative correction may be indicated for a kyphosis 
exceeding 75° in adolescents and 60° in adults30. Posterior fusion or an 
anteroposterior approach follow the surgical techniques described else- 
where7;10;20;29;35;41;45;46. Regarding these techniques, questions have been 
raised about the retention of the kyphosis correction and balance. 
Advocates of either the posterior or the anteroposterior technique claim 
the correction loss during the follow-up period to be acceptable. This con
troversy appears to be associated with the procedures and instrumentations 
used2;5;23;29;50.
The objective of this study was to evaluate the authors' surgical treatment 
of patients with marked thoracic Scheuermann's kyphosis. The study ana
lyzed not only the kyphosis correction and correction loss, but also the 
sagittal alignment, pain, and appreciation of physical appearance, differen
tiating between the posterior and anteroposterior surgical techniques.
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Materials and Methods

During the period 1991 to 1997, 36 patients with Scheuermann's kyphosis 
were managed by surgical correction and fusion at the authors' institution 
using H-frame instrumentation (Waldemar Link)23;39. A cohort of 33 
patients met the selection criteria: a symptomatic kyphosis with a Cobb 
angle of 70° or more, a thoracic type Scheuermann's kyphosis, and no previ
ous surgical treatment for the kyphosis. Three patients were excluded 
because they had a thoracic lumbar type kyphosis. Of the 33 study patients, 
16 had undergone a posterior only correction (Group A) and 17 had under
gone an anterior release before their posterior correction (Group B).
The characteristics of posteriorly managed Group A (n = 16) and anteropos
teriorly managed Group B (n = 17) did not differ statistically in terms of 
gender, preoperative kyphosis flexibility, preoperative kyphosis curve mor
phometry, preoperative balance, preoperatively reported problem, average 
age, and follow-up period (Table1). At surgery, the average age was 25.8 SD
7.8 years (range, 17-38.8 years). The average follow-up period was 4.5 years 
(median, 4.1; SD, 2 years; range, 2-8.2 years).

Table 1
The preoperative characteristics of both the posterior managed group (A) and com
bined anterior-posterior managed group (B) differentiating for their sex, flexibility, 
preoperative Cobb / Ferguson angle, Voutsinas index, balance, preoperative com
plaints, age and follow-up.

1 2 3 4 5 6 7 8 9

Group A
(n=16) 10/6 9/7 76.6 (4.7) 46.5 (7.3) 20.9 (3.4) -3.3 (3.5) 9/7 24,2 (8.3) 

<17.0-38.8>
4.2 (2.0) 

<2.1-7.9>
Group B
(n=17) 13/4 7/10 80.8 (11.4) 46.6 (10.1) 22.1 (5.4) .4)(3..0-3. 10/7 26.0 (9.1) 

<17,1-38,7>
4.7 (2.1) 

<2.0-8.2>

Note: Average, SD in parentheses, range in brackets, age and follow-up are nominated in years
1 Male/Female Ratio X 2 (exact) = 0.76, df = 1, p > 0.47
2 Flexib/Rigid RatioX2 (exact) = 0.75, df = 1, p > 0.30
3 Cobb Degrees t = -1.37, df = 31, p > 0.20
4 Ferguson Degrees t = -0.28, df = 31, p > 0.98
5 Voutsinas Index t = -1.29, df = 31, p > 0.21
6 C7 plumb-line X 2 (exact) = 0.76, df = 1, p > 0.74
7 Pain/cosmetics Complaint ratio X 2 (exact) = 0.76, df = 1, p > 0.74
8 Age t = -1.11, df = 31, p > 0.28
9 Follow-up t = -0.68, df = 31, p > 0.50
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Study Design and Analysis
The surgical techniques were equally distributed in time, and the surgeries 
were performed by the same surgeon (G.H.S.).
For the choice of surgical technique to be regarded as random, all the possi
ble indicators relevant for the outcome of surgery were tested (Table1). As 
a result, none of the variables tested had any statistically significant rela
tion to the applied surgical technique (Table1). Consequently, if there was a 
bias in the choice of surgical technique, and therefore the risk of confound
ing by indication, it must be concluded from the analyses that no bias was 
likely. Consequently, it is unlikely that Type 2 errors were made (i.e. , find
ing differences where none exist). Hence, although no randomization pro
cedure was followed, there was no difference in the patient characteristics 
for the two operative techniques (Table 1). Therefore, the current report 
can be classified as describing a historic cohort, with the operation tech
nique as exposure.
Statistical analysis of the preoperative, postoperative, and final follow-up 
data with respect to curve corrections, flexibility, sagittal balance, and pain 
scores was performed. The intraobserver repetition error was assumed to 
be 2.8° for the Cobb technique34. The Student's paired t test and the 
Pearson X2 test were applied (P = 0.05).

Operative Information.

All 33 patients had undergone posterior correction of the kyphosis by face- 
tectomy, fusion, and instrumentation with the H-frame. The H-frame system 
consists of two threaded stainless steel rods 6 mm in diameter. The system is 
top-loading, and the rods are secured to the hooks or screws by two nuts. 
Posterior correction had been achieved by the cantilever technique. The 
two rods were bent into a kyphosis with the distal end congruent to the 
physiologic curvature of the thoracic lumbar spine. Six hooks secured the 
proximal fixation, and four pedicle screws attained distal fixation. 
Compression was applied to seat the hooks. Instrumentation encompassed 
the entire kyphosis in 12 cases, and was longer than the deformity in 21 
patients.
The posterior procedure was preceded by a thoracotomy in 17 of the 33 
patients for release of the anterior ligament, and for performance of a dis- 
cectomy with bone grafting at multiple levels. Autogenous iliac crest bone 
was used posteriorly in all the patients, and rib bone was used anteriorly in
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the patients who had an anterior release. Anterior releases covered five to 
seven segments centered around the apex. The apexes of the curves were 
situated at Th7 (n = 3), Th8 (n = 15), and Th9 (n = 15).
The duration of the posterior procedure (n = 33), excluding anesthesia 
preparation, averaged 141 SD 27.9 minutes, and the anterior operation (n = 
17) averaged 166.8 SD 22.6 minutes. The mean estimated blood loss was 
1086 SD 584 ml during the posterior procedure and 1070 SD 370) ml during 
the anterior procedure. A cell saver was used for intra- and postoperative 
blood salvage18.
No patient was managed before surgery with elongation cast or halo trac
tion44. To provide optimal fusion conditions and prevent correction loss, all 
the patients in both groups received three-point thoracolumbar spinal 
orthosis below the axilla for 3 months after surgery. This was a deviation 
from the authors' standard policy in scoliosis surgery22. W ith the thora
columbar spinal orthosis, postoperative physical behavior compliance hope
fully was improved.

Data Collection
All preoperative and 6-month postoperative data were collected by the sen
ior author (G.H.S.). No patients were lost to follow-up evaluation. At the 
final clinical follow-up assessment, all 33 patients visited the clinic. They 
were physically examined, and all their charts and radiographs were evalu
ated (A.J.H., D.D.L.). The minimum final follow-up period was 2 years or 
longer (mean, 4.5; SD, 2; range, 2-8.2 years).
Lateral full-spine standing radiographs were obtained according to 
described standards26-42. To analyze the various curve magnitudes and to 
obtain better insight into the morphometry of the kyphosis, the Cobb angle 
was compared with the Ferguson angle and the Voutsinas index (Figure 1a 
and 1b)13;16;49. Notably, Ferguson16 as well as Voutsinas and MacEwen49 
noted that the use of the Cobb angle alone does not give a complete sense 
of the curve magnitude, and may in fact be misleading. As illustrated in 
Figure 1a and 1b, curves with a similar Cobb angle can differ in their expres
sion of the apex. The Ferguson angle and Voutsinas index (i.e., width-to- 
length ratio of the kyphosis) can distinguish this difference in curve 
morphometry. By using these various measurement techniques, the sharp 
angular versus the long sweeping nature of a kyphosis can be assessed as 
well as the surgically induced apical translation.
Sagittal balance was assessed with the plumbline method by dropping a 
line from the center of C7 and measuring the distance from this line to the
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Figure 1 A and B
Curves w ith  a similar Cobb angle (C ) can differ in their expression of the apex. The Ferguson angle (F) and 
Voutsinas index (W/L x 100) can distinguish this difference in curve morphometry. The Ferguson angle (F) is 
defined as the acute angle between the tw o  lines that start at the centers of the end vertebrae and intersect 
at the center of the apex16. The Voutsinas index is a mathematical proposition of L, the inside length of the 
kyphotic curve, and W , the maximum inside distance of the curve from the line L (W/L x 100)49.

sacral promontorium31. A positive value indicates that the plumbline was 
located anteriorly to the promontorium. Assessment of kyphosis flexibility, 
based on radiographic wedge redression tests, was measured9. Redressment 
was accomplished by putting a bolster under the apex of the kyphosis, and 
no longitudinal traction force was applied. A kyphosis was considered flexi
ble when the redression kyphosis was < 55°2.
All the patients completed a questionnaire. They were asked to choose 
whether pain or cosmetic concern was their major motivation for surgery. 
Pain and appreciation of physical appearance were compared with the 
Oswestry Disability Questionnaire (maximum score, 100), the Neck Pain 
Disability Scale (maximum score, 100), and curve correction15;51. The Neck 
Pain Scale, like the Oswestry scale, is a questionnaire designed as a compre
hensive measure of pain. In the Neck Pain Scale, each of the questions, 
quantified with the Million Visual Analogue Scale, identifies a different
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behaviour or aspect of pain associated with the cervical spine33;51. Fusion 
was assessed on the lateral and posteroanterior standing radiographs. Solid 
fusion criteria, assessed during a follow-up period of 2 years or more, 
required that there be no instrumentation failure within 2 years, no correc
tion loss, and no radiographic lucency at the graft sites.

72



Results

The radiographic results are outlined in Table 2, Table 3 and Table 4 and 
Figure 2 and Figure 3.

Table 2
Summary of preoperative and postoperative data (n=33).

Preop Postop Follow-up Preop Folow-up

Pat. Op Sex Primary Flexible / Cobb Cobb Cobb Balance Balance Preop Follow-up

No tech. Com plain Rigid Kyphosis Kyphosis Kyphosis (cm) (cm) ODS ODS

1 2 1 1 1 99 32 38 -10 -7 8 0
2 1 2 1 1 75 45 47 -3 -4,5 14 0
3 1 2 2 2 72 52 55 -3,5 -3,5 8 8
4 2 2 2 2 76 34 31 -4 -4,5 30 0
5 2 1 2 1 82 48 47 2 -2,5 38 0
6 1 2 2 2 72 52 50 2 -2 64 26
7 1 2 2 1 80 67 67 -6,5 -6,5 52 52
8 2 1 1 1 86 65 63 -4,5 -3 14 0
9 2 1 1 2 78 53 52 -3,5 -7,5 0 2

10 1 1 1 1 72 50 50 -2 -4 14 0
11 1 1 1 2 83 n 65 -1 -1 2 0
12 2 1 2 2 80 47 47 -3,5 -5 38 8
13 2 1 2 2 73 40 50 -2,5 -1 28 2
14 1 1 1 2 70 50 55 -3 -4 4 20
15 2 1 1 1 84 54 59 -2 -5 0 6
16 2 1 1 2 70 45 47 -4,5 -7 2 0
17 1 2 1 1 72 n 65 -4,5 -5 0 2
18 2 2 1 1 68 43 45 1 -3,5 0 0
19 1 2 1 2 82 55 55 -3 -3,5 18 8
20 2 2 2 2 69 47 47 -9 -4 34 0
21 2 1 1 1 70 50 55 -3 -4,5 8 0
22 2 1 1 2 82 50 43 -4 -1 10 2
23 1 1 1 1 74 41 40 -7,5 -6 20 4
24 1 1 2 1 75 n 63 5 3 22 18
25 1 1 2 1 76 52 56 -8 -4 36 18
26 1 1 1 2 82 57 61 -6 -8,5 0 0
27 2 1 2 1 100 81 82 -0,5 -4,5 42 0
28 2 1 2 103 70 81 -0,5 -3 0 2
29 1 1 2 1 85 57 55 -7,5 -4 46 0
30 2 1 1 2 85 62 62 -5 2,5 18 4
31 2 1 1 2 73 48 45 3 3 0 0
32 1 1 2 1 75 51 52 -2,5 -3 60 2
33 1 1 2 2 80 n 54 -1,5 -3 72 30

OP Technique: 1 = posterior, 2 = anterior-posterior Sex: 1 = male, 2= female Primary complaint: 1 = appearance,
2 = pain Flexibility: 1 = flexible (redression kyphosis < 55 dgr), 2 = rigid (redression kyphosis > 55 dgr) n = not 
available ODS = Oswestry Disability Score
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Total Group Radiographic
Results In the total group, the preoperative Cobb angle for thoracic kypho
sis was 78.7° SD 8.9° (range, 70-103°). The mean Ferguson angle was 46.6° 
SD 8.8°, and the Voutsinas index was 22.4° SD 5.7°. The average postopera
tive Cobb angle was 51.7° SD 10.3° (range, 32-81°). The mean postoperative 
Ferguson angle was 24.6° SD 8.1°, and the Voutsinas index was 11.4° SD

Table 3
Radiographical results: Kyphosis morphology (Cobb, Ferguson and Voutsinas) for the total group, 
group A and group B.

Preop Kyphosis Postop Kyphosis * Follow-up Kyphosis Correction Loss

Total group Cobb angle 78.7° (8.9) 51.7° (10.3) 54.1° (10.1) 1.4° (3.9)
Ferguson angle 46.6° (8.8) 24.6° (8.1) 25.1° (8.5) -0.2° (2.2)
Voutsinas index 22.4 (5.7) 11.4 (3.4) 10.3 (3.5) -1.2 (1.7)

Group A Cobb angle 76.6° (4.7) 52.4° (6.5) 55.8° (7.3) 1.3° (2.7)
Ferguson angle 46.5° (7.3) 25.0° (7.5) 26.0° (7.7) -0.4° (2.4)
Voutsinas index 20.9 (3.4) 11.6 (2.6) 10.5 (2.4) -1.4 (1.8)

Group B Cobb angle 80.8° (11.0) 51.1° (12.5) 52.6° (13.5) 1.5° (4.7)
Ferguson angle 46.6° (10.1) 24.6° (8.1) 25.1° (8.5) 0.0° (2.1)
Voutsinas index 22.1 (5.4) 11.4 (3.4) 12.1 (1.7) -0.1 (1.7)

Note: SD in parentheses
Significance between group A  and B for Cobb, Ferguson and Voutsinas; p>0.3 
* = Group A  short postoperative n = 12 (see table 2)

Table 4
C7-plumbline (cm) for the total group, group A and group B.

Preop C7 plumb-line * Follow-up C7 plumb-line **

Total group 1 -3.1 (3.4) -3.5 (2.7)

Group A 2 -3.3 (3.5) -3.7 (2.5)

Group B 3 -3.0 (3.4) -3.4 (2.9)

Note: SD in parentheses
Significance in difference between group A  and B; *: p=0.79, **: p=0.73
Significance in difference for preop and follow-up C7 plumb-line data; 1: p=0.50, 2: p=0.51, 3: p=0.70
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3.4°. A mean Cobb angle correction loss of 1.4° SD 3.9° was found at follow- 
up assessment (P = 0.1).
Before surgery, none of the patients had bony bridging of the anterior col
umn. Redression radiographs showed a mean Cobb angle redression kypho-

A W Z .  B
Figure 2
A  Preoperative lateral radiograph of a 25-year-old w om an (case 19) showing a kyphosis of 82 °. B  The 4-year 
follow-up lateral radiograph of the same patient showing a final kyphosis of 55°.

A m  mm-, B  C F  D
Figure 3
Case 1. A  proximal junctional kyphosis developed in this patient during the follow-up period. A Preoperative 
redression kyphosis of 49 °. B  Preoperative kyphosis of 99 °. C 6-month postoperative kyphosis of 32 °. D 5- 
year follow-up kyphosis of 38°. A  kyphosis of 4 1 ° developed proximally to the instrumentation.
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sis of 54.6° SD 7.3° (range, 34-65°). The average redression curve was similar 
to the average follow-up kyphosis (P = 0.8).
The mean preoperative lumbar lordosis (L1-S1) was 77.3° SD 14.2° (range, 
50-107°). It reduced to an average of 65.5° SD 13.4° (range, 42-93°), with a 
correction loss of 1.6° SD 4.5° at follow-up assessment (P = 0.07).
The C7 plumbline was positioned posteriorly to the promontorium and 
averaged -3.1 SD 3.4 cm (range, 5 to -10 cm) before surgery. It did not shift 
significantly (P = 0.60) during the follow-up period, and averaged -3.5 SD 
2.7 cm (range, 3 to -8.5 cm).

Total Group Clinical Results
The total group had a preoperative Oswestry score of 21.3 SD 20.9 (range, 
0-72), which had improved to 6.6 SD 11.6 (range, 0-52) at follow-up assess
ment (P < 0.01). The neck pain data were obtained at follow-up assessment. 
For the total group, an average preoperative Neck Pain Disability score of
4.9 SD 12.8 (range, 0-58) was noted. The average follow-up Neck Pain 
Disability score was 4.4 SD 7.2 (range, 0-25), a nonsignificant difference (P = 
0.84).
In the evaluation of the complete group, 14 patients mentioned pain as the 
major motivation for surgery. Their mean Oswestry score was 40.7 SD 17.2 
(range, 8-72), which had reduced to 11.9 SD 15.6 (range, 0-52) at follow-up 
assessment (P < 0.01). These 14 patients mentioned minimal to mild neck 
problems. Their pre- and postoperative Neck Pain Disability scores were 
10.1 SD 17 and 7.5 SD 9.3, respectively. This improvement was not signifi
cant (P = 0.7).
The remaining 19 patients considered physical appearance the major moti
vation for surgery. Their average preoperative Oswestry score was 6.9 SD 
7.3 (range, 0-20), which had improved to 2.6 SD 4.8 (range, 0-20; P = 0.04) at 
follow-up assessment, but this change score was clinically insignificant. The 
patients with cosmetic concerns did not mention neck problems.
All the patients were satisfied with their postoperative appearance. Two 
patients (cases 19 and 25, both posterior surgery; Table 2) were disappoint
ed in the overall relief of discomfort and pain. At the last follow-up assess
ment, all the patients had a paid job or housekeeping obligation except 
two patients with a disability not related to Scheuermann's Disease.

Radiographic Results for Groups A and B
The Cobb angle, Ferguson angle, and Voutsinas index in both the posterior
ly managed Group A patients (n = 16) and the anteroposteriorly managed
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Group B patients (n = 17) had mean preoperative, postoperative, and fol
low-up values almost equal to those for the group as a whole. Both groups 
demonstrated a nonsignificant correction loss at follow-up assessment (P =
0.1; Table 3). Groups A and B did not differ significantly in their curve mor
phometry (Cobb, Ferguson, Voutsinas) and kyphosis correction data (P >
0.30) (Table 3), nor was there any statistical difference between the groups 
in their flexibility, average age, follow-up period, and C7 sagittal alignment 
(P = 0.20) (Table 1 and Table 4). Males and females did not differ in curve 
correction.
Clinical Results for Groups A and B When the preoperative and follow-up 
Oswestry scores for posteriorly managed Group A and anteroposteriorly 
managed Group B were compared, each group showed a significant 
improvement in Oswestry score (P < 0.01) (Table 5).

Table 5
Clinical results: Oswestry Disability Score (ODS) for the total group, group A and 
group B, differentiated for preoperative complaints.

Preop ODS Follow-up ODS

Overall (n=33) * 21.3 (20.9) 6.6 (11.6)
Total group Pain (n=14) * 40.7 (17.2) 11.9 (15.6)

Cosmetics (n=19) ** 6.9 (7.3) 2.6 (4.8)

Overall (n=16) * 27.0 (24.5) 11.4 (14.8)
Group A Pain (n=8) * 45.0 (21.9) 19.5 (17.0)

Cosmetics (n=8) ** 9.0 (8.3) 4.3 (7.0)
Overall (n=17) * 15.9 (15.7) 1.5 (2.4)

Group B Pain (n=6) * 35.0 (5.3) 1.7 (3.2)
Cosmetics (n=11) ** 5.5 (6.5) 1.5 (2.0)

Note: SD in parentheses 
* = Significant improvement in ODS; p<0.01 

* *  = ODS improvement is not clinically relevant

A more important clinical result was that both Groups A and B pain 
improvement similar to that of the overall group. The improvement in 
Oswestry score was significant for each group (P < 0.01). The cosmetically 
concerned patients in Groups A and B, like those in the total group, showed 
no improvement in Oswestry score (Table 5). The improvement in Oswestry 
score did not differ between the two groups (P = 0.93)
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Complications
Three patients (one in Group A and two in Group B) had undergone wound 
debridement after a postoperative infection. The instrumentation was kept 
in situ, and no correction loss was noted in these three patients. Neither 
pseudarthrosis nor neurologic complications were found. In four cases (two 
in Group A and two in Group B), the instrumentation had been removed 
because of proximal instrumentation prominence or irritation caused by 
metallosis. At 1.5 months after surgery, one patient whose flexible kyphosis 
had been managed with a combined approach (case 27; follow-up period, 
7.5 years; Table 2) experienced a postoperative correction loss because of 
inadequate distal fixation. A successful reoperation was performed. In one 
case, rod breakage without correction occurred 25 months after surgery 
(case 9; follow-up period, 2.5 years; Table 2). This patient's rigid kyphosis 
had been managed with a combined approach. The instrumentation was 
removed. Proximal junctional kyphosis had occurred in one patient (case 1; 
follow-up period, 5.8 years; Table 2; Figure 3). This patient had a flexible 
kyphosis. Anteroposterior surgery was performed, and the kyphosis had 
been corrected to 32°.

Discussion

In this study, a 100% follow-up rate was achieved. All the patients were sat
isfied with the cosmetic results, and only two patients were disappointed 
with their relief of discomfort and pain. This success cannot be explained 
simply by the overall decrease in Oswestry Disability scores and kyphosis 
curve correction.
Surgical outcome studies typically focus on technical capacities. 
Preoperative expectations in relation to the study outcomes, however, are 
rarely discussed. Flood et al17 stated that positive expectations make 
patients feel better after surgery, explaining that "positive expectations 
result in a more optimistic view of improvement after surgery rather than 
altering reports of outcomes and health". Although this aspect was not 
specifically investigated in the current study, the authors comment on this 
issue because they were fortunate to have a homogeneous population.
The corrections were indeed significant, but a close look at the data shows 
a substantial variance between the individual patients (Table 2). There was 
no obvious correlation between the amount of postoperative kyphosis cor
rection and the amount of improvement in the Oswestry disability score. In
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plain terms, the results show that postoperative improvement in the 
Oswestry score cannot be gratuitously associated with a good kyphosis cor
rection, or vice versa, although nearly all the patients were satisfied with 
the surgical end result in terms of both cosmetics and relief of pain. More 
illustratively, at follow-up assessment, the two dissatisfied patients (cases 19 
and 25, both in Group A; Table 2) were happy with the cosmetic result, 
respectively demonstrating curves of 55° and 56°, and showed 50% 
improvement in the Oswestry scale, with final scores of 8 and 18, respec
tively. Considering these improvements, treatment can be considered ade
quate for these patients, although neither patient appreciated the overall 
relief of pain and discomfort.
The postoperative success rate might have been influenced by preoperative 
patient expectations as posited by Flood et al17. Positive expectations 
encourage positive results, whereas negative expectations induce negative 
outcomes. Hence, evaluation of surgical outcomes based on patient satis
faction could be biased by patient preoperative expectation. 
Scheuermann's kyphosis, like scoliosis, is a major spinal deformity that can 
influence the psychodynamic development of young adults. The impetus 
for surgery in some patients is primarily cosmetic, often related to psycho
logical issues11;12;14;36.
The discussion pertaining to the correction of Scheuermann's kyphosis gen
erally focuses on the maximal correction achieved. The normal range of a 
thoracic kyphosis is considered to be 20° to 40°. Yet, this range probably is 
too restrictive37. Bernardt and Bridwell3 determined that a kyphosis up to 
50° is normal.
Early reports by Bradford et al10 on the results of posterior Scheuermann 
correction showed a substantial average correction loss of 15°. Bradford et 
al10 therefore advocated an anteroposterior approach7. However, because 
of better instrumentation systems, recent studies have reported minimal 
correction losses of 2.6° to 6° when the posterior technique is used31;41;45. 
Sturm et al45 stated that posterior correction is sufficient to rupture or 
attenuate the anterior longitudinal ligament, and that if anterior bony 
bridging is not present, a single-stage posterior approach is adequate. A 
recent biomechanical anatomic study affirmed this view on weakening of 
the anterior longitudinal ligament structures4.
In support of these studies, the current authors also believe that adoles
cents and young adults, who frequently have flexible curves, often can be 
managed with a posterior only procedure. On the other hand, an antero
posterior approach may be suitable if maximal correction is needed, as in
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adult rigid kyphosis or when anterior bony bridging is present. In this study 
none of the patients had signs of bony bridging. Wedge redression radi
ograph tests did not show any difference in preoperative flexibility 
between Groups A and B. Indisputably, however, bony bridging, although 
not present in the study patients, clearly indicates the lack of flexibility.
The real question then is, can we use only posterior surgery in 
Scheuermann's kyphosis, as opposed to a combined approach, and for 
which patient? In this study, starting from a mean preoperative angle of 
78.7°, the average postoperative kyphosis measured 51.7°, with follow-up 
assessment showing a correction loss of 1.4°. The C7 sagittal balance (Table 
4) was preserved, falling within the physiologic range of -3 SD 3.2 cm19;47. 
These results are respectable, although better kyphosis corrections have 
been noted. Sturm et al45 mentioned an average follow-up kyphosis of 
37.7° using the single posterior technique, and Lowe et al31 reported an 
average follow-up kyphosis of 45° for the anteroposterior approach. 
However, these maximal corrections may be in conflict with other aims of 
surgical planning. For example, if the lumbar-pelvic motion is limited, maxi
mal correction may entail the danger of overcorrection and induce imbal
ance8'27'32'48. "Each patient has his own spinal 'physiognomy',"42 and the 
current authors agree with Stagnara42 about the danger of falling prey to 
the procrustean complex when "stretching" deformities2;21;28;42.

In contrast to the current findings (Table 4), calculations based on the Lowe 
and Kasten31 study show a negative imbalance of -9.1 SD 3.2 cm at follow- 
up assessment. These authors recognized that "sagittal balance became 
more negative after surgery, except where junctional kyphosis developed." 
Of their 32 patients, 10 had a proximal junctional kyphosis, and a less nega
tive balance (i.e. , closer to its preoperative nature) developed in these 
patients. Thus proximal junctional kyphosis appears to be a pathologic 
mechanism that functions to compensate for surgically induced imbalance 
caused by overcorrection. On the basis of their observations, Lowe and 
Kasten31 stated that overcorrection and proximal junctional kyphosis can be 
avoided if the postoperative kyphosis is at least 40°.
The current authors endorse this view and try to correct even more careful
ly. They aim to correct within the upper limits of the physiologic thoracic 
kyphosis (40-50°). Therefore, in adolescents and young adults, the single 
posterior technique often seems to be sufficient. Furthermore, the current 
authors believe that great care must be taken in dissecting ligament struc
tures at the top end of dorsal instrumentation because disruption of the
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posterior tension band makes the spine more susceptible to proximal junc
tional kyphosis. One case of proximal junctional kyphosis was noted in the 
current study. The patient had been managed with an anteroposterior 
approach, and according to the observations of Lowe and Kasten,31 had 
been corrected maximally to a postoperative kyphosis of 32° (case 1)31. 
Maximal correction and overcorrection seem to be more likely when an 
anterior release is performed.
The results from the current cohort support the concept that current instru
mentation systems, in addition to a thoracolumbar spinal orthosis for 3 
months, can maintain the initial correction. The posteriorly and anteropos
teriorly managed groups were comparable in terms of their preoperative 
characteristics and postoperative results. Regardless of measurement 
method used (Cobb, Ferguson, Voutsinas), the two groups showed no sig
nificant difference in kyphosis morphometry. Furthermore, correction loss 
did not differ significantly. At follow-up assessment, the C7 sagittal balance 
resembled the physiologic value in both groups. As a result, according to 
the statistical analysis, any bias in the choice of surgical technique, and thus 
the risk of confounding by indication, was unlikely. Accordingly, the follow
ing conclusions could be postulated.

In answer to the question whether posterior only surgery is sufficient for 
Scheuermann's Disease, the current results indicate that when anterior 
bony bridging is not present, posterior only correction often is adequate for 
correcting a 70° to 100° kyphosis to within the physiologic range of 40° to 
50°. As a consequence, the morbidity related to an anterior release and the 
risk of overcorrection are diminished.

In conclusion, Scheuermann's kyphosis can induce both physical and mental 
discomfort. However, surgery can relieve pain and create an improved phys
ical appearance. For this reason, patients may desire surgical intervention 
that can create positive preoperative expectations and bias the satisfaction 
outcome.
In this study, no difference was noted in pre- and postoperative kyphosis 
morphology, correction loss, balance, and Oswestry score between the 
posteriorly and anteroposteriorly managed groups. Despite the limita
tions of a historic cohort study design, the authors believe the findings 
show that because of instrumentation systems innovations, sustainable 
corrections currently can be achieved by a single posterior approach. 
Because the anteroposterior approach entails a greater risk of surgery-
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related morbidity and overcorrection, it should be considered only when 
maximal correction is preferable, as with certain short rigid curves. The 
study results support the concept of preventing postsurgical sagittal 
malalignment by correcting within the upper limits of normal thoracic 
kyphosis (40-50°).
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Chapter 5

Abstract

Tight hamstrings are a frequent sign in Scheuermann's Disease. Yet hamstring tight
ness has not been recognised as a possible predictor in the surgical management of 
Scheuermann's kyphosis. To determine if post-surgical imbalance, sagittal malalign
ment and lumbar-pelvic range of motion in patients with thoracic Scheuermann's 
kyphosis are related to tightness of the hamstrings we conducted a historic cohort 
study. Thirty-three patients with Scheuermann's kyphosis were managed by surgical 
correction and fusion. Hamstring tightness, lumbar-pelvic ROM, and sagittal bal
ance were evaluated. Sixteen patients had tight hamstrings and seventeen patients 
had non-tight hamstrings. Hamstrings were considered tight if the popliteal angle 
was > 30°. Patients with tight hamstrings have a significantly greater risk of postop
erative imbalance, and these patients can only compensate for this risk by reducing 
their lumbar lordosis. Furthermore, the limitations in the lumbar and pelvic ROM 
are predicted by hamstring tightness.
Conclusion: tight hamstrings can be considered as a predictive entity in the surgical 
management of thoracic Scheuermann's Disease. Tight hamstring patients can be 
classified as "lumbar compensators" and as such are prone to overcorrection and 
imbalance. Preoperative assessment of the lumbar-pelvic ROM and hamstring tight
ness should therefore be advised. Extensive fusion of the lumbar segments might 
compromise the lumbar compensation mechanism and induces further risk of 
imbalance.
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Introduction

Clinical observations in patients with Scheuermann's Disease suggest that 
the sagittal malalignment of the spine may be related to tightness of the 
hamstrings4;10;28;34.
Perhaps the earliest artistic image of a kyphosis dorsalis juveniles was paint
ed by Michelangelo in 1512. His fresco on the ceiling of The Sistine Chapel 
of an Ignudo clearly shows an adolescent boy with a round back deformity. 
Four hundred and twenty years later, another Italian was the first to 
describe tension of the hamstrings as a clinical entity in Scheuermann's 
Disease. Lambrinudi observed tightness of the hamstrings and believed that 
this was of significance in the onset of this disease26. Since then others have 
tried to accredit this muscle tightness as a clinical sign or even as a pointer 
in the etiology of Scheuermann's Disease. The pathogenesis, however, 
remains unclear, and tight hamstrings cannot be defined as a definite sign 
or etiological factor in Scheuermann's Disease.
The incidence of tight hamstrings in Scheuermann's Disease varies from 30 
to 85 percent5;6;10;34. These values have motivated advocates of physical 
therapy to promote hamstring stretching in order to achieve better posture 
for treating these patients. Physical therapy generally focuses on improving 
the flexibility of the muscle. Stretching and training of the hamstrings is 
expected to benefit the natural outcome of Scheuermann's 
Disease2;10;35;37;39;40. However, the advantages of stretching regimes have 
been disputed in recent biomechanical studies15-17;32;48.
Many questions still have to be answered concerning the onset and treat
ment of Scheuermann's kyphosis. In this quest, surprisingly, tight hamstrings 
have not yet been indicated as a possible predictor for the surgical manage
ment of kyphosis dorsalis juveniles. In our opinion, when aiming for an 
optimal postoperative sagittal alignment and postural balance in 
Scheuermann's Disease, one should consider tight hamstrings as a predic
tive factor in the surgical planning and outcome.
Instrumentation and fusion of a Scheuermann's kyphosis will result in limit
ing the locomotive dynamic processes that are needed to maintain postop
erative postural balance19;29. To provide optimal postoperative balance, the 
patient must be able to make adjustments in the sagittal plane. The adap
tive response of the lumbar segments and tilting of the pelvis enable these 
adjustments in sagittal alignment (Figure 1 ) 12;14;43;46. Pelvic tilting has a 
direct relation to the hip motion and could possibly be compromised by 
hamstring tightness12;33;43;49.
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Figure 1
The Cobb angle of the lordosis and the sacral slope , i.e. the angle betw een the end-plate of S1 and a hori
zontal line, were determ ined8;27. The sagittal vertical axis (SVA) w as assessed w ith the plumb-line method by 
dropping a line from the centre of C7 and measuring the distance from this line to the sacral promotorium 
(Figure 1A). The correction of a kyphosis will shift the SVA posteriorly (Figure 1B). Restoration of that balance 
shift can be provided by (1) reducing the lordosis of the lumbar spine (Figure 1C), (2) increasing the sacral 
slope (Figure 1D), or (3) a combined adjustment of both the lumbar spine and pelvis (Figure 1E).

The objective of this study was to determine if post-surgical imbalance, 
sagittal malalignment, and lumbar-pelvic range of motion in patients with 
thoracic Scheuermann's kyphosis is related to tightness of the hamstrings, 
and consequently if tight hamstrings should be considered as a possible 
predictor in the surgical planning of Scheuermann's Disease.

Materials and methods

Between 1991 and 1997 thirty-six consecutive patients with symptomatic 
Scheuermann's kyphosis of 70 ° or more were managed by surgical correc
tion and fusion at our institute. All patients had a posterior instrumenta
tion (H-frame system, Waldemar Link)21;38. Thirty-three patients met the 
cohort selection criteria of (1) a thoracic kyphosis (2) Cobb angle >(70° with 
appropriate complaints, (3) no previous back surgery, and (4) no other 
orthopaedic pathology. Three patients were excluded because they had a
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Figure 2
Patients w ere  divided in a tight and non-tight hamstring group according to m easurem ents as stated. 
Hamstrings w ere considered tight if the popliteal angle w as 30 degrees or m ore15;34. In concordance w ith 
this predeterm ined breakpoint, in the current study, the distribution of the popliteal angle displays a clear 
shift at 30°.

non-thoracic type of Scheuermann's kyphosis. Of the remaining thirty-three 
patients, sixteen patients had tight hamstrings and seventeen patients had 
non-tight hamstrings. Hamstrings were considered tight if the popliteal 
angle was 30 degrees or more as previously described (Figure 2)15;34.
The characteristics of the tight hamstring group (n=16) and non-tight ham
string group (n=17) showed no statistical difference for their preoperative 
and postoperative kyphosis curve magnitude, height, weight, average age 
and follow-up period (Table 1). At the time of surgery the average age of 
the cohort group was 25.8 years (SD 7.8, range 17.0-38.8), and follow-up 
averaged 4.5 years (SD 2.0, range 2.0-8.2).
The results of the kyphosis correction for this cohort have been more exten
sively discussed in a previous study20.

Data collection
Data were collected at three time intervals: (1) preoperatively, (2) six 
months postoperatively, and (3) at the last clinical follow-up. All 33 patients
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Table 1
The average characteristics per group: kyphosis, lordosis, age, follow-up, height and 
weight.

Preop 
Kyphosis 
Cobb angle 
1

Follow-up 
Kyphosis 
Cobb angle 
2

Age

3

Follow-up

4

Height

5

Weight

6

Tight 78.1 (8.7) 56.7 (10.5) 24.9 (8.7) 4.7 (2.0) 181 (8.8) 68.1 (11.3)

Non-Tight 79.3 (9.7) 51.7 (11.0) 26.6 (7.0) 4.3 (2.1) 182 (8.8) 67.3 (8.4)

Note: SD in parentheses, Cobb angles are given in degrees, age and follow-up, in years; height, in centimeters, 
and weight, in kilograms.

1 t = 0.37, df = 31, p = 0.71
2 t = -1.33, df = 31, p = 0.20
3 t = 0.63, df = 31, p = 0.53
4 t = -0.64, df = 31, p = 0.53
5 t = 0.58, df = 31, p = 0.57
6 t = -0.25, df = 31, p = 0.81

were examined physically, and all charts and radiographs were evaluated. 
No patients were lost at the last follow-up. The minimal total follow-up 
period was 2.0 years (mean 4.5 years, SD 2.0, range 2.0 - 8.2).
Lateral full-spine standing radiographs were obtained according to 
described standards23;41. The Cobb angle of the kyphosis, the lordosis (T12- 
S1), and the sacral slope, i.e. the angle between the end-plate of S1 and a 
horizontal line were determined (Figure 1 )8;9;27. The sagittal vertical axis 
(SVA) was assessed using the plumb-line method by dropping a line from 
the centre of C7 and measuring the distance from this line to the sacral pro- 
motorium (Figure 1 )13;29;47. A positive value indicates that the SVA is locat
ed anterior to the promontorium. The patients were classified as being in 
postural balance if the SVA fell within the mean physiological (± 1 SD SVA 
range). The mean physiological SVA of -3.2 cm (SD 3.0) has been reported in 
previous studies13;47.
Tightness of the patients' hamstrings was assessed in the supine delordosed 
position with a 90° flexed hip and an extended knee to point of resistance. 
The (popliteal) angle between the femoral and tibial axis was measured 
with the Cybex Electronic Digital Inclinometer3;6;50. Anteflexion and 
retroflexion of the lumbar spine and pelvis were measured in standing posi
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tion and also recorded with the Cybex Electronic Digital Inclinometer.

Study design and analysis
The study is executed as a cohort study and patients were enrolled consecu
tively if inclusion criteria were met.
Patients were divided in a tight and non-tight hamstring group according 
to measurements as stated. Hamstrings were considered tight if the 
popliteal angle was 30° or more as previously described15;34. In this cohort 
the distribution of the tight versus non-tight hamstring patients displays a 
clear shift at 30° (Figure 2). There were no differences in patients' charac
teristics between the tight hamstring group and non-tight hamstrings 
group in all relevant factors but the dependent one (Table 1).
Data were analysed by comparing radiographic and clinical parameters 
using appropriate statistical techniques including logistic regression analy
sis. An alpha level of 5% was considered significant.

Results

Before surgery and at follow-up the tight hamstring group had an average 
lordosis of 82.0° (SD 12.5) and 71.7° (SD 13.2°), respectively. The average 
preoperative and follow-up lordosis of the non-tight hamstring group were 
72.8° (SD 14.7°) versus 62.8° (SD 9.4°), respectively. The post-surgical reduc
tion of the lordosis was an equal 10° in both groups (P=0.93) (Table 2). 
Preoperatively the sacral slope of the tight hamstring group and non- tight 
hamstring group both differed significantly, 41.4° (SD 11.7°) versus 30.2° (SD 
10.4°) (P=0.007). But after surgery, the sacral slope increased only in the 
non-tight hamstring group to 36.5° (SD 8.2°) (P=0.0001) (Table 2) whereas in 
the tight hamstring group the sacral slope remained unchanged. 
Preoperatively, the distribution between postural balanced and imbalanced 
patients did not differ between both groups (Table 3). Follow-up results 
show a significantly greater number of imbalanced patients within the 
tight hamstring group (8/16) as compared to the non-tight hamstrings 
group (1/17) (P=0.036) (Table 3).
The range of motion (ROM) of the lumbar spine and the pelvis differ signif
icantly between both groups. The non-tight hamstring group had a greater 
lumbar ROM (P=0.006) and greater pelvic ROM (P=0.010) as compared to 
the tight hamstring group (Table 4).
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Logistic regression analysis shows that patients with tight hamstrings have a 
significantly greater risk of postoperative imbalance. These patients have a 
fixed pelvis and can only compensate for imbalance by reducing their lum
bar lordosis (Table 5). Furthermore, the statistical analysis showed that limi
tations in lumbar and pelvic ROM is predicted by hamstring tightness 
(Lumbar ROM: Beta = -0.494; t= -3.162; P= 0.003; Pelvic ROM: Beta = -0.477; 
t= -3.022; P= 0.005). The analysis showed no differences between the tight 
and non-tight hamstring groups for any characteristic such as pre and post
operative kyphosis angle, age, follow-up height, weight, and sex (Table 1).

Table 1
Radiographic results: Differences in post-surgical lumbar lordosis and sacral slope 
angle per group.

Lordosis Reduction 
1

Sacral Slope Shift 
2

TightTni=g1h6t -10.3 (12.4) 0.19 (1.3)

Non-Tight
n=17

-10.0 (6.3) 6.3 (1.6)

Note: SD in parentheses

1 t = 0.9, df = 31, p = 0.93
2 t = 4.8, df = 31, p = 0.0001

Discussion

To the best of our knowledge, the relation of tight hamstrings to 
Scheuermann's kyphosis has been described frequently, but the relation to 
surgical management has not been described before.
Our current results show that the tight hamstring group could achieve their 
new follow-up postural balance only by adjusting the lumbar lordosis. In 
addition, we noted that the tight hamstring group had a limited lumbar- 
pelvic range of motion. The sacral slope did not change in this group and 
the distribution of balance, as compared to the physiological average, did 
not statistically differ from the non-optimal preoperative distribution 
(P=0.039). In contrast the non-tight hamstring patients could achieve their 
new postural equilibrium after surgical correction, by adjusting both the
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Table 3
The preoperative and follow-up sagittal alignment per group. Patients were classified 
as postural balanced or imbalanced using the mean physiological ±1SD SVA range. At 
follow-up the non-tight hamstring group was better balanced (p=0.036).

Preoperative Follow-up
Sagittal alignment Sagittal alignment
Balanced / Imbalanced Balanced / Imbalanced

Tight 12 / 4 8 / 8
n=16

Non-Tight 12 / 5 16 / 1
n=17

Table 4
Lumbar and Pelvic ROM per group at last follow-up.

Total Lumbar ROM Total Pelvic ROM
1 2

Tight 49.3 (10.2) 46.5 (10.2)
n=16

Non -Tight 65.5 (18.0) 55.4 (7.9)
n=17

Note: SD in parentheses

1 t = 2.94 , df = 31, p = 0.006
2 t = 2.75 , df = 31, p = 0.010

lumbar curve and the sacral slope for all patients in this group except one.
In this perspective, although the kyphosis was properly corrected and the 
correction did not differ from the non-tight hamstring group, the surgical 
result for the tight hamstring group must be questioned. The postoperative 
presence of hyperlordosis and the increased postural imbalance within this 
group may jeopardise the long-term surgical result. A hyperlordotic lumbar 
curve is known to be prone to degenerative disc disease1;7;36;42;44. 
Furthermore, as Lowe and Kasten have described, when accompanied by 
postoperative postural imbalance (as documented in our tight hamstring
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Table 5
Logistic regression analysis results show that patients with tight hamstrings have a sig
nificant greater risk for postoperative imbalance, and that these patients can only 
compensate for this risk by reducing their lumbar lordosis.

Logistic Regression Model

Model balance = alpha + hamstring tightness + lumbar lordosis reduction
Risk Type Relative (multiplicative)
Group size Fixed: 1
Analysis Type Fit using Newton Raphson algorithm
Number of terms 3
Number of valid Observations 33

Model Fit Results 
Summary Statistics

Value DF p-value
Deviance 20.6346 30
Likelihood ratio test 25,1132 3 <0.001

Parameter Estimates
Terms Coefficient Std.Error P-value
Hamstring tightness 5.2113 2.6584 0.0500
lumbar lordosis reduction -0.1832 0.0804 0.0227

group) this degenerative disc process might even be aggravated29.
However, comparing the results from different reports is hazardous since 
the baseline data for these reports generally differ. Perhaps it is of more 
importance to identify trends to predict surgical outcomes. On the basis of 
our results, we conclude that our non-tight hamstring group properly 
reflects the physiological averages. But in our opinion the observation that 
the lumbar and pelvic range of motion in the non-tight hamstring group 
provides the ability to adapt to the new sagittal alignment is more impor
tant18. As a consequence, non-tight hamstring patients might restore their 
postural balance more adequately than tight hamstring patients in whom 
both the lumbar and the pelvic ROM are limited. Furthermore, although 
the SVA does not represent the actual mathematical gravity-load line it is a 
function that reflects the line of gravity and therefore can be used as a 
parameter to detect shifts in the gravity-load line24;25. Only the non-tight 
hamstring group had a significantly better postural balance at follow-up. In 
our opinion this result can be attributed to the group's concordant greater 
lumbar-pelvic ROM (Table 4). Once more, our analysis showed no differ
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ences in group characteristics and therefore age or other characteristics did 
not affect the lumbar-pelvic ROM or hamstring tightness (Table 1).

If a tight hamstring pattern is observed generally efforts are directed to 
stretch the hamstrings in order to overcome the "short hamstring" pattern. 
It is presumed that any form of stretching that positions the joints near 
their maximum ROM will result in an increase in the ROM over time22. 
However, the results of several recent experimental biomechanical studies 
indicate that stretching exercises do not change the elasticity of the ham
strings15-1̂ 30-3̂ 48. These authors concluded that the maximum exerted 
muscle moment depends on the stretch tolerance of the subjects, i.e. pain 
tolerance of the patients. Consequently, the current recommendation to 
perform stretching exercises in order to avoid shortened muscles is ques
tionable48. We agree with Stagnara who admonishes; «avoid the "Procustus 
bed" and do not stretch those who are too short to the "right" length»41. 
Only a few  reports have focused on the relationship between tight ham
strings and Scheuermann's Disease, and they all promote exercise to over
come hamstring tightness in order to improve postural balance10-11-39. 
However, there is lack of evidence that these treatments improve posture, 
modify muscle tightness, or reduce the risk of curve progression1;19;45. Thus, 
as described above, advocating stretching regimes appears to be obsolete 
since changes in muscle properties cannot be expected32. A tight hamstring 
pattern might therefore be considered as a fixed parameter, and as such, it 
should be considered as a predictive entity for the surgical management of 
Scheuermann's kyphosis. Considering this review of the literature and our 
results, a new paradigm for the preoperative planning of Scheuermann's 
kyphosis can be proposed.

This paradigm, as illustrated in Figure 1, shows that the correction of a 
kyphosis will shift the SVA posteriorly. Restoration from that balance shift 
can be provided by (1) reducing the lordosis of the lumbar spine, (2) 
increasing the sacral slope, or (3) a combined adjustment of both the lum
bar spine and pelvis.
The paradigm can be applied to both of our groups. The tight hamstring 
group can be classified as lumbar compensators since our results show that 
they can only compensate with their lumbar spine and had a fixed pelvis 
(Figures 3 and 4). The non-tight hamstring group can be classified as lum
bar-pelvic compensators since they are able to adjust both their lumbar 
curve and pelvic position after surgery (Figures 3 and 4). Pelvic compen-
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A B  C D
Figure 3
The tight hamstring group can be classified as "lum bar com pensators": postoperatively they only com pen
sate w ith  their lumbar spine and had a fixed pelvis (Figures 3A  and 3B). The non-tight hamstring group can 
be classified as lumbar-pelvic compensators: postoperatively they adjusted both their lumbar curve and pelvic 
position after surgery (Figures 3C and 3D).

sators, i.e. patients who restored their balance by only adjusting their pelvic 
position, were not seen in our cohort.
Clinically, this paradigm may have an important implication for the surgical 
management of Scheuermann's Disease in order to prevent imbalance. 
Recent studies outlined the risk of imbalance due to over-correction and set 
a limit to the kyphosis correction19;20;29. A correction of no more than 50% 
or an optimal postoperative kyphosis of 40° to 55° degrees was men- 
tioned19;20;29. Nevertheless, no differentiation was made for hamstring 
tightness or lumbar-pelvic ROM in these studies.
We also respect these limitations in kyphosis correction, but our present 
results point out that these guidelines need to be augmented. Analysis of 
our results showed that the tight hamstring patients are more frequently 
out of balance after surgery and that they only can compensate this imbal
ance by adjusting their lordosis. However, our current results also point out 
that tight hamstring patients have a limited lumbar ROM and fixed pelvis, 
which will restrict this compensation for imbalance.
Considering these results, tight hamstring patients can be classified as lum
bar compensators and are consequently prone to overcorrection and imbal
ance. The non-tight hamstring patients or lumbar-pelvic compensators have 
a more adaptive lumbar-pelvic response and, as we noted, achieved a post-
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operative balance within the normal range.
Based on this study, we have revised our surgical management plan; we 
still adhere to limiting the kyphosis correction as advised by Lowe and 
Kasten, but have added the rules of preoperative clinical assessment of 
the lumbar-pelvic ROM and judgement of hamstring tightness to our sur
gical guidelines29. The lumbar-pelvic ROM should be assessed with an 
inclinometer since flexion and extension radiographs are static and pro
vide inadequate information on the pelvic ROM. Furthermore, our results 
suggest that fusion of the lumbar spine should be limited when managing 
a thoracic Scheuermann's kyphosis. Extensive fusion of the lumbar seg
ments will compromise the lumbar compensation mechanism and induce 
further risk of imbalance. When applying these concepts, limitations in 
the lumbar-pelvic ROM might generate a restriction in the kyphosis cor
rection and perhaps even form a contraindication for surgery in certain 
cases.

In conclusion, tight hamstrings should be considered a predictor in the sur
gical management of Scheuermann's Disease. Tight hamstring patients are 
lumbar compensators and are prone to overcorrection and imbalance. Like 
in scoliosis, compensatory mechanisms should be assessed. Extensive fusion 
of the lumbar segments will induce the risk for imbalance in patients with 
Scheuermann's kyphosis.

a b  C D
Figure 4
Clinically the preoperative and postoperative difference betw een the tight hamstring patients, i.e. "lum bar 
com pensators" (Figures 4A  and 4B) and non-tight hamstring patients, i.e. lumbar-pelvic compensators can 
be noted (Figures 4C and 4D). A  clear shift in waistline tilt can sometimes be seen postoperatively.
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Chapter 6

Discussion of the aims

The studies of this thesis were undertaken to assess the effect of selective 
fusion in idiopathic thoracic adolescent scoliosis and kyphosis, and to 
analyse lumbar and pelvic compensatory mechanisms. The specific aims are 
presented and discussed as found in each chapter.

1.To review the literature concerning the selective fusion treatment and 
compensatory mechanisms in adolescent idiopathic scoliosis and kyphosis
In Chapter 2 a literature review has been provided. Deficient anterior or 
posterior elements may lead to primary kyphotic and scoliotic deformities. 
In thoracic scoliosis, balance will be achieved by a compensatory scoliotic 
lumbar curve, while in thoracic hyperkyphosis a lumbar hyperlordotic curve 
will evolve. This cascade of mechanisms seems simple, but for idiopathic 
scoliosis or Scheuermann's kyphosis our limited understanding of these 
complex primary and compensatory mechanisms hinders treatment.
Little is known on how the postural balance is maintained and even less 
about the dynamic role of the compensatory curve, the pelvis or the lower 
extremities. Few studies have reported on postoperative alignment or men
tioned the concept of compensation mechanisms3;8;11;12;17;21;22.

2.To postulate a concept to promote a better understanding of the synergy between 
the structural and the functional biomechanical mechanisms that induce spinal 
deformities
Also in Chapter 2, a synergetic concept has been presented. Optimal postur
al balance depends on the synergy between the osteoligamentous struc
tures, i.e. standing rigging, and the neuro-muscular status, i.e. the running 
rigging of the spine. This rigging concept can be used as a model in order 
to understand the structural and functional mechanisms that might induce 
spinal deformities. In idiopathic spinal deformities the primary curve 
evolves through impairment of these rigging mechanisms. The compensa
tory curve will adjust for postural imbalance both preoperatively and post
operatively. However, this complex compensatory mechanism may also be 
compromised by the impaired rigging mechanisms and thus negatively 
influence the postural balance. A dynamic classification concept should pro
vide a basis in deformity treatment since it will emphasise the importance 
of the compensatory curve. The continued absence of a more specific classi
fication for adolescent idiopathic deformities has made comparisons 
between various types of instrumentation techniques and insight into com-
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3.To report the clinical results of posterior instrumentation for the surgical 
correction of idiopathic thoracic scoliosis
In Chapter 3 the clinical result of the surgical correction of idiopathic tho
racic scoliotic curves is discussed. Satisfactory curve and rib hump correc
tions with little correction loss were achieved.
For choosing the optimal caudal level of fusion many paradigms have been 
promoted9;15;16;20. The stable and neutral vertebrae are still useful aids in 
analysing and classifying the scoliotic spine, but the fusion criteria advocat
ed by King et al, in relation to the management of scoliosis, have been 
questioned since the advent of fourth generation instrumentation19. In the 
present study selective fusion was performed successfully in all thoracic scol
iotic curve types. In our opinion fusion should extend caudally as far as the 
end vertebra but never above T12. If the neutral and/or stable vertebra lies 
two levels below, the end vertebra fusion should be extended one level 
downwards. If the end vertebra and neutral vertebra are the same and the 
stable vertebra is not more than two levels below, no extension of the 
fusion is needed. When these criteria are used, fusion levels hardly ever 
extend beyond L2. Clinical imbalance was reported in only two cases. A 
nonsignificant derotation of the primary curves was noted in this study. The 
compensatory curves showed a significant shift in rotation directed towards 
the rib hump. These results indicate that the derotation forces of the instru
mentation do not affect the fused curve, but are translated to the adjacent 
segments. This concept gives credence to the idea that the limitation of the 
dynamics of the lumbar curve cannot be ascribed solely to the preoperative 
upright and side-bending curve size6;7;22.

4.To assess postoperative rib hump correction and rotational changes in the unfused 
compensatory lumbar curve after selective thoracic fusion for idiopathic scoliosis
In Chapter 4 the effect of selective fusion on the compensatory lumbar 
curve is discussed. Posterior instrumentation of the scoliotic thoracic spine 
translates its derotating forces not only onto the primary curve but also en 
bloc onto the compensatory curve. The discussion about derotation of the 
primary curve by segmental instrumentation is still being actively conduct- 
ed6;7;10;22. This discussion should also take into account the translation of 
the forces applied by the instrumentation to the lumbar compensatory 
curve. Selective fusion leaves the lumbar spine untouched and establishes a 
new balance within the scoliotic spine after surgery. Together with other

pensatory mechanisms impossible tasks1;6;9;13;18;19.
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factors, such as lateral angulation, rib-vertebra angles and structural limita
tions such as L4-pelvis obliquity, the possible effects of rotation of the lum
bar spine should not be underestimated in the surgical management of 
scoliosis. In the present study, the unfused lumbar spine of a patient with a 
King type II curve showed a larger lumbar rotational shift and subsequent 
rib hump correction than that of a patient with a King type III curve. These 
findings indicate that understanding the lumbar dynamics is essential for 
surgical outcome of scoliosis. Extensive fusion of the lumbar spine should 
therefore be carried out with great care because it will compromise the 
compensatory ability of the spine.

5.To report the clinical results of the posterior instrumentation for idiopathic 
thoracic kyphosis, i.e. Scheuermann's Disease, and to assess the necessity of an 
anterior release
In Chapter 5 the clinical results of the surgical correction and the need for 
an anterior release are discussed. Idiopathic kyphosis, i.e. Scheuermann's 
kyphosis, can induce both physical and mental discomfort. Surgery can 
relieve pain and fulfil an improved physical appearance. For this reason, 
patients may desire surgical intervention that can create positive preopera
tive expectations and bias the satisfaction outcome2;4;5.
In this study, no difference was noted in pre- and postoperative kyphosis 
morphology, correction loss, balance, and Oswestry score between the pos
teriorly and anteroposteriorly managed groups. Furthermore, the results 
indicated that sustainable corrections can currently be achieved by a single 
posterior approach. Because the anteroposterior approach entails a greater 
risk of surgery-related morbidity and overcorrection, it should be consid
ered only when maximal correction is preferable, as with certain short rigid 
curves. The study results support the concept of preventing postsurgical 
sagittal malalignment by correcting within the upper limits of normal tho
racic kyphosis (40-50°)4;5;14.

6.To investigate the relation between sagittal balance and the lumbar-pelvic motion 
in idiopathic kyphosis and to develop a model for the prediction of the 
postoperative balance in idiopathic kyphosis
In Chapter 6 a dynamic model based on the assessment of the lumbar-pelvic 
ROM is presented. It has been shown that tight hamstring patients can be 
classified as lumbar compensators and are consequently prone to overcor
rection and imbalance. The non-tight hamstring patients or lumbar-pelvic 
compensators have a more adaptive lumbar-pelvic response3. Based on this
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study, a revised surgical management plan is introduced; one must adhere 
to limiting the kyphosis correction as advised by Lowe and Kasten, but 
should add the rules of preoperative clinical assessment of the lumbar- 
pelvic ROM and judgement of hamstring tightness as supplementary surgi
cal guidelines14. Furthermore, fusion of the lumbar spine should be limited 
when managing a thoracic Scheuermann's kyphosis. Extensive fusion of 
the lumbar segments will compromise the lumbar compensation mecha
nism and induce further risk of imbalance. When applying these concepts, 
limitations in the lumbar-pelvic ROM might generate a restriction in the 
kyphosis correction and perhaps even form a contraindication for surgery 
in certain cases.

Prospects to the future

Undoubtedly, ongoing technical innovations will improve the surgical treat
ment of spinal impairments. However this process will lose pace if surgeons, 
basic scientists, and industry do not explore new insights. Basic understand
ing of a dynamic concept for classifying spinal impairments might be the 
road to success. Therefore reliable dynamic classification models have to be 
postulated and should be accepted universally. Furthermore when planning 
surgery the preoperative assessment of the spinal, pelvic and the lower limb 
ROM should become a standard procedure.
Future innovations will either pursue neuro-muscular modulation tech
niques or interventions of the osteoligamentous apparatus. Innovations of 
instrumentation systems might result in better current implants, memory 
shaped metal devices, or non-fusion techniques. Still, whichever technique 
might be developed it will only be considered innovative and successful if 
postural balance and optimal mobility of the spine can be secured.

Closing remarks

This thesis provides insight in to compensatory mechanisms and postulates 
new concepts for better preoperative planning.
The normal spine should be regarded as a precisely and delicately balanced 
mechanical system. Asymmetrical changes in the osseous-ligamentous struc
tures or neuro-muscular components can result in the development of a 
deformity. Understanding of these biomechanical impairments will provide
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us with insight into the behaviour of the spine and improve the treatment 
options. In both the scoliotic and in the kyphotic spine any correction 
applied to the thoracic spine will result in a compensatory accommodation. 
Classical surgical guidelines have addressed this principle, but due to the 
innovations in surgical techniques, permitting maximal correction, these 
principles seem to have been given less emphasis and perhaps this present 
day practice needs revision. Preoperatively, in both scoliosis and kyphosis 
the dynamic compensatory mechanisms should be quantified; redression 
tests, bending radiographs or assessment of the spinal en pelvic ROM can 
be useful in this matter. Nevertheless, at the moment no reliable and repro
ducible dynamic classification systems are available for the classification of 
idiopathic spinal deformities such as scoliosis and kyphosis.
This thesis was conducted to provide insight into the dynamic processes 
that are associated with the treatment of idiopathic thoracic deformities. 
The synergistic model of the rigging mechanism, the concept of en bloc 
rotation in idiopathic thoracic scoliosis, and the lumbar-pelvic compensator 
model, a preliminary dynamic classification for idiopathic thoracic kyphotic 
deformities, have been introduced.
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Chapter 7

Summary
Idiopathic scoliotic and kyphotic deformities have been described since 
Hippocrates.
During the early twentieth-century fusion techniques were introduced, but 
only during the last decades innovations in the operative techniques and 
the instrumentation systems have dramatically improved the surgical out
come of idiopathic spinal deformities. Unfortunately these innovations 
have not only led to an urge to align the spine, but have also over shad
owed classical treatment principles. Mc Elvenny (1941) outlined one of 
these principles concisely. He stated that: «preoperatively it is necessary to 
find the curves over which the patient has voluntary control. These curves 
are the compensatory curves. To fuse the compensatory curve with or with
out correction, would remove all compensatory possibilities from the 
spine». Thus preoperative planning and surgical correction not only con
cerns the primary spinal deformity but is closely linked with compensatory 
mechanisms. The studies for this thesis were undertaken to assess the effect 
of selective fusion in adolescent thoracic idiopathic scoliosis and kyphosis 
and to analyse compensatory mechanisms in order to predict the surgical 
result.

In Chapter 2 a review of the literature on the onset of adolescent idiopathic 
spinal deformities is given and the synergistic concept is introduced. 
Optimal postural balance depends on the synergy between the osteoliga- 
mentous structures, i.e. standing rigging, and the neuro-muscular status,
i.e. the running rigging of the spine. In scoliosis and kyphosis the primary 
curve evolves through impairment of these rigging mechanisms, and the 
lumbar spine and pelvis will have to adjust for postural imbalance both pre
operatively and postoperatively. However, this complex compensatory 
mechanism may also be compromised by impaired rigging mechanisms and, 
thus, negatively influences the postural balance. When planning surgery 
preoperative assessment of the lumbar and pelvic ROM is therefore obliga
tory. Understanding the compensatory mechanisms can avoid imbalance 
and overcorrection of a scoliotic or kyphotic deformity. As in scoliosis, the 
need for a dynamic classification model in Scheuermann's kyphosis is evi
dent as it can provide us with insight into compensatory mechanisms and 
will make comparisons between various types of instrumentation tech
niques possible.

In Chapter 3 the surgical results of selective fusion in 36 idiopathic scoliosis
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patients are studied. Curve correction, hump correction, vertebral rotation, 
fusion levels and complications are evaluated. The curve corrections were 
significant but no derotation of the primary curves was noted. The rib 
hump correction and rotational changes of the unfused compensatory 
curves were significant. Fusion levels extended beyond L2 in six cases, and 
clinical imbalance was reported in only two cases.

In Chapter 4 a cohort of 32 patients with idiopathic scoliosis, managed with 
selective thoracic fusion, is reviewed. Classified according to King et al the 
patients were evaluated for curve correction, rib hump correction and post
operative shift in lumbar rotation. Significant differences were noted 
between the curve types in rib hump correction and shift in lumbar rota
tion. The study showed that en bloc postoperative rotation of the compen
satory lumbar segments, directed towards the rib hump, influences the rib 
hump correction. The correcting forces applied by the instrumentation 
induce this en bloc rotation of the unfused lumbar segments. The unfused 
lumbar spine of a patient with a King type II curve showed a larger lumbar 
rotation shift and subsequent rib hump correction than that of a patient 
with a King type III curve. The rotational dynamics of the unfused compen
satory lumbar spine seem to form an important component in the under
standing and surgical management of scoliosis.

In Chapter 5 the kyphosis correction, correction loss, sagittal balance, and 
the effect of an anterior release is evaluated in 33 patients with idiopathic 
kyphosis, i.e. Scheuermann's kyphosis. Adequate corrections, little correc
tion loss, lower postoperative Oswestry scores, and high satisfaction rates 
were noted in both groups. The anteroposterior treatment did not influ
ence the curve morphometry more than posterior fusion alone. To prevent 
postoperative sagittal malalignment surgical management should aim at a 
correction within the high normal kyphosis range of 40° to 50°, consequent
ly providing good results, and particularly in flexible adolescents and young 
adults, minimising the necessity for an anterior release.

In Chapter 6 a cohort of 33 consecutive patients with surgically corrected 
thoracic Scheuermann's kyphosis are evaluated in order to determine if 
post-surgical imbalance, sagittal malalignment and lumbar-pelvic ROM in 
these patients is related to tightness of the hamstrings. The study results 
indicate that tight hamstring patients have a significant greater risk for 
postoperative imbalance. These patients have a fixed pelvis and can only
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compensate for imbalance by reducing their lumbar lordosis. Limitations in 
lumbar and pelvic ROM are predicted by hamstring tightness. Hamstring 
tightness should be considered as a predictor in the surgical management 
of thoracic Scheuermann's Disease. Extensive fusion of the lumbar segments 
will compromise the lumbar compensation mechanism and could induce 
the risk for imbalance in these patients. Tight hamstring patients can be 
classified as lumbar compensators and as such are prone to overcorrection 
and imbalance.

In Chapter 7 the aims of the thesis have been discussed.
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Zusammenfassung
Skoliotische und kyphotische Deformitäten wurden schon zu Zeiten 
Hippokrates beschrieben. Zu Beginn des zwanzigsten Jahrhunderts wurden 
die ersten Operationstechniken introduziert, aber erst der Fortschritt in den 
letzten Jahrzehnten hat dazu geführt, dass die Ergebnisse der operativen 
Behandlung dramatisch verbesserten.
Leider hat dieser Fortschritt nicht nur zu dem Streben geführt den Rücken 
so gerade möglich zu kriegen, sondern auch zum Ignorieren der klassischen 
Behandlungsprinzipien. Eines dieser Prinzipien wurde in 1941 einleuchtend 
durch Mc Elvenny beschrieben. Er erkannte dass es preoperativ notwendig 
ist um die Kurven zu finden, über die der Patient willkürliche Kontrolle hat. 
Das sind die kompensatorischen Kurven. Fusiert man diese Kurven, mit oder 
ohne Korrektur, so verliert die Wirbelsäule jede Kompensationsmöglichkeit. 
Also muss die preoperative Planung und chirurgische Behandlung nicht nur 
die ursprüngliche W irbeldeformität berücksichtigen, sondern sie müssen 
auch mit Kompensationsmechanismen rechnen. Die Studien für diese 
Dissertation hatten zur Aufgabe den Effekt der selektiven Fusions
operationen bei Patienten mit idiopathischer thorakaler Skoliose und 
Kyphose zu untersuchen und kompensatorische Mechanismen zu analysie
ren, um operative Ergebnisse besser vorherzusagen.

Im zweiten Kapitel wird eine Literaturübersicht über den Ursprung der ado
leszenten idiopathischen Wirbelsäulendeformitäten gegeben und wird ein 
synergistisches Modell eingeführt. Es wird erläutert, dass ein optimales 
Haltungsgleichgewicht abhängig ist von dem Zusammenspiel der osteoliga- 
mentären Strukturen - das stehende Takelwerk - und von dem neuromusku
lären Status - das laufendeTakelwerk - der Wirbelsäule. Die primäre Kurve 
der Skoliose und Kyphose entsteht durch Fehlbildungen in diesen 
Strukturen, demzufolge werden die lumbale Wirbelsäule und das Becken 
gezwungen sich anzupassen um eine optimale Balance zu erreichen. Dieser 
Kompensationsmechanismus kann jedoch behindert werden durch die 
schon genannten Fehlbildungen in neuromuskulären und osteoligamentä- 
ren Strukturen, so dass die Balance wiederum negativ beeinflusst werden 
kann. Darum ist es preoperativ essentiell die Beweglichkeit der lumbalen 
W irbelsäule und des Beckens festzulegen. Das Begreifen dieser 
Kompensationsmechanismen kann eine gestörte Balance und Überkorrek
tur von Skoliose und Kyphose vermeiden. So wie bei der Skoliose ist auch 
bei der Kyphose eines Morbus Scheuermann ein dynamisches Modell der 
Klassifikation erstrebenswert, welches uns Verständnis der
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Kompensationsmechanismen gibt und es möglich macht verschiedene 
Instrumentationsverfahren miteinander zu vergleichen.

Im dritten Kapitel wurden die operativen Ergebnisse der selektiven Fusion 
bei 36 Patienten mit idiopathischer Skoliose untersucht. Korrektur der 
Krümmung und des Buckels, so wie Torsion der Wirbeln, Höhe der Fusion 
und Komplikationen wurden beurteilt. Die Korrektur der Krümmung war 
signifikant, aber es wurde keine Derotation der primären Krümmung wahr
genommen. Die Korrektur des Rippenbuckels und Änderungen in der 
Rotation der nicht fusierten kompensatorischen Krümmungen war signifi
kant. Die Höhe der distalen Fusion reichte in 6 Fällen unter L2, wobei klini
sche Dysbalance nur in 2 Fällen dokumentiert wurde.

Im vierten Kapitel wird eine Kohorte von 32 Patienten mit idiopathischer 
Skoliose analysiert. Die Patienten wurden nach King klassifiziert und 
Korrektur der Krümmung, des Buckels, und der postoperativen Änderung 
der Rotation der lumbalen kompensatorischen Wirbelsäule wurden beur
teilt. Ein signifikanter Unterschied wurde gesehen zwischen den verschiede
nen Krümmungstypen betreffend Korrektur des Buckels und Rotation der 
lumbalen Wirbelsäule. Diese Studie zeigte, dass von einer postoperative en 
bloc Rotation der kompensatorischen lumbalen Segmenten, Richtung 
Rippenbuckel weisend, die Rede ist. Die korrigierenden Kräfte die durch 
Instrumentation verursacht werden, induzieren diese en bloc Rotation des 
nicht fusierten lumbalen Segmentes. Die nicht fusierte lumbale Wirbelsäule 
eines Patienten mit einer King Typ II Krümmung zeigt eine grössere 
Veränderung in der Rotation und Buckelkorrektur als die eines Patienten 
mit einer King Typ III Krümmung. Diese Unterschiede in der dynamischen 
Rotation spielen eine wichtige Rolle in der Planung des operativen 
Eingriffs.

Im fünften Kapitel wird Korrektur der Kyphose, Korrekturverlust, das sagit
tale Alignem ent und der Effekt eines anterioren Release bei 33 Patienten 
mit idiopathischer Morbus Scheuermann Kyphose beschrieben. Eine adä
quate Korrektur mit wenig Korrekturverlust wird wahrgenommen. Der 
Oswestry Score verbesserte und die Zufriedenheit der Patienten nach der 
Operation war hoch. Ein anteriorer Release verbesserte das Operations
ergebnis nicht. Um postoperative sagittale Dysbalance zu verhindern, muss 
eine Kyphose Korrektur streben nach einem postoperativen Krümmungs
winkel von 40-50°. Wenn das beachtet wird, ist ein anteriorer Release selten
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nötig, was vor allem für Jugendliche gilt.

Im sechsten Kapitel werden 33 Patienten mit Morbus Scheuermann mit der 
Fragestellung analysiert, ob postoperative Dysbalance, sagittale Malaligne
ment und pelvo-lumbale Beweglichkeit relatiert sind an Tightness der 
Hamstrings. Die Ergebnisse der Studie zeigten, dass Patienten mit Tight 
Hamstrings ein grösseres Risiko haben um postoperativ eine Dysbalance zu 
entwickeln. Diese Patienten haben ein fixiertes Becken und können die 
Dysbalance nur beeinflussen durch Verminderung der Lordose. Anhand der 
Hamstring Tightness können Beschränkungen der lumbalen und pelvären 
Beweglichkeit eingeschätzt werden, so dass diese als Prediktor der chirurgi
schen Korrektur bei Morbus Scheuermann gesehen werden kann. Extensive 
Instrumentation und Fusion der lumbalen W irbelsäule würde lumbale 
Kompensationsmechanismen kompromittieren und das Risiko auf 
Dysbalance induzieren. Tight Hamstrings Patienten können klassifiziert 
werden als lumbale Kompensatoren und sind anfällig für Dysbalance und 
Überkorrektur.

Im siebten Kapitel werden die Fragestellungen dieser Thesis besprochen.
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Samenvatting
Idiopatische scoliotische en kyphotische afwijkingen van de wervelkolom 
zijn al beschreven ten tijde van Hippocrates.
Operatie technieken werden aan het begin van de twintigste eeuw geïntro
duceerd, echter slechts de innovaties gedurende de laatste decennia heb
ben er toe geleid dat de operatieve behandeling van idiopatische 
wervelkolom afwijkingen drastisch is verbeterd. Helaas gingen deze inno
vaties niet alleen gepaard met de drang naar het rechten van de rug, maar 
ook met het veronachtzamen van aan klassieke behandeling principes. Eén 
van deze principes is fraai beschreven door Mc Elvenny (1941). Hij erkende 
dat: «het preoperatief van belang is die curven te herkennen waarover de 
patiënt willekeurige controle heeft. Deze curven zijn de compensatoire cur
ven. Het fuseren van de compensatoire curven, met of zonder correctie, 
ontneemt de wervelkolom elke compensatie mogelijkheid». Kennelijk 
heeft de preoperatieve planning niet alleen betrekking op de primaire 
curve, maar staat ook in nauwe relatie met de compensatoire mechanis
men. De studies verricht voor dit proefschrift hadden tot doel het effect 
van selectieve fusieoperaties in idiopatische thoracale wervelkolom afw ij
kingen te bestuderen en compensatoire mechanismen te analyseren om zo 
operatieresultaten beter te kunnen voorspellen.

In hoofdstuk 2 wordt een literatuur overzicht gegeven over de oorsprong 
van idiopatische wervelkolom afwijkingen en wordt een synergistisch 
model geïntroduceerd. Uiteen gezet wordt dat een optimale houdings 
balans afhankelijk is van de synergie tussen de osteoligamentaire structu
ren - het staand want - en de neuromusculaire status - het lopend want - 
van de wervelkolom. De primaire curve in scoliotische en kyphotische afwij
kingen is het gevolg van gebreken in deze structuren en de lumbale wer
velkolom en het bekken zullen zich moeten aanpassen om een optimale 
balans te verzekeren. Echter dit complexe compensatoire mechanisme kan 
tevens worden gecompromitteerd door de genoemde gebreken in neuro
musculaire of osteoligamentaire structuren, waardoor de balans verder kan 
worden verstoord. Het is daarom obligatoir om preoperatief de bewegelijk
heid van de lumbale wervelkolom en het bekken vast te stellen. Inzicht in 
dit compensatoire mechanisme kan disbalans en overcorrectie in scoliose en 
kyphose voorkomen. In overeenstemming met scoliose is ook in Morbus 
Scheuermann een dynamisch classificatie model gewenst; het levert ons 
inzicht in compensatoire mechanismen en maakt het vergelijken van ver
schillende instrumentatie technieken mogelijk.

120



In hoofdstuk 3 worden de resultaten van selectieve fusie bij 36 idiopatische 
scoliose patiënten geanalyseerd. Correctie van de curve, de bochel hoogte, 
de rotatie van de wervelkolom, de fusie niveaus en de complicaties vorm
den de punten van bestudering. Correctie van de curven bleken significant, 
maar een derotatie van de primaire bocht werd niet waargenomen. De cor
rectie van de bochel en de rotatie veranderingen in de compensatoire lum
bale curve bleken significant. Distale fusie niveaus waren slechts in 6 
gevallen lager dan L2 en disbalans werd bij twee patiënten gezien.

In hoofdstuk 4 wordt een cohort van 32 patiënten met idiopatische scoliose 
geanalyseerd. Per King classificatie vond evaluatie plaats van de curve cor
rectie, bochel correctie en postoperatieve rotatie verandering van de lum
bale compensatoire wervelkolom. Significante verschillen werden 
waargenomen tussen de verschillende curve typen met betrekking tot de 
bochel correctie en rotatie verschillen in de lumbale wervelkolom. De studie 
wees uit dat er postoperatief sprake is van een en bloc rotatie over de niet 
gefuseerde compensatoire lumbale segmenten. De niet geïnstrumenteerde 
lumbale wervelkolom van de King II groep vertoonde een grotere verande
ring in postoperatieve lumbale rotatie en bochel correctie dan de King III 
groep. Deze verschillen in dynamische rotatoire eigenschappen spelen een 
belangrijke rol in de chirurgische planning en behandeling van idiopatische 
scoliose.

In hoofdstuk 5 wordt de kyphose correctie, het correctie verlies, het sagitta
le alignement en het effect van een anterieure release bij 33 patiënten met 
idiopatische kyphose - Morbus Scheuermann - beschreven. Adequate cor
recties met weinig correctie verlies werden waargenomen. De Oswestry sco
res verbeterden en de postoperatieve tevredenheid was hoog. Een 
anterieure release verbeterde het operatieresultaat niet. Om postoperatief 
sagittale disbalans te voorkomen dient een kyphose correctie gericht te zijn 
op een postoperatieve eind curve van 40 a 50 graden. Indien dit wordt 
nagestreefd is een anterieure release zelden noodzakelijk; en dit geldt 
vooral de adolescente patiënt.

In hoofdstuk 6 worden 33 Morbus Scheuermann patiënten geanalyseerd en 
wordt bepaald of postoperatieve disbalans, sagittale malalignement en 
pelvo-lumbale bewegelijkheid gerelateerd zijn aan "hamstring tightness". 
De studieresultaten wezen uit dat tight hamstring patiënten een grotere 
kans hebben op postoperatieve disbalans. Deze patiënten hadden een
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gefixeerd bekken en konden hun disbalans alleen compenseren door ver
mindering van hun hyperlordose. Beperkingen in lumbale- en bekken- 
bewegelijkheid worden voorspeld door "hamstring tightness" en kunnen 
daarom worden beschouwd als een predictor in de chirurgische behandeling 
van Morbus Scheuermann. Uitgebreide instrumentatie en fusie van de lum
bale wervelkolom zal het lumbale compensatie mechanisme compromitte
ren en het risico van disbalans induceren. Tight hamstring patiënten 
kunnen worden geclassificeerd als lumbar compensators en zijn in die hoe
danigheid gevoelig voor overcorrectie en disbalans.

In hoofdstuk 7 worden de doelstellingen van dit proefschrift besproken.
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