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General Introduction and Aims of the Study

Introduction
Fractures of the wrist are among the most common skeletal injuries and their incidence can be
expected to increase with increasing life expectancy12. The vast majority are extra-articular fractures
of the distal radius that result from a simple fall on the outstretched hand. These are effectively
treated by manipulative reduction and cast immobilization3. Metaphyseal comminution on the
dorsal aspect renders these fractures unstable4 5 and loss of alignment after manipulative reduction
and cast immobilization is common without operative fixation6. Intra-articular fractures of the distal
radius require an individual assessment and treatment program tailored to the specific nature of the
injury pattern. Those that occur as a result of shearing of the carpal bones against the margin of the
radial surface are referred to as shearing fractures7 8 (eponymically known as Barton's fracture) .
These fractures are inherently unstable and require open reduction and internal plate and screw
fixation. In contrast, fractures that result from splitting in a sagittal or coronal direction due to a
compression force through the carpal bones are referred to as compression fractures. These fractures
are amenable to manipulation, percutaneous kirschner-wire fixation of the distal articular fragments,
and the adjuvant use of an external fixator2. Complex intra-articular fractures of the distal radius are
treated preferably by open reduction and internal plate fixation using a volar approach9. Finally,
radiocarpal dislocations and perilunate fracture- dislocations are severe wrist injuries that can cause
permanent impairment1012. Open reduction and internal kirschner-wire or screw fixation in addition
to ligament or capsular repair is the standard treatment, but the result vary among published studies10
11.13,14

Over the last three decades, operative treatment of wrist fractures has become increasingly common
compared to non-operative treatment315·16. Over the last fifteen years, there has been a trend toward
internal plate-and-screw fixation for the treatment of these fractures17-20 and away from percutaneous
fixation with kirschner wires or external fixation. This has been influenced, in part, by the development
of anatomically shaped implants with angular stable screw fixation. An argument that is commonly
made in favor of internal fixation is that, similar to the findings that have been reported in association
with other periarticular fractures, early movement of the wrist would be beneficial in order to obtain
better wrist motion and thus better function2122. Nonetheless, the value of operative treatment, the
advantages of specific techniques and implants remains a matter for debate. In addition, the
determinants of wrist function and arm-specific disability after wrist fractures remain incompletely
defined23-24.

Outline of the Thesis
The general aim of this thesis is to analyze the in vivo kinematics of the wrist in chapter 2, to study
specific injury patterns of the wrist in chapter 3 and 4, to study specific techniques and implants in
chapter 5 and 6, to study specific rehabilitation protocols in chapter 7 and 8, and to determine the
predictors of wrist function and arm-specific disability after operative treatment of wrist fractures in
chapter 9. In chapter 10, finally we will put all chapters into perspective in a general discussion.
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In Vivo Kinematics of the Wrist
A basic acquaintance of the kinematics of the wrist - of the distal radioulnar joint in particular -- is
necessary to understand the mechanism of injury of wrist fractures. Radiographic and cadaveric
studies have been used to investigate in vivo and in vitro ulnar variance changes with forearm
25 26
pronation and supination . However, the effect of elbow flexion on the distal radioulnar joint has
not been well studied. Recently, a combined dual fluoroscopic and MR/CT imaging technique has
27 28
been developed that allows measurement of joint motion without constraints of the target joint - .
In chapter two, we utilize this imaging technique to explore the relationship of distal radioulnar joint
kinematics with elbow and forearm positions. The primary hypotheses tested are: i) proximal-distal
translation of the radius relative to the ulna changes in relationship to elbow flexion and forearm
rotation and 2) the arc of forearm rotation changes in relationship to elbow flexion.

Volar Shearing Fractures of the Distal Radius
Fractures of the volar articular margin of the distal radius with volar radiocarpal subluxation (volar
shearing or AO Type Β 3 fractures) can be accompanied by fracture of the dorsal metaphyseal cortex.
It was suggested that these fractures may be associated with osteoporosis and should be considered
as a complete articular or AO Type C fracture7. Failure to identify this fracture line can lead to dorsal
translation and angulation of the distal radius articular surface7 29, particularly when the volar plate
is intentionally undercontoured so that it can be used as a reduction aid to push the volar marginal
articular fragment back into position.
In chapter 3 we investigate the relative incidence of volar articular marginal fractures with and
without concomitant fracture of the dorsal metaphyseal cortex (i.e. Type Β vs. Type C fractures with
an oblique volar marginal articular fracture and volar radiocarpal subluxation), and test the null
hypothesis that there is no difference in wrist function or health status after open reduction and plate
and screw fixation of these two fractures.

Ulnar Styloid Base Fractures
Ulnar styloid base fractures are commonly associated with fracture of the distal radius, but their
influence on outcome is unclear. There are few data available to clarify the debate between those who
believe that a fracture of the ulnar styloid base contributes to the potential for decreased forearm
rotation, arthritis, pain, and chronic instability of the distal radioulnar joint 3032 , and those who do
not33 34. Some authors suggest that characteristics such as ulnar styloid fracture fragment size and
displacement may predict instability of the distal radioulnar joint35·36.
In chapter 4 we compare matched cohorts of patients treated with open reduction and volar plate
fixation of a distal radius fracture with and without an untreated ulnar styloid base fracture to test the
null hypothesis that the ulnar styloid fracture does not affect wrist function and arm-specific health
status. In a second analysis, we test the null hypothesis that there is no difference in wrist function
and health status between patients with two millimeters or greater displacement of an ulnar styloid
base fracture and patients with less displaced fractures.
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Volar Plate Design
Open reduction and volar plate and screw fixation using distal locked screws has become a popular
alternative for the treatment of extra-articular and dorsally displaced fractures of the distal radius
with dorsal metaphyseal comminution. As the popularity of volar locked plate fixation for fractures
of the distal radius has increased, so has the number and variety of implants. Variations in plate
design include the shape and contour of the plate37, the size and angle of the screws, the locking screw
mechanism38, plate material39, and other factors40. It is unclear whether differences in plate design
will affect final outcome of open reduction and volar plate fixation of unstable distal radius
fractures.
In chapter 5 we compare matched cohorts of patients treated with two distinct plate designs: 1) a
titanium, pre-contoured, distal-radius specific T-shaped plate designed so that its distal limb lies
directly over the volar articular margin of the distal radius, and the 2.4-millimeter locking screws
angle backwards, away from the joint and 2) a stainless steel, T-shaped plate that requires contouring
during surgery with locking 3.5-millimeter screws oriented more distally. In this study, we test the
null hypothesis that significant differences in plate design do not influence final outcome after open
reduction and internal plate fixation of extra articular and dorsally angulated fractures of the distal
radius with metaphyseal comminution (AO type A3.2).

Perilunate Fracture-Dislocations of the Wrist
Perilunate dislocations and fracture- dislocations are severe wrist injuries that cause permanent
impairment. Most surgeons use smooth Kirschner wires to temporarily stabilize the carpal bones
while the injured wrist ligaments healio-12. Herbert41 suggested using temporary screws between the
scaphoid and the lunate and between the lunate and the triquetrum as an alternative to Kirschner
wire fixation. Buried screws are less likely than wires (buried or not buried) to cause skin problems or
infection, and wrist mobilization can be initiated with the screws in place.
In chapter 6 we compare the results of temporary K-wire fixation and temporary screw fixation of the
carpus after open reduction and internal fixation of a perilunate dislocation or fracture- dislocation
with a null hypothesis that there will be no difference in final wrist motion.

Early Mobilization of the Wrist
Over the last 15 years there has been a trend towards more invasive, internal plate and screw fixation
of fractures of the distal radius17 20. An argument that is commonly made in favor of internal fixation
of fractures of the distal part of the radius is that, similar to the findings that have been reported in
association with other periarticular fractures, early movement of the wrist would be beneficial in
order to obtain better wrist motion and thus better function21·22. To our knowledge, there are no
comparative scientific data to support this concept. In fact, data regarding external fixation that
either immobilizes the wrist or allows wrist motion suggest that early wrist mobilization is not as
important as the overall alignment of the bone in terms of final wrist motion42.
In chapter 7 we perform a clinical trial comparing mobilization of the wrist joint within two weeks
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(early motion) or at six weeks (late motion) after volar plate fixation of a fracture of the distal part of
the radius in order to test the null hypothesis that there are no differences in wrist motion and health
status six months after surgery.

Supervised Rehabilitation
The effect of formal physical therapy on outcome in the recovery phase of a distal radius fracture is
uncertain. There is only weak evidence for a benefit in the first six weeks after initial treatment43, but
not in the longer term44 46. It seems that the decision to prescribe occupational therapy after distal radius
fracture is based on the surgeon's preference and practice setting rather than scientific evidence.
In chapter 8 we perform a prospective randomized controlled trial comparing physical therapy vs.
unsupervised exercises after open reduction and volar plate fixation. We test the null hypothesis that
there is no difference in the average combined arc of wrist flexion and extension between patients
that receive occupational therapy and those doing independent exercises 6 months after open
reduction and volar plate fixation of a distal radius fracture. Secondary study questions addressed
wrist motion, grip strength, Gartland and Werley Scores, Mayo Wrist Scores, and DASH scores at 3
months and 6 months after surgery.

Predictors of Outcome after Operative Treatment
The value of operative treatment16 and the determinants of wrist function and arm-specific health
status after fracture of the distal radius23·47 remain incompletely defined. Scoring systems that
evaluate subjective and objective factors together are frequently used to quantify wrist function after
treatment from a physician's point of view48. In addition, patient completed health status
questionnaires have become popular as a means of evaluating function from the patient's point of
view (i.e. disability)49 50. In evaluating the elbow after trauma, it has been shown that pain is a more
important determinant of arm-specific health status and physician-based rating systems than
objective physical impairment. It is unclear whether physician-based rating systems of wrist function
and arm-specific disability after operative treatment of a fracture of the distal radius is determined
more by subjective factors (e.g. pain), than objective factors (e.g. motion).
In chapter 9, we analyze the determinants of physician-based rating systems of wrist function and
arm-specific health status after operative treatment of a fracture of the distal radius with the
hypothesis that the observed variability in these measured is determined more by subjective factors
(e.g. pain), than objective factors (e.g. motion).determined the predictors of wrist function and armspecific health status after operative treatment of distal radius fractures.
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Elbow Position Affects
Distal Radioulnar Joint Kinematics
Fu E, Souer JS, Li G, Lozano-Calderon SA, Herndon JH, Jupiter J, Chen Ν
J Hand Surgery Am; 2009 Sept 34 (7) 1261-8

Abstract
Background: Previous in vivo and in vitro studies of forearm supination/pronation suggest that distal
radioulnar joint kinematics may be affected by elbow flexion. The primary hypotheses tested by this
study were that in vivo: i) ulnar variance changes with elbow flexion and forearm rotation and 2) the
arc of forearm rotation changes in relationship to elbow flexion.
Methods: Changes in radioulnar kinematics during forearm supination/pronation and elbow flexion
(0-90°) were studied in five uninjured subjects using computed tomography, dual orthogonal
fluoroscopy, and three-dimensional modeling. Analysis of variance and posthoc testing was
performed.
Results: Proximal translation of the radius was greatest with the elbow flexed to 90° with the arm in
mid-pro nation. With the arm in mid-pronation, the translation of the radius was significantly greater
at o" versus 45° of elbow flexion (0.82 ± 0.59 mm v. 0.65 ± 0.80 mm, F: 4.49, Post Hoc: 0.055; ρ = ο.θ5),
and significantly smaller at 45° versus 90° of elbow flexion (0.65 ± 0.80 m m v. 0.97 i 0.35 mm, F: 4-49,
Post Hoc: 0.048; ρ = 0.05). Proximal translation of the radius in mid-pronation was significantly
greater than when the forearm was in a supinated position when the elbow was at 0° or 90° flexion (F:
1490, post-hoc: < 0.01; ρ < O.Ol, F: 19.11, post-hoc: < O.Ol, ρ < O.Ol). The arc of forearm rotation was
significantly decreased at o" compared to 90° of elbow flexion (129.3 ± 22.2° ν 152.8 ± 14-4°, F: 3.29, posthoc:o.79; ρ = 0.09). The center of rotation shifted volarly and ulnarly with increasing elbow
extension.
Discussion: Elbow position affects the kinematics of the distal radioulnar joint. The kinematics of
the distal radioulnar joint are primarily affected by forearm rotation and secondarily affected by
elbow flexion. These findings have clinical relevance to our understanding of ulnar impaction, and
how elbow position affects the proximal-distal translation of the radius. These findings have
implications upon the treatment of ulna impaction, radiographic evaluation of the distal ulna, and
future biomechanical studies.

Introduction
Radiographic and cadaveric studies have been used to investigate in vivo and in vitro ulnar variance
changes with forearm supination and pronation, in healthy and pathologic subjects 14 . Ulnar variance
is standardized in these studies where the shoulder is placed in 90 0 of abduction and the elbow flexed
to 90° the forearm in neutral rotation. However, it is unclear whether the position of elbow flexion
intrinsically affects ulna variance.
Tay et al. used finite helical axis analysis to describe the in vivo kinematics of the forearm and found
proximal-distal translation of the radius relative to the ulna with rotation of the forearm5, suggesting
that elbow position may affect distal forearm kinematics. However, because imaging techniques
such as computed tomography and magnetic resonance imaging have geometric limitations, and
plain radiography is not as precise as these other techniques; the effect of elbow flexion on the distal
radioulnar joint has not been well studied.
Recently, a combined dual fluoroscopic and MR/CT imaging technique has been developed that
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6 7

allows measurement of joint motion without constraints of the target joint · . This technique has
810
been successfully applied to the lower extremity . In this study, we utilized this imaging technique
to explore the relationship of distal radioulnar joint kinematics with elbow and forearm positions.
The primary hypotheses tested are: i) proximal-distal translation of the radius relative to the ulna
changes in relationship to elbow flexion and forearm rotation and 2) the arc of forearm rotation
changes in relationship to elbow flexion.

Materials and Methods
This study was approved by the Institutional Review Board and informed consent was obtained for
each subject. Five right dominant upper extremities without a history of previous injury from righthand dominant male volunteers (age 24 to 31) were imaged while in neutral forearm rotation and
elbow extension by computed tomography (GE Light Speed Pro 16-Slice scanner). Parallel axial CT
images separated at 0.625 mm with a resolution of 512 χ 512 pixels were obtained. Each CT image was
processed using a Canny filter programmed in a commercially available mathematics software
package (Matlab, Mathworks, Canton, MA). The Canny filter calculates gradients in pixel intensity to
detect edges between objects. The calculated edges were used to help trace the outlines of the radius
and ulna within the axial plane image using solid-modeling software (Rhinoceros®, Robert McNeel &
Associates, Seattle, WA). The contours were then placed in the appropriate plane in a 3D space, and
the surface was meshed using the solid-modeling software.
After CT image-based computer 3D models were constructed, each subject was imaged using two
orthogonally placed fluoroscopes (BV Puisera, Philips, Bothell, WA) at elbow flexion angles of 0°, 45°,
and 90° as the subject rotated his/her forearm from maximum supination, 50% supination, neutral,
50% pronation, and maximum pronation (Fig la). The wrist was placed in zero degrees of extension
and zero degrees of radioulnar deviation and the metacarpalphalangeal, proximal interphalangeal,
and distal interphalangeal joints were held in extension. These positions were confirmed with a
goniometer. Each subject practiced the testing positions five times before actual testing. The degree
of prononation/supination was estimated from the pre-conditioning trials with the understanding
that the true amount of rotation would be defined with the modelling techniques. During imaging,
the plane of the C-arm was co-planar to the floor and the subject was seated with the elbow stabilized
on a radiolucent table (Figure 1). The subject held each position which was confirmed with a
goniometer and then the image was acquired. The entire testing procedure took about 10 minutes.
The orthogonal images were then imported into a solid modeling software (Rhinoceros®, Robert
McNeel & Associates, Seattle, WA Rhinoceros, Seattle,Wash) and used to determine the in vivo
forearm positions at each of the targeted flexion angles. The orthogonal images were placed in the
software to reproduce the positions of the two intensifiers of the fluoroscope during image acquisition.
The forearm model was imported into the virtual space and was viewed simultaneously from two
orthogonal directions corresponding to the positions of the x-ray source of the fluoroscope during
image acquisition. The 3D forearm model was then manipulated in six degrees of freedom inside the
3D C-arm until its projections viewed from two orthogonal directions matched the outlines of the
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fluoroscopic images obtained, thus reproducing the in vivo forearm position using the 3D anatomical
models. The method has been previously validated on a knee model to an accuracy of 0.1 mm position
and 0.1 degrees rotation6 7.
To describe the six degrees of freedom (6DOF) kinematics of the distal radioulnar joint (DRUJ),
anatomically based ulnar and radial Cartesian coordinate systems similar to that reported previously
in the literature were constructed for each subject (Figure 2).
The position of the forearm in neutral position during CT scanning was used as a reference. For the
ulnar coordinate system, the longitudinal axis (z-axis) was defined as the line passing through the
longitudinal axis of the ulna. The y-axis was defined as the line passing from the center of the ulnar
head to through the center of the ulnar styloid base. The x-axis was an axis perpendicular to those
two axes pointing dorsally. The radial longitudinal axis (z-axis) was the long-axis of the radius. The
y-axis was defined as the line passing through the center of the tip of the radial styloid. The x-axis was
an axis perpendicular to those 2 axes pointing dorsally. In this manner, a coordinate system for each
wrist could be established in a consistent way. The axes used to describe the radius are similar to
those used clinically to describe the forearm.
The 6D0F kinematics of the wrist was described by the relative position and orientation of the distal
radius with respect to the ulnar head using a script written by our laboratory for Rhinoceros solid
modeling software. The three-dimensional positions were determined by the position of the origin of
the distal radius coordinate system in the ulnar head coordinate system. The orientation was
represented by the relative orientation of the distal radius coordinate system with respect to the ulnar
styloid coordinate system using 3 Euler angles (in x-y-z sequence) (Figure 3)· In this study, 6DOF was
expressed using the radial displacements along the x,y, and z-axes of the ulna for anterior/posterior,
ulnar/radial, and proximal/distal displacements and rotation about the z-axis for pronation/
supination. Proximal translation of the radius relative to the ulna was defined as negative, whereas
distal translation was positive.
In order to characterize the overall effect of flexion and rotation at a specified elbow flexion angle, we
examined the difference observed in proximal-distal translation between full supination and full
pronation (terminal difference) versus the difference observed between the peak proximal and peak
distal translation (peak difference).
To compare the actual path of rotation of the radius to the expected path of a perfect circle, we defined
a circular path about the center of the ulnar coordinate system using the center of the radial coordinate
systems and the "best fit circle" function within Rhinoceros (Figure 4). Lines extending from the
center of the ulnar coordinate system were extended to the centers of the radial coordinate systems
such that they intersected with the path of the best fit circle. The difference in distance between the
actual and expected path of rotation were then measured along this line.
Because of the small sample size of the cohort, significance was pre-defined using an alpha of 0.10.
Analysis of Variance (ANOVA) was used to compare the motion of the forearm among the different
elbow flexion and rotation angles with Statistica 6.0 (StatSoft, Tulsa OK). Post-hoc testing using a
Neuman Keul's test was performed to evaluate differences between groups.
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Figure l. Dual fluoroscopic imaging system. Subject with elbow at 45° flexion and forearm in neutral rotation. Images were
captured at elbow flexion angles of o°, 45°, and 90° with the forearm at maximum supination, mid-supination, neutral,
mid-pronation, and maximum pronation.
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Anatomic center of
ulnar head

Figure 2. The coordinate systems used to describe radioulnar kinematics. The ulnar y-axis, a line the center of the ulnar
head to the center of the ulna styloid, was used to delineate supination from pronation

Ulnar variance

Figure 3. Change in ulna variance was measured from the neutral position for each angle of elbow flexion. Ulna variance
was measured as the distance along the ulnar z-axis between the center of the radial coordinate system and the center
of the ulnar coordinate system. Proximal translation of the radial coordinate system relative to the ulna coordinate was
defined as negative, whereas distal translation was positive.
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Results
Proximal/Distal Translation
Traditional ulna variance is measured at go degrees of elbow flexion and neutral rotation. In our
subjects, ulna variance based on the model would be -0.24 ± 0.57 mm. The proximal and distal
translation of the radius relative to the ulna varied with elbow flexion. With the arm in mid-pronation,
the translation of the radius was significantly greater at 0° versus 45° of elbow flexion (0.82 ± 0.5g
mm v. 0.65 ± 0.80mm, F: 4.4g, Post Hoc: 0.055; ρ = 0.05), and significantly smaller at 45° versus go"
of elbow flexion (0.65 ± 0.80 mm v. 0.97 ± 0.61mm, F: 4.4g, Post Hoc: 0.048; ρ = ο.θ5) (Figure 5).
When the elbow was at o" or go" flexion, the proximal and distal translation of the radius relative to
the ulna was not maximal at extremes of pronation and supination. Rather, peak displacement was
observed at mid-supination and mid-pronation. With the elbow in full extension, translation of the
radius was significantly more in mid-supination than full supination (-1.10 ± 0.35 mm v. -0.24 ± 0.34
mm, F: 14.go. Post Hoc: 0.005; ρ < 0.01). With the elbow in full extension, translation of the radius was
also significantly greater in mid-pronation than full pronation (0.82 ± 0.59 mm v. 0.3 ± 0.24 mm, F:
14.go. Post Hoc: 0.06; ρ < O.Ol). Translation of the radius in mid-pronation was significantly greater
when the forearm was in either mid-supination or terminal supination with the elbow at 0 0 or go°
flexion (F: 14.go, post-hoc: < 0.01; ρ < o.oi, F: 1g.11, post-hoc: < 0.01, ρ < o.oi). Similarly, translation of
the radius in mid-supination was significantly less than any other position of forearm rotation with
the elbow at o" or go" flexion (F: 14.90, post-hoc: < 0.01; ρ < o.oi, F: 1g.11, post-hoc: < 0.01, ρ <o .01).
In general, at each flexion angle, the peak difference was greater than the terminal difference. At 0°
of elbow flexion, the terminal difference was significantly smaller than peak differences at all elbow
flexion angles (F: 5.4g, post-hoc: <o.05 for all flexion angles; ρ = o.oo2). At go" flexion, the peak
difference was significantly greater than the terminal differences at all elbow flexion angles (F: 5.4g,
post-hoc: <o.05 for all flexion angles; ρ = o.ooz).
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Figure 4. Center of rotation was determined by finding the best fi t circle of the center points of the radial coordinate system.
Deviations from this circular path were random and minor.
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Figure 5. Proximal- distal translation of the radius relative to the ulna. Proximal translation of the radius relative to the
ulna was defined as negative, whereas distal translation was positive.
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Arc of Pronation/Supination
From maximal supination to maximal pronation, the DRUJ demonstrated an average of 141.8° ± 18.4°
of total rotation for all angles of elbow flexion. Total arc of rotation increased with progressive elbow
flexion. As elbow flexion increases, end-range pronation increases (F: 3.67, post-hoc 0° ν 45°: ο.10,
0

post-hoc ο ν 90°: 0.049; ρ = o.o?)The arc of rotation was significantly smaller at o" compared to 90° of elbow flexion (129.3 ± 22.2°
0

v. 152.8 ± 14·4 , F: 3.29, post-hoc: 0.79; p=0.09), (Table 1).
The radius rotated about the ulna in a circular path with a center of rotation located in the ulnar head
with only minor deviations in the radius of rotation. At ninety degrees of elbow flexion, the center of
rotation was nearly coincident with the anatomic center of the ulnar head. The center of rotation of
the radius shifted volarly and ulnarly with increasing elbow extension (Table 2, Figure 6 ). The location
of the center of rotation was significantly different when the elbow was flexed to 90° as compared to
the elbow in full extension (F: 3.31, post-hoc: 0.09; ρ = o.o8). The diameter of the circular path
traversed by the radius relative to the ulna also changed with elbow flexion. The diameter was
significantly different between 0° v. 45° (57-9 ± 8.3 mm v. 54.3 ± 4-4 mm, F: 3.13, post-hoc 0° v. 45°:
0.07; ρ = o.io) (Table 2).
Table 1. Total arc of rotation, maximum pronation, maximum supination compared across elbow flexion

0°

45°

90°

total arc of rotation

129.3 ±22.2

143.4 ±11.7

152.8 ±14.4

maximum pronation

41.1 ±15.5

57.7 ± 8.3

57.3 ± 5.9

maximum supination

88.2 ± 1 2 3

85.7 ± 8.0

95.5 ±18.2

elbow flexion

there was a significant difference (p=.09; between the range of rotation at 0'elbow flexion and 90°

Table 2. Ulnar and volar chanc les (mm) in the center of rotation of the radius about the ulna
elbow flexion

0°
45"
90°

ulnar displacement

volar displacement

arc of rotation diameter

3.1 ± 2.3

1.7 + 1.2

57.9 ± 8.3

1.5 + 1.4

0.5 ± 0.8

54,3 ± 4.4

0.5 ±1.5

0.1 ±0.6

55.0 ± 5.5

there was a significant difference (p=0.09) in the ulnar displacement of the center of rotation between 45° and 90° of elbow flexion
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Figure 6. Center of rotation of the radius about the ulna shifted with elbow flexion. There was a significant ulnar shift in
the center of rotation from 45° to 90° of flexion.

Discussion
This study examined the kinematics of the forearm using a combined dual fluoroscopy imaging
system and CT imaging technique. To our knowledge, this is the first application of this type of
technology to understanding the kinematics of the forearm. Strengths of this non-invasive imaging
system are that this technique allows examination of a distal joint while a proximal joint is
unconstrained and examination of forearm motion in the entire functional range of motion6-10.
The first hypothesis, that ulnar variance changes with elbow flexion, was supported by our findings.
Our data suggests that when the elbow is at 45° flexion, the radius translates proximally less than
when the elbow is at full extension or 90° flexion. The maximum amount of distal or proximal
translation of the radius relative to the ulna did not occur at terminal pronation or supination, but at
mid-arc. One possible reason why maximal translation occurs during mid arc is that as the forearm
approaches terminal rotation, the corresponding distal radioulnar ligament becomes taut and
restricts longitudinal translation. The proximal structures such as the biceps and brachialis may also
limit translation as the forearm approaches terminal supination with elbow extension. Previous
studies have suggested that elbow flexion and forearm rotation influence ulna variance. For example.
Schuurman et al. examined ulna variance with the forearm in neutral rotation with the elbow at 90°
of flexion compared to the forearm in full supination with the elbow at full extension and found
differences of -0.18 ± 1.56 mm v. - 0.86 ± 1.47 mm1. Yeh et al. studied ulnar variance at maximum
pronation, neutral rotation, and maximum supination using anteroposterior radiographs and found
a total proximal-distal translation of 0.6 mm with confidence intervals of 0.4 mm to 0.8 mm, but also
did not control for elbow flexion other than in neutral rotation2. Using static CT scans, Tay et al. found
proximal-distal translation of 1.67 mm when moving from full pronation to full supination5. We
found a similar magnitude of mean maximum change between maximum pronation and maximum
supination.
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When comparing examining previous data, it is not clear to what degree elbow flexion or forearm
rotation contributes to translation of the radius relative to the ulna. In general, we found that forearm
rotation has a greater relative contribution to proximal distal translation than elbow flexion. Rotation
leads to changes of up to 2 mm, while elbow flexion leads to changes of up to 0.5 mm. Ultimately, our
data suggests that ulna impaction on the carpus is most likely to occur when the forearm is in midpronation and the elbow is at 90 degrees of flexion or full extension.
The second hypothesis, that arc of rotation changes with elbow flexion was supported statistically.
The total arc of rotation increases with increasing elbow flexion. We observed that as elbow flexion
increased, the center of rotation of the radius approached the anatomic center of the ulna head; in
addition, the diameter ofthat arc of rotation decreased significantly with elbowflexion.This suggests
that the precession of the radius about the ulna changes with elbow flexion. Using a custom jig,
Shaaban et al. found that total arc of rotation increased significantly from o" to 45°, remained constant
from 45° to 90°, and then decreased at full flexion11. This was, in general, consistent with our results.
The decrease of range of motion in extension may be a result of the biceps and other soft tissue
restraints around the proximal radioulnar joint becoming tight at this position.
These findings are relevant in radiographic evaluations of the distal radioulnar joint and ulna variance
and understanding injuries of the forearm. Studies have examined various methods of quantifying
distal radioulnar joint dorso-volar translation and ulna variance1213. In evaluating ulna variance,
there is emphasis on elbowflexionand neutral forearm rotation, and the effect of proximal and distal
joint positioning upon radiographic evaluation has been recognized by previous authors1·14·15;
however, this has not been systematically studied previously. Our results suggest that maximal distal
radioulnar translation occurs when the elbow is flexed or fully extended and in mid-pronation.
Similar to Baeyens et al., we did not observe any volar/dorsal translation at the distal radioulnar joint
at either maximum supination or pronation16. Tay et al. demonstrated volar/dorsal translation of the
radius relative to the ulna in vivo during resisted supination and pronation while gripping an external
handle5. Schuind et al. have also demonstrated a mean change of ulnar variance of 0.5 mm during
maximal grasp of a dynamometer15. We did not alter finger or wrist flexion-extension throughout the
experiment, suggesting that during elbow flexion, muscle forces across the distal radioulnar joint are
such that the ulna remains centered in the sigmoid notch in vivo if the wrist and hand are not closed
or experiencing an external load.
Limitations
Limitations of this study were the small number of subjects available for study. Ideally there would be
a larger number of subjects and female subjects included however, practical considerations limited
the number of participants and female subject enrouement. The small cohort also did not have any
outliers with an ulna variance greater or less than two millimeters. The inclusion of these subjects
may give insight into how deviations affect our measurements of translation or forearm kinematics.
A second limitation was that it was not possible to perform fluoroscopy that encompassed the entire
elbow and wrist joint at the same time because of the receiver size on the fluoroscopes. This would
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allow simultaneous analysis of the proximal and distal radioulnar joints. In addition, the position of
the elbow could be more accurately described rather than using a goniometer for positioning. Finally,
an ideal study would also include more positions of elbow flexion and points along the rotational arc
and under dynamic forearm motions.
In conclusion, application of three dimensional solid modelling techniques in conjunction with dual
orthogonal fluoroscopy demonstrates that the translation of the radius relative to the ulna, the arc of
forearm rotation, and the size of the arc of forearm rotation changes with elbow flexion. These
findings have implications in the treatment of ulna impaction, radiographic evaluation, and
understanding of forearm kinematics. Future studies examining integrating soft tissue structures
and dynamic forearm loading may be helpful in understanding the contribution of the distal
radioulnar ligaments, triangular fibrocartilage, and interosseous membrane to these observations
could help further elucidate our understanding of the in vivo kinematics of the distal radioulnar
joint.
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Comparison of AO Type Β and Type C
Volar Shearing Fractures of the Distal Part
of the Radius
Souer JS, Ring D, Matschke S, Audige L, Marent-Huber M, Jupiter JB
J Bone Joint Surg Am. 2009 Nov;9i(n) :2605-n

Abstract
Background: Fractures of the volar articular margin of the distal radius with volar radiocarpal
subluxation (volar shearing fractures—known as a Barton fracture) can be accompanied by fracture
of the dorsal metaphyseal cortex. We tested the null hypothesis that there is no difference in wrist
function or health status after open reduction and plate and screw fixation between volar shearing
fractures with (complete articular, AO Type C) and without (partial articular, AO Type B) a dorsal
cortical fracture.
Methods: In a multi-center cohort study of plate and screw fixation of the distal radius, 57 patients
with a volar marginal shearing fracture of the distal radius and volar radiocarpal subluxation were
followed for at least one year. Thirty-seven patients that also had a dorsal metaphyseal cortical
fracture (Type C fracture) were compared with 20 patients with a partial articular (Type B) fracture.
The two cohorts were analyzed for differences in wrist and forearm motion, grip strength, pain,
Gartland and Werley Score, DASH and SF-36 at 6,12, and 24 months follow-up. Differences in mean
values and their change over time were determined using regression analysis and the Likelihood
ratio test.
Results: There were no significant differences between patients with Type Β and C fractures with
respect to motion, grip strength, Gartland and Werley or DASH scores at any time point. Patients with
a Type Β volar shearing fracture reported a mean pain in motion of 0.5 points on the 10-point VAS
scale compared to 2.2 points for patients with a Type C fractures at six months after surgery (difference
in means 1.7; 95%CI: 0.7 to 2.6); p<o.ooi), but not at 12 or 24 months.
Conclusions: Volar shearing fractures are usually complete articular. Type C fractures. Patients with
Type C volar shearing fractures experience more pain during early recovery, but ultimately outcome
is comparable to patients with Type Β (partial articular) volar shearing fractures.
Level of Evidence: level III

Introduction
It was recently noted that fractures of the volar articular margin of the distal radius with volar radiocarpal
subluxation (volar shearing fractures or AO Type B3 fractures) are occasionally accompanied by fracture
of the dorsal metaphyseal cortex1. It was suggested that these fractures may be associated with
osteoporosis and should be considered as a complete articular or AO Type C fracture1. Failure to identify
this fracture line can lead to dorsal translation and angulation of the distal radius articular surface1"3,
particularly when the volar plate is intentionally undercontoured so that it can be used as a reduction
aid to push the volar marginal articular fragment back into position.
This study investigated the relative incidence of volar articular marginal fractures with and without
concomitant fracture of the dorsal metaphyseal cortex (i.e. Type Β vs. Type C fractures with an oblique
volar marginal articular fracture and volar radiocarpal subluxation), and tested the null hypothesis
that there is no difference in wrist function or health status after open reduction and plate and screw
fixation of these two fractures.
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Methods
Between 2001 and 2004, 420 patients (423 fractures) were enrolled in a multicenter cohort study of
open reduction and plate and screw fixation of an isolated fracture of the distal radius (i.e. patients,
with no other injuries to the ipsilateral limb). Inclusion criteria were, age 18 or greater; open reduction
and internal fixation with plate and screws performed within ten days of injury; and no prior open
reduction and internal fixation. Exclusion criteria included local disorders (e.g. tumors, Paget's
disease), systemic skeletal diseases (e.g. hyperparathyroidism), motor function disorders (e.g. central
motor disorder, myasthenia gravis), history of vascular insufficiency involving the injured limb,
4
polytrauma patients (Injury Severity Score > 16 ), or history of drug or alcohol abuse. Excluding 44
patients with inadequate pre-operative radiographs and three patients with bilateral fractures, we
considered 373 fractures for inclusion in the current study.
The fractures were classified by the treating surgeon according to the Comprehensive Classification
of Fractures (AO classification5). Two of the authors reclassified all fractures. All discrepancies were
discussed and debates resolved with the assistance of another (most senior) author. There were 144
Type A (or extra-articular), 64 Type Β (or partial articular) (including 37 fractures that would reclassify
as Type C fracture on the basis of an additional dorsal cortical break) and 165 Type C (or complete
articular) fractures.
Among the sixty-four fractures classified as Type Β (partial articular), there were two radial styloid
fractures (group Bi fractures), five fractures of the dorsal articular margin with dorsal radiocarpal
subluxation (group B2 or dorsal shearing [Barton's] fractures) and 57 fractures of the volar articular
margin with volar radiocarpal subluxation (group B3 or volar shearing [Barton's] fractures).
Thirty-seven of the 57 group B3 fractures (65%) also had a fracture of the dorsal metaphyseal cortex
and therefore might more accurately be considered a complete articular or Type C fracture (fig 1).
These 37 fractures were reviewed by a group offiveexperienced hand surgeons and four hand surgery
fellows and there was consensus that these fractures were appropriately considered volar shearing
(Barton's) fractures by virtue of a volar radiocarpal subluxation with an oblique fracture of the volar
articular margin of the distal radius.
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Figure l-A. Lateral wrist radiograph showing a volar shearing fracture of the distal part of the radius with a fracture of
the dorsal metaphyseal cortex (Type Cj.

Figure l-B. Lateral wrist radiograph demonstrating a partial articular fracture with no fracture of
the dorsal metaphyseal cortex (Type B|.
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Type Β Volar Shearing Fractures
The average age of the nine females and eleven males in the partial articular, Type Β fracture cohort
was 49 years (range, 20 to 80). The original injury was a result of a fall from standing height in 5
patients, a fall from greater height in one, a sports injury in 6, motor vehicle accident in three, and
unknown in five. The right wrist was involved in 10 patients (all dominant) and the left wrist in 10
patients (one dominant). All fractures were closed and none of the patients had an injury in the
ipsilateral limb. Two patients had a concomitant injury including a patella fracture in one and a nondisplaced radial head fracture of the contralateral limb in one other patient. The interval between the
injury and the index operative procedure averaged six days (range zero to ten days). Eleven fractures
were treated with a 2.4-millimeter Locking Compression Plate (LCP; Synthes, Paoli, PA), five fractures
with a 3.5-millimeter Locking Compression Plate (LCP; Synthes, Paoli, PA), two fractures with a Distal
Volar Radius plate (DVR; Hand Innovations, Miami, FL), and one with a titanium and one with a
stainless steel T-shaped, non-locking plate (Synthes, Paoli, PA).
A volar approach through the sheath of the flexor carpi radialis (PCR) was used in 19 patients and a
combined volar and dorsal approach in one patient. Additional stabilization was done with a lag screw
in one patient. Primary carpal tunnel release was not performed in any patient with a Type Β fracture.
Complications were reported in three patients: one patient had an injury to the palmar cutaneous
branch of the median nerve, one had a self-limiting tendinitis of the flexor digitorum profundus
tendons, and one patient had chronic regional pain syndrome type I (CRPS-I). The first two patients
had a planned plate removal one year after the initial procedure not related to symptoms.

Type C Volar Shearing Fractures
The average age of the 24 women and 13 men in the complete articular, Type C cohort was 52 years
(range 18 to 80 years). The original injury was a result of a fall from standing height in 12 patients, a
direct blow on the wrist while participating in sports in nine, a motor vehicle accident in eight and
unknown in eight. The right wrist was involved in 18 patients (14 dominant) and the left wrist in
nineteen patients (16 dominant). None of the fractures were associated with a wound or an ipsilateral
upper limb injury. Eight patients had a concomitant injury including a contralateral distal humerus
fracture in one, multiple rib fractures in two, contralateral metatarsal fractures in two, a distal femur
fracture in one, a lumbar spine fracture in one and a skull fracture in one other patient.
The interval between the injury and the index procedure averaged five days (range, zero to ten days).
Twenty-six fractures were treated with a 2.4-millimeter LCP, seven fractures with a 3.5-millimeter
LCP, three fractures with a DVR plate, and one with a titanium T-shaped non-locking plate. A volar
operative exposure through the sheath of the flexor carpi radialis was used in each patient6. One
patient also had a dorsal exposure and screw fixation. An autogenous cancellouis bone graft from the
iliac crest was applied in four patients. Ancillary stabilization included external fixation in two
patients. Kirschner wires in three patients, and a screw separate from the plate in six patients.
Local complications were documented in three patients: dorsal translation and angulation of the
articular fracture fragments; a loss of alignment of the volar lunate facet fragment with volar
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radiocarpal subluxation (this patient also had a rupture of the extensor pollicis longus tendon treated
with an extensor indicis proprius transfer); and injury to the palmar cutaneous branch of the median
nerve.
There were no significant differences in baseline characteristics between AO Type C and Type Β volar
shearing fractures.

Evaluation
Among the total of 57 patients, 47 (16 Type C vs. 31 Type B) or 82% had a six-month evaluation; 47 (17
vs. 30) or 81% had a one-year evaluation, and 45 (15 vs. 30) or 79% had a two-year evaluation. One loss
to follow-up in the Type C volar shearing cohort was due to death unrelated to the injury or surgery.
Each patient was evaluated according to the system of Gartland and Werley", completed the Disabilities
9
10
of the Arm, Shoulder and Hand (DASH) , and the SF-36 " questionnaires at each follow-up point.
The Gartland and Werley Score is a demerit physician based scoring system that combines symptoms,
examination, function, and radiographic factors and ranges from zero representing excellent function
to fifty-two points representing the poorest function. The DASH questionnaire is a validated armspecific health status questionnaire that results in a score ranging from zero representing no disability
to one hundred representing maximum disability. The Short Form-36 is a validated general heath
status questionnaire that results in physical and mental component summary scores that are
standardized according to population norms.
Pain at rest and in motion was evaluated at each time point on a Visual Analogue Scale (VAS) between
ο representing no pain and 10 representing the worst possible pain.

Radiographic Evaluation
The alignment of the distal radius was measured on posteroanterior and lateral radiographs using
commercial software (eFilm; Milwaukee, WI, USA). Ulnar inclination, palmar tilt, ulnar variance and
articular congruity was measured using standardized guidelines as described by Kreder et al12.
Because the films were digital and unsealed, it was not possible to measure ulnar variance and
articular step-off in millimeters. Instead we used a technique for measuring the ulnar variance and
articular step in reference to the measured length of the capitate. The length of the capitate was
measured on posteroanterior radiographs using the guidelines described by Natrass13. Ulnar variance
and step off were reported as a ratio to the length of capitate. Radiographic signs of osteoarthritis
were rated according to Knirk and Jupiter as grade ο (no arthritis), grade 1 (slight joint-space
narrowing), grade 2 (marked joint-space narrowing with osteophyte formation) or grade 3 (bone-onbone with osteophyte and cyst formation)14.

Statistical Analysis
Twenty-two parameters (flexion-extension, grip, volar angulation, DASH etc) were assessed at each
examination and regressed on two indicator variables 1) dorsal cortical break and 2) follow-up time
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and one interaction term (dorsal cortical break and time). For each outcome, all data were pooled and
analyzed together in one overall linear regression model, while taking the repeated measurements of
each patient into account.
The likelihood ratio test was used to study the overall effect of a dorsal cortical break on each outcome
parameter: the maximum likelihood estimate of the full regression model (including dorsal cortical
break, follow-up time point and interaction term) was compared with that of a null regression model
(time only) to see if adding the dorsal cortical break variable would significantly improve the model.
In a similar fashion, the full regression model was compared to a model without the "time" variable
to determine the overall time effect on outcome. Statistical significance was adjusted for multiple
testing using a Bonferroni correction: a p-value of less than 0.003 (0.05 / 22) was considered
significant. This approach reduces the probability of identifying spurious group differences simply
because of the large number of parameters analyzed. For each outcome showing an overall significant
effect, the full regression model was used to estimate and test the difference between the two groups
(effect size) at each follow-up time.
Statistical adjustment was performed for difference in gender distribution between the two groups.
In addition, the analysis of DASH was adjusted for pre-injury assessment, SF36 was adjusted for
occurrence of concomitant injuries and Range of Motion absolute values (degrees) were adjusted for
the contralateral healthy side mean across follow-up examinations.
A post-hoc power analysis using the scores of pain in motion on a 10-point Visual Analoque Scale
(VAS) at two years indicated a power of 69%. This was based on the average score of 0.4 (SD 0.6) in a
sample of 20 patients with a type Β fracture compared to i.i(SD 1.4) in a sample of 37 patients with a
type C fracture and the alpha error level set at 0.05.

Source of Funding
This study was sponsored by the AO Clinical Investigation and Documentation in Dübendorf,
Switzerland.
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Table 1 . Evaluation
Six Months
Type Β

Two years

One Year

TypeC

Type Β

Type Β

TypeC

TypeC

mean (SD)

%

mean (SD)

%

mean (SD)

%

mean (SD)

%

mean (SD)

%

mean (SD)

%

122(28.1)

83

119(27.1)

84

127(21 91

89

129(27 71

89

123(20.9)

91

125(24.6)

87

flexion

57(16.9)

77

54(15.3)

78

61 (14.4)

86

64(17.1)

89

59(10.4)

88

58(14.4)

84

extension

65(14.0)

89

65(14.4)

90

66(12.3)

93

65(17.1)

90

64(13.2)

95

66(14.6)

90

flexion-extension (degrees)

175(8.4)

98

163(21.2)

95

176(8.3)

99

169(12.8)

98

176(7.6)

pronation

88 (3.9)

100

83(10.2)

96

87 (6.8)

98

85 (7.4)

99

87 (6.5)

99

87 (6.5)

101

supination

86 (6.3)

97

80(13.7)

93

89 (3.4)

99

83 (8.2)

98

89 (3.5)

100

85(10.2)

98

radio ulnar devatlon

58(12.2)

90

52(16.9)

83

59(15.3)

96

59(15.8)

93

60(15.6)

95

57(11.1)

91

radial deviation

24 (5.8)

96

21 (10.9)

80

25 (7.6)

102

25 (7.5)

97

24 (8.3)

99

23 (6.2)

92

ulnar deviation

34 (9.9)

96

31 (9.1)

86

34(10.1)

95

34(13.6)

90

36(11.5)

96

34(10.2)

91

94 28.2(14.9)

89

pronation-supination

85 22.6(11.6)

70 31.9(10.6)

93 26.9(13.3)

85 30.1 (8.3)

99 171 (14.3)

grip strength (kg)

30.5 (9.3)

pain at rest (VAS)

0.4 (0.6)

1.1(1.6)

0.4 (0.8)

0.8(1.4)

0.2 (0.3)

0.7(1.4)

pain In motion (VAS)

0.5(1.3)

2.2 (2.0)*

0.4 (0.7)

1.1(1.6)

0.4 (0.6)

1.1(1.4)

Gartland Werley

2.0 (2.3)

3.4 (2.5)

2.4(3.1)

4.1 (4.2)

1.5(2.2)

3.2 (3.5)

5.3 (6.8)

10.2(13.9)

3.9 (8.7)

11.1 (19.0)

SF-36 Physical

55.0 (5.7)

51.0(8.8)

53.7 (6.3)

52.0 (9.8)

SF-36 Mental

56.9 (5.6)

53.8(10.1)

55.2 (5.6)

52.5 (8.0)

DASH

99

% of the opposite arm
' significant difference at six months; mean difference 1J(95%CI 0.7; 2.6) p<0.001.

Results
Effect of Dorsal Cortical Fracture
Patients with a Type Β volar shearing fracture reported a mean pain in motion of 0.5 points on the
10-point VAS scale compared to 2.2 points for patients with a Type C fractures at six months after
surgery (group difference 1.7; 95%CI: 0.7 to 2.6); p<0.ooi),but not at 12 or 24 months (Table 1).
In addition, the difference in radial deviation of 16 degrees and grip strength of 15% of the opposite
arm (six months), a 2-point difference in Gartland and Werley scores (one year) and a 7-point difference
in DASH scores (two years), suggest a slightly more favorable result for patients with a type Β fracture.
These findings could be clinically relevant, but statistical significance was not achieved with the
numbers available.
Improvement with Time
Patients with both Types Β and Type C shearing fractures had significant improvement of the arc of
wrist flexion-extension between six months and one year after surgery. Patients with a Type C fracture
also improved significantly with respect to the arc of flexion, radial deviation, pronation-supination,
pronation, supination, pain in motion and grip strength between six months and one year after
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surgery (Table ι). There were no significant improvements for any of the variables between one year
and two years after the initial surgical procedure.
Table 2. Radiographic outcome
One Year
type Β

Volar angulation (degrees)*
Radial angulation (degrees)
Ulnar variance ' 7 * "

Two Years
type Β

typeC

typeC

mean (SD)

range

mean (SD)

range

mean (SD)

range

mean (SD)

7 (7.0)

-6 to 28

3(6.5)

-16 to 17

7 (8.5)

-6 to 30

4(7.4)

12 to 30

23(2.8)

18 to 30

22(4,8)

24 (2.4)
0.03(0.11)

20 to 30
-0.14 to 0.27

23(5.1)
0.02(0.08)

-0.18 to 0.22 0.08(0.12)

-0.09 to 0.32 0.01(0.08)

range
-15 to 18
14 to 32
-0.11 to 0.19

'Minus represents dorsal angulation
"Ulnar variance is expressed as a ratio Ulnar variance / length of capitate
'"Minus represents negative ulnar variance

Radiographic Evaluation
There were no significant differences in volar angulation, radial inclination, or ulnar variance at any
moment of follow-up (Table 2). At two-year follow-up, a 1-2 millimeter intra-articular step-off was
seen in two patients in the Type Β group and in two patients in the Type C group (Fisher's exact test;
ρ = 0.28). Radiocarpal arthritis grade 1 was found in 17 patients (seven Type Β and ten Type C) and
grade 2 was found in six patients (two Type Β and four Type C).

Discussion
Volar marginal articular fractures are, by far, the most common type of partial articular (AO Type B3,
shearing) fracture of the distal radius: 89% of partial articular fractures in our series. The characteristic
pattern is an oblique fracture line from the articular surface to the volar metaphyseal cortex with
volar and proximal subluxation of the carpus along with the volar marginal articular fracture
fragment. Harness et al '. reported a series of eight volar shearing fractures with a concomitant
fracture of the dorsal metaphyseal cortex, noting that this fracture line converts the fracture from a
Type Β to a Type C (complete articular) injury. The dorsal metaphyseal fracture was not recognized
intraoperatively in 5 patients, resulting in a dorsal angulation of 9 degrees (range ο to 22) and dorsal
translation of the articular fracture fragments. According to Gartland and Werley score their results
1
were good in four and fair in one patient in spite of this deformity .
Our data from a multicenter international cohort study of plate and screw fixation of unstable
fractures of the distal radius suggest that, among oblique volar marginal articular fractures of the
distal radius with volar radiocarpal subluxation (eponymically know as Barton's fracture), the
complete articular (Type C) fractures described by Harness and colleagues1 predominate (66% Type C
[37 of 57 patients]; 34% Type B). The occurrence of a dorsal metaphyseal fracture line - which is often
subtle and unrecognized - in such a substantial proportion of volar Barton's fractures reflects the
difficulty developing comprehensive classification systems and reliable classification processes.
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When the dorsal fracture is obvious, the classification of this fracture as a volar marginal shearing
fracture is debatable. In our opinion, the volar marginal articular fracture fragment is the key
fragment that defines the injury and directs the treatment - the consensus optimal treatment of volar
marginal articular shearing fractures has long been a volar plate and screws. The observed spectrum
from no fracture, to subtle fracture, to widely displaced fracture simply reflects that illness and injury
often present in a continuum. We suggest the Type C volar articular marginal shearing fracture can
be considered a transitional lesion between a Type Β shearing fracture and a volarly displaced
complete articular fracture without an oblique shearing fracture of the volar fragment. Alternatively,
since the latter are so uncommon, this may simply reflect the anatomy of the distal radius with the
15
volar articular margin nearly always failing with an unstable, oblique fracture.
This is a relatively large series of patients with volar shearing fractures followed prospectively for 2
years, but the analysis should be interpreted in the light of its shortcomings. To start, the distinction
between volarly displaced fractures with an oblique shearing fracture from those that would be
considered to have more of a compression mechanism is somewhat arbitrary and may not be reliable.
This paper is based on fractures that a consensus group agreed would be interpreted by most surgeons
as a volar Barton's (shearing) fracture. In addition, we made a large number of comparisons in a study
with limited statistical power, with the result that some of the findings may have been spurious, and
others that might have been statistically significant were not. For instance, the differences in pain,
supination, radial deviation, grip strength between Type Β and Type C fractures early in the recovery
process are small and probably clinically irrelevant. On the other hand, some of the differences such
as Gartland and Werley scores at one year (1.5 vs. 3.2) and DASH scores at two years (3.9 vs. 11.1) and
could be considered clinically relevant and might have been statistically significant if we had not
used such stringent criteria to account for multiple comparisons.
In our opinion, these data are convincing that apparent volar shearing fractures are often complete
articular fracture. Nevertheless, the additional dorsal fracture line in does not have an important
effect on functional results or outcomes with use of a pre-contoured volar plate. Since the use of
straight volar plates without distal screws is no longer commonplace, the risk of pushing the
fragments dorsally as discussed by Harness and colleagues1 is low. Furthermore, we feel that an
awareness of the dorsal fracture line is sufficient and computed tomography is not routinely necessary
for preoperative planning.
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Effect of an Unrepaired Ulnar Styloid Base
Fracture on Outcome after Plate Fixation
of a Distal Radius Fracture
Souer JS, Ring D, Matschke S, Audige L, Marent-Huber M, Jupiter JB
J Bone Joint Surg Am 2009 Apr;9l(4):830-8.

Abstract
Background: The impact of an unrepaired ulnar styloid base fracture on recovery from internal
fixation of a fracture of the distal radius is uncertain. We tested the hypothesis that there is no
difference in wrist motion or function scores among patients with internally fixed fractures of the
distal radius and either an untreated ulnar styloid base fracture or no ulnar fracture.
Methods: Two cohorts of 74 matched patients, one with an ulnar styloid base fracture and the other
with no ulnar fracture, were retrospectively analyzed from data gathered in a prospective study of
plate and screw fixation of distal radius fractures. Patients were matched for age, gender, AO fracture
type, and injury mechanism. The two cohorts were analyzed for differences in motion, grip strength,
pain, Gartland and Werley Score, DASH and SF-36 scores at 6,12, and 24 months follow-up. In a second
analysis, 64 patients with less than 2 millimeters of displacement of an ulnar styloid base fracture
were compared to 49 patients with greater displacement. Differences between cohorts and with
cohorts over time were determined using regression analysis and the likelihood ratio test.
Results: There were no significant differences found between patients with unrepaired ulnar styloid
base fractures and patients with no ulnar fracture at any of the follow-up intervals. However, a trend
was observed towards less grip strength at six months (71% vs. 79% opposite arm; (95CI: -i5.3;-o.6)
p=o.03)) and less flexion (54 vs. 59 degrees; (95CI: -ii.7;-o.8); p=o.02) and ulnar deviation (32 vs. 36
degrees; (95%CI: -7;-ο.ι); ρ=ο.θ5) at twenty-four months after surgery in patients with an untreated
ulnar styloid base fracture. There were no significant differences between patients with unrepaired
ulnar styloid base fractures with displacement of 2 millimeters or greater and those with lesser
displacement for any outcome measure tested.
Conclusions: Among patients with distal radius fractures treated with plate and screw fixation, an
unrepaired fracture of the base of the ulnar styloid does not appear to influence function or outcome,
even when initially displaced.
Level of Evidence: Level III

Introduction
Ulnar styloid base fractures are commonly associated with fracture of the distal radius, but their
influence on outcome is unclear. These large ulnar styloid fractures include at least part of the origin
of the triangular fibrocartilage complex (TFCC) and may represent an alternative to an intrasubstance
TFCC tear in the setting of a displaced fracture of the distal radius. There are few data available to
clarify the debate between those who believe that a fracture of the ulnar styloid base contributes to the
potential for decreased forearm rotation, arthritis, pain, and chronic instability of the distal radioulnar
1 4
56
joint ' and those who do not . Some authors suggest that characteristics such as ulnar styloid fracture
fragment size and displacement may predict instability of the distal radioulnar joint3 7"10.
Using data from a prospective study of open reduction and plate fixation of fractures of the distal
radius we retrospectively compared matched cohorts of patients with and without an untreated ulnar
styloid base fracture to test the null hypothesis that the ulnar styloid fracture does not affect wrist
function and arm-specific health status. In a second analysis, we tested the null hypothesis that there
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is no difference in wrist function and health status between patients with two millimeters or greater
displacement of an ulnar styloid base fracture and patients with less displaced fractures.

Methods
The patients for this investigation represent a subset of patients from a large prospective cohort study
that was performed for another purpose. Between 2001 and 2004, 420 patients were enrolled in a
prospective multicenter cohort study evaluating open reduction and plate and screw fixation of
fractures of the distal radius. Inclusion criteria were age 18 years or greater; open reduction and
internal fixation with plate and screws performed within ten days of injury; and no prior open
reduction and internal fixation. Exclusion criteria included general or local conditions that adversely
affected bone physiology, such as tumor, hyperparathyroidism, and osteogenesis imperfecta,
polytrauma patients (Injury Severity Score >i611), co-enrollment in other studies, or history of drug or
alcohol abuse.
Excluding 41 patients with inadequate pre-operative radiographs and three patients with bilateral
fractures, we considered 376 fractures for inclusion in the current study. Based upon clinical
experience repairing ulnar styloid fractures in the setting of Galeazzi and distal radius fractures
combined with our understanding of the anatomy of the origin of the triangular fibrocartilage
complex, we made the otherwise arbitrary decision to consider any fracture of the ulnar styloid
involving 75% or more of the total height of the styloid process as an ulnar styloid base fracture. Thus,
the fractures were all large enough to qualify for rigid fixation. The ulnar styloid fracture fragments
were measured on posteroanterior and lateral digital radiographs using a calibrated measurement
tool (eFilm; Milwaukee, WI, USA). Ulnar sided fractures were classified as follows: 1) no fracture (150
patients); 2) tip of styloid fracture (32 patients); 3) base of styloid fracture (169 patients); 4) ulnar neck
fracture (23 patients); and 5) fracture of the ulnar diaphysis (2 patients). Patients with fractures at
several levels (e.g. neck and styloid or neck and head) were classified according to the most proximal
element of the fracture. Fractures that involved less than 75% of the height of the ulnar styloid were
relatively uncommon and readily distinguished from larger fractures.
There were 242 women and 134 men with an average age of 55 years (range, 18 to 83 years). The left
wrist was involved in 204 patients (19 dominant; 9%) and the right arm in 171 patients (163 dominant;
95%). The initial injury was a result of a fall from standing height in 236 patients, a higher energy
injury in such as a fall from a height, motor vehicle collision, ora fall during sports in 103 patients and
was unknown in 37 patients.
Patients with ulnar neck fractures were significantly more likely to be female and older. (Table 1)
There were no other significant differences in demographic and injury related factors between
patients with no ulnar fracture, patients with an ulnar styloid base fracture, patients with an ulnar
styloid tip fracture, and patients with a fracture of the neck of the ulna.
Sixteen of the three hundred seventy-six fractures of the distal ulna (4%) were treated with open reduction
and internal fixation, including nine ulnar styloid fractures, five ulnar neck and styloid fractures, and
two diaphyseal ulnar fractures. The decision for open reduction and internal fixation was surgeon and
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center dependent and did not correspond with injury characteristics or radiographic appearance.
Patients who received surgical treatment for their ulnar fracture were excluded from this study.
Table 1. Descriptives All Patients
Ulna Fracture
None
Styloid Tip
Styloid Base
Ulnar Neck

Ν

Male

150

50 (33%)

53

78 (52%)

55

16

32

13(41%)

51

17(55%)

13

2

169

68 (40%)

54

76 (46%)

63

8

64"

10(44%)

13

1

24

3(13%)*

Age

Dominant

AOTypeA

AG Type Β

% Open
Fracture

Low Energy

77 (52%)

2.0%

63 (42%)

17(53%)

0.0%

11(35%)

97 (58%)

1.2%

73 (43%)

10(44%)

4.0%

15(63%)

AOTypeC

'Significant p-value 0.04 (Fisher's exact test)
"Significant p-value <0.01 (Kruskal-Wallis test)

Patients with an Untreated Ulnar Styloid Base Fractures vs. Patients with No Ulna Fracture
Among the 304 patients with an untreated ulnar styloid base fracture or no ulna fracture, 241 (79%) had
a six-month evaluation; 226 (74%) had a one-year evaluation, and 227 (75%) had a two-year evaluation.
A case-control study design was used. Among patients with at least 12 months follow-up, two cohorts
of 76 patients with an untreated ulnar styloid base fracture or no ulna fracture were matched on the
basis of 1) sex, 2) age within 10-year groups, 3) mechanism of injury (a fall from a standing height vs.
a greater energy injury mechanism) and 4) fracture type according to the AO classification for
fractures using a frequency matching technique12(A, B, or C). There were no significant differences
between these two matched cohorts with respect to the injured side, dominant hand injured,
Fernandez classification13, open injury, work before the accident, medical illness, concomitant injury,
smoking history, the interval between injury and surgery, the operative approach, primary carpal
tunnel release, supplemental stabilization (Kirschner wire or lag screw), and the use of bone graft
between the cohorts (Table 2).
Six patients had complications including loss of reduction in two patients (one in each cohort),
loosening of a screw in two patients requiring a second operation to remove the screw (one in each
cohort), a superficial infection in one patient requiring reoperation for irrigation and debridement
(in the no ulna fracture cohort) and a rupture of the extensor pollicis longus tendon in one patient (in
the ulnar styloid fracture cohort).
Minimal Displacement vs. Greater Displacement of Ulnar Styloid Base Fractures
In a separate analysis we considered the complete cohort of 154 patients with an untreated ulnar
styloid base fracture, not just the matched pairs. Among these 154 patients, 78 patients had a fracture
that was displaced less than 2 millimeters on the injury radiographs and 54 patients had a fracture
with 2 millimeters or greater displacement. Sixty-four patients (or 82%) with a minimally displaced
fracture and forty-nine (or 91%) with a displaced ulnar styloid fracture had a one-year evaluation and
66 (85%) and 43 (80%) had a two-year evaluation respectively and our evaluation of displacement
was based upon these patients.
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Among patients with ulnar styloid base fracture displaced less than 2 millimeters, there were 55
women and 23 men with an average age of 57 years (range 20 to 83 years). The original injury was a
result of a fall from a standing height (low energy injury) in 40 patients, a higher energy injury in 15
patients, and unknown in 23 patients. None of the fractures were associated with a wound or an
ipsilateral upper limb injury.
Among patients with an ulnar styloid fracture displaced 2 millimeters or greater, there were 26
females and 28 males with an average age of 53 years (range, 21 to 79). The original injury was the
result of a fall from a standing height in 23 patients, from higher energy in 19 patients, and unknown
in 12 patients. All fractures were closed and none of the patients had an injury in the ipsilateral limb.
There were no significant differences between these two cohorts with respect to the baseline
characteristics.
Table 2. Descriptives of Matched Cohorts
Ulnar Styloid Base Fracture
mean

η

mean

57%

39

51%

0 63

50»i

063

14%

1.00

Fracture Side

Lett

43

Right

33

Dominant Hand Fractured

Yes

34

No

42

Ipsilateral injury

No Ulna Fracture

η

P-value

37

45«

38
38

14%

11

Yes

11

No

65

Delay to Plating

Days

76

4.5

76

5.1

0.32

Type of Plate

2.4mm

28

37%

25

0.28

3.5mm

41

541;;,

37

33%
49%
18%

7

9%

14

Dorsal

13

17%

13

17';;,

Volar

61

80%

62

82%

Other

Surgical Approach

Previous Fixation

65

Dorsal, Volar

2

3%

1

1%

Yes

7

9%

8

11%

Nu

6!)

0,64

0 78

68

Evaluation
Each patient was evaluated according to the system of Gartland and Werley 6 months, 12 months, and
24 months after surgery. Patients also completed the Disabilities of the Arm Shoulder and Hand
(DASH)14 and the SF-3615 questionnaires and a rating of pain on a 10-point Visual Analogue Scale both
at rest and in motion at each follow-up point.
Radiographic Evaluation
The alignment of the distal radius was measured on posteranterior and lateral radiographs using
commercial software (eFilm; Milwaukee, WI, USA). Ulnar inclination, palmar tilt, ulnar variance and
articular congruity were measured using the standardized techniques described by Kreder et al16.
Because the films were digital and unsealed, it was not possible to measure ulnar variance and
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articular step-off in millimeters. Instead we used a new technique for measuring the ulnar variance
and articular step in reference to the measured length of the capitate. We have investigated this
technique and found it to be reliable, but our work is not yet published. The length of the capitate was
17

measured on posteroanterior radiographs using the guidelines described by Natrass . Ulnar variance
was reported as positive or negative with the interval expressed as a ratio to the length of capitate.
Radiographic signs of osteoarthritis were rated according to grading system of Knirk and Jupiter, as
grade o (no arthritis), grade ι (slight joint-space narrowing), grade 2 (marked joint-space narrowing
18

with osteophyte formation) or grade 3 (bone-on-bone with osteophyte and cyst formation) .
Statistical Analysis
Patients with an untreated ulnar styloid base fracture were compared to those with no ulnar fracture
for differences in wrist function and health status at six, twelve and twenty-four months after surgery.
The likelihood ratio test was used to test the null hypothesis that there would be no difference in wrist
function and health status between the two cohorts. Twenty-two parameters (each motion and
radiographic measurement, grip, pain at rest, pain in motion, Gartland and Wereley score, SF-36
mental and physical component scores, DASH score, arthritis grade, return to work status, and
complication within 2 years) were assessed at each time interval (6 months, 1 year, and 2 years) and
regressed on two indicator variables 1) ulna fracture and 2) follow-up time and one interaction term
(ulnar fracture and time). The interaction term was included to assess if a potential ulna fracture
effect was time dependent. For each outcome, the repeated measurements of each patient were
pooled and analyzed together in one overall linear regression model. This approach allows the
assessment of an overall effect of an untreated ulnar styloid base fracture and time on the outcome
while considering all available data, and avoiding multiple analyses at each follow-up. In addition, it
allows us to quantify the effect of one factor (such as ulna fracture) at each moment of follow-up
within the same model.
The likelihood ratio test was used to study the overall effect of an ulnar styloid fracture on each of the
22 separate outcome parameters: the Maximum Likelihood Estimate of the FULL regression model
(including ulna fracture, time and interaction term) was compared with that of a NULL regression
model (time only) to see if adding the ulna fracture variable would significantly improve the model.
A significant value of this test reflects a significant difference in outcome due to the presence of an
ulnar styloid fracture. In a similar fashion, the FULL regression model was compared to a model
without the "time" variable to determine the overall time effect on outcome. Statistical significance
was adjusted for multiple testing using a Bonferroni correction: a p-value of less than 0.003 (0.05 /
22) was considered significant. We then used the same FULL regression model to determine the effect
size and timing (six, twelve and twenty four months) using the Wald test.
A post-hoc power analysis was performed using repeated-measure ANOVA as a model for our
approach. To detect a minimum difference of 10 points in DASH score with a known standard
deviation of 13, 76 patients per group provide more than 99% power. Forty-two patients per group
would have been sufficient for 9 0 % power.
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In a second analysis, patients with ulnar styloid fractures displaced less than 2 millimeters were
compared to those with greater initial fracture displacement for difference in wrist function and
health status using a similar approach.
The descriptive analysis of the entire database was performed using the Fisher's exact test and the
Kruskal-Wallis test. Baseline group comparison of the matched cohorts was performed using the
Fisher's exact and the Two-sample Wilcoxon rank-sum (Mann-Whitney) test.

Results
Ulnar Styioid Base Fracture vs. No Uina Fracture
Effect of Time on Outcome
Patients with an untreated ulnar styloid base fracture and patients with no ulnar fracture both
improved significantly between six months and one year with respect to the arc of wrist flexion and
extension, wrist flexion, wrist extension, the arc of forearm rotation, pronation, supination, the arc
of radio-ulnar deviation, radial deviation, ulnar deviation, grip strength, and DASH and Gartland and
Werley scores.
Effect of Untreated Ulnar Styloid Base Fracture on Outcome
According to the Likelihood ratio test, there was no significant effect of the ulnar styloid base facture
on overall outcome. However, when compared to patients with no ulnar fracture, there was a trend
towards less grip strength at six months (71% vs. 79% opposite arm; [95CI -15.31-0.6]; p=o.03) and less
flexion (54 vs. 59 degrees; [95CI -ii.7;-o.8]; p=o.02) and ulnar deviation (32 vs. 36 degrees; [95%CI -7;0.1]; p=o.05) at twenty-four months for patients with an untreated ulnar styloid base fracture (Table 3)·
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Table 3. Outcome matched cohorts
Six months
styloid fx

SD

mean
flexion-extension
(degrees)

One Year
styloid fx

nofx

%

mean

SD

Two Years

nofx

%

mean

SD

%

mean

styloid fx

SD

%

mean

nofx

%

SD

mean

%

SD

109

28.7

82

112

26 5

82

116

26 1

86

122

22.8

88

116

27.7

86

122

25 9

88

51

165

78

54

15.3

79

53

164

86

58

162

84

54

165

86

59

17.2***

85

extension

59

153

88%

58

148

86

62

152

91

63

155

91

61

154

90

63

135

91

pronationsupination

158

26 5

93

165

20 2

95

167

20 2

97

171

114

99

164

214

95

166

185

96

pronation

81

143

93

84

10

96

84

122

97

87

65

100

83

13 2

96

85

8.2

98

supination

78

148

92

81

124

94

83

103

96

85

7.2

99

80

139

94

81

137

94

radio-ulnar
devation

48

147

79

51

157

83

55

153

93

56

141

90

59

155

96

59

135

96

radial deviation

17

79

78

21

83

88

23

76

93

22

76

87

23

89

99

23

86

92

ulnar deviation

28

95

80

30

10 5

82

33

122

94

34

8.7

94

32

99

92

36

10.2"

99

grip strength (kg)

25

129

71

25

12.6

79*

29

157

83

27

133

85

33

16.3

94

31

128

93

pain at rest (1-10)

07

1 0

1.1

1 5

0.5

1 2

1 2

1.7

07

0 9

08

1.6

pain in motion
(1-10)

1 2

1.7

14

1 7

1 1

1 7

05

1 2

09

1 3

1 1

16

Gartland and
Werley

43

38

4 3

43

flexion

DASH

36

43

33

39

2.7

3.5

3

127

167

104

12.6

6.7

6.7

7.6

129

40

SF-36 Physical

50 9

98

50 3

99

54 5

78

49 3

102

SF-36 Mental

53.2

8.3

53.9

9.6

54.7

7.9

51.2

8.8

'group difference in grip strength at six months -8 opposite arm (95%CI: -15.3 : -06}: p=003
"group difference in ulnar deviation at two years: -4 degrees (95%CI: -7 : -08): p=005
"'group difference in flexion at two years -5 degrees (95%CI: -11.7 : -0.8): p=002

Radiographic Evaluation
With regard to the distal radius fracture there were no significant differences in volar angulation,
radial inclination, or ulnar variance at any moment of follow-up (Table 4). At one-year follow-up, an
intra-articular step-off was seen in 6 patients in the untreated ulnar styloid base fracture group and
in 3 patients in the group with no ulna fracture (p=o.49).
Table 4. Radiology
Six Months
Ulnar fracture

One Year

No ulna fracture

Ulnar fracture

Two Years

No ulna fracture

Ulnar fracture

No ulna fracture

mean

range

mean

range

mean

range

mean

range

mean

range

mean

range

Volar
angulation

3

(-30to19)

5

(-171021)

5

(-11to23)

5

(-161022)

4

(-29to18)

6

(-18to25)

Radial
angulation

23

(16 to 30)

24

(17 to 36)

24

variance*

0 0 5

(-016to0.33) 0.02

(-0.11 to0.21) 0.07

(15 to 33)

(-0.16to0.26) 0.03

'Ulnar variance is expressed as a ratio Ulnar variance / length of capitate
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(15 to 35)

24

(-0.12to0.27) 0.04

(11 to 33)

24

(-0.13to0.19) 0.03

(17 to 36)
(-0.11 to0.20)

Ulnar Styloid Base Fracture Displacement
There were no significant differences between patients with unrepaired ulnar styloid base fracture
with less than 2 millimeters and those with 2 millimeters or greater displacement for any outcome
measure at six months, 12 months and 24 months after surgery (Table 5).
Table 5. Outcome minimal vs. greater displaced ulnar fractures

Greater

Minimal

Minimal

Greater

Greater

Minimal

mean (SD)

%

mean (SD)

%

mean (SD)

%

mean (SD)

%

mean (SD)

%

mean (SD)

%

flexion-extension

107(30.7)

80

115(26.2)

82

113(26.9)

87

121 (24.6)

88

115(26.2)

82

124(26.4)

88

pronation-supination

159(26.1)

93

157(92)

92

165(21.2)

96

169(14.1)

98

163(20.9)

96

168 (20.4)

96

pronation

81 (13.7)

94

80 (93)

93

83(12.3)

97

86 (7.2)

100

83(12.8)

97

85(9.1)

96

supination

78(14.6)

92

77 (90)

90

82(12.1)

95

83(10.7)

9/

80(14.1)

94

83(13.9)

96

radlo-ulnar devatlon

47(14.7)

78

46 (78)

78

52(16.1)

89

57(13.8)

78

55(15.1)

95

55(15.4)

89

grip strength

24.7(12.4)

91

26.5 (89)

89

28.3(13.9)

85

31.7(16.0)

87

30.7(15.5)

91

34(15.3)

89

pain at rest

0.8(1.2)

0.6 (0.9)

0.6(1.1)

0.7(1.1)

0.7(1.4)

0,7(1,1)

pain In motion

1.3(1,7)

1.3(1.9)

1.0(1.6)

1.4(1.9)

0.8(1.4)

1.1(1.8)

Gartland and Werley

5.1 (5.0)

4.2 (4.6)

3.9 (3.9)

3.6 (3.8)

2.8 (3.6)

2.9 (3.6)

DASH

11.1 (15.5)

10.7(14.6)

6.7(11.1)

9.7(15.4)

SF-36 Physical

51.4(9.5)

50.5 (8.5)

50,8 (8.9)

52.3 (7.6)

SF-36 Mental

54.1 (8.1)

51.6(9.7)

54.1 (8.8)

53.7 (7.7)

Note: No significant difference for any outcome measure

Discussion
In patients with unstable fractures of the distal radius treated with open reduction and internal
fixation, we were unable to demonstrate any differences between patients with ulnar styloid base
fractures and patients with no fracture of the ulnar styloid. However, it must be emphasized that we
did not assess stability of the distal radioulnar joint either clinically or radiographically and can only
offer circumstantial evidence that there were no differences in instability between patients with and
without an ulnar styloid base fracture.
Fracture of the ulnar styloid at its base has been identified by several authors as a potential source
of diminished outcome in a patients with fracture of the distal radius '• 3 · 710 . One of the issues has
been stability of the distal radioulnar joint, since the origin of the triangular fibrocartilage
complex originates from the base of the styloid and repair of a styloid base fracture can restore
distal radioulnar joint (DRUJ) stability19. May and colleagues7, focused specifically on the issue of
DRUJ instability. They diagnosed instability of the DRUJ in 14 of 166 patients with a distal radius
fracture. Eleven of the 14 patients with instability had a fracture of the ulnar styloid at its base.
They concluded that fractures at the base of the ulnar styloid and ulnar styloid fractures with
significant displacement (defined as more than 2 mm) are risk factors for the development of
distal radio-ulnar joint instability.
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We followed other authors in evaluating wrist function and overall outcome (i.e. DASH scores) rather
than DRUJ instability specifically, in part because DRUJ instability was not specifically assessed in the
prospective cohort study from which these patients were drawn and in part because DRUJ instability
is difficult to define and measure. When Stoffelen and colleagues reviewed 272 patients with a fracture
of the distal radius, all 13 patients with DRUJ instability had a fracture of the base of the ulnar styloid.3
They noted worse outcome in patients with a fracture of the ulnar styloid at its base compared to
patients with no ulnar styloid fracture. Ruch and colleagues found that, among patients with a
displaced ulnar styloid base fracture, those treated in fixed supination had slightly better outcomes
when compared to those treated with tension band wiring of the ulnar styloid base fracture10. In a
clinical trial in which the fracture of the distal radius was treated with cast immobilization and
treatment of the ulnar side of the wrist was randomized to repair (of the triangular fibrocartilage
complex or a large ulnar styloid fracture) or no treatment, there was no difference in outcome20.
Several issues complicate interpretation of these data. First, it is not clear how to define and objectively
measure instability of the distal radioulnar joint, and many studies use indirect measures such as
wrist function and overall outcome. Second, there are many other factors—treatment of the distal
radius fracture itself being a prominent one—that may not have been adequately accounted for in
prior analyses. Third, it is reasonable to assume that fractures of the distal radius with substantial
displacement must result in some failure of the TFCC if the ulna is not also fractured. This is supported
by the observation of TFCC injuries in nearly 80% of the distal radius fractures evaluated
arthroscopically by Lindau and colleagues21 as well as the observation of Richards and colleagues that
TFCC injury was associated with greater shortening and dorsal angulation of the radius at the time of
injury22. Fracture of the ulnar styloid at its base is likely an alternative to intrasubstance failure of the
TFCC, both of which are potential sources of DRUJ instability and diminished outcome, althought
this hypothesis has not been formally evaluated to our knowledge. Indeed, the issue of how large the
ulnar styloid fracture must be in order to spare the TFCC remains speculative, and our cutoff of 75%
of the total ulnar styloid height is based upon clinical experience and knowledge of the anatomy, but
is otherwise arbitrary.
The strengths of our study include relatively consistent treatment methods (open reduction and plate
and screw fixation in all distal radius fractures, with volar plate fixation in the majority), and
prospective collection of functional, health status, and complication data; however, there are several
important shortcomings. First and foremost, distal radioulnar joint instability was not specifically
and formally evaluated by either clinical examination or stress radiographs and our primary study
focus does not address DRUJ instability; rather we assessed wrist motion, function, and health status
as well as the absence of documented complaints, complications, or treatments specific to radioulnar
joint instability at two years follow-up. It is notable that there was little improvement in any measure
of function or health status after the 6-month postoperative evaluation. Another weakness of our
study is that there were no guidelines for internal fixation of large ulnar styloid fractures in the
prospective cohort study. We have interpreted our data based on our impression that internal fixation
of the ulnar styloid was based on preconceived notions about indications for internal fixation of ulnar
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fractures and did not reflect specific differences in preoperative or intraoperative DRUJ instability;
however, there may have been some selection bias in that nine patients had open reduction and
internal fixation of an ulnar styloid base fracture. Additional study weaknesses include its
retrospective nature of the study (planned after the data was collected prospectively) and the
unvalidated measurement techniques used to measure ulnar variance on uncalibrated digital
radiographs and ulnar styloid fracture displacement. Finally, it must be emphasized that our study
compares patients with and without ulnar styloid base fractures without addressing the more difficult
to quantify issues of DRUJ instability, or the degree of injury to the triangular fibrocartilage
complex.
Keeping the shortcomings of this study in mind, our data suggest that patients with a fracture of the
base of the ulnar styloid (displaced or not) can expect to regain similar wrist function and health
status when compared to patients with no ulnar styloid fracture, at least when their distal radius
fracture is treated with open reduction and plate and screw fixation. The differences that approached
statistical significance were small and likely clinically irrelevant, and they were inconsistent over
time. This would suggest that anatomic reduction and internal plate fixation of the distal radius may
mitigate or lessen the value of operative treatment of an ulnar styloid base fracture. The indications
for open reduction and internal fixation of the ulnar styloid after open reduction and internal fixation
of the distal radius remain unclear.
Since open reduction and volar plate fixation of the distal radius (as used in the majority of the
patients in this series) restores the of the volar metaphyseal cortex, it may result in better and more
reliable radiographic alignment of the distal radius fragments when compared to external fixation
where often the volar cortex remained in bayonet apposition23 Z4. Although DRUJ instability was not
specifically assessed in this study, our finding that outcomes were not affected might be explained by
the improved inherent stability of the distal radioulnar joint after improved restoration of distal
radius anatomy that may be providing a greater measure of congruity with and capture of the ulnar
head in the sigmoid notch of the radius and also through the presumed intact interosseous ligament
of the forearm.
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Comparison of Functional Outcome after Volar Plate
Fixation with 2.4-mm Titanium vs. 3.5-mm StainlessSteel Plate for Extra-Articular Fracture of Distal Radius
Souer JS, Ring D, Matschke S, Audige L, Marent-Huber M, Jupiter JB
J Hand Surg Am. 2010 Mar;35(3):398-405

Abstract
Background: Open reduction and locked volar plate and screw fixation is a popular treatment method
for extra-articular distal radius fractures with dorsal metaphyseal comminution. In this study, we
compared the use of a titanium 2.4-millimeter pre-contoured plate with that of a stainless steel 3.5millimeter T-shaped plate to test the null hypothesis that there would be no difference in wrist function
or upper extremity specific health status in the internal fixation of AO type A3.2 distal radius fractures.
Methods: Twenty-four patients treated with a 2.4-mm plate and 38 patients treated with a 3.5-mm
plate for an extra articular and dosally angulated distal radius fracture were retrospectively analyzed
from data gathered in a prospective cohort study of plate and screw fixation of distal radius fractures.
The two cohorts were analyzed for differences in motion, grip strength, pain, Gartland and Werley
Score, DASH, and SF-36 at 6,12, and 24 months follow-up. Group differences and their change over
time were determined using regression analysis and the Likelihood ratio test.
Results: There were no significant differences in wrist function and arm specific health status
between patients treated with a 2.4-mm plate and those treated with a 3-5-mm plate at 6,12 or 24
months follow-up. However, a trend was observed towards greater wrist flexion at one year (66 vs. 55
degrees; p=o.07), and greater flexion-extension (137 vs. 123 degrees; p=o,o8) and pronationsupination (172 vs. 160 degrees;p=o.07) at twenty-four months after surgery in patients treated with
a 2.4-mm plate.
Conclusions: Patients with a dorsally angulated extra articular distal radius facture can expect
similar results when treated with either a precontoured 2.4-mm titanium plate or a 3.5-mm stainless
steel T-shaped plate.
Level of Evidence: level III

Introduction
Extra articular, dorsally displaced fractures of the distal radius with metaphyseal comminution are
among the most common fractures of the distal radius, particularly in osteoporotic patients. The
dorsal metaphyseal comminution renders the majority of these fractures unstable' 2 and loss of
alignment after manipulative reduction and cast immobilization is common without operative
fixation3. Open reduction and volar plate and screw fixation using distal locked (fixed angle, or
locking) screws has become a popular alternative for the treatment of dorsally displaced fractures
with dorsal metaphyseal comminution4 7.
As the popularity of volar locked plate fixation for fractures of the distal radius has increased, so has
the number and variety of implants. Variations in plate design include the shape and contour of the
plate8, the size and angle of the screws, the locking screw mechanism9, plate material10, and other
factors11. In two simultaneous performed large multicenter cohort studies of open reduction and
internal fixation, two distinct plate designs were used by surgeons: 1) a titanium, pre-contoured,
distal-radius specific T-shaped plate designed so that its distal limb lies directly over the volar articular
margin of the distal radius, and the 2.4-millimeter locking screws angle backwards, away from the
joint12, and 2) a stainless steel, T-shaped plate that requires contouring during surgery with locking
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3.5-millimeter screws oriented more distally. (Figure i) The large number of patients with prospective
data collection in these cohort studies provided an opportunity to compare two substantially different
plates in the fixation of dorsally comminuted extra-articular (AO Subtype 3.2)13 fractures of the distal
radius, to test the null hypothesis that significant differences in plate design to not influence final
outcome of open reduction and internal plate fixation.

Figure 1. Photographs of the 2 plates provided by the manufacturer. A The stainless-steel, 3.5-mm, locking compression Τ
shaped plate. Β The 2.4-mm locking compression plate specifically contoured for the distal radius. This illustration shows
a stainless-steel plate, but we used a titanium plate in the study.

Material and Methods
Between 2001 and 2004, 420 patients (423 fractures) were enrolled in a prospective multicenter
cohort study of open reduction and plate and screw fixation of fractures of the distal radius. The
study was approved by an Institutional Review Board and was supported by the AO-CID
(Arbeitsgemeinschaft für Osteosynthesefragen Center for Investigation and Documentation). One of
us also received a direct stipend for data analysis and publication. Inclusion criteria were age 18 or
greater; open reduction and internal fixation with plate and screws performed within ten days of
injury; and no prior open reduction and internal fixation. Exclusion criteria included local disorders
(e.g. tumors, Paget's disease), systemic skeletal diseases (e.g. parathyroidism), motor function
disorders (eg. central motor disorder, myasthenia gravis), history of vascular insufficiency involving
the injured limb polytrauma patients (Injury Severity Score > 16) or history of drug or alcohol abuse.
Excluding 42 patients with inadequate pre-operative radiographs and three patients with bilateral
fractures, we considered 375 fractures for inclusion in this study.
All fractures were classified by two authors, all disputes were discussed by a team of specially trained
hand surgeons. There were 145 fractures without involvement of the articular surface: seven A2.1,
thirty-four A2.2, sixteen A2.3, one A3.1, eighty-one A3.2 and six A3.3 fractures. Inclusion criteria for
this analysis were: 1) Unilateral subtype A3.2 fracture (a dorsally displaced fracture of the distal radius
with metaphyseal comminution not extending into the diaphysis); 2) Volar approach; 3) Treatment
with either a pre-contoured, distal radius specific, titanium 2.4-millimeter T-shaped plate, or a
stainless steel 3.5-millimeter T-shaped plate. Among the 81 patients with a AO type A3.2 fracture, 24
and 38 eligible patients were treated with a 2.4-mm and a 3.5mm plate, respectively.
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Cohort of patients treated with a 2.4-mm pre-contoured titanium plate
The patient cohort treated with a 2.4-mm pre-contoured titanium locking compression plate (LCP,
Synthes, Paoli, PA) included 16 women and 8 men with an average of 56 years (range 24 to 78 years).
The original injury was a result of a fall from standing height in 8 patients, a higher energy injury in
five (2 sports related accident, 3 motor vehicle collision) and unknown in eleven. The right wrist was
involved in ten patients (all dominant) and the left in 14 patients (two dominant). Fourteen patients
had a concomitant fracture of the distal ulna: a tip of the ulnar styloid in one, a fracture at the base of
the ulnar styloid in eleven and an ulnar neck fracture in two patients. One patient had a grade 2 open
fracture; there were no additional injuries to the ipsilateral upper extremity.
The interval between the injury and the index procedure averaged four days (range, 0 to 10; SD 3.2
days). Prophylactic carpal tunnel release was performed in two patients. Ancillary stabilization
included Kirschner wires in one patient.
One fracture was initially treated with external fixation and pinning across the distal radio-ulnar
joint. A Darrach procedure was performed at the time of the revision to open reduction and internal
fixation.
Postoperative immobilization and rehabilitation included a volar splint for ten days and limited
passive motion for the first two weeks. After suture removal at ten days after surgery, a removable
thermoplastic splint was applied and worn out. Active motion was initiated six weeks after volar plate
fixation.
Complications were encountered in five patients: in one patient an irritation of the deep flexor
tendons by the implant, local tenderness due to a prominent proximal screw in addition to persistent
ulnar sided wrist pain in one patient, and a fibroma of the tendon sheath of the extensor pollicis
longus tendon in one other patient. The last two patients were diagnosed with carpal tunnel syndrome
six months after surgery.
Subsequent procedures were performed in three patients including carpal tunnel release with
simultaneous plate removal in one patient; plate and screw removal and arthroscopic debridement of
the distal radial ulnar joint in one patient; and a planned plate removal ten months after the initial
procedure not related to symptoms in one other patient.
Cohort of patients treated with a 3-5-mm stainless steel plate
Among patients treated with a 3.5-mm stainless steel plate with distal locking screws, there were 28
women and 10 men with an average of 59 years (range 23 to 78 years). The original injury was a result
of a fall from standing height in 30 patients, and a higher energy in eight patients (a fall from greater
height in two, a sports related accident in three, and a motor vehicle collision in three). The right
wrist was involved in 13 (all dominant) and the left in 25 patients (all non-dominant). Twenty-seven
patients had concomitant fracture of the ulna: a tip of the ulnar styloid in 18, a fracture at the base of
the ulnar styloid in four, and an ulnar neck fracture in five patients. Two patients had additional
injury to the ipsilateral upper limb including a non-displaced greater tuberosity fracture and a soft
tissue injury at the base of the thumb.
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The interval between the injury and the index procedure averaged four days (range, o to 9 days, SD 3.1
days). Ancillary stabilization included Kirschner wires in two patients and a screw separate from the
plate in one patient. A prophylactic carpal tunnel release was performed in one patient.
Postoperative immobilization and rehabilitation included a volar splint for ten days and limited
passive motion for the first two weeks. After suture removal, a removable thermoplastic splint was
applied and worn out. Active motion was initiated six weeks after volar plate fixation.
Complications were encountered in four patients including rupture of the extensor pollicis longus
tendon treated with transfer of the extensor indicis proprius to the extensor pollicis longus and plate
removal in one patient, permanent digit stiffness in one patient, loss of reduction treated with a
prolonged period of splinting in one patient, and dysesthesia of the thumb in one other patient.
Subsequent procedures were performed in eight patients including the tendon transfer, a re-fracture
of the ipsilateral distal radius 18 months after initial treatment treated with external and Kirschner
wire fixation, plate removal to address pain in one patient, and routine removal of plates in five
patients performed an average of 12 months (range, 5 to 21 months) after surgery.
Table 1. Descriptive information
2.4mm

Aye

Years

Gender

Male
Female

η

mean

8

33%

56

Yes

2

No

22

Yes

13

tJo

11

Simple Fall

Dominant Hand Fractured

DASH Baseline
Concurrent Injury

Delay to Plating
Previous Fixation

Yes

8

Nu

IK

Yes

12

Να

12

Yes

0

59

IO

4,3

SD
12.9

26%

23.9

9

8%

P-value
0.23
0.58

2.0

0.26

24%

0.18

37%

0.20

50%

0.26

37%

0.42

29

54%

14
24

19

33%

19
13

50%

25

1.9

0-100

mean

28
25.4

BMI

Smoking

η

12.9

16

Body Mass Index

Work prior to Accident

3.5mm

SD

2.5

mi

No

24

Days

24

4.2

Yes

3

10%

No

16

2
6

5.3

16%

0.1
0 07

32

32

38

3.6

8

10%

3.1

043
0.78

30
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Evaluation
Among the 62 patients treated with a 2.4-mm or a 3.5-mm Locking Compression-plate, 45 (19 vs. 26)
or 73% had a six-month evaluation; 39 (19 vs. 20) or 63% had a one-year evaluation, and 40 (17 vs. 23)
or 65% had a two-year evaluation. Each patient was evaluated according to the system of Gartland
and Werley14, completed the Disabilities of the Arm Shoulder and Hand (DASH)15 , and the SF-36
questionnaires16 at each follow-up point. Pain at each time point was rated on a Visual Analogue Scale
(VAS) using a 10-point scale, where o is no pain and 10 is the worst possible pain at rest and in
motion.
Radiographic Evaluation
The alignment of the distal radius was measured by one author on posteroanterior and lateral
radiographs using commercial software (eFilm; Milwaukee, WI, USA). Ulnarward inclination of the
articular surface of the distal radius, palmar tilt, ulnar variance were measured using the standardized
techniques described by Kreder et al17. Because the films were digital and unsealed, it was not possible
to measure ulnar variance in millimeters. Instead we used a technique for measuring the ulnar
variance and articular step in reference to the measured length of the capitate. The length of the
capitate was measured on posteroanterior radiographs using the guidelines described by Natrass18.
Ulnar variance was reported as a ratio to the length of capitate. Radiographic signs of osteoarthritis
were rated according to Knirk and Jupiter19.
Statistical Analysis
Baseline group comparison of the cohorts was performed by standard descriptive statistics.
The likelihood theory was used to test the null hypothesis that there would be no difference in wrist
function and health status between the two cohorts. Twenty-two parameters (flexion-extension, grip,
volar angulation, DASH etc) were assessed at each examination and regressed on two indicator
variables 1) plate type and 2) follow-up time and one interaction term (plate type and time). For each
outcome, all data was pooled and analyzed together in one overall linear regression model, while
taking the repeated measurements of each patient into account.
The likelihood ratio test was used to study the overall effect of a 2.4-mm plate over 3.5-mm plate on
each outcome parameter: the maximum likelihood estimate of the full regression model (including
plate type, follow-up time and interaction term) was compared with that of a null regression model
(time only) to see if adding the plate type variable would significantly improve the model. In a similar
fashion, the full regression model was compared to a model without the "time" variable to determine
the overall time effect on outcome. Statistical significance was adjusted for multiple testing using a
Bonferroni correction: a p-value of less than 0.003 (0.05 / 22) was considered significant. For each
outcome showing an overall significant plate type effect, the full regression model was used to
estimate and test (Wald test) the difference between the two plate groups (effect size) at each followup time.
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Statistical adjustment was performed for the following baseline variables: patient age, DASH preinjury assessment, body mass index (BMI), work status before the accident and smoking (Table i). In
addition, Range-of-Motion absolute values (in degrees) were adjusted for the contralateral healthy
side mean value across follow-up examinations.
A post-hoc power analysis using the DASH scores at two years indicated a power of 69%. This was
based on the average score of 4.0 (SD 5-7) in a sample of 24 patients with a 2.4-mm plate compared to
9.0 (SD 11.8) in a sample of 38 patients with a 3.5-mm plate and the alpha error level set at 0.05.

Results
Piate Type
There were no significant differences in wrist function and health status between patients treated
with a 2.4-mm plate and those treated with a 3.5-mm plate at 6,12 or 24 months follow-up; however,
the group differences (2.4-mm vs. 3.5-mm plate) in wrist flexion at one year (11 degrees; 95%CI o to 21)
and flexion-extension arc (16 degrees; 95%CI -1.5 to 32) and pronation-supination arc (12 degrees;
95CI% -1 to 21) at two years after surgery suggest a favorable result using the 2.4-mm plate (Table 2).

Table 2. Outcome
Six Months
2.4mm

flexion-extension*
(degrees)

One Year

3.5mm

mean

SD

%

2.4mm

mean

SD

Two Years
2.4mm

3.5mm

%

mean

SD

%

mean

SD

%

3.5mm

mean

SD

%

mean

SD

%

127

28 5

87

113

24 1

88

137

27 1

93

123

23 0

89

139

20 8

96

123

25 2

90

flexion"

62

167

86

54

143

87

66

14 1

91

55

140

85

66

147

93

55

181

84

extension

65

161

88

59

135

89

71

166

95

63

188

93

73

102

100

63

105

95

166

150

96

162

20 1

98

171

If) 6

99

167

150

96

172

10.6

99

160

23 4

95

82

96

98

86

5.3

100

83

100

96

87

47

100

82

94

97

80

124

99

84

6 4

98

83

103

96

85

79

98

79

194

93

87

54

pronationsupination*'*
pronation

85

7.5

98

supination

81

100

94

radlo-ulnar devation

48

145

83

50

11 5

166

93

53

164

85

54

98

92

57

126

94

radial deviation

21

90

89

19

76

84

22

72

94

21

95

86

25

62

105

23

81

99

ulnar deviation

28

99

80

31

93

89

32

11 4

94

32

95

88

29

79

85

34

87

91

grip strength (kg)

23 8

104

79

24 4

11 7

79

26 8

13 6

89

27 3

122

82

24 3

107

83

29.7

139

87

pain at rest (1-10)

07

1 8

08

1 4

07

09

08

1 5

01

01

09

1 6

pain In motion (1-10)

1 2

23

1 2

20

1.3

1.7

1 1

1.5

03

0.5

1.3

1 8

Gartland Werley

44

38

3.9

56

3.1

2.7

35

37

1 8

26

2.3

30

DASH

73

11 3

86

104

40

57

9.5

11 8

SF-36 Physical

54.7

92

52 4

71

51.5

92

51 6

75

SF-36 Mental

55.4

6.7

51.6

95

56.8

4.5

51.3

12.6

% opposite arm
Trends
'group difference 16 degrees (95%CI: 0:21} p=007 at two years
"group difference 11 degrees (95ΨσΟΙ: 0:21) p=005 at one year
"'group difference 12 degrees (95%CI: -1; 21) p=0.07 at two years
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Radiographic Evaluation
Patients treated with a 3-5-millimeter plate had significantly better volar angulation at all time points
(2.4-mmvs. 3.5-mm; p-value): postoperative (o vs. 7 degrees; p<o.ooi), at six weeks (-ivs. 7 degrees;
p<o.ooi), six months (1 vs. 6 degrees; p<o.ooi), one year (o vs. 6 degrees; p<o.ooi) and two years
after surgery (1 vs. 5 degrees; p< 0.001). There were no significant differences in ulnarward inclination
of the articular surface of the distal radius, or ulnar variance at any follow up time (Table 3). Four
patients (17%) in the 2.4-mm plate group and ten patients (26%) in the 3.5-mm plate fixation group
showed radiographic signs of grade 1 radiocarpal arthritis at the 2-year evaluation.
Table 3. Radiographic evaluation
Postoperative
3.5mm

2.4mm

mean (SD)

range

Volar angulation"

7.4 (5.6)

-5 to 15

Ulnar inclination

25(4.7)

Ulnar variance*

0 (0,06)

mean (SD)

range

0(6 0)

-15 to 12

12 to 32

24 (4,0)

17 to 33

-0,12 to 0.12

0.05 (0.07)

-0,08 to 0,14

One Year
3.5mm

2.4mm

mean (SD)

range

Volar angulation"

5.6 (5.9)

-9 to 13

Ulnar inclination

25 (4.8)

Ulnar variance*

mean (SD)

11 to 32

0 (0 05)

range

0(6 01

-0.10 to 0,10

-15 to 12

24(3.3)

17 to 30

0,04 (0,07)

-0.08 to 0,14

Two Years
3.5mm

Volar angulation**
Ulnar inclination
Ulnar variance*

2,4mm

mean (SD)

range

mean (SD)

4.6(7.7)

-14to13

1 (5.3)

25 (4,9)
-0.01 (0.09)

8 to 32
-0,25 to 0,13

range
-7 to 12

23 (2,6)

20 to 30

0,05 (0.07)

-0,08 to 0.14

'Ulnar variance is expressed as a ratio ulnar variance I length of capitate
"Significant differences: One year group difference 6 degrees (CI95%: -12:-6) p<0.001
Two year group difference 4 degrees (0195%: -13:-6) p<0.001

Discussion
Our data confirm the safety and efficacy of open reduction and internal fixation with a volar locking plate
for dorsally displaced extra-articular fractures of the distal radius with dorsal comminution. The majority
of the patients regained good wrist motion (> 80% of the opposite arm on average) within six months
after surgery. Only four complications seemed related to problems with the plate (6%). There were 9 (15%)
plate removals in the series. Our findings are consistent with other reports on volar plate fixation for
fractures of the distal radius with average flexion ranging from 46 to 57 degrees, extension from 54 to 65
degrees, and grip strength 70 from 80% of the opposite arm5"7·2022. In addition, delayed union and loss of
alignment are seldom reported and overall excellent or good health status is anticipated23.
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The overall complication rate has been variable, ranging from 22 to 34%· This may reflect variations
in the definition of a complication since some authors consider events or symptoms such as temporary
sensory abnormalities, transient stiffness or disproportionate pain, or routine plate removal a
complication, and others do not. Arora and colleagues21 noted complications in 31 (27%) of 114
patients with dorsally displaced fractures of the distal radius treated with a 2.4-millimeter volar
locking plate, including several ruptures of extensor and flexor tendons, multiple cases of
tenosynovitis, "dystrophy" (or disproportionate stiffness and pain), loosening of a screw, and implant
removal for symptoms in 17 patients21. Our data—collected from multiple surgeons working in
multiple different centers around the world, suggest the rate of major complications is probably
lower than that identified by Arora and colleagues, and in particular the rate of implant related
complications is relatively low (this study 6% vs. 18% Arora). Rozental and Blazar reported 7%
implant-related complications5.
For unclear reasons, patients treated with 3.5-millimeter plates had better restoration of volar
angulation. A difference in plate design and screw orientation could be the basis of this difference in
volar angulation: the 2.4-mm plate is precontoured and its screws are orientated proximally whereas
the perioperatively contoured 3.5-mm plate has its screws oriented distally for more subchondral
support. Surprisingly, patients with 2.4-millimeter plates trended towards slightly superior range of
wrist flexion and forearm rotation. However, this small difference in motion did not correspond with
a difference in function or health status at any time point, and the differences are so small that they
are likely clinically irrelevant.
Limitations of this study include the small number of patients and the 35% loss to follow-up at 2
years. However, only 18% of patients were lost at all follow-up examinations. In order to focus more
specifically on the influence of the plate, we intentionally limited this study to a single common
fracture (extra articular, dorsally angulated with dorsal comminution)24· 25r which limits the
generalizability of the results. It is unclear if our findings would become statistically significant in a
larger study, would be different in a randomized prospective study, or would apply to more complex
fractures, particularly articular fractures.
On the basis of this investigation, we conclude that patients with dorsally displaced extra-articular
fractures of the distal radius with dorsal metaphyseal comminution can expect to have good outcome
after open reduction and volar plate and screw fixation with either a 2.4mm titanium radius-specific
locking plate or a 3-5 mm steel T-shaped locking plate. While the value of locked screw fixation in the
distal articular fragments seems fairly well established, relatively older and less radius specific design
of plate performed nearly as well as the more radius specific plate.
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Perilunate Fracture-Dislocations of the Wrist:
Comparison of Temporary Screw versus
K-wire Fixation
Souer JS, Rutgers M, Andermahr J, Jupiter J, Ring D
J Hand Surg Am 2007 Mar;32(3):3l8-25

Abstract
Background: Temporary intercarpal screw fixation has been suggested as an alternative to temporary
K-wire fixation in the treatment of perilunate wrist dislocations. We compared the 2 treatment
methods in 2 retrospective cohorts with a null hypothesis that there would be no difference in final
wrist motion.
Methods: Eighteen patients with surgically treated perilunate wrist dislocations (9 treated with
intercarpal screws, 9 with intercarpal K-wires) were evaluated an average of 44 months after injury.
The intercarpal screws were removed an average of 5 months and the K-wires an average of 3 months
after the initial procedure. Complications included 3 pin track infections (1 with wrist sepsis), 2
scaphoid nonunions (screw fixation), and 2 patients with loss of reduction (K-wire fixation) treated
with repeat surgery.
Results: Four patients (2 in each cohort) had wrist arthrodesis with poor results. Among the 14
remaining patients the final flexion arc was 97° for patients treated with screw fixation compared
with 73° for patients treated with K-wires. The mean grip strength was 74% (screw fixation) and 67%
(K-wire) that of the uninjured arm. According to the Mayo Modified Wrist Score, the functional result
was excellent in 1 patient (screw), good in 2 patients (1 each group), fair in 6 patients (3 in each group),
and poor in 9 patients (4 screws, 5 K-wire). Seven patients (2 screws, 5 K-wires) had grade 2 or 3
midcarpal arthritis according to the criteria of Knirk and Jupiter, but none had more than mild
radiocarpal arthritis.
Conclusions: The results of treatment with temporary screws are comparable to the results of
treatment with temporary K-wires.
Type of Study/Level of Evidence: Therapeutic III.

Introduction
Perilunate dislocations and fracture- dislocations are severe wrist injuries that cause permanent
impairment. Open reduction and internal fixation is the standard treatment, but the results vary
among published studies1 <>. Most surgeons use smooth K-wires to temporarily stabilize the carpal
bones while the injured wrist ligaments heal. The K-wires need to be protected with cast immobilization
and are susceptible to infection, which can lead to septic arthritis of the wrist. Herbert7 suggested
using temporary screws between the scaphoid and the lunate and between the lunate and the
triquetrum as an alternative to Kirschner wire fixation. Buried screws are less likely than wires
(buried or not buried) to cause skin problems or infection, and wrist mobilization can be initiated
with the screws in place. At our institution, we have surgeons who use each technique, which provided
a unique opportunity to compare the 2 treatment options for a relatively rare injury. In this study, we
compare the results of temporary K-wire fixation and temporary screw fixation of the carpus after
open reduction and internal fixation of a perilunate dislocation or fracture- dislocation with a null
hypothesis that there would be no difference in final wrist motion.
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Table 1. Screw Fixation Cohort
General Information
patient sex/ hand
associated
no.
age injured cause fractures
1

M/?9

MVI;

Radial styloid

2

M33

MVC

Scaphoid

3

M 44

MVC

Scaphoid

4

M,19

MVC

Scaphoid

5

M/21

Sports

ipsilateral limb
injury

Final Examination
complications

additional follow-up
flexionradioulnar pronationprocedures period, mo extension deviation supination
55

syndrome
Radial head
fracture

rapid development
Arthrodesis
arthritis
Carpal tunnel
syndrome

scaphoid
nonunion

refixation
scaphoid

45

100

grip
strength
50

50

20

160

90

n/a

n/a

n/a

n/a

100

60

40

61

75

40

175

90
55

6

M 34

115

75

180

7

M/2B

MVC

Carpal tunnel
syndrome

pin tract infection, . „ , , „ , ( „ „ „
,.,,,,.» „„„„i,.··
Arthrodesis
wnst sepsis

n/a

n/a

n/a

n/a

8

M 62

Fall

Elbow fracture
dislocation

ulnar nerve palsy

80

37

180

94

9

M 02

FUI

Humerus fracture

135

45

75

«4

R·

R-

MVC

PID

Wl/C, motor vehicle collision: PLO, perilunate dislocation; n/a, not applicable
'Dominant hand
"Additional K-wire fixation

Materials and Methods
Thirty-six consecutive patients treated for a perilunate dislocation or fracture- dislocation of the
wrist by the orthopedic service at our hospital between 1995 and 2005 were identified using billing
records and a trauma database. Using a protocol approved by our Human Research Committee, we
reviewed the medical records and invited patients to return for a free evaluation and radiographs.
Eighteen patients were excluded from this study because they had less than 6 months of follow-up
evaluation and either could not be contacted or declined participation. Among the 18 patients who
formed the study cohort, 9 patients were treated with temporary intercarpal screw fixation and 9
were treated with temporary intercarpal Kirschner-wire fixation. Four patients who had wrist
arthrodesis (2 in each cohort) had poor results and were evaluated from the medical record alone. The
remaining 14 patients (7 in each cohortjreturned for a comprehensive evaluation. The evaluation
consisted of an interview, physical examination, radiographs, physician-based scoring system(the
Mayo modification of the system of Green and O'Brien), and administration of an upper-extremityspecific health status questionnaire (the Disabilities of the Arm, Shoulder, and Hand [DASH]). In
both cohorts, surgical repair was performed through a dorsal exposure alone, except in patients with
an acute carpal tunnel syndrome, in whom an extended carpal tunnel release was also performed.
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Table 2. K-wire Fixation Cohort
General Information
patient sex/
age
no.

Final Examination

hand
associated ipsilateral K-wires compli
iniiired cause fractures
limb injury Buried
cations

1

M/23

L

2

M/36

R*

MVC

Radial
styloid,
scaphoid

No

Sports

Radial
styloid

No

3

M/41

R·

Fall

4

M/38

R-

Fall

5

M/32

R*

Crush Scaphoid

6

M/49

L

Fall

Scaphoid

No

Crush
injury

Scaphoid

7

M/36

R*

MVC

Radial
styloid

8

M/33

L

MVC

Scaphoid

9

Γ/21

R'

MVC

Scaphoid

additional
procedures

pin tract
infection

loss of
repeat fixation
reduction

135

70

180

62

48

130

80

170

90

115

140

50

170

81

Arthrodesis

n/a

n/a

n/a

n/a

n/a

No

Arthrodesis

n/a

n/a

n/a

n/a

n/a

1Ü

130

65

155

65

7

150

80

180

40

36

150

70

150

66

13

100

90

80

57

No

repeat fixation,
scapholunate
loss of
interosseous
reduction
ligament
reconstruction

Yes
Carpal
tunnel
syndrome
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Yes

Yes
Carpal
tunnel
syndrome

radioulnar pronation- grip
follow-up flexionperiod, mo extension deviation supination strength

Yes

pin tract
infection

MVC, motor vehicle collision; n/a not applicable
* Dominant hand

Screw Fixation Cohort
The average age at injury of the 9 men treated with temporary intercarpal screw fixation was 37 years
(range, 19-62 y) (Table 1). The original injury was a result of a motor vehicle collision in 6 patients,
a fall from great height in 2 patients, and a direct blow on the wrist while participating in sports in
1 patient.
The right wrist was involved in 2 patients (both dominant), and the left wrist in 7 patients (all
nondominant). Three patients had a transscaphoid perilunate fracture-dislocation, 1 had a
transstyloid perilunate fracture-dislocation, and 5 had a perilunate dislocation with no associated
fractures. Three patients had an acute carpal tunnel syndrome. Three patients had other fractures in
the ipsilateral limb: a humerus fracture, a coronoid fracture (with lateral collateral ligament rupture),
and a radial head fracture. The interval between the injury and the initial procedure averaged 6 days
(range, 0-21 d). The 3 scaphoid fractures and the radial styloid fracture were repaired with 3.0-mm
cannulated screws (Synthes; Paoli, PA). The injured scapholunate and lunotriquetral ligaments were
repaired using suture anchors (Mitek, Norwood, MA), and each repaired ligament was protected by
placing a 3.0-mm cannulated screw (Synthes) between the scaphoid and lunate or the triquetrum and
lunate as appropriate. The wrist was immobilized for 3 weeks with external fixation in 5 patients and
a splint in the remainder. One patient had concomitant ulnocarpal translocation stabilized with a
1.6-mm (0.062-in) K-wire crossing the radiocarpal joint. The intercarpal screws were removed an
average of 5 months (range, 3-7 mo) after the initial procedure.
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Complications included a deep wrist infection (resulting from infection of the radiocarpal transfixation
pin in the patient with ulnocarpal translocation) salvaged with serial debridement and wrist
arthrodesis. Two patients had nonunited fractures of the scaphoid: ι had a second operation for
repeat screw fixation 7 months after the injury, and the other had wrist arthrodesis for wrist arthritis
12 years after injury.

Kirschner-Wire Fixation Cohort
There were 8 men and 1 woman with an average age of 34 years (range, 21-49 y) at the time of injury
(Table 2). The original injury was a result of a motor vehicle collision in 4 patients, a fall from greater
height in 3 patients, a crush injury, and a sportsrelated injury in 1 patient. The right wrist was involved
in 6 patients (all dominant) and the left wrist in 3 patients (1 dominant). Five patients had a
transscaphoid perilunate fracture-dislocation, 3 had a transstyloid perilunate fracture-dislocation,
and 1 patient had a perilunate dislocation with no associated fractures. Three patients had acute
carpal tunnel syndrome. The patient with a crush injury had artery and tendon repair and a
compartment syndrome of the hand. The interval between the injury and the initial procedure
averaged 3 days (range, 0-8 d). All patients had open reduction and stabilization of the perilunate
injury with percutaneously inserted smooth 1.6-mm (0.062-in) K-wires. The K-wires were buried in 5
patients and left outside the skin in 4 patients. Five fractures of the scaphoid were stabilized with a
3.0-mm cannulated screw (Synthes), 1 with concomitant autogenous cancellous bone grafting from
the iliac crest. The fracture of the radial styloid was repaired with screws in 2 patients and with a
T-shaped plate (Synthes) and a i.6-mm (0.062-in) smooth K-wire in 1 patient. Suture anchors (Mitek)
were used to repair the injured interosseous ligaments. Three patients had wrist immobilization with
an external fixator for an average of 9.6 weeks (8,10, and 11 weeks). The K-wires were removed an
average of 3 months (range, 3 wk to 4 mo) after the initial procedure. The wrist was immobilized in a
cast or external fixator until the wires were removed. Two patients had early K-wire removal 3 weeks
after surgery because of infection (1 patient in whom the wires were buried under the skin, 1 with
wires left outside the skin). One patient had removal of all pins and irrigation and debridement of
septic arthritis of the wrist and was immobilized in a cast for a total of 7 weeks. The other patient had
removal of just the infected pin and treatment with oral antibiotics. Two patients had loss of alignment
treated with repeat open reduction and internal fixation (1 wk and 13 wks after the initial procedure).
The latter patient also had reconstruction of the scapholunate interosseous ligament with a palmaris
longus tendon graft.
Two patients had wrist arthrodesis within 2 years of injury: 1 with a severe crushing injury had wrist
arthrodesis 9 months after injury, and the other with rapid development of radiocarpal and midcarpal
arthritis after transcarpai pinning had arthrodesis i7months after injury.
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Evaluation
Among the patients who returned for a research specific evaluation, the average follow-up period
was 48 months (range, 14-111 mo) in the screw cohort and 43 months (range, 7-115 mo) in the K-wire
cohort. An examiner not involved in the patients' care performed the final examination. All patients
were evaluated using the DASH questionnaire and a modified version of the system described by
Green and O'Brien, referred to as the Mayo Wrist Score. Patients rated their pain from o (no pain) to
50 (extreme pain) onfive10-point Likert scales assessing the following: pain at its worst, pain at rest,
pain when lifting a heavy object, pain when doing specific tasks, and pain at night. Grip strengths of
the injured and opposite arms were measured as the average of 3 attempts using a dynamometer
0
(Jamar; Asimov Engineering, Los Angeles, CA) set at the third station with the elbow in 90 of flexion
and the wrist and forearm in neutral. Posteroanterior and lateral radiographs of the wrist were
obtained. The radiographic parameters measured included the scapholunate gap, the scapholunate
810
angle, and the revised carpal height ratio . Midcarpal and radiocarpal arthritis were rated according
to the system of Knirk and Jupiter.11 The Student t test was used to compare continuous variables
(Excel; Microsoft, Redmond, WA).
Table 3. Results
Cohort

flexion-extension
(range)

flexion-extension %

Midcarpal arthritis,
of cohort

Average DASH
Score

Average Mayo
Score

Average VAS
Pain Score

Screw

87(50-135)

71

29

31

71

18

K-wire

73(50-100)

55

71

11

66

13

VAS visual analogue scale

Results
Among the 14 patients without wrist arthrodesis, wrist motion was comparable in the screw and
Kwire cohorts. The final average flexion- extension arc was 87° (range, 50o-i35°) or 71% of the
contralateral wrist for patients treated with screw fixation and 73° (range, 50°-ioo°) or 55% of the
contralateral wrist for the patients treated with K-wire fixation (p=o.34). The final average forearm
rotation was 139° (range, 40 0 -i8o 0 ) for patients treated with screw fixation compared with 162°
(range, I500-i8o°) for patients treated with K-wires (p=o.36). The final average arc of radial and ulnar
deviation was 46° (range, 20''-75°) for patients treated with screw fixation and 35° (range, 150- 60° ) for
patients treated with K-wires (p=o.27) (Table 3). The mean grip strength was 76% that of the opposite
arm (range, 55%-9θ%) in the screw fixation group compared with 67% that of the opposite arm
(range, 40%-96%) in the K-wire group (ρ=θ.33)·
The average Mayo Wrist Score was 71 (range, 60-100) in the screw fixation group compared with 66
(range, 45-85) in the K-wire group (p _ .47). The average DASH score was 11 (range, 0-27) in the K-wire
group and 31 (range, 3-75) in the screw fixation group (ρ=ο.θ7)· The patient with a DASH score of 75
had ulnar neuropathy and elbow pain and stiffness after surgical treatment of traumatic elbow
instability. We considered the patients with wrist arthrodesis as having poor results; therefore, the
categoric ratings according to the Mayo Wrist Score were 1 excellent, 1 good, 3 fair, and 4 poor in the
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screw fixation cohort and ι good, 3 fair, and 5 poor in the K-wire cohort. At the final follow-up
evaluations, the average scapholunate gap was 2.0 mm (range, 1.1-3.2 mm) in the screw fixation
group compared with 2.2 mm (range, 1.4 -3.6 mm) in the K-wire group (p=o.59). The scapholunate
angle was within normal limits: 49° (range, 36°-76°) in the K-wire group and 64° (range, 48°-77°) in
the screw fixation group (p=o.07). The revised carpal height ratio was 1.53 (range, 1.45-1.57) for both
groups. Seven patients (2 in the screw cohort, 5 in the K-wire cohort) had signs of midcarpal arthritis
of grade 2 or 3 (p=o.i4, Fisher exact test), and 4 patients (1 in the screw cohort, 3 in the K-wire cohort)
11
had signs of grade 1 radiocarpal arthritis according to the criteria of Knirk and Jupiter (Fig. 1).

Figure 1. A 36-year-old man was injured in α motor vehicle collision (screwgroup, patient 1) (Table 1). (A) The posteroanterior
radiograph showed a transstyloid perilunate fracture- dislocation. (Bj On the lateral radiograph, the lunate is completely
dislocated. (C) Treatment consisted of open reduction, carpal tunnel release, interosseous ligament repair with suture
anchors, and open reduction and internal fixation of the radial styloid and temporary screw fixation of the carpal bones.
(D) The carpal bones were realigned. (E) Three years later a posterior radiograph shows midcarpal arthritis and some post
traumatic changes in the head of the capitate. (Fj The lateral radiograph shows mild radiocarpal arthritis as well.

Discussion
In common with many other traumatic conditions, we found patients with perilunate dislocations
and fracture- dislocations to be difficult to contact. Our study is limited by having adequate data on
only half of the patients who were treated. The strength of our study is that we have an average followup period of close to 4 years and a relatively thorough evaluation of those patients who did return.
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The results of temporary screw fixation of the carpus are comparable with those for temporary Kwire
fixation. The limited number of patients raises the possibility that some of the observed differences
might be significant with larger cohorts of patients, including patients treated with screws who had
a greater average flexion arc, radial- ulnar deviation arc, grip strength, and Mayo wrist score. There
were differences between the 2 cohorts that further limit their comparability, including 3 patients in
the screw fixation cohort who had ipsilateral upper-limb fractures,i patient in the screw fixation
cohort had concomitant ulnocarpal translocation, and 5 of 9 patients treated with intercarpal K-wires
had scaphoid fractures compared with 3 of 9 patients treated with screws. In our opinion, all of these
differences would favor the K-wire fixation cohort.
One of the most striking findings in this series was the relatively high incidence of advanced midcarpal
arthritis within a few years of injury. Including the 2 patients (1 in each cohort) who had wrist
arthrodesis for radiocarpal and midcarpal arthrosis, 3 of 8 patients in the screw cohort and 6 of 8
patients in the K-wire cohort had advanced midcarpal arthrosis within an average of approximately 4
years of follow-up study, with 2 other patients having wrist arthrodesis for other reasons. This is
further evidence of how devastating this injury can be to the wrist. Despite the prevalence of arthrosis,
an average wrist flexion arc under 900, and satisfactory overall functional results according to the
Mayo wrist score in only 3 patients, most patients reported good arm function as quantified using the
DASH questionnaire. In other words, perilunate dislocations and fracture-dislocations of the wrist
result in substantial impairment but more limited and variable disability. The determinants of upperextremity-specific disability remain incompletely defined and are likely mediated primarily by
psychosocial factors12 Considering the small size of our cohorts along with numerous other scientific
limitations, no judgment can be made regarding the superiority of one technique; however, it can be
stated that the use of screws for temporary fixation of the carpus is comparable to the use of K-wires,
with no major drawbacks or complications being associated with screw fixation. The appeal of
temporary screw fixation lies in the ability to begin mobilizing the wrist within a few weeks and the
absence of pin-related complications. There were 2 pin infections in the K-wire cohort and the only
pin in the screw fixation cohort (used to address ulnocarpal translocation) also became infected, with
2 patients having wrist sepsis. Our results are similar to those of Hildebrand et al13. They performed a
comprehensive evaluation of 22 patients treated for a perilunate dislocation or fracture- dislocation
with open reduction and internal fixation and reported an average arc of wrist flexion and extension
of 69% and grip strength of 73% of those of the opposite uninjured wrist.
After 37 months of follow-up study, 50% of their patients had signs of arthritis, primarily midcarpal
arthritis13. In a multicenter study, Herzberg et ali4 found that 87% of perilunate dislocations and 69%
of fracture- dislocations had signs of arthritis at a follow-up period of at least 1 year14. Other researchers
have reported better results, including an average arc of wrist flexion and extension as high as 83%15
and an average grip strength as high as 85% of those of the opposite limb and rates of arthrosis as low
as 18% after 3 years of follow-up study3 413 or not mentioned at all. In our opinion, some of these
figures are relatively optimistic, considering the severity of this type of injury, but additional data are
needed.
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Wrist Mobilization Following Volar Plate
Fixation of Fractures of Distal Part of the Radius.
Lozano-Calderon L, Souer J, Mudgal C, Jupiter J, Ring D
J Bone Joint Surg Am. 2008 Jun;9o(6):l297-304

Abstract
Introduction: Plate fixation of the distal part of the radius is believed to improve wrist motion by
allowing earlier exercises. We performed a clinical trial comparing mobilization of the wrist joint
within two weeks (early motion) or at six week (late motion) after volar plate fixation for a fracture of
the distal part of the radius in order to test the null hypothesis that there are no differences in the
flexion-extension arc three and six months after surgery.
Methods: Sixty patients with an isolated fracture of the distal part of the radius that was treated with
a single, fixed angle volar plate and screws were enrolled. Thirty patients were randomized to the
early motion group, and thirty were randomized to the late motion group. Three and six months after
surgery, patients underwent range of motion measurements, grip strength measurements, and
radiographic evaluation. The patients also were evaluated according to the modified Gartland and
Werley score and the Mayo wrist score, rated pain on a io-point ordinal scale, and completed the
Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire.
Results: There were no significant differences between the early motion group and the late motion
group with regard to the average flexion-extension arc of the injured wrist at three months (104°
compared with 107 °; ρ = o.6i) or six months (124 0 compared with 126 °; ρ = 0.65) after surgery. In
secondary analyses, there were no significant differences in terms of selected other motions, grip
strength, radiographic parameters, or the Gartland and Werley, Mayo, pain, or DASH scores.
Conclusion: The initiation of wrist exercises six weeks after volar plate fixation of a fracture of the
distal part of the radius does not lead to decreased wrist motion compared with the initiation of wrist
motion within two weeks after surgery.

Introduction
Over the last three decades, operative treatment of distal radius fractures has become increasingly
common compared with non-operative treatment 17 . Over the last fifteen years, there has been a trend
toward internal plate-and-screw fixation for the treatment of these fractures816 and away from
percutaneous fixation with kirschner wires or external fixation. An argument that is commonly
made in favor of internal fixation of fractures of the distal part of the radius is that, similar to the
findings that have been reported in association with other periarticular fractures, early movement of
the wrist would be beneficial in order to obtain better wrist motion and thus better function41618. To
our knowledge, there are no comparative scientific data to support this concept. In fact, data regarding
external fixation that either immobilizes the wrist or allows wrist motion suggest that early wrist
mobilization is not as important as the overall alignment of the bone in terms of final wrist
motion19.
We performed a clinical trial comparing mobilization of the wrist joint within two weeks (early
motion) or at six weeks (late motion) after volar plate fixation of a fracture of the distal part of the
radius in order to test the null hypothesis (the primary study question) that there are no differences
in the flexion-extension arc three months after surgery. Secondary study questions included
comparison of range of motion, grip strength, physician-based wrist ratings, pain, upper extremity
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specific health status, and the determinants of the arc of flexion-extension of the wrist at three and
six months after a fracture of the distal part of the radius.
Invitation and Enrollment
Consent Form
Randomization

4

*

Early Group Initial Evaluation
Total: 30 (100%)
Males: 11 (37%)
Females: 19(63%)

Late Group Initial Evaluation
Total: 30 (100%)
Males: 10 (33%)
Females: 20 (67%)

Ψ

1 Female

Early Group Three-month FU
Total: 29 (97%)
Males: 11 (37%)
Females: 18(60%)

2 Females
Late Group Three-month FU
Total: 27 (90%)
Males: 9 (30%)
Females: 18(60%)

^ 2 Females'

1 Male
Early group Six-month FU
Total: 28 (93%)
Males: 10 (33%)
Females: 18(60%)

Late group Six-month FU
Total: 26 (87%)
Males: 9 (30%)
Females: 17(57%)

Flow Chart 1
• One female and one male from the late group missed the 3 month follow up
but returned for the 6 month assessment

Materials and Methods
Location and Eligibility Criteria
The study protocol was approved by our institution'sHuman Research Committee. Between May
2004 and November 2005, patients who satisfied the inclusion criteria were invited to participate in
the study. The inclusion criteria were (i) an age of eighteen years or more, (2) a fracture of the distal
part of the radius and no other skeletal injury, and (3) operative treatment with a fixed-angle volar
plate and screws alone. All patients were enrolled in a tertiary care medical center in the practice of
three orthopaedic hand and upper extremity surgeons (D.R., J.J., CM.).
Randomization: Sequence Generation, Allocation, and implementation
After providing informed consent, sixty patients were enrolled and randomized to either early or late
wrist mobilization according to a sequence determined by a computer random-number generator
(Excel 2003, Windows XP; Microsoft, Redmond, Washington). Thirty patients were assigned to the
early motion arm of the study, and thirty were assigned to the late motion arm. Randomization and
its implementation and the allocation of patients were executed by a research coordinator.
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Interventions
Patients in both arms of the study had a volar plaster splint applied as part of the postoperative
dressing; it was converted to a custom thermoplastic volar splint at the first postoperative visit.
Patients in both study arms were encouraged to perform active and active-assisted digital and forearm
motion exercises and to use the injured arm for light functional tasks prior to and immediately
following surgery. The exercises of patients in both study arms were supervised by certified hand
therapists. Patients in the late motion group were advised to wear the thermoplastic splint at all
times, except when showering. Wrist motion exercises were initiated at the time of the six week
postoperative visit (average, forty-nine days postoperatively; range, forty-two to fifty-nine days
postoperatively). Patients in the early motion group were taught to remove the thermoplastic splint
and to perform active and active assisted wrist motion exercises at the time of the first postoperative
visit (average, eight days postoperatively; range, seven to thirteen days postoperatively). They also
were encouraged to wean out of the splint in order to exercise the wrist during activities of daily
living. No attempt was made to confirm adherence to the recommended protocol. All fractures were
internally fixed with a volar plate and screws with use of a standard Henry volar-radial approach20.
The majority of the fractures (twenty-eight in the early motion group and twenty-nine in the late
motion group) were treated with a Hand Innovations DVR plate (Miami, Florida); two fractures (one
in each group) were treated with a Synthes 2.4-mm LCP volar column distal radius plate (Synthes,
Paoli, Pennsylvania); and one fracture in the early motion group was treated with an Acu-Loc Targeted
Distal Radius Plate (Acumed, Hillsboro, Oregon).
Bunding
Due to the nature of the study, it was not possible to blind the care providers (the orthopaedic surgeon
and hand therapist) to treatment allocation. Functional and radiographic evaluation was performed
by a blinded observer who was not involved in the patients' care.
Outcomes and Evaluation
Study evaluations were performed at three months (between two and four months) and six months
(between five and eight months) after surgery. At each visit, patients had bilateral measurement of
motion and grip strength; completed both an ordinal pain scale (with o indicating no pain and 10
indicating the worst possible pain) and the Disabilities of the Arm, Shoulder and Hand (DASH)
questionnaire21; and were evaluated according to the modified Gartland and Werley score22 and the
Mayo wrist score23. The uninvolved wrist was used for comparative measurements. Two patients
sustained a distal radial fracture on the contralateral side while participating in the study. To provide
control data for the comparisons of range of motion and grip strength in these two patients, two
gender, age, and occupation-matched controls were selected from the study sample. Standard
radiographic measurements of distal radial deformity were made on the initial post-injury (prereduction) radiographs and on radiographs that were made three and six months after surgery, but not
on the immediate postoperative radiographs. On the posteroanterior radiograph we measured the
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ulnar inclination of the articular surface of the radius (in degrees) and the ulnar variance (in millimeters),
whereas on the lateral radiograph we measured the angulation of the radial articular surface (in
degrees). We used the techniques of measurement described by Friberg and Lundstrom24 25.
Sample Size Calculation and Statistical Methods
We estimated a need to enroll twenty-three patients per group to achieve 90% power with an alpha of
O.05 to detect a difference of >io% in wrist flexion-extension arc, assuming a standard deviation of
io_ for an effect size of 1.0 (nQuery; Saugus, Massachusetts). The target enrollment was sixty patients
to account for an anticipated rate of patient loss during the trial of approximately 15%. To confirm
comparability of the two study arms after randomization, univariate analysis was performed with use
of independent sample t tests for numerical variables (age, the interval between the injury and the
operation) and with use of chi-square analysis for nominal variables (gender, occupation, hand
dominance). Paired t tests were used to evaluate changes between three and six months after surgery.
We planned to analyze the data on an intention-to treat basis, but there were no crossovers. A twoway repeated measures mixed model analysis of variance was used to determine differences in the
arc of wrist flexion-extension between groups at the three and six-month follow-up evaluations as
well as to determine changes in flexion-extension within each group over time. A compound
symmetry covariance structure was fitted to account for the within-subject variation; the Akaike
information criterion (AIC) revealed good model fit to the longitudinal data. In addition, we analyzed
the secondary variables with use of the same two-way repeated-measures mixed model, adjusting for
changes within time and within subjects for each of the analyzed outcomes (motion, function,
radiographic alignment, and pain). In addition, we sought predictors of the flexion-extension arc of
the wrist at three and six months after surgery from among all of the demographic characteristics,
injury characteristics, and radiographic parameters by performing univariate analysis (t tests for
dichotomous independent variables and Pearson correlations for continuous independent variables)
and then developing backward stepwise multiple linear regression models and entering all variables
that were significant or near significant correlation (p < 0.08) in the univariate analysis.
Baseline Patient Characteristics
The study group included sixty patients (thirty-nine women and twenty-one men) with an average
age of fifty-three years (range, twenty-five to eighty-three years). The early motion group comprised
eleven men and nineteen women with an average age of fifty-five years. The late motion group
comprised ten men and twenty women with an average age of fifty-one years. The groups were
comparable in terms of gender and age distribution. In the early motion group, sixteen patients
performed desk-based work, four performed light-duty manual labor, one performed heavy-duty
manual labor, eight were retired, and one was unemployed. In the late motion group, seventeen
patients performed desk-based work, five performed lightduty manual labor, two performed heavyduty manual labor, four were retired, one was disabled, and one was unemployed. The greatest
number of fractures were classified as intra articular type-C fractures according to the AO system. In
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the early motion group, twelve fractures were classified as type A, one was classified as type B, and
seventeen were classified as type C. In the late motion group, eleven fractures were classified as type
A, seven were classified as type B, and twelve were classified as type C. There were no differences in
demographic characteristics (p > 0.05 for all), the interval between the injury and surgery (eleven
days in the early motion group and eleven days in the late motion group; ρ = o.8i), or the initial/
enrollment ordinal pain score (5.2 points for the early motion group, compared with 3.9 points for the
late motion group; ρ = 0.49)· In the early motion group, assessment of the initial postinjury (pre
0
reduction) radiographs demonstrated an average volar tilt of 20 in the ten patients with a volarly
displaced fracture and an average dorsal tilt of 28° in the twenty patients with a dorsally displaced
0
fracture. In the late motion group, radiographic assessment demonstrated an average volar tilt of 20
in the eleven patients with a volarly displaced fracture and an average dorsal tilt of 23° in the nineteen
patients with a dorsally displaced fracture. The average ulnar inclination of the radius was 5° in the
early motion group and 8° in the late motion group. The early motion group had an average of 5 mm
of positive ulnar variance, and the late motion group had an average of 8 mm of positive ulnar
variance.

Results
Among the sixty patients who enrolled in the study and completed the initial assessment (thirty
patients per study arm), fifty-six patients (93-3%; twenty-nine patients in the early motion group and
twenty-seven in the late motion group) completed the three-month follow-up and fifty-four patients
(90%; twenty-eight patients in the early motion group and twenty-six in the late motion group)
completed the six month follow-up. There was no crossover between the arms of the study (Fig. 1). All
of the fractures healed without implant problems or major loss of alignment (>5° or 2 mm) between
the initial postoperative and six-month postoperative radiographic measurements.
Additional Operations and Complications
In the early motion group, two patients had an acute median nerve neuropathy that was treated with
operative release at the time of the initial operation. In the late motion group, two patients had
prophylactic release of the carpal tunnel at the time of the initial operation. None of the patients had
finger stiffness at the three or six-month evaluations. In the early motion group, one patient had a
carpal tunnel release five months after surgery, one patient had mild crepitation of the flexor
digitorum profundus tendons over the plate with pressure over this area during active finger motion,
one patient had a superficial wound infection that resolved with oral antibiotics, and one patient had
slight postoperative volar subluxation of the radiocarpal articulation. In the late motion group, three
patients had mild crepitation of the flexor digitorum profundus tendons over the plate with pressure
over this area during active finger motion, one patient underwent implant removal at eight months
because of irritation of the first dorsal compartment tendons caused by a screw that protruded on the
dorsal-radial aspect of the wrist, and one patient had slight postoperative volar subluxation of the
radiocarpal articulation.
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Three Months Postoperatively
Three months postoperatively, there were no significant differences between the groups with regard
to wrist or forearm motion on the injured side, grip strength, the Gartland and Werley or Mayo wrist
scores, the ordinal pain score, the DASH score, or radiographic measurements (Tables I and II). There
were no univariate predictors of wrist flexion-extension arc three months after surgery among
demographic characteristics, injury characteristics, and the radiographic results.
Six Months Postoperatively
Six months postoperatively, there were no significant differences between the groups in terms of
wrist or forearm motion, grip strength, the Gartland and Werley score, the Mayo wrist score, the
ordinal pain score, the DASH score, or radiographic measurements (Tables III and IV).
Univariate analysis of predictors of greater flexionextension arc of the wrist six months after surgery
identified a number of factors as being significantly or nearly significantly (p < 0.08) associated:
female gender (t = 1.85; ρ < o.o8), late initiation of wrist motion (t = 22.6; ρ < o.os), and anatomical
restoration of volar angulation (r = 20.28; ρ < o.os) and ulnar inclination (r = 20.25; ρ < o.o8). The best
multiple linear regression model included gender, volar angulation, and late initiation of wrist
motion but only accounted for 17% of the variability in the flexion-extension arc of the wrist (adjusted
R2 = 0.17, F = 4.S2, ρ < o.oi). A model including only late initiation of wrist motion accounted for only
10% of the variability in the flexion-extension arc of the wrist (adjusted R2 = 0.10, F = 6.82, ρ < o.os).
improvement Between Three and Six Months Within Groups
Between the three and six-month assessments, there was significant improvement in the average
flexion-extension arc on the injured side in both the early motion group and the late motion group,
with increases of 20° (from 104 ° to 124 °) and 19 0 (from 107° to 126°), respectively. The average
improvement in the arc of radioulnar motion was 10° in both groups (from 4s0 to 550 and from so 0 to
60°, respectively). The average arc of forearm rotation increased by 10° (from 168° to 178°) in the early
motion group and by 7° (from 171° to 178°) in the late motion group. The average grip strength
significantly increased by 4.6 kg in the early motion group and s kg in the late rehabilitation group (p
< 0.0s for all comparisons). Wrist rating scores, pain scores, and DASH scores also improved
significantly in each group between the three and six-month evaluations (p < 0.01 for all). In the early
motion group, the Mayo score improved by an average of 10 points, the modified Gartland and Werley
score improved (decreased) by an average of 1.1 points, the ordinal pain score decreased by an average
of 0.9 point, and the DASH score decreased by an average of 10.5 points. In the late motion group, the
Mayo score improved by an average of 12 points, the modified Gartland and Werley score improved by
an average of 1.8 points, the ordinal pain score improved by an average of o.s point, and the DASH
score improved by an average of 8.9 points (p < 0.01 for all). There were no significant changes in the
radiographic measurements within groups between three and six months after surgery.
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Table 1. Range of motion and grip strength at three months
early motion group
injured side*

noninjured side*

late motion group*

%

injured side

noninjured side

%

ρ value**

motion
flexion

55° (35 to 85)

74° (40 to 95)

74%

56° (15 to 90)

76° (50 to 90)

74%

0 74

extension

49° (25 to 75)

67° (45 to 90)

73%

51° (25 to 80)

66° (45 to 90)

77%

0 54

0 84

flexion-extension arc

104° (50 to 140)

135° (85 to 160)

77%

107° (65 to 160)

140° (120 to 180)

76%

0 61

<0.05

radial deviation

18° (5 to 35)

24° (15 to 40)

75%

19° (7 to 50)

23° (12 to 35)

83%

0 49

0 34

ulnar deviation

27° (0 to 50)

40° (20 to 75)

68%

31° (13 to 50)

41° (15 to 65)

76%

0 20

0 21

radioulnar arc

45° (24 to 70)

66° (45 to 95)

68%

50° (20 to 100)

61° (55 to 105)

82%

0 20

0 20

pronation

88° (70 to 90)

87° (80 to 90)

101%

88° (75 to 90)

89° (80 to 90)

99%

0.31

0 65

supination

80° (45 to 90)

87° (60 to 90)

92%

83° (60 to 90)

88° (75 to 90)

94%

0.27

0 63

forearm arc

168° (125 to 180)

170° (80 to 180)

99%

171° (140 to 180)

174° (160 to 180)

98%

0 15

0 32

18.4 (5.5 to 41.4)

28.8 (5 to 67.3)

64%

19.9(8.310 38.6)

30.3(15.1 to 47)

66%

0.60

0.59

grip strength (kg)

0,72

'the values are given as a the mean, with the range in parentheses.
"The ρ values pertain to the comparison between the early motion group and the late motion group.
The first value pertains to the difference between groups on the injured side, and the second value pertains to the difference between the groups on the noninjured side.

Table 2. Clinical Scores at three months
early motion group*
pain score
DASH score

late motion group*

Ρ value

2.4(1 to 10) [1.7 to 3.2]

2.4(0 to 9) [1.6 to 3.2]

0.93

19(0 to 72) [13 to 25]

17(0 to 67) [11to23]

0.7?

Gartland and Werley score*'

3.5(0 to 10) [2.4 to 4.5]

4.1 (0 to 14) [3 to 5.2]

0.40

Mayo Wrist score***

66 (10 to 90) [61 to 72]

66 (25 to 95) [60 to 71]

0,92

'the values are given as the mean, with the range in parentheses and the 95% confidence interval in brackets.
"In the early motion group, fifteen patients (52%) had an axcellent score, eleven (38%) had a good score, three (10%) had a fair score, and non had a poor score.
In the late motion group, eleven patients (41%) had an excellent score, eleven patients had a good score, five (19%) had a fair score, and none had a poor score.
'"In the early motion group, five patients (18%) had an excellent score, eleven (39%) had a good score, three (11 %>) had a fair score, and ten (37%) had a poor score.
In the late motion group, one patient (4%) had an excellent score, four (15%) had a good score, twelve (44%) had a fair score, and ten (37%) ha a poor score.

Table 3. Range of motion and grip strength at six months
early motion group

late motion group

injured side*

noninjured side*

%

Injured side

noninjured side

%

flexion

68° (35 to 90)

80° (55 to 90)

85%

67° (25 to 86)

81° (65 to 90)

83%

0.90

0.61

extension

56° (30 to 80)

69° (45 to 95)

81%

59° (35 to 85)

69° (45 to 90)

86%

0,55

0,88

flexion-extension arc

124° (68 to 162)

150°(110to180)

83%

126° (68 to 162)

150°(110to180)

H4%

0,65

0 99

radial deviation

22° (0 to 55)

23° (15 to 35)

96%

24° (12 to 64)

28° (15to64)

80%

0,27

0,08

ulnar deviation

33° (15 to 55)

38° (15 to 62)

87%

36° (15 to 58)

41° (20 to 68)

88%

0,44

0,38

radioulnar arc

55° (35 to 85)

61° (35 to 80)

90%

60° (33 to 99)

69° (44 to 105)

87%

0,22

010

pronation

90° (80 to 90)

90° (85 to 90)

100%

90° (88 to 95)

90° (90 to 90)

100%

0,69

0,65

supination

88° (75 to 90)

89° (80 to 90)

99%

88° (65to90)

88° (65to90)

100%

090

050

178° (165 to 180)

170° (160 to 180)

99%

178° (155 to 180)

178° (155 to 180)

100%

0 97

0,50

23 (5.5to45.5)

29.5 (10 to 57.5)

78%

24.9 (9.9 to 62.1)

29 (12.4 to 64.7)

86%

0.51

0.90

Ρ value**

motion

forearm arc
grip strength (kg)

'the values are given as a the mean, with the range in parentheses.
"The ρ values pertain to the comparison between the early motion group and the late motion group. The first value pertains to the difference between
groups on the injured side, and the second value pertains to the difference between the groups on the noninjured side.
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Table 4. Clinical Scores at Six months
Ρ value

early motion group*

late motion group*

pain score (points)

1.5(0 to 3) [0.7 to 2.3]

1.9 ( I t o 7) [1.1 to 2.7]

0.46

DASH score

8.5(0 to 23) [2.6 to 14]

8.1(0 to 67) [2 to 14]

0.93

Gartland and Werley score** (points)

2.4(0 to 11) [1.3 to 3.4]

2.3(0 to 9) [1.1 to 3.3]

0,87

Mayo Wrist score*** (points)

76(45to100)[71to82]

78 (45 to 95) [72 to 83]

0.75

'the values are given as the mean, with the range In parentheses and the 95% confidence interval in brackets.
"In the early motion group, twenty patients (71 %) had an axcellent score, seven (25%) had a good score, one (4%) had a fair score, and none had a poor score.
In the late motion group, sixteen patients (62%) had an excellent score, eight (31 %) had a good score, two (8%) had a fair score, and none had a poor score.
'"In the early motion group, three patients (11 %) had an excellent score, live (18%) had a good score, twelve (43%) had a fair score, and eight had a poor score
In the late motion group, one patient (4%) had an excellent score, four (15%) had a good score, twelve (44%) had a fair score, and nine (35%) ha a poor score.

Discussion
Wrist mobilization within two weeks after fixation of a distal radial fracture with a volar locking plate
appears to be safe (with no loss of fixation or alignment), but it does not improve the arc of wrist
flexion-extension or any other measure of function or health status as compared with wrist
mobilization six weeks after surgery. On the basis of the data from this clinical trial, we suggest that
claims that earlier wrist motion after internal fixation of fractures of the distal part of the radius can
lead to improved wrist motion and function should be regarded with skepticism.
Several factors should be considered when interpreting these data. First, it would have been better to
exclude patients who had a bilateral fracture because such patients are uncommon and because
comparison with the contralateral wrist cannot be performed. Future studies should make this
exclusion; however, we adhered to our original protocol and analysis because deviations from these
predetermined protocols allow for the introduction of bias. Second, the present study was a study of
effectiveness (i.e., what happens in the real world when one prescribes a given treatment) rather than
efficacy (i.e., what happens under ideal conditions when patients do exactly as they are instructed to
do). In respect of patient autonomy, and as required by the Human Research Committee at our
hospital, no attempt was made to enforce compliance with the prescribed treatment (for instance,
solid casts were not used in the late motion group). Furthermore, we did not monitor compliance
with the prescribed treatment. Consequently, the present study informs us about what happens when
we prescribe early or late wrist motion, but it does not tell us what would happen if patients adhered
perfectly to the prescribed rehabilitation protocol. Finally, it is possible that our study would produce
different results with specific variations: for instance, mobilizing the wrist within a few days after
surgery, evaluating the outcomes at a very early time-point such as two or three weeks, or using hand
swelling, the occurrence of hypersensitivity, or even lower overall costs as primary outcome measures.
Our bias is that the majority of patients have too much pain a few days after surgery to effectively move
their wrist and that such pain may hinder rehabilitation of the hand and forearm, but such suppositions
require further study.
Our findings are consistent with those encountered in studies of external fixation that allowed wrist
motion (so-called nonbridging external fixation). Investigators have documented improved
alignment when the external fixation directly engages the distal fracture fragments (compared with
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external fixation that bridges the wrist and does not involve the use of ancillary Kirschner wires, bone
grafts, or bone-graft substitutes to support the fracture), but the overall motion (i.e., the flexion-,
extension arc of the wrist) is not improved by allowing free wrist motion during the first six
postoperative weeks126 28. In addition, studies in which external fixation that immobilized the wrist
(so-called bridging external fixation) was compared with open reduction and plate-and-screw fixation
also did not demonstrate significant differences in wrist motion, regardless of whether the plates
were applied to the dorsal or the volar surface of the distal part of the radius162934.
The low rate of complications in the present series is consistent with the findings of previous
studies14·35'38. On the other hand, the short study period does not allow us to comment on later
complications such as tendon irritation or injury and implant loosening, the two most common
complications encountered after aminimum duration of follow-up of twelvemonths in a recent
prospective cohort study of 141 consecutive patients who had been managed with a volar plate and
screws for the treatment of a dorsally displaced fracture of the distal part of the radius36.
Several other observations were made. First, all patients maintained full digital motion and, on the
average, obtained near full forearm rotation and DASH scores that approached population norms
within six months after the injury39. Second, patients recovered pronation earlier than supination.
Third, the flexion-extension arc of the wrist was more substantially and variably impaired. While our
analysis demonstrated that the restoration of volar angulation of the articular surface on the lateral
radiograph and the late initiation of wrist motion were significant predictors of a greater flexionextension arc of the wrist six months after surgery, the correlations were weak and the multivariate
model only accounted for 17% of the variation in flexion-extension arc of the wrist. Consequently, we
can conclude that the determinants of the flexion-extension arc of the wrist—the most variable
objective aspect of recovery following a fracture of the distal part of the radius—remain poorly
understood. We cannot comment on later functional outcomes, but we believe that only small
improvements should be expected after six months; in fact, the improvements between three and six
months after surgery, although significant, were small.
Our data suggest that six weeks of postoperative wrist immobilization does not compromise wrist
function and arm specific health status (DASH scores) at three and six months after surgery when
compared with mobilization of the wrist within two weeks. By the same token, we found little to
condemn early wrist mobilization, and there may be benefits with respect to costs and return to
function fewer than three months after the injury that were not measured in our investigation.
Perhaps these factors merit additional study
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A Prospective Randomized Controlled Trial Comparing
Occupational Therapy with Independent Exercises after
Volar Plate Fixation of a Fracture of the Distal Radius
Souer JS, Buijze GA, Ring D
In revision Journal Bone and Joint Surgery Am

Abstract
Background: The effect of formal occupational therapy on recovery after open reduction and volar
plate fixation of a fracture of the distal radius is uncertain. We hypothesized there would be no
difference in wrist function and arm specific disability between patients that receive formal
occupational therapy and those with instructions for independent exercises six months after open
reduction and volar plate fixation of a distal radius fracture
Methods: Ninety-four patients with an unstable fracture of the distal radius fracture treated with
open reduction and volar locking plate fixation were enrolled in a prospective randomized controlled
trial comparing exercises done under the supervision of an occupational therapist with surgeondirected independent exercises. The primary study question addressed combined wrist flexion and
extension six months after surgery. Secondary study questions addressed wrist motion, grip strength,
Gartland and Werley Scores, Mayo Wrist Scores, and DASH scores (Disabilities of the Arm, Shoulder,
and Hand) at 3 months and 6 months after surgery.
Results: There was a significant difference in the arc of wrist flexion and extension six months after
surgery (118 vs. 129 degrees) favoring patients prescribed independent exercises. Three months after
surgery, there was a significant difference in pinch strength (80% vs. 90%), grip strength (66% vs.
81%), and Gartland and Werley scores favoring patients prescribed independent exercises. At six
months, there was a significant difference in wrist extension (55% vs. 62%), ulnar deviation (82% vs.
93%), supination (84 vs. 90 degrees), grip strength (81% vs. 92%) and Mayo score favoring patients
prescribed independent exercises. There were no differences in arm-specific disability (DASH score)
at any time point.
Conclusions: Prescription of formal occupational therapy does not improve the average motion or
disability after volar locked plate fixation of a fracture of the distal radius.
Level of Evidence: Therapeutic Studies - level I.

Introduction
The effect of formal occupational therapy (coaching and teaching of exercises for motion and
strength) on recovery after distal radius fracture is uncertain. Among the clinical trials that have
compared formal therapy and instructions for independent exercises after fracture of the distal
radius, one found an advantage to independent exercises 6 weeks after volar plate fixation', one found
a benefit of formal therapy at 6 weeks but not 13 weeks or more after a nonoperatively treated
fractures2, and three studies of nonoperatively treated patients found no difference at any time
point3-5.
We tested the null hypothesis that there is no difference in the average combined arc of wrist flexion
and extension between patients prescribed occupational therapy and those prescribed independent
exercises 6 months after open reduction and volar plate fixation of a distal radius fracture. Secondary
study questions addressed wrist motion, grip strength, Gartland and Werley Scores, Mayo Wrist
Scores, and DASH scores (Disabilities of the Arm, Shoulder, and Hand) 3 months and 6 months after
surgery.
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Materials and Methods
Our protocol was approved by the Human Research Committee at our institution. Between January
2007 and May 2010, 96 patients with unstable fractures of the distal radius (deemed by the treating
surgeon to have inadequate alignment or very likely to end up with inadequate alignment) electing
volar locked plate fixation were randomized to receive either a prescription for formal occupational
therapy or instructions for independent exercises. Inclusion criteria were unstable fracture of the
distal radius; age 18 or older, surgery within 4 weeks of injury, and fixation with a volar locking plate
and screws alone. Exclusion criteria were any other injury, complex distal radius fracture treated with
alternative or ancillary fixation, patients not planning to return to us for follow-up care, and patients
relying on others for basic functioning. Enrollment occurred at the first preoperative visit in the
surgeon's office. No patients satisfying all of the inclusion criteria declined enrollment.
After informed consent, patients were randomized equally to either to the occupational therapy or
independent exercise cohort according to a computer random number generator. Patients randomized
to occupational therapy were prescribed formal occupational therapy supervised exercises to regain
digit, wrist and forearm motion and strengthen the hand. Consistent with usual practice, the content,
frequency, and duration of the rehabilitation program were at the discretion the treating hand
therapist.
The patients prescribed independent exercises received a wrist splint and were advised by the surgeon
to wear it until they had full finger and forearm motion, and then to wean out and work on regaining
wrist motion. Coaching consisted of teaching patients how to perform composite finger flexion and
how to isolate forearm supination and pronation from shoulder motion by anchoring the elbow at
the side and keeping the shoulders level. Patients were taught to perform the best active motion
possible and then use the other arm to help stretch the arm to gain greater motion. They were guided
from the natural protective post-injury mindset to an athletic "healthy stretch" mindset where the
pain of the stretch was seen as a part of recovery (restored health and function). The first priority was
finger motion, second forearm rotation, and finally wrist flexion and extension. Wrist flexion and
extension exercises were not emphasized until full finger and forearm motion were achieved. Patients
were advised to perform these exercises as often as possible, but at least 3 to 4 times a day for a
minimum of 30 minutes. There was no formal strengthening program.
Patients in both cohorts had appointments with the surgeon for suture removal (10 to 14 days after
surgery) and six weeks, three months, and six months after surgery per usual practice. One patient in
the independent exercise cohort requested an additional appointment between suture removal and 6
weeks after surgery for additional coaching and reassurance.
At enrollment patients provided demographic information and a completed a set of questionnaires
including the Disabilities of the Arm, Shoulder and Hand (DASH) Questionnaire6, the experienced
pain at rest on a 10-point ordinal scale, the Center for Epidemiologic Studies Depression (CESD)
questionnaire7, the Pain Catastrophizing Scale (PCS)8 and the Pain Anxiety Scale (PAS)9. In addition,
patients were asked to comment on agreement with the statement "no pain, no gain" on a 5-point
Likert scale ranging from one (strongly disagree) to five (strongly agree).
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Our primary study question (in the form of a null hypothesis) was that there would be no difference
in the average final arc of wrist flexion and extension between cohorts six months after surgery.
Secondary study questions addressed grip strength, pain, DASH scores, Gartland and Werley scores10
and Mayo wrist scores" three and six months after surgery.
All patients were examined by a trained research assistant not involved in the patient's care, but not
blinded to assignment. Motion was measured using a goniometer. Grip strength was measured using
a grip meter (Asimov Engineering, Los Angeles, CA) at the third station as the average of 3 attempts
and compared to the opposite side. One patient prescribed independent exercises requested and
received formal occupational therapy two weeks after surgery. Patients were analyzed according to
intention-to-treat principles.
Statistical Analysis
Prior to initiating the study, it was calculated that 23 patients per group provided 90% power to detect
a 10-degree difference in the arc of wrist flexion and extension between cohorts reach a significance
with alpha set at 0.05 and the standard deviation of wrist motion estimated as 10-degrees. Target
enrollment was 70 patients to cover an expected 15-20% rate of patient loss.
Comparison of baseline characteristics and outcome variables was performed using a two-tailed
independent Student's T-test for continuous variables and the Pearson Chi squared test for categorical
variables. The following procedure was performed to identify the independent predictors of the final
wrist flexion-extension arc and final DASH scores: first, bivariate analysis was performed using the
spearman correlation coefficient for continuous variables, and the Mann-Whitney U test and the
Kurksal- Wallis test for categorical variables were used. Statistically significant and nearly statistically
significant variables (p < 0.10 ) were then introduced in a Backward Multiple Linear Regression analysis
in order to account for any confounding.
Sources of Funding
No funding was received in direct support of this study.

Results
A total of 94 patients were enrolled: 46 randomized to formal occupational therapy and 48 to
independent exercises. Seventy-six patients (81%) attended the 6-month evaluation. Four patients
missed the 3-month evaluation but returned for the-six-month assessment (three in the occupational
therapy cohort and one in the independent exercise group). Eighteen patients missed both the 3 and
6-month evaluations (10 in the occupational therapy cohort and 10 in the independent exercise
cohort).
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Table 1. Baseline Patient Characteristics
Independent

Occupational Therapy

p-value

48,6

50,7

0,49

Male

17

16

0,94

Female

31

30

12

13

Age (yrs)
Gender

0,53

AO Fracture Type
Type-A
Type-B

5

2

Type-C

31

31

Desk-based work

29

24

Light-duty manual labor

8

12

Heavy-duty manual labor

2

1

Retired

3

5

0,65

Occupation

Unemployed
Dominant Limb
Time between Injury and Surgery (days)
Initial DASH
Initial VAS Pain

6

4

21

21

0,85

7,1

8,7

0,18

53,4

52,2

0,74

4,0

3,3

0,12

3,7

3,8

0,81

Initial CESD

16,4

16,6

0,94

Initial PASS

B4,2

62,5

0,80

Initial PCS

69,6

71,0

0,75

Initial VAS Pain/Gain

Continous variables analyzed with Student T-test
Categorical variables analyzed with Pearson Chi-squared

The two cohorts were comparable in terms of sex, age, fracture type, occupation, injury to the
dominant side, interval between injury and surgery, fracture type according to the Comprehensive
Classification of Fractures, and baseline pain, arm-specific disability scores (DASH), anxiety in
response to nociception (PAS), tendency to think the worst or misinterpret/over-interpret nociception
(PCS), depressive symptoms (CESD), and agreement on a 5-point scale that wrist motion beyond the
point where it becomes uncomfortable will have a positive effect on outcome. (Table i)
Complications and Additional interventions
In the occupational therapy cohort, 6 patients had a carpal tunnel release during the initial operative
procedure and 2 other patients had a carpal tunnel release within two months of the initial procedure.
The implants were removed for tendon irritation in three patients an average of 8 months (5 to 15
months) after the initial procedure. Two patients had a complication: one patient with rupture of the
EPL tendon declined tendon transfer; a second patient with loosening and prominence of a distal
(periarticular) screw elected implant removal (this patient is one of the three mentioned above).
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In the independent exercise group 4 patients had a carpal tunnel release during the initial operative
procedure. Two other patients had a carpal tunnel release within three months of the initial
procedure.
Three-month Evaluation
At the three-month evaluation, there was a significant difference in pinch strength (80% vs. 90% of
uninjured wrist; p=<0.05), grip strength (66% vs. 81% uninjured wrist; p=<0.05) and Gartland and
Werley score favoring patients assigned to independent exercises. (Table 2)
Table 2. Three Months
Independent

SD

Occupational Therapy

SD

p-value

111

22,4

104

22.9

0.10

Wrist Flex-ext (% uninjured)

81

10.7

87

106

0 98

Wrist Flex (°)

57

14.9

54

145

0 25

Wrist Flex (% uninjured)

75

15.7

74

161

0 76

Wrist Ext Π

54

12.7

51

130

012

Wrist Ext (% uninjured)

87

15.9

83

133

0 07

Rad Dev 0

21

6.0

21

60

0 86

Rad Dev (% uninjured)

86

32.1

88

25 6

0 76

Uln Dev Π

33

107

33

109

0 90

Uln Dev (% uninjured)

83

182

82

26 7

0 66

Pronation (°)

90

1.7

90

1 7

0 98

Kill

0,0

100

1 9

0 16

0

Supination ( )

88

4.4

86

11 3

0 26

Supination (% uninjured)

99

4.9

99

22 5

0 90

Grip Strength (lbs) *

55

22 6

45

174

<a.05

Grip Strength (% uninjured) *

81

189

66

160

<0.05

Pinch Strength (lbs)

14

43

13

41

011

Pinch Strength (% uninjured) *

90

23 7

80

22 7

<0.05

VAS Pain

1.2

0.6

1.3

09

0 35

DASH

131

12.1

133

95

0 91

Mayo

77

88

74

11 4

G/W*

2

1.3

2

22

Wrist Flex-ext 0

Pronation (% uninjured)
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010
<0.05

Six-month Evaluation
Six months after surgery there was a significant difference in the arc of wrist flexion and extension
(118 vs. 129 degrees, p=< 0.05), wrist extension (55% vs. 62% uninjured wrist; p=<o.05), ulnar deviation
(82% vs. 93% uninjured wrist; p=<0.05), supination (84 vs. 90 degrees; p=<0.05), grip strength (81%
vs. 92% uninjured wrist; p=<o.05), and Modified Mayo Wrist Score (79 vs. 83 points; p=<0.05) all
favoring the independent exercise cohort. (Table 3)
T a b l e 3. Six Months
Independent

SD

Occupational Therapy

SD

p-value

129

22.6

118

17.7

<0,05

Wrist Flex-ext (% uninjured) *

88

11.7

84

7,3

•cO.OS

Wrist Flex Π

67

143

63

12,1

0,14

Wrist Flex (% uninjured)

88

155

85

10,9

0,26

Wrist Ext f ) *

62

13.7

55

102

<0.05

Wrist Ext (% uninjured)

93

123

92

12,5

0,58

Rad Dev 0

25

76

23

7,4

0,10

Rad Dev (% uninjured)

93

237

97

239

0,31

Uln Dev Π *

40

9,2

32

12,1

<0.05

Uln Dev (% uninjured) *

93

19 4

82

292

<0.05

Pronation (°)

90

1,9

90

1,7

0,68

Pronation (% uninjured)

99

2,1

100

1,9

0.65
<0.05

WristFlex-extn*

90

0,9

84

13.1

100

26

96

11,8

0,18

Grip Strength (lbs)

57

18,5

51

17,9

0.06

Grip Strength (% uninjured) *

92

19,8

81

16,4

<0.05

Pinch Strength (lbs)

15

4,3

17

8.6

0.15

Pinch Strength (% uninjured)

95

15,4

94

15,1

0,47

VAS Pain

0.8

1,4

1.0

1.8

0,20

DASH

7,8

7,8

6,7

6,7

0,42

83.4

12,7

79,0

9,9

<0.05

0.9

1.2

1.1

1.3

0.38

Supination (°) '
Supination {% uninjured)

Mayo*

G/W
* significant difference P<0.05

Predictors of DASH Scores at Three Months
In bivariate analysis there was a small to medium correlation between DASH at 3 months and
agreement with "no pain, no gain" (r=-o.3; ρ=ο.θ2). Center of Epidemiology Scale of Depression
(r=o.42; p<o.Oi), Pain Catastrophizing Scale (r=-o.38; p<o.oi). Pain Anxiety Scale (r=o.37; p<0.oi),
pain (r=0.35; p=0.05) flexion (r=-0.25; p<0.05) and extension (r=-o.25; p<0.05). Multivariable analysis
identified wrist extension, experienced pain, pain catastrophizing, pain anxiety, and agreement with
"no pain, no gain" as independent predictors of DASH scores at three months (adjusted r squared =
0.46; p<o.oi) (Table 4).
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Predictors of Wrist Flexion and Extension at Three Months
In bivariate analysis there was a medium correlation between wrist flexion and extension arc at three
months and age (r=-o.49; p<o.oi), ulnar deviation (r=o.37; p=o.05), supination (r=o.26; p<0.05), grip
strength (r=o.37; p=o.04). Mayo Wrist Score (r=o.49; p=o.04) and Gartland and Werley score (r=-o.35;
p=o.04). Multivariable analysis identified age, ulnar deviation, supination and mayo wrist score as
independent predictors of wrist flexion extension arc at three months (adjusted r squared = 0.42;
p<o.oi) (Table 4)·
Table 4. DASH and Flexion Extension Arc at 3 Months
DASH at 3 Months

no pain no gam

0,30

flexion - extension

0,31

0 02
0 01

CESD

0.42

<0.01

PASS

0.37

<0.01

PCS

0.38

<0.01

flexion

0 25

0 05

extension

0.25

0 04

interval

0 22

0M

radial devation

0.25

0 04

pain

0 35

0 05

Flexion - Extension at 3 Months

-0.49

<0.01

ulnar deviation

0.37

0 02

supination

0.26

0 03

grip strength

0.37

0 02

Mayo

0 40

<0.01

•0 35

<0.01

G/W
predictors

ol DASH at 3 months: radial deviation, pain, PASS, no pain no gain, extension, PCS. Adjusted squared r = 0.46 (backward //near multiple

regression)
predictors of flexion and extension at 3 months.age, ulnar deviation, supination and mayo wrist score. Adjusted squared r = 0.42 (backward
multiple
regression)

linear

Predictors of Final DASH Scores
In bivariate analysis there were small correlations between final DASH scores and the Center for
Epidemiologic Studies Depression scale (r=o.24; p<o.05). Pain Catastrophizing Scale (-0.3; p=o.o8),
interval between injury and surgery (r=o.23; p<o.05), and final wrist extension (-0.23; p=o.05) and
moderate correlation with pain (r=o.48; p<0.05). Multivariable analysis identified wrist extension and
pain as the most important predictors of final DASH scores (adjusted r squared=o.27; ρ =<0.oi). A model
without pain identified wrist extension and the Center for Epidemiologic Studies Depression scale as
the most important predictors of final DASH scores (adjusted r squared=o.09; p<0.05). (Table 5).
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Predictors of Wrist Fiexion and Extension Arc at Six Months
In bivariate analysis there was correspondence between the final arc of wrist flexion and extension
and age (r=-o.26; p<0.05), occupation (Kruskal Wallis 8.7; p<0.07), group assignment (MannWhitney; p<0.05) and ulnar variance (r=-o.35; p<0.05). Multivariable analysis identified cohort
assignment, age and ulnar variance as independent predictors of final wrist flexion and extension
(adjusted r squared = 0.12; ρ <ο.θ5)- Ulnar variance was the best independent predictor of final wrist
function explaining 10% of the variability in flexion and extension arc at six months (Table 5)·
Table 5. DASH and Flexion Extension Arc at 6 months
DASH at 6 Months
rho

ρ

CESD

0,24

<0.05

PCS

-0.30

0,08

023

0.05

-0.23

0.05

0.48

-.0.05

interval injury-surgery
extension
pain
Flexion - Extension at 6 Months

rho

Ρ

age

-0.26

<0.05

ulnar variance

-0.35

<0.05
<0.05

group assignment

0.07

occupation
predictors of DASH at 6 months: wrist extension and pain. Adjusted squared r=0.27. (backward linear multipie regression)
predictors of flexion-extension 6 months: age and ulnar variance. Adjusted squared r=0.12 (backward linear multiple regression)

Radiographic Evaluation
There was no significant difference in volar angulation, ulnar inclination or ulnar variance between
the two groups at any evaluation point. (Table 6) Nine patients had a residual intra-articular gap or
step of one or two millimeters (4 occupational therapy; 5 independent exercise). One patient in the
occupational therapy group with a complex articular fracture had loss of alignment of the volar
lunate facet and possible resorption or osteonecrosis of some small central articular fragments
resulting in an intra-articular gap of four millimeters.
Table 6. Radiographic Evaluation
postop

3 months

6 months

IE

OT

IE

OT

IE

Volar angulation (degrees)

8

6

9

7

8

7

Ulnar inclination (degrees)

23

23

23

23

23

23

1

1

1

1

1

2

Ulnar variance (mm)

OT

IE = Independent Exercises
0T= Occupational Therapy
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Discussion
Formal occupational therapy was comparable to surgeon-directed independent exercises after volar
locking plate fixation of an unstable fracture of the distal radius. This is consistent with previous
studies addressing rehabilitation after fracture of the distal radius treated with operative or
nonoperative treatment1·3 4.
In another prospective randomized controlled trial comparing physiotherapy with independent
exercises, Krischak and colleagues found that six weeks after surgery patients prescribed independent
exercises had superior flexion and extension, grip strength and scores on the Patient Rated Wrist
Evaluation compared to those receiving physiotherapy1.
Wakefield and colleagues found a significant difference in wrist flexion-extension arc at six months
favoring patients with supervised exercises (96 vs. 84degrees). However, they did notfinda significant
difference in overall function, grip strength or pain and therefore considered the observed difference
in wrist flexion-extension arc clinically irrelevant4. Maciel and colleagues found no difference in
pain, function, or Patient Rated Wrist Evaluation between physiotherapy and a single advice session
after cast removal for nonoperatively treated fractures of the distal radius5.
It's curious and unexpected that both Krischak and colleagues and our investigation found advantages
to independent exercises. Two potential explanations that merit additional study include the
following: 1) Patients may benefit from a more active and self-reliant (as opposed to passive and
deferential) approach to post-injury exercises; and 2) Therapists may be over cautious (e.g. "work to
pain but not beyond", "don't overdo it") in a way that might reinforce misconceptions about the role
of pain in recovery.
The majority of the patients agreed to the statement that one should perform the exercises beyond
the point where it becomes painful in an attempt to maximize outcome. Agreement with this
statement correlated with motion and disability at 3 months, but not at 6 months after surgery. This
fits our data and clinical impression that the protectiveness that pain creates as a normal part of the
human illness/injury response is primarily a factor during the early recovery period and that
individual patients need variable amounts of time to unlearn this protective response as they get
more comfortable. None of our patients had an excessive or persistent protective response and
therefore none were diagnosed with disproportionate pain and disability (also known as illness
constructs such as complex regional pain syndrome)12.
Pain was the most important independent predictor of disability (DASH scores), and it was a much
stronger predictor than the psychological questionnaires. When pain was removed from the
multivariable model predicting disability at six months, depressive symptoms (CES-D) was retained
in the model, but the model explained much less of the variation in disability. We speculate that
reports of pain capture complex psychosocial aspects of illness that cannot be reduced to a single
psychological measure. Measures of impairment had weak, but independent correlation with
disability. Consistent with most prior studies, measures of pathophysiology (e.g. fracture type and
articular incongruity) did not correlate with disability1315.
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This study should be interpreted in light of several shortcomings. First, nineteen percent of the
patients did not return for either the 3-month or the 6-month evaluation. It is notoriously difficult to
keep patients inprospective investigations of traumatic injury. The existing literature and unpublished
work from our unit suggest that the risk factors for missed appointments are less education, and
underemployment15-16. Presumably the patients felt well enough that they saw no need to return.
Another possibility is that patients sought care elsewhere due to dissatisfaction with their care.
Second, the imbalance in implant removal and the patient with an EPL rupture may also have
spuriously affected the results. Third, the differences although statistically significant are small and
perhaps not clinically meaningful. Finally, we now see the statement "no pain, no gain" as insensitive
in that it reinforces the stigma associated with the protective response to nociception that is a normal
part of human functioning and should not be a source of shame or sense that one is flawed. A better
approach would be to try to gauge a patient's ability to shift from the protective to the "athletic" or
"healthy stretch" mindset when doing their stretching exercises during recovery with a questioned
worded more along those lines.
In our opinion, this clinical trial supports the concept that patient education and independent
exercises are, on average, adequate for optimal recovery from a distal radius facture treated with
open reduction and volar plate fixation. Whether or not specific subsets of patients benefit from
formal therapy remains to be determined. Some of the data from this study culled from secondary
analyses support increased attention to attitudes towards the painful stretches that are a critical part
of recovery. Future studies should address whether coaching of these aspects of recovery will improve
outcomes.
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Predictors of Wrist Function and Health Status
after Operative Treatment of Fractures of the
Distal Radius
Souer JS, Lozano-Calderon SA, Ring D.
J Hand Surg Am 2008 Feb;33(2):i57-i63.

Abstract
Background: To identify the most important determinants of physician-based and patient-based
scoring systems for the wrist and upper extremity after operative treatment of a fracture of the distal
radius, with the hypothesis that pain is the strongest determinant of both types of scores.
Methods: Eighty-four patients were evaluated a minimum of six months after operative fixation of
an unstable distal radius fracture using two physician-based evaluation instruments (The Mayo Wrist
Score and the Gartland and Werley Score) and an upper extremity specific health status questionnaire
(Disabilities of the Arm, Shoulder and Hand). Multivariate analysis of variance and multiple linear
regression modeling were used to identify the degree to which various factors affect variability in the
scores derived with these measures.
Results: The physician-based scoring systems showed moderate correlation (r=-o.32, P=o.oo3) with
each other and with DASH scores (r[GW] = 0.41, p<O.OOi; r[Mayo] = -0.32; p=0.003). The results of
multiple linear regression modeling were as follows (percent variability accounted for by the best fit
model/ model with top factor alone): Mayo score: 54% grip and flexion arc/47% grip alone; Gartland
and Werley: 70% pain, flexion arc, radiocarpal arthritis, and duration of follow-up/ 53% pain alone;
DASH: 71% pain, forearm arc, and type of fracture/ 65% pain alone.
Conclusions: Pain dominates the patient's perception of function after recovery from an operatively
treated distal radius fracture as measured by the DASH score and the physician-based rating according
to the system of Gartland and Werley. The Mayo score is determined primarily by grip strength rather
than pain. Because perception of pain and strength of grip have been shown to be influenced by
psychosocial factors in some individuals, both patient-based and physician-based measures of wrist
function may be vulnerable to illness behavior.

Introduction
Operative treatment of distal radius fractures has become commonplace over the last three decades
as our understanding of the relationship between the alignment of the distal radius and the function
of the wrist and forearm has improved13. Nonetheless, the value of operative treatment4 and the
determinants of wrist function and arm-specific health status after fracture of the distal radius5-7
remain incompletely defined. Scoring systems that evaluate subjective and objective factors together
are frequently used to quantify wrist function after treatment from a physician's point of view8·9. In
addition, patient completed health status questionnaires have become popular as a means of
evaluating function from the patient's point of view1012. In evaluating the elbow after trauma, it has
been shown that pain is a more important determinant of arm-specific health status and physicianbased rating systems than objective physical impairment13.
In this study, we analyzed the determinants of physician-based rating systems of wrist function and
arm-specific health status after operative treatment of a fracture of the distal radius with the
hypothesis that, as in the elbow, the observed variability in these measured is determined more by
subjective factors (e.g. pain), than objective factors (e.g. motion).
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Methods
During afive-yearperiod, objective physical evaluations and health status data were systematically
gathered on patients who received surgical treatment for distal radius fractures at our institution as
part of two retrospective studies and returned for a comprehensive evaluation (i. Forty of 70
consecutive patients with extra-articular or simple articular fractures treated between 2000-2003 by
a single surgeon; and 2. Twenty of 24 consecutive patients with dorsal marginal fractures and dorsal
radiocarpal subluxation treated by a single surgeon between 1999 and 2003 ) and twenty-four patients
from one prospective study of volar plate fixation (patients treated in 2005) all approved by our
Human Research Committee. Inclusion criteria for this study were: 1) distal radius fracture; 2)
operative treatment; 3) age 18 years or greater; 4) date of evaluation greater than six months after
surgery. Patients who had a subsequent reconstructive salvage procedure (e.g. Sauve-Kapandji
procedure) were excluded, but patients with subsequent surgeries that maintained normal wrist
anatomy were not. Patients with ulnar fractures were not excluded. Eighty-four patients satisfied
these criteria and represent the study cohort.
There were forty-seven women and thirty-seven men with an average age of forty-nine years (range,
20 to 78 years). The right wrist was involved in thirty-five patients and the left arm in forty-nine. The
dominant wrist was affected in fifty patients (60%). Sixty-seven patients were employed at the time
of injury including fifty-one employed at desk-based work and sixteen laborers. Four patients were
unemployed, eleven were retired, and 2 were students.
The initial injury was the result of a fall from a standing height in sixty patients, a sports related
injury in fourteen patients, a motor vehicle accident in eight patients and an assault in two patients.
According to the classification of Fernandez14 there were eighteen Type 1 fractures, fourteen Type 2
fractures, forty-five Type 3 fractures, two Type 4 fractures and five Type 5 fractures. According to the
Comprehensive Classification of Fractures15 there were 9 A2.2 fractures, 8 A3.2 fractures, one A3.3
fracture, 2 B2.1 fractures, 3 B2.2 fractures, 3 B2.3 fractures, 2 B3.3 fractures, 21 C2.1 fractures, 8 C2.2
fractures, 3 C2.3 fractures, 10 C3.1 fractures, and 14 C3.2 fractures.
The operative treatment was entirely percutaneous in 16 patients (no limited open exposures or bone
grafts; 19%; 3 non-bridging external fixators, 11 bridging external fixators with ancillary Kirschner
wire fixation, and 2 with Kirschner wire fixation and cast immobilization). Sixty-eight patients (81%)
were treated with open reduction and internal plate and screw fixation: seven combined dorsal and
volar plating, twelve dorsal plating and forty-nine volar plating. Bone graft was used in nine patients
and bone substitutes in two patients (table 1).
The overall complication rate was 29.7%. At the time of evaluation, sixteen dorsal plates had been
removed an average of 7 months after the initial surgery (range, 3 to 19 months) and three volar plates
were removed an average of 10 months (range, 4 to 14 months) after the initial surgery. Additional
complications included loosening of a single Kirschner wire in one patient, numbness of the radial
sensory nerve in two patients, a pin site infection in one patient that resolved after pin removal and
oral antibiotics, and heterotopic ossification with near complete distal radioulnar synostosis in one
other patient. The patient with the radioulnar synostosis had not elected surgical treatment at the
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time of evaluation. One patient had two subsequent procedures to address pain at the distal radioulnar
joint and restriction of supination: repair of the triangular fibrocartilage complex followed by removal
of heterotopic ossification around the distal ulna contributing to ulnocarpal impingement.
Table 1 . Baseline Characteristics
Age in years (range)

49 (20 - 78)

Gender (no. Patients)
Female

47

Male

37

56%

Fracture side (no. Patients)
Left

49

Right

35

58%

Dominant hand fractured (no. Patients)

Yes

50

No

34

60%

Employed at time of injury (no. Patients)

Yes

67

No

17

80%

Mechanism of injury (no. Patients)
Fall from height

60

Sports

14

MVA

8

Assault

2

71%

AO classification (no. Patients)

A2

9

A3

9

B2

7

B3

2

C2

32

C3

24

38%

Fernandez classification (no. Patients)
Typel

18

Type 2

14

Type 3

45

Type 4

2

Types

5

54%

percutaneous fixation (no. Patients)
Bridging external fixation

11

Nonbridging external fixation

3

K-wires

2

operative exposure/fixation (no.patients)
Volar

49

Dorsal

12

Combined

7

MVA, motor verhicle accident; ORIF, open reduction and internal fixation
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58%

Evaluation
An investigator that was not involved in the patient's care (an MD research assistant) evaluated each
patient an average of 22 months (range 6 to 60 months, standard deviation [SD] 15 months) since the
initial surgery. The evaluation consisted of interview, physical examination, and radiographs. Patients
were evaluated according to two wrist scoring systems: The Mayo modification9 of the system of
Green and O'Brien16 (The Mayo Wrist Score) and Sarmiento's modification of the Gartland and Werley
score17. (Appendix 1 and 2) Patients also completed an upper extremity specific health status
questionnaire: The Disabilities of the Arm Shoulder and Hand (DASH)u.
Physician-Based Scoring Systems
The Mayo Wrist Score is a commonly used wrist rating systems18-20. This index divides 100 points
among the evaluator's assessment of pain (twenty-five points), active flexion-extension arc as a
percentage of the opposite side (twenty-five points), grip strength (average of 3 attempts on a
dynamometer [Asmiov Engineering, Los Angeles] with the elbow at 90 degrees flexion and the
forearm in neutral rotation and rapidly alternating from injured to injured hand) as a percentage of
the opposite side (twenty-five points) and the ability to return to regular employment or activities
(twenty-five points). Pain is rated as none (25 points), mild (20 points), moderate (10) or severe (o
points) by the evaluator, based on the patient's subjective description of their pain. The total score
ranges from zero to one hundred points with higher scores indicating a better result. Categorical
ratings are assigned as follows: ninety to one hundred points is excellent; eighty to eighty-nine is
good; sixty-five to seventy-nine points a fair outcome and a score less than sixty-five points is
considered poor.
The Sarmiento Modification of the Gartland and Werley Score17 is a demerit scoring system that
combines subjective and objective factors, all of which are rated by the evaluator and not the patients.
The evaluator rates pain, stiffness, and disability on a scale from o to 6 with 6 being the worst outcome.
The evaluator also rates deformity, again on a six-point demerit scale. Objective evaluation of range
of motion and grip-strength account for 17 points. Complications such as arthritis and nerve
dysfunction account for 23 points. The total score ranges from zero to fifty-two points with lower
scores indicating a better function. Categorical ratings are divided as follows: zero to two points is
excellent; three to eight points is good; nine to twenty points is a fair outcome and a score more than
twenty-one points is considered poor.
Health Status Questionnaires
The Disabilities of the Arm, Shoulder, and Hand questionnaire was developed by the American
Academy of Orthopedic Surgeons in collaboration with the Council of Musculoskeletal Specialty
Societies and the Institute for Work and Health as an outcomes instrument specific to the upper
extremity, and applicable to a wide variety of problems. The questionnaire contains thirty items:
twenty-one evaluate difficulty with specific tasks, five evaluate symptoms (two pain, one numbness,
one stiffness, and one weakness), and one each evaluates social function, work function, sleep and
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confidence. The score is scaled between zero and one hundred with higher scores indicating worse
upper extremity function
Pain Score
As a quantitative measure of overall pain patients were asked to complete a 5-point Likert scale from
one indicating no pain to 5 indicating extreme pain.
Radiographic Measurements
Radiographic evaluation was performed on AP and lateral films in eFilm software (Milwaukee, WI,
USA). Ulnar inclination, palmar tilt, ulnar variance and articular congruity was measured using
21
standardized guidelines as described by Kreder et al . Radiographic signs of osteoarthritis were rated
22
according to Knirk and Jupiter .
Statistical Analysis
Continuous data are presented in terms of the mean, standard deviation and range. Twelve
demographic and clinical variables were examined with respect to each of the outcome instruments:
age, gender, injury to dominant side, fracture classification (Fernandez), time since surgery, type of
surgical treatment (percutaneous, dorsal plating, volar plating or combined dorsal and volar plating),
flexion-extension (FE) arc, pronation-supination (PS) arc, ulnar-radial deviation (UR) arc, grip
strength, radiographic measurements (palmar tilt, ulnar inclination, ulnar variance, and articular
incongruity), osteoarthritis22, and pain. The Pearson product-moment correlation coefficient (r) was
used to evaluate the association between continuous predictor variables and each outcome instrument
as well as between the outcome instruments themselves. The Spearman rho correlation was used to
determine correlations for nonparametric variables.
Multivariate analysis was based on two statistical approaches. First, multivariate analysis of variance
(ANOVA) was performed to identify which of the twelve-predictor variables were independently
associated with scores on each outcome instrument for the entire cohort of 86 patients. The F-test
was used to judge the significance of each variable. A backward stepwise procedure was utilized
testing all predictor variables with ρ value < 0.08 in univariate analysis as candidates to determine
the final models. Goodness-of-fit was assessed using adjusted R-squared (R2). A multivariate model
containing the significant independent predictors was established for each health outcome of
interest: DASH, Mayo Wrist Score and the Modified Gartland and Werley Score. Analysis of the data
was conducted using the SPSS software package (version 12. o, SPSS Inc., Chicago, IL). A power analysis
(nQuery Advisor program; version 4.0, Statistical Solutions, Saugus, MA) indicated that a minimum
sample size of 80 patients would provide 90% statistical power (β = o.i) to detect a correlation of
absolute r = 0.50 or greater using a Pearson coefficient to correlate each health outcome score with
patients' subjective pain score and a Bonferroni significance level of 0.01 to account for the different
outcome instruments.
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Table 2. Univeriate analysis: predictors of Mayo Wrist, Gartland and Werley, and DASH scores
ΚΙΙη'Γ'1''^

Mayo Wrist Score
correlation coefficient ( r )

ρ value

correlation coefficient ( r )

DASH Scow
ρ value correlation coefficient ( r )

ρ value

015

0,18

-0.09

0.4

-0.05

0,66

Gender

-0.83

0,45

001

0.95

-0.12

0.28

Injury to dominant arm

Age

-0.06

0,61

0.23

003

-0.02

0 84

Fracture classification

0.29

0,01

-0.18

01

-0.22

0 04

Time since surgery

0.17

0.12

034

<0,002

0.04

0.7

Operative treatment

-0.26

0,02

-0.2

0.06

-0.15

0.17

Arc of flexion

0.29

0,01

-0.43

<0,001

-0.15

0,17

Arc of forearm rotatation

0.15

0,17

-0.35

<0,001

-0 5

<,001

0.2

0,07

-0.19

008

-0.21

0 06

Grip strength

0.47

<,001

0.02

0.87

-0.14

0,21

Palmar tilt

011

0,31

-0.64

0.56

0.4

0.72

Ulnar inclination

0.11

0,33

-0.08

0.45

0.02

0.89

0.04

0,74

0.17

0.14

-0.09

0,41

Arc of ulnar-radial
deviation

Ulnar variance

01

0.37

0.16

0.15

-0.15

0 19

Osteoarthritis

-0.04

0,72

0.34

0.002

0.11

0.32

Pain

-0.23

0,04

0.53

<,001

0.65

<,001

Articular incongruency

Results
The average scores (mean ± standard deviation) for the physician-based measures were 79 ± u points
(range, 45 to loo) on the Mayo wrist score and 3.6 ± 2.8 (range, ο to 15) for Modified Gartland and
Werley wrist score. The average DASH score was 12 ± 16 (range, ο to 89). The average score for pain
was 1.6 ± 0.8 (range 1 to 4) on the 5-point Likert scale.
The average ulnar inclination was 22 degrees (range, 7 to 38 degrees); the average angulation of the
articular surface of the lateral view was 4 volar degrees (range, from 15 dorsal to 23 degrees volar); the
average ulnar variance 1 millimeter ulnar negative (range, 1 millimeter ulnar positive to 6 millimeters
ulnar positive); and the average articular step-off of was 0.5 millimeter (range, Ο to 3 millimeters).
Twenty-six patients had radiographic signs of radiocarpal osteoarthritis: 16 grade 1, 9 grade 2, and
one grade 3 osteoarthritis.

Correlation of the Evaluation Instruments
Scores from the three evaluation instruments had moderate levels of correlation. The raw scores
from the physician-based scoring system (Mayo Wrist Score and Modified Gartland and Werley Score)
demonstrated moderate correlation (r=-o.32; p=o.oo3). The physician-based scoring systems showed
moderate correlation with the upper extremity specific DASH score, with a stronger correlation with
the Modified Gartland and Werley Score (r=o.4i; p< 0.001) than with the Mayo Wrist Score (r=-o.32;
p=o.oo3).
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Predictors of The Mayo Wrist Score
In univariate analysis the Mayo Wrist Score had moderate correlated with grip strength of the injured
hand (r=o.47, P<0.ooi) and more limited correlation with range of motion (r [FE] = 0.29, P=o.Oi, r
[URD]= 0.28, P=o.oi), type of fracture(r=o.29, P=0.oi), type of surgical treatment (-0.26, P=o.02), and
subjective measurement of pain (r=-o.23, P=o.04). Ulnar inclination (r=o.ii; p=o.33), volar or dorsal
angulation (r=o.ii; p=o.3i), ulnar variance (r=o.04; p=o.74) and articular incongruity (r=o.io; p=o.37)
were not correlated with the Mayo Wrist Score (table 2).
Multivariate analysis revealed grip strength (F= 23.7; ρ < o.ooi) and flexion and extension (F = 7·4ΐ; ρ
= 0.008) as independent predictors of the Mayo Wrist Score. The model with these two variables
accounted for 54% of variability in the scores. A model including grip strength alone accounted for
47% of the variability in scores.
Predictors of Modified Gartland and Werley Scores
In univariate analysis there was moderate correlation with pain (r=o.53, p<o.ooi), and range of
motion (r [FE]= -0.43, p<0.ooi; r [PS]= -0.35, p=0.00i; and more limited correlation with radio-carpal
arthritis (r=o.34, p=0.002), time since surgery (r=o.34 p=o.oo2), and dominance of the injured wrist
(r=o.23,p=0.03). Ulnar inclination (r=-o.o8; p=0.45)T volar or dorsal angulation (r=-0.64; ρ=θ.56),
ulnar variance (r=o.i7; p=o.i4) and articular incongruity (r=o.i6; p=o.i5) were not correlated with
Gartland and Werley Scores (table 2).
The independent predictors of the Modified Gartland and Werley score in the multivariate analysis
were pain (F=31.85, P<0.00i), radio-carpal arthritis (F=i8.i6, P=o.oo2), flexion arc (F=i8.64, P<o.ooi),
and time since surgery (F=8.9i, P=o.oo5). The model with these four variables accounted for 70% of
the variability in Gartland and Werley scores. A model with pain alone accounted for 53% of the
variability in Gartland and Werley scores.
Predictors of the Disabilities of the Arm, Shoulder and Hand Questionnaire
Univariate analysis of continuous variables showed a strong correlation between DASH scores and
pain scores (r=o.65, P<0.00i), moderate correlation with forearm arc of motion (r [PS]= -0.50,
P<o.ooi); and more limited correlation with wrist flexion arc (r [URD] = -0.29, P=o.oi) and type of
fracture(r=-.022, P=0.04)· Ulnar inclination (r=o.02; p=o.89), volar or dorsal angulation (r=o.40;
p=0.72), ulnar variance (r=-o.09; p=o.4i) and articular incongruity (r=-o.i5; p=0.i9) were not
correlated with DASH Scores (table 2).
Multivariate analysis identified pain (F=6i.i6, P<o.ooi) and arc of forearm rotation(F [PS] =27.385,
P<0.001) as significant independent predictors of DASH scores. The model with pain and arc of
forearm rotation accounted for 71% of the variability in DASH-scores while the model with pain alone
accounted for 65% of the variability in DASH-scores.
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Discussion
Pain is the dominant predictor of both upper extremity specific health status (DASH) and Gartland
and Werley scores during recovery from an operatively treated fracture of the distal radius. Some
would argue that this is a foregone conclusion for the Gartland and Werely score since one third of
the points (12 of 36) are related to pain. Grip strength is the dominant predictor of Mayo wrist scores,
perhaps because grip strength is responsible for a larger percentage of the total score (25%). Although
some may question the validity of evaluating the influence of a factor that directly contributes such a
substantial percentage of the total number of points, it is notable that pain accounted for 53% of the
Gartland and Wereley scores (compared to 33% of the total potential points) and grip strength alone
accounted for 47% of the variation in Mayo wrist scores when only 25% of the points are dedicated to
grip. In any case, these findings do point out some of the drawbacks of these scoring systems—in
particular their over-reliance on certain variables.
Grip strength has previously been reported as an important predictor of the Patient Rated Wrist
Evaluation score (PRWE-score)5. Grip is partially a reflection of effort, which can be limited by pain or
motivation23 25 and may be influenced by subjective psychosocial factors. Pain is strongly influenced
by psychosocial factors6·26"36. In our opinion, psychosocial factors may have a very strong influence on
both physician-based wrist rating systems and upper extremity specific health status questionnaires
after operative treatment of a fracture of the distal radius, and research intended to clarify these
relationships is underway.
The lack of correlation between radiographic measures and physician or patient rated outcomes may
reflect the fact that all of these injuries were treated with open reduction and internal fixation, with
the result that substantial residual malalignment was unusual. Nevertheless, it is quite impressive
that among objective measures of injury severity or final radiographical or functional result, only
forearm rotation was included in the final multivariate model predicting perceived disability (DASH
scores). Futhermore, these results should not lead to complacency regarding the final anatomical/
radiographical result.
These findings are consistent with prior work in both the wrist and the elbow613. Doornberg and
colleagues found that pain was the strongest predictor of both physician-based elbow function
measures and upper extremity specific health status as measured by the DASH, and that it dominated
other factors such as elbow motion. Statistical models that included pain alone accounted for
approximately 60% of the variability in physician-based elbow rating scores compared to
approximately 75% in models that included objective factors and pain. A statistical model that
included pain alone accounted for 36% the variability in DASH scores compared to 45% by models
including pain and range of motion.
MacDermid and colleagues emphasized the difference between physical impairment and subjective
disability after fracture of the distal radius6. We agree with their conclusion that a comprehensive
evaluation of outcome after distal radius fractures requires measurements of both objective physical
impairment and subjective self-rated disability.37 The differences between impairment and disability
are important and they are poorly understood.
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Our data emphasize the importance of evaluating objective measures of impairment such as motion
and radiographic anatomy separately from more subjective measures such as pain and effort-related
measures such as grip strength. Doing so will help determine which interventions are best for limiting
impairment and which are best at limiting disability. It will also facilitate the study of factors that lead
to discrepancy between impairment and disability.
The contributions of grip strength and pain to the variability in overall Gartland and Werley and
Mayo Wrist scores are larger than would be expected based upon the number of points allotted to
pain, presumably because pain also affects grip, motion, return to work, etc. The Garland and Werley
and Mayo scores mix subjective and objective factors and ask the physician to make a determination
or judgment regarding the subjective factors such as pain. The Mayo scores is much more demanding,
with an excellent rating requiring essentially normal motion and function. The dominant effect of
grip rather than pain on Mayo scores may reflect i) greater variation in grip strength than in pain
since grip strength is not an important factor in the Gartland and Wereley score; and 2) the fact that
the physician rates the pain in the Mayo score, which might decrease the variability in pain ratings. It
is not clear that these scoring systems provide any advantage over isolated measures of motion,
deformity, grip, and pain. One of the reviewers of this manuscript felt strongly that these scoring
systems should be retired.
We intentionally evaluated patients with various fracture patterns, treated in various ways, and
evaluated at different time points—including patients evaluated fewer than 12 months after injurybecause we believed that this would provide a wider range of both impairment and disability. The
weakness of this approach is the introduction of additional variables that may not be completely
accounted for and the inability to evaluate determinants of disability in the same patient at various
stages of recovery. Furthermore, this data should not be used as a measure of the final results of
treatment of distal radius fractures because we intentionally included patients at various stages of
recovery. Finally, the findings of our study may only apply to short follow-up times after operative
treatment of a distal radius fracture, and may not be valid in patients that have fully recovered, which
may take at least 2 years.
Preliminary research has demonstrated that patients with pain and no objective dysfunction
(idiopathic pain) have less effective coping skills than patients whose pain is the result of a discrete
objectively verifiable disease process.38 Furthermore, among common discrete sources of arm pain,
including a distal radius fracture, upper extremity specific self-rated disability (as measured by the
DASH) correlates moderately with depression and the slope of the relationship is similar for various
diagnoses37. Future research will attempt to determine the relative contribution of ineffective coping
skills (e.g. castastrophizing39), psychological distress (depression and anxiety), other psychosocial
factors (such as culture), and objective physical impairment, to perceived disability.
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Appendix A. Mayo Modified Wrist Score

Appendix B. Modified Gartland and Werley Score

1. pain (25 points):

1. Subjective evaluation
• Excellent: no pain, disability or limitation of motion (0 p)
• Good: occasional pain, slight limitation of motion, and no disability
(2p)
• Fair: occasional pain, some limitation of motion, feeling of weakness
in wrist, no particular disability if careful and activities slightly
restricted (4 p)
• Poor: pain, limitation of motion, disability, and activities more or less
markedly restricted (6 p)

ZSNone
20Mild occasional (climatic or with heavy use)
10Moderate, tolerable
OSevere to intolerable
2. range of motion (25 points) flexion plus extension,
percentage of normal;
25100%
1575% to 100%
1050% to 75%
525% to 50%
00% to 25%
3. grip strength (25 points), percentage of normal:
25100%
2075% to 100%
1050% to 75%
525% to 50%
00% to 25%
4. activities (25 points):
25Returned to regular employment
20Restricted employment
15Able to work or unemployed
OUnable to work because of pain

2. Residual deformity
• Prominent ulnar styloid (1 p)
• Residual dorsal tilt (2 p)
• Radial deviation of hand (2-3 p)
3. Objective evaluation
• Loss of extension (45°) (5 p)
-ulnar deviation (15°) (3 p)
- supination (50°) (2 p)
- pronation (50°) (2 p)
- flexion (30°) (1 p)
- radial deviation (15°) (1 p)
- circumduction (1 p)
• Pain in distal radioulnar joint (1 p)
• Grip strength: 60% or less than the opposite side (1 p)
4. Complications
• Arthritic changes minimum (1 p)
- minimum with pain (3 p)
- moderate (2 p)
- moderate with pain (4 p)
- severe (3 p)
- severe with pain (5 p)
• Nerve complications (median) (1-3 p)
• Poor finger function due to cast (1-2 p)
- Final result
- Excellent 0-2 ρ
- Good 3-8 ρ
- Fair 9-20 ρ
- Poor 21 ρ
patient's final score:

_ p, points.
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Discussion and Conclusions
Discussie en Conclusie

Introduction
Operative treatment of wrist fractures has become increasingly common compared to non-operative
treatment13. There has been a marked trend towards internal plate-and -screw fixation of wrist
fractures4 7.Nonetheless, the value of operative treatment, the advantages of specific techniques and
implants remains a matter for debate. In addition, the determinants of wrist function and armspecific disability after wrist fractures remain incompletely defined8 '*.
With an expanded understanding of the mechanism of injury and fracture patterns, and with
improved implant designs featuring angular stable fixation, more data is being generated to further
evaluate the outcome of operative treatment of wrist fractures. In this thesis, several aspect of the
operative treatment of wrist fractures are addressed. The general aim was to study the kinematics of
the wrist, to study specific injury patterns, to study the effect of specific techniques and implants on
outcome, to study specific rehabilitation strategies, and to determine the predictors of wrist function
and arm-specific disability after operative treatment.

In Vivo Kinematics of the Wrist
In chapter two we examined the kinematics of the wrist using a combined dual fluoroscopy imaging
system and CT imaging technique10. In five healthy individuals we found a proximal translation of
the radius with supination and distal translation of the radius with pronation. When the elbow is at
45° flexion, the radius translates less than when the elbow is at full extension or 90° flexion. In
addition, the peak difference in translation of the radius relative to the ulna did not occur at terminal
pronation or supination, but at mid-arc. One possible reason why maximal translation occurs during
mid arc is that as the forearm approaches terminal rotation, the corresponding distal radioulnar
ligament becomes taut and restricts longitudinal translation.
Previous in vivo studies of forearm rotation showed changes in ulnar variance with forearm rotation11
1!i
. However, it is not clear to what degree elbow flexion or forearm rotation contributes to translation
of the radius relative to the ulna. In general, we found that forearm rotation has a greater relative
contribution to proximal distal translation than elbow flexion. Rotation leads to changes of up to 2
mm, while elbow flexion leads to changes of up to 0.5 mm. Ultimately, our data suggests that ulna
impaction on the carpus is most likely to occur when the forearm is in mid-pronation and the elbow
is at 90 degrees of flexion or full extension.
We also observed that as elbow flexion increased, the total arc of rotation increased, the diameter of
that arc of rotation decreased and the center of rotation of the radius approached the anatomic center
of the ulna head. This suggests that the precession of the radius about the ulna changes with elbow
flexion.
On the basis of our study we conclude that elbow position affects the kinematics of the distal radioulnar joint. Future biomechanical studies integrating soft-tissue structures and dynamic loading
may be helpful in understanding the contribution of the DRU ligaments, triangular fibrocartilage,
and interosseous membrane.
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Volar Shearing Fractures of the Distal Radius
In chapter three, we investigated the relative incidence and outcome of volar marginal articular
fractures of the distal radius (volar shearing or AO type B3 fractures) with and without a concomitant
16
fracture of the dorsal metaphyseal cortex .
In our study, 66% of patients with a volar shearing fracture also had a fracture of the dorsal cortex and
therefore might more accurately be considered a complete articular or AO type C fracture. In previous
work by Harness and colleagues, the dorsal metaphyseal fracture was unrecognized intraoperatively,
17
resulting in dorsal angulation and dorsal translation of the articular fracture fragments . Since the
intentionally undercontouring of volar plates without distal screws is no longer commonplace, the
risk of pushing the fragments dorsally is low.
In a comparison of AO type Β and type C volar shearing fractures, we found a small difference in pain,
grip strength and perceived disability suggesting that patients with an AO type Β volar shearing
fracture recover slightly quicker than patients with Type C fractures. These findings could be clinically
relevant, but statistical significance was not achieved with the numbers available.
The occurrence of a dorsal metaphyseal fracture line - which is often subtle and unrecognized - in
such a substantial portion of the volar shearing fractures reflects the difficulty developing a
comprehensive classification system and reliable classification processes. In our opinion, apparent
volar shearing fractures are often complete articular fractures. Awareness of the dorsal fracture line
is sufficient and computed tomography is not routinely necessary for preoperative planning.

Ulnar Styloid Base Fractures
In chapter four we analyzed the effect of an unrepaired ulnar styloid base fracture on recovery from
internal fixation of a fracture of the distal radius18. In a comparison of two cohorts of matched patients,
we did not find a difference in wrist function and health status between patients with unrepaired
ulnar styloid base fractures and patients with no ulnar fracture at any time point. However, a small
trend was observed towards less grip strength and less flexion and ulnar deviation at twenty-four
months after surgery in patients with an untreated ulnar styloid base fracture.
In a second analysis we did not observe a difference in outcome between patients with unrepaired
ulnar styloid base fracture with less than 2 millimeters and those with 2 millimeters or greater initial
displacement at any moment of follow up.
Fracture of the ulnar styloid at its base has been identified by several authors as a potential source of
19 22
diminished outcome in a patients with fracture of the distal radius . One of the issues has been
stability of the distal radioulnar joint, since the origin of the triangular fibrocartilage complex
originates from the base of the styloid.
In our study, we did not assess stability of the distal radioulnar joint either clinically or radiographically
in part because DRUJ instability was not specifically assessed and in part because DRUJ instability is
difficult to define and measure. Our data suggest that patients with a fracture of the base of the ulnar
styloid (displaced or not) can expect to regain similar wrist function and health status when compared
to patients with no ulnar styloid fracture, at least when their distal radius fracture is treated with
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open reduction and plate and screw fixation. Our findings might be explained by the inherent stability
of the distal radioulnar joint once the anatomy of the distal radius is restored. This may improve the
congruity of the DRUJ and capture of the ulnar head in the sigmoid notch of the radius and also
through the presumed intact interosseous ligament of the forearm.

Volar Plate Design
In chapter five we compared the outcome of patients treated with a 2.4-mm pre-contoured, titanium,
distal-radius specific locking compression plate (2.4-mm LCP) to those treated with a 3.5-mm standard
stainless steel plate (3.5-mm LCP) for extra articular and dorsally angulated fractures of the distal
radius (AO type A 3.2)23.
The majority of the patients regained good wrist motion (> 80% of the opposite arm) within six
months after surgery, and only six percent of the complications seemed related to the plate. Our
findings are consistent with previous reports on volar plate fixation for fractures of the distal radius4
5.24-27 j ^ g o v e r a ii complication rate has been variable, ranging from 22 to 34%. This may reflect
variations in the definition of a complication since some authors consider transient stiffness,
disproportionate pain or routine plate removal a complication and other do not.
For unclear reasons, patients treated with a 3.5-mm plate had better restoration of volar angulation.
A difference in plate design and screw orientation could be the basis of this difference: the 2.4-mm
plate is precontoured and its screws are orientated proximally whereas the perioperatively contoured
3.5-mm plate has its screws oriented distally for more subchondral support. Surprisingly, patients
with 2.4-mm plates trended towards slightly superior range of wrist flexion and forearm rotation.
However, this difference in motion did not correspond with a difference in function or health status
at any time point, and the differences are so small that they are likely clinically irrelevant.
While the value of locked screw fixation in the distal articular fragments seems fairly well established,
relatively older and less radius specific design of plate performed nearly as well as the more radius
specific plate. It is unclear if our findings would apply to more complex fractures, particularly articular
fractures.

Perilunate Fracture-Dislocations of the Wrist
In chapter six we analyzed the difference in outcome between patients treated with temporary intercarpal
screw fixation and patients treated with temporary K-wire fixation for perilunate wrist dislocations28.
Four patients (two in each cohort) had wrist arthrodesis and were considered to have a poor result.
Among patients without wrist arthrodesis, wrist function was comparable in screw and k-wire cohorts.
We found an average wrist flexion-extension arc under 90°and a relatively high incidence of advanced
midcarpal arthritis. Satisfactory overall functional results were found in only a few patients.
Hildebrand and colleagues reported similar findings29. They found an average wrist flexionexentsion of under 70 percent of the opposite arm; radiographic signs of midcapral arthritis was
found in 50% of their patients. Other researchers have reported better results, including a superior
wrist function30, grip strength and rates of arthritis as low as eighteen percent3132. In our opinion,
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some of these figures are relatively optimistic, considering the severity of this type of injury.
Considering the small size of our cohorts, no judgment can be made regarding the superiority of one
technique. In addition, the high incidence of concomitant injuries to the wrist in the k-wire cohort
may limit the comparability of the two cohorts. On the basis of our study, we conclude that the use of
screws for temporary fixation of the carpus is comparable to the use of K-wires, with no major
drawbacks or complications being associated with screw fixation. The appeal of temporary screw
fixation lies in the ability to allow early mobilization and the absence of pin-related complications.

Early Mobilization of the Wrist
Chapter seven evaluated the effect of early wrist mobilization on outcome after volar plate fixation of
a distal radius fracture33. In our prospective randomized controlled trial we did not find a significant
difference in wrist motion, functional outcome or experienced disability between patients that
initiated wrist motion within two weeks and those that initiated wrist motion six weeks after
surgery.
Our findings are consistent with those encountered in studies of non-bridging vs. bridging external
fixation. Investigators have documented improved alignment when the non-bridging external
fixation directly engages the distal fracture fragments but the overall motion is not improved by
allowing free wrist motion during the first six postoperative weeks1·34·35. In addition, studies in which
external fixation that immobilized the wrist was compared with open reduction and plate-and-screw
fixation also did not demonstrate significant differences in wrist motion1·36·37.
Our data suggest that six weeks of postoperative wrist immobilization does not compromise wrist
function and arm specific health status (DASH scores) at three and six months after surgery when
compared with mobilization of the wrist within two weeks. By the same token, we found little to
condemn early wrist mobilization, and there may be benefits with respect to costs and return to
function fewer than three months after the injury that were not measured in our investigation.

Supervised Rehabilitation
In chapter eight we evaluated the effect of formal occupational therapy on recovery after open
reduction and volar plate fixation of a distal radius fracture.
In our randomized controlled trial, we found superior wrist motion, grip strength and objective wrist
scores in patients assigned to independent exercises when compared to patients receiving
occupational therapy. However, both groups were comparable in terms of disability. Two potential
explanations include the following: i) Patients may benefit from a more active and self-reliant (as
opposed to passive and deferential) approach to post-injury exercises; and 2) therapists may be over
cautious (e.g. "work to pain but not beyond", "don't overdo it") in a way that might reinforce
misconceptions about the role of pain in recovery.
Consistent with most prior studies, measures of pathophysiology (e.g. fracture type and articular
incongruity) did not correlate with perceived disability9 38. Pain was the most important independent
predictor of disability. The majority of the patients agreed to the idea that one should perform the
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exercises beyond the point were it becomes painful in an attempt to maximize outcome. Agreement
with this statement correlated with motion and disability at 3 months. This fits our data and clinical
impression that the protectiveness pain creates as a normal part of the human injury response is
primarily a factor during the early recovery period and that individual patients need variable amounts
of time to unlearn this protective response as they get more comfortable.
In this study, formal occupational therapy did not improve motion or decrease disability better than
a surgeon-directed independent exercise program. This is consistent with previous studies addressing
rehabilitation after operative and nonoperative treatment of a fracture of the distal radius3"1. In our
opinion, this clinical trial supports the concept that patient education and independent exercises are
adequate for optimal recovery from a distal radius facture treated with open reduction and volar plate
fixation. Some of the data from this study support increased attention to attitudes towards the painful
stretches that are a critical part of recovery.

Predictors of Outcome after Operative Treatment
In chapter nine we identified the predictors of wrist function and upper extremity specific health
status during recovery from an operatively treated fracture of the distal radius42. Pain was the
dominant predictor of both upper extremity specific health status (DASH) and Gartland and Werley
scores during recovery from an operatively treated fracture of the distal radius. Grip strength was the
dominant predictor of Mayo wrist scores.
Grip strength has previously been reported as an important predictor of the Patient Rated Wrist
Evaluation score (PRWE-score)8. Grip is partially a reflection of effort, which can be limited by pain or
motivation and may be influenced by subjective psychosocial factors. Pain is strongly influenced by
psychosocial factors. In our opinion, psychosocial factors may have a very strong influence on both
physician-based wrist rating systems and upper extremity specific health status questionnaires after
operative treatment of a fracture of the distal radius.
Previous studies on predictors of outcome in upper extremity injuries emphasized the difference
between physical impairment and disability after fracture of the distal radiusg, 43. The differences
between impairment and disability are important and they are poorly understood.
Our data emphasizes the importance of evaluating objective measures of impairment such as motion
and radiographic anatomy separately from more subjective measures such as pain and effort-related
measures such as grip strength. Doing so will help determine which interventions are best for limiting
impairment and which are best at limiting disability. It will also facilitate the study of factors that lead
to discrepancy between impairment and disability.
We intentionally evaluated patients with various fracture patterns, treated in various ways, and
evaluated at different time points - including patients evaluated fewer than 12 months after injury because we believed that this would provide a wider range of both impairment and disability. The
weakness of this approach is the introduction of additional variables that may not be completely
accounted for and the inability to evaluate determinants of disability in the same patient at various
stages of recovery.
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Finally, the findings of our study may only apply to short follow-up times after operative treatment of
a distal radius fracture, and may not be valid in patients that have fully recovered, which may take at
least 2 years.

Conclusions
The kinematics of the distal radioulnar joint are primarily affected by forearm rotation and secondarily
by elbow flexion.
Volar shearing fractures are often accompanied by fracture of the dorsal metaphyseal cortex and
should therefore be considered as complete intra articular fractures. The additional dorsal fracture
line does not have an important effect on outcome with use of a pre-contoured volar plate with distal
locking screws.
Ulnar styloid base fractures are commonly associated with fracture of the distal radius, but do not
have an important effect on outcome after open reduction and volar plate fixation of a distal radius
fracture. Anatomic reduction and internal plate fixation of the distal radius may mitigate or lessen
the value of operative treatment of an ulnar styloid base fracture.
With respect to plate design, a relatively older and less radius specific design of plate performed
nearly as well as the more radius specific titanium plate for extra articular and dorsally angulated
fractures of the distal radius with metaphyseal comminution.
Perilunate fracture dislocations of the wrist can be successfully treated by open reduction and internal
fixation with either screws or kirschner wires. The appeal of temporary screw fixation lies in the
ability to allow early mobilization and the absence of pin-related complications.
Wrist mobilization within two weeks after volar plate fixation of a distal radial fracture appears to be
safe, but it does not improve wrist function or health status as compared with wrist mobilization six
weeks after surgery.
Patient education and independent exercises are adequate for optimal recovery from open reduction
and volar plate fixation of a distal radius fracture. Formal occupational therapy does not improve
motion or decrease disability better than a surgeon-directed independent exercise program.
Painful stretches are a critical part of recovery in the operative treatment of distal radius fractures.
The protectiveness pain creates as a normal part of the human injury response is primarily a factor
during the early recovery period, individual patients need variable amounts of time to unlearn this
protective response as they get more comfortable.
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Pain is the dominant predictor of perceived disability and grip strength the dominant predictor of
objective impairment in the recovery phase of operative treatment of distal radius fractures.
It is important to evaluate objective measures of impairment such as motion and radiographic
anatomy separately from more subjective measures such as pain and effort-related measures such as
grip strength. This will help determine which interventions are best for limiting impairment and
which are best at limiting disability.

The Future
With an expanding population of healthy and more active older patients, we can expect a greater
number of wrist fractures as well as an increased demand for treatment that will provide optimal
wrist function. A better definition or stratification of "high-demand" and "low-demand" individuals
would help produce meaningful data to help guide management decisions.
Given that recent studies have not found a direct correlation between disability and impairment,
research should focus increasingly on the predictors of disability after wrist fracture and the role of
operative treatment in particular. We should determine which interventions are best for limiting
impairment and which are best at limiting disability and incorporate both in the treatment plan.
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Introductie
Polsfracturen worden steeds vaker operatief behandeld1 3|. Daarnaast heeft zich een trend voorgedaan
in de richting van open reductie en interne plaat- en schroeffixatie4 "7. Echter, de waarde van operatieve
behandeling, in het bijzonder de voordelen van bepaalde operatietechnieken en specifieke
implantaten, staat nog altijd ter discussie. Bovendien is niet geheel duidelijk welke factoren bepalend
zijn voor de uiteindelijke polsfunctie, de objectieve functionele beperkingen ("impairment") en de
subjectieve perceptie van de functionele beperking ("disability")8-9.
Door een toename in de kennis van het traumamechanisme, de fractuurpatronen en het ontwerp van
implantaten zal de behandeling van polsfracturen hopelijk steeds beter worden. In dit proefschrift
worden verschillende aspecten betreffende de operatieve behandeling van polsfracturen besproken.
Het doel is om de in vivo Idnematica van de pols te bestuderen, specifieke fractuurpatronen van de pols
te analyseren, het effect van specifieke operatietechnieken en implantaten op de uitkomst te bepalen,
verschillende revalidatie protocollen te vergelijken, en de factoren te identificeren die van invloed
zijn op de uiteindelijke polsfunctie en de ervaren disability na operatieve behandeling.

In Vivo Kinematica van de Pols
In hoofdstuk twee onderzochten we de in vivo kinematica van de pols met behulp van twee fluoroscopie
systemen en een 3D-CT techniek10. In vijf gezonde proefpersonen vonden we een proximale migratie
van de radius tijdens supinatie en een distale migratie van de radius bij pronatie. Deze migratie was
groter met de elleboog in volledige extensie of 90 graden flexie dan bij 45 graden flexie. Bovendien
werd deze maximale migratie van de radius waargenomen tijdens 50% pro- en supinatie en niet bij
volledige pro- en supinatie. Een mogelijke verklaring hiervoor is dat het aanspannen van het
radioulnaire ligament verdere migratie beperkt.
Eerder onderzoek naar in vivo kinematica van de onderarm toonde reeds het effect van onderarmrotatie
aan op ulnaire variatie in de pols1115. Het is echter niet duidelijk in welke mate flexie van de elleboog
en onderarmrotatie een migratie van de radius veroorzaken. In onze studie constateerden wij dat
migratie van de radius primair het resultaat was van onderarmrotatie en secundair van flexie van de
elleboog. Onderarmrotatie resulteerde in een migratie van 2.0 mm terwijl flexie van de elleboog
resulteerde in een migratie van 0.5 mm. Onze data suggereert dat ulnaire impacile zou kunnen
optreden wanneer de onderarm halverwege pronatie en de elleboog volledig in extensie is.
Daarnaast ontdekten we dat, bij toenemende flexie van de elleboog, het centrum van rotatie van de radius
zich verplaatste in de richting van het anatomisch centrum van de distale ulna. In tegenstelling tot eerdere
publicaties vonden wij geen volaire-dorsale translatie van het distale radio-ulnaire (DRU) gewricht tijdens
rotatie. Aangezien onze proefpersonen onbelast waren en de positie van hun hand niet wijzigden tijdens
het onderzoek, achten wij het waarschijnlijk dat de musculatuur rondom het DRU gewricht dusdanig is
dat - in onbelaste positie - de ulna in het centrum van het sigmoid blijft. Concluderend stellen wij dat de
positie van de elleboog van invloed is op het distale radio-ulnaire gewricht. Om de in vivo kinematica nog
beter te begrijpen zal toekomstig onderzoek zich moeten richten op de bijdrage van zowel het triangulair
fibro-cartilageneus complex (TFCC) als het membrana interassei aan de stabiliteit van het DRU gewricht.
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Volaire Barton's Fractuur
In hoofdstuk drie analyseren wij de incidentie van een additionele dorsale corticale fractuurlijn bij
een partieel en naar volair lopende intra-articulaire fractuur van de distale radius (AO type B3 of
"volaire Barton fractuur")16. Daarnaast documenteren wij de functionele uitkomst na open reductie
en volaire plaat fixatie van zulke fracturen. In onze studie was er in 66% van de volaire Barton's
fracturen sprake van een additionele dorsale fractuurlijn. Deze fracturen zouden eigenlijk als
compleet intra-articulaire fracturen van de distale radius (AO type C) moeten worden beschouwd.
De klinische relevantie hiervan blijkt uit een publicatie van Harness et al. In zijn studie werd deze
fractuurlijn peroperatief niet herkend en werd de volaire plaat (als buttress) gebruikt voor repositie
van de fractuur. Het niet herkende distale fragment aan de dorsale zijde werd daarbij niet gefixeerd
met als gevolg dat dorsale translatie en angulatie van de dit fragment optrad17. Inmiddels is de
repositie en fixatie techniek voor volaire Barton's fracturen met een additionele dorsale corticale
fractuur aangepast zodat deze complicatie minder vaak optreedt.
In onze studie werden patiënten met een partiële fractuur (AO type B) vergeleken met patiënten met
een complete volaire Barton's fractuur (AO type C). Hierbij vonden we een klein verschil in
pijnbeleving, knijpkracht en disability. Dit suggereert een sneller herstel voor patiënten met een
partiële volaire Barton's fractuur. Het verschil zou klinisch relevant kunnen zijn, echter, een statistisch
significant verschil konden we niet aantonen met het beperkte aantal patiënten.
De aanwezigheid van een additionele dorsale metafysaire fractuurlijn - vaak subtiel of onherkenbaar
- in zo een groot deel van de patiënten met een volaire Barton's fractuur geeft aan dat niet alle
fracturen te classificeren zijn volgens de bestaande systemen. Wij zijn van mening dat het merendeel
van de volaire Barton's fracturen compleet intra-articulair verlopen, en als zodanig moeten worden
behandeld. Voor een adequate behandeling van volaire Barton's fracturen is het belangrijk hier alert
op te zijn. Het routinematig vervaardigen van een CT scan heeft wat ons betreft weinig toegevoegde
waarde.

Fractuur van het Processus Styloideus Ulnae
In hoofdstuk vier analyseren we het effect van een onbehandelde fractuur aan de basis van het
processus styloideus ulnae (PSU) op de uitkomst van open reductie en interne fixatie van distale
radius fracturen18. In een vergelijking van twee cohorten vonden we geen significant verschil in
polsfunctie en uitkomst tussen patiënten met en zonder fractuur aan de basis van het PSU. Een trend
suggereerde minder knijpkracht, minder flexie en ulnaire deviatie bij patiënten met een fractuur aan
de basis van het PSU twee jaar na het ongeval.
In een tweede analyse was er geen significant verschil in uitkomst tussen patiënten met een minimale
dislocatie (< 2 millimeter) en patiënten met een evidente dislocatie (> 2 millimeter) van de fractuur
van het PSU.
Een fractuur aan de basis van het PSU werd eerder geassocieerd met een minder goed resultaat van
behandeling van distale radius fracturen19

22

. Dit zou verklaard kunnen worden door de nauwe relatie

van de basis van het PSU met de aanhechting van het TFCC.
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De patiënten in onze studie zijn afkomstig van een eerder AO multicenter onderzoek waarin de
stabiliteit van het DRU gewricht niet gedocumenteerd werd. Het zou zeer interessant zijn om dit in
toekomstige studies wel te analyseren, alhoewel uit de literatuur blijkt dat instabiliteit moeilijk te
definiëren en graderen is. Het feit er in onze studie geen verschil was in polsfunctie, objectieve
uitkomstmaten en disability tussen beide cohorten, suggereert dat eventuele instabiliteit een beperkte
invloed op het resultaat heeft. We vermoeden dat na anatomische en congruente reconstructie van
de distale radius de intrinsieke stabiliteit van het DRU gewricht hersteld wordt doordat het caput
ulnae geheel omsloten wordt door de sigmoid notch. Hierbij wordt er van uitgegaan dat het membrana
interassei van de onderarm intact is gebleven.

Implantaat Design
In hoofdstuk vijf vergelijken we de resultaten van patiënten met een extra-articulaire distale radius
fractuur met dorsale angulatie en metafysaire comminutie (AO type A3.2) die behandeld zijn met
1) een 2.4-mm voorgebogen titanium plaat, specifiek ontworpen voor de distale radius en 2) een nietvoorgebogen 3.5-mm standaard volaire plaat van roestvrijstaal[23].
Het merendeel van alle patiënten herstelde goed en keerde terug naar 80% van het oude functieniveau
binnen zes maanden na het ongeval. Slechts 6% van de complicaties waren gerelateerd aan het
gebruik van de volaire plaat. Onze bevindingen komen overeen met eerder onderzoek naar volaire
plaat fixatie van distale radius fracturen4·5·24 " ". Het percentage aan complicaties, variërend tussen
22 - 34%, is in de literatuur hoger dan in onze studie. Dit zou verklaard kunnen worden door een
verschil indefinitie: sommige auteursbeschouwen tijdelijke stijfheid van vingers,buitenproportionele
pijn en het electief verwijderen van volaire platen als een complicatie terwijl andere onderzoekers dat
niet doen.
Tot onze verbazing hadden patiënten die behandeld waren met een standaard volaire plaat een betere
volaire angulatie. Mogelijk zou het verschil in plaatontwerp hieraan ten grondslag kunnen liggen. De
specifieke 2.4-mm distale radius plaat is reeds voorgebogen en heeft schroeven gericht naar proximaal
terwijl de standaard 3.5-mm distale radius plaat peroperatief moet worden gebogen en heeft
schroeven gericht naar distaal. Theoretisch gezien zouden naar distaal gerichte schroeven meer
subchondrale ondersteuning moeten bieden. Echter, juist patiënten die behandeld werden met de
specifieke 2.4-mm voorgebogen distale radius plaat hadden een iets betere polsfunctie. De verschillen
resulteerden niet in een verschil in disability en zouden dus als klinisch irrelevant kunnen worden
beschouwd.
Er is genoeg evidence voor het plaatsen van hoekstabiele schroeven in distale articulaire fragmenten
wanneer de nieuwe, specifieke volaire plaat gebruikt wordt. Gebruik van de relatief oudere en meer
standaard volaire plaat geeft een vergelijkbaar resultaat na behandeling van extra-articulaire distale
radius fracturen. Het is onduidelijk of dit ook geldt voor de meer complexe, en met name de articulair
gefragmenteerde distale radius fracturen.
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Perilunaire Luxatie Fracturen van de Pols
In hoofdstuk zes analyseren we het verschil in uitkomst tussen patiënten met een perilunaire luxatie
fractuur van de pols behandeld met tijdelijke schroef vs. k-draadfixatie28.Vier patiënten (2 patiënten
in elk cohort) hadden een arthrodese ten tijde van de evaluatie en werden als failure beschouwd en
buiten de analyse gehouden.
In onze studie werd geen verschil in uitkomst tussen schroef vs. k-draad fixatie gevonden wat betreft
polsfunctie en disability. De gemiddelde flexie en extensie are was minder dan 90 graden en er was
een relatief hoge incidentie graad 2-3 midcarpale arthrose. Er was slechts een beperkt aantal patiënten
met een redelijke score volgens de gestandaardiseerde functionele uitkomstmaten.
De onderzoeksgroep van Hildebrand et al29 beschreef vergelijkbare resultaten met een gemiddelde
flexie en extensie are van ongeveer 70% van de onaangedane zijde en midcarpale arthrose in 50%
van de patiënten. Andere onderzoekers rapporteerden betere resultaten met goede polsfunctie30,
knijpkracht en artrose in slechts 18% van de patiënten3132. Gezien de ernst van het letsel lijken deze
resultaten ons te optimistisch.
Door het beperkte aantal patiënten in onze studie is geen betrouwbare uitspraak te doen over
superioriteit van een van beide technieken. Een vergelijking tussen de twee cohorten wordt
bemoeilijkt door het verschil in bijkomende letsels. Op basis van onze data wordt in ieder geval geen
verschil tussen beide fixatie methode gevonden. Theoretische voordelen van tijdelijke schroeffixatie
ten op ziehte van k-draad fixatie zouden zijn dat patiënten eerder kunnen mobiliseren en dat infecties
nauwelijks voorkomen.

Vroegtijdige Mobilisatie van de Pols
Hoofdstuk zeven evalueert het effect van vroege mobilisatie van de pols op de uitkomst na open
reductie en interne fixatie van distale radius fracturen33. In onze prospectief gerandomiseerde studie
vonden we drie en zes maanden postoperatief geen verschil in polsfunctie, knijpkracht, functionele
uitkomstmaten en disability tussen patiënten die twee vs. zes weken postoperatief begonnen met
mobiliseren.
Onze bevindingen komen overeen met eerdere studies die de functionele uitkomst van polsfracturen
vergeleken in patiënten die behandeld werden met een externe fixateur die de pols al dan niet
overbrugde. In die studies werd met een niet-overbruggende externe fixateur een betere alignement
van de fractuurfragmenten verkregen (de fixateur heeft direct op de distale fragmenten), maar geen
betere functie van de pols in vergelijking met patiënten die behandeld waren met een fixateur die de
pols overbrugt134 35 Studies die behandeling met een overbruggende externe fixateur (immobilisatie
pols) vergeleken met interne plaat fixatie (mobilisatie pols) toonden ook geen verschil aan in
uiteindelijke polsfunctie136 37.
Onze data suggereert dat immobilisatie van de pols gedurende een periode van zes weken geen
negatieve invloed heeft op de polsfunctie en disability drie en zes maanden postoperatief. Anderzijds,
er is geen reden om negatief te staan tegenover vroegtijdige mobilisatie. Het is goed voorstelbaar dat
patiënten die vroegtijdig mobiliseren hun werk eerder kunnen hervatten (en daarmee kosten kunnen
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besparen) dan patiënten die langer op functieherstel moeten wachten. Het zou interessant zijn dit in
toekomstig onderzoek nader te onderzoeken.

Gesuperviseerde Revalidatie
In hoofdstuk acht evalueren we het effect van fysiotherapie vs. thuisoefeningen op de uitkomst na
open reductie en interne fixatie van distale radius fracturen. In deze gerandomiseerde studie vonden
we betere polsfunctie, knijpkracht en objectieve functionele scores in patiënten met instructies voor
thuisoefeningen ten opzichte van patiënten die begeleid werden door een fysiotherapeut tijdens de
revalidatie. Alleen de mate van disability was gelijk voor beide groepen. Twee mogelijke verklaringen
zijn: i) patiënten hebben waarschijnlijk voordeel bij een actieve rol met hoge mate van eigen
verantwoordelijkheid tijdens de revalidatie en z) fysiotherapeuten zouden mogelijk te voorzichtig
zijn (niet mobiliseren voorbij de pijngrens) waardoor eventuele misconcepties betreffende pijn
tijdens mobiliseren versterkt zouden kunnen worden.
In overeenstemming met eerdere studies vonden we geen correlatie tussen pathologie (fractuur type,
articulaire incongruentie)endisubiiity9·38. Pijn was de belangrijkste voorspellende factor van disability.
Het merendeel van de patiënten waren het eens met de stelling dat oefeningen tijdens het revalidatie
proces uitgevoerd moeten worden voorbij de pijngrens om een maximale uitkomst te krijgen.
Instemming met deze stelling was geassocieerd met betere functie en minder disability 3 maanden
postoperatief. Dit bevestigt ons vermoeden dat de voorzichtigheid die door pijn veroorzaakt wordt (een
normale humane respons op letsel), een primaire en belemmerende factor is het vroeg postoperatieve
herstel. Naarmate patiënten meer gewend raken aan de pijnlijke oefeningen, zullen zij deze beschermende
respons en voorzichtigheid afleren. De tijd die hiervoor nodig is verschilt van patiënt tot patiënt.
In deze studie gaf fysiotherapie geen verbetering van functie of disability vergeleken met
thuisoefeningen. Dit komt overeen met eerdere studies die de revalidatie van conservatieve
behandeling van distale radius fracturen beschreven3911. Onze trial bevestigt de indruk dat goede
patiëntvoorlichting in combinatie met thuisoefeningen voldoende zijn voor een adequaat herstel na
open reductie en interne plaatfixatie van distale radius fracturen. Daarnaast suggereren onze
resultaten dat er meer aandacht dient uit te gaan naar de omgang met de pijnlijke rekoefeningen die
een cruciale rol spelen in de herstelfase.

Voorspellende Factoren van Uitkomst na Operatieve Behandeling
In hoofdstuk negen hebben we factoren onderzocht die van invloed zijn op polsfunctie en disability
na operatieve behandeling van distale radius fracturen42. Pijn was de belangrijkste bepalende factor
voor disability en voor de objectieve Gartland and Werley functie score. Knijpkracht was de
belangrijkste bepalende factor voor de objectieve Modified Mayo Wrist Score.
Knijpkracht bleek in eerder onderzoek de belangrijke voorspellende factor van disability gemeten
volgens de Patient Rated Wrist Evaluation (PRWE ) te zijn8. Knijpkracht is deels een uiting van inzet,
hetgeen beperkt kan zijn door pijn of gebrek aan motivatie. Psychosociale factoren zijn sterk bepalend
voor iemands motivatie en het omgaan met pijnlijke sensaties. Wij zijn daarom van mening dat zowel
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de objectieve scoring systemen (Gartland and Werley Score, Mayo Wrist Score) als de subjectieve
disability vragenlijst (DASH) beïnvloed worden door psychosociale factoren.
Eerdere studies naar de voorspellende factoren van uitkomst bij polsletsels legden nadruk op het
verschil tussen de objectieve fysieke beperkingen ("impairment") en de subjectieve perceptie van de
functionele beperking ("disability")9·43. Dit verschil tussen impairment en disability is belangrijk maar
wordt nog altijd niet goed begrepen.
Ons onderzoek benadrukt het belang van een separate evaluatie van impairment zoals flexie-extensie,
pro- en supinatie en radiologische parameters, en disability zoals pijn, ervaren beperkingen, en de
van inzet afhankelijke uitkomstmaat knijpkracht. Door dit onderscheid te maken kan men bepalen
welke interventies geschikt zijn voor het reduceren van objectieve fysieke beperkingen en welke voor
het reduceren van subjectieve perceptie van de functionele beperkingen.
Wij hebben bewust gekozen voor een analyse van verschillende type polsfracturen en behandelingen,
en ook patiënten geïncludeerd die minder dan 12 maanden postoperatief waren, omdat dit een breder
beeld geeft van de impairment en disability. Het nadeel hiervan is dat er mogelijk (niet-geïdentificeerde)
bepalende factoren zijn geweest die buiten beschouwing zijn gelaten maar wel van invloed waren..
Tenslotte zijn onze bevindingen waarschijnlijk alleen van toepassing op de korte termijn uitkomst na
operatieve behandeling van distale radius fracturen, aangezien sommige patiënten minimaal twee
jaar nodig hebben om volledig te herstellen.

Conclusie
De kinematica van het distale radio-ulnaire gewricht wordt primair bepaald door rotatie van de
onderarm en secundair door flexie van de elleboog.
Bij het merendeel van volaire Barton's fracturen van de distale radius wordt een additionele
fractuurlijn van de dorsale metafysaire cortex gezien. Deze fracturen moeten derhalve als compleet
intra-articulair worden beschouwd. Indien de fractuur wordt behandeld met volaire plaat en distale
schroef fixatie, heeft deze fractuurlijn weinig invloed op de uitkomst.
Fracturen aan de basis van het processus styloideus ulnae komen vaak voor bij distale radius fracturen,
maar hebben weinig invloed op het resultaat van open reductie en interne fixatie. Adequate
reconstructie van de radio-ulnaire relatie middels volaire plaat fixatie maakt het bijkomende letsel
aan de ulnaire zijde minder belangrijk.
De relatief oudere en standaard implantaten zijn even goed als de nieuwere voorgebogen titanium
implantaten voor open reductie en volaire plaat fixatie van distale radius fracturen met metafysaire
comminutie en dorsale angulatie.
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Perilunaire fractuur-dislocaties van de pols kunnen succesvol behandeld worden met open reductie
en interne schroef of k-draad fixatie. Het theoretische voordeel van schroef fixatie berust op de
mogelijkheid van vroege mobilisatie en de afwezigheid van pin-tract infecties.
Mobilisatie van de pols twee weken na volaire plaat fixatie van een distale radius fractuur is veilig,
maar levert geen betere polsfunctie of health status van de patiënt op in vergelijking met immobilisatie
van de pols gedurende een periode van zes weken.
Patiënt voorlichting en thuisoefeningen vormen een adequate basis voor optimaal herstel na
operatieve behandeling van distale radius fracturen. Fysiotherapie geeft geen verbetering van
polsfunctie en functionele beperkingen in vergelijking met voorgeschreven thuisoefeningen.
Pijnlijke rekoefeningen vormen een essentieel onderdeel van het herstel na operatieve behandeling
van distale radius fracturen. De voorzichtigheid die door pijn veroorzaakt wordt is een belemmerende
factor gedurende de vroege revalidatie periode. Er is enige tijd nodig om deze beschermende respons
afte leren.
Pijn is de belangrijkste voorspellende factor van subjectief ervaren functionele beperkingen, terwijl
knijpkracht de belangrijkste voorspeller van objectieve beperking is tijdens de herstelfase van
operatieve behandeling van distale radius fracturen.
Terwijl veel score systemen subjectieve en objectieve resultaten combineren, is het juist belangrijk
om objectieve functionele beperkingen, zoals polsfunctie, separaat van subjectieve ervaren
functionele beperkingen ("disability") te rapporteren. Hierdoor kan beter bepaald worden welke
interventies geschikt zijn voor het reduceren van de objectieve fysieke beperkingen en welke voor het
reduceren van subjectieve perceptie van de functionele beperkingen.

De Toekomst
Door een toename van het aantal oudere patiënten met een gezond en actief leven is een toename van
het totale aantal polsfracturen te verwachten, alsmede een toename in de vraag naar een behandeling
die leidt tot optimale polsfunctie. Een nauwkeurige identificatie van patiënten die een optimale
polsfunctie behoeven zou derhalve een bijdrage kunnen leveren aan de behandelingsrichtlijnen.
Recente studies hebben slechts een beperkte correlatie kunnen aantonen tussen objectief gemeten
beperkingen en de subjectieve perceptie van beperkingen, disability. Het is van groot belang om
in toekomstig onderzoek meer kennis te vergaren over het effect van zowel patiënt- en
fractuurkenmerken als ook behandeling op het verminderen van enerzijds objectieve en anderzijds
subjectief ervaren functionele beperkingen.
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