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Influence of Distal Radioulnar

Joint Subluxation on Restricted

Forearm Rotation After Distal
Radius Fracture

Jun-ichi Ishikawa, MD, PhD, Norimasa Iwasaki, MD, PhD,
Akio Minami, MD, PhD, Sapporo, Japan

Purpose: To analyze the influence of subluxation of the distal radioulnar joint (DRUJ) on restricted
forearm rotation after distal radius fracture.

Methods: Twenty-two cases of healed unilateral distal radial fracture with restricted forearm
rotation were included in the study. The subluxation of the DRU) was evaluated using helical
computed tomography scan at neutral, maximum pronation, and maximum supination and pre-
sented as the percent displacement of the ulnar head in both the injured and uninjured sides. The
radiographic parameters of palmar tilt, radial inclination, dorsal shift, radial shift, and ulnar
variance were measured on plain x-ray films and the rotational deformity of the distal radius was
evaluated from the computed tomography scan. The differences of each radiographic parameter
from the uninjured side were calculated. The relationships between the restricted forearm rotation
and the percent displacement of the ulnar head and each of the radiographic parameters were
analyzed statistically.

Results: When forearm pronation was restricted the ulnar head was located palmarly at neutral,
maximum supination, and maximum pronation with severe dorsal tilt of the distal radius. When
supination was restricted the ulnar head was located dorsally at maximum supination with severe
ulnar-positive variance.

Conclusions: The subluxation of the DRUJ was related to restricted forearm rotation. The radiographic
parameters of palmar tilt and ulnar variance showed an adverse influence on the position of the ulnar
head at the DRUJ, which might lead to restricted forearm rotation after distal radial fracture. (J Hand
Surg 2005;30A:1178-1184. Copyright © 2005 by the American Society for Surgery of the Hand.)

Type of study/level of evidence: Therapeutic, Level IV,

Key words: Distal radius fracture, forearm rotation, subluxation, distal radioulnar joint.
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Restricted forearm rotation after distal radial fracture
is a common problem that occurs because of sublux-
ation of the distal radioulnar joint (DRUJ) and con-
tracture of the surrounding soft tissues including the
capsule of the DRUIJ, triangular fibrocartilage, and
interosseous membrane.' It recently was stressed that
the congruity and stability of the DRUIJ could be
achieved when performing corrective osteotomy for
malunion of the distal radius,*”®

Evaluation of the subluxation of the DRUIJ is dif-
ficult to achieve by plain x-rays because subtle fore-
arm rotation can lead to misinterpretation of the ulnar
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Figure 1. Each radiographic parameter was calculated as the
difference between the injured and uninjured sides. (1) Lon-
gitudinal axis of the radius. (2) Line tangential to the most
radial edge of the distal radius parallel to the longitudinal axis
of the radius. (3) Line perpendicular to the longitudinal axis
of the radius at the level of the ulnar margin of the distal
radial articular surface. (4) Line perpendicular to the longi-
tudinal axis of the distal radius at the level of the distal ulnar
articular surface. (5) Line connecting the dorsal and palmar
margins of the distal radial articular surface. (6) Line tangen-
tial to the most dorsal edge of the distal radius parallel to the
fongitudinal axis of the radius. p1, palmar tilt; ri, radial incli-
nation; rs, radial shift; os, dorsal shift; uv, ulnar variance.

head position. Computed tomography (CT) is a reli-
able radiographic tool and several investigators have
advocated different methods for evaluating the sub-
luxation with a CT scan.”~'* There have been no
reproducible methods, however, to date. Recently Lo
et al'? reported a new quantifying method to detect
the subluxation of the DRUJ in a CT scan, which
they termed the radioulnar ratio. They compared this
method with other evaluation techniques (epicenter

method, congruency method, and Mino criteria'®'")

and proved the validity of their method. We have
used a similar method for evaluation with a CT scan
and presented it as percent displacement of the ulnar
head relative to the sigmoid notch of the radius.
This in vivo study was designed to observe the
relationship between restricted forearm rotation and
subluxation of the DRUJ at neutral rotation, maxi-

‘mum supination, and maximum pronation and the

radiographic parameters after healed distal radial
fracture.

Materials and Methods

Twenty-two consecutive cases of healed unilateral
distal radial fracture with restricted forearm rotation
(pronation or supination) were included in the study.
The initial fractures were extra-articular dorsally an-
gulated fractures. Fractures that extended into the
DRUJ and radiocarpal joint were excluded. Cases
that showed restriction of both pronation and supi-
nation also were excluded to detect the influence of
DRUJ subluxation on limited pronation or supination
separately. The average time after the injury was 16
months (range, 6~36 mo). There were 20 women and
2 men with a mean age of 68 years (range, 29-84 y).
The initial treatments for the fracture consisted of
manual reduction with splint fixation (13 patients),
intrafocal percutaneous pin fixation (8 patients), and
external fixation (1 patient).

Palmar tilt, radial inclination, dorsal shift, radial
shift of the distal radius, and ulnar variance were
measured on plain posteroanterior and lateral x-rays
after the fracture was healed and the differences from
the uninjured side were calculated. Dorsal shift was
defined as the distance between the line of the lon-
gitudinal axis of the radius and the line tangential to
the most dorsal edge of the distal radius on lateral
x-ray. Radial shift was defined as the distance be-

Figure 2. (A) Each patient’s forearm was fixed to a custom-designed apparatus using a tourniquet band with 60° of elbow flexion.
(B) The handle that gears with the protractor was locked to keep the position of forearm rotation (neutral rotation, maximum

pronation, and maximum supination).
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tween the line of the longitudinal axis of the radius
and the line tangential to the most radial edge of the
distal radius on posteroanterior x-ray (Fig. 1).'* The
ranges of each parameter were as follows: palmar tilt,
—43° to 5° (average, —14°); radial inclination, —19°
to 5° (average, —4°); dorsal shift, —3 to +7 mm
(average, +2 mm); radial shift, —2 to +9 mm (av-
erage, +2 mm); and ulnar variance, +1 to +6 mm
(average, +3 mm). In 3 cases the palmar tilt was
greater than in the uninjured side because of exces-
sive reduction of the dorsally tilted distal radial frag-
ment during the initial treatment for the fracture.
Subluxation of the DRUJ was evaluated using
helical CT scan (Xvision, Toshiba, Japan). The pa-
tients were in the prone position and the forearm was
fixed to a custom-made apparatus using a tourniquet
band to exclude the influence of shoulder rotation
with 60° of elbow flexion (Fig. 2A). Patients were
instructed to grasp the pole of the apparatus for exact
positioning of the forearm rotation (Fig. 2B). To
exclude rotation at the radiocarpal joint patients per-
formed the active forearm rotation without passive
forceful rotation. The degree of restricted rotation
was examined using a goniometer attached to the
apparatus and was confirmed on the CT scan by
comparing the position of the groove for the extensor
carpi ulnaris tendon in the ulnar head relative to the
radius between the injured and uninjured sides.
The scan was begun from the middle of the fore-
arm through the DRUJ at intervals of 3 mm with the
forearm at neutral rotation, maximum pronation, and

Dorsal

Palmar

Figure 3. Percent displacement. The center of the ulnar head
(0) was determined by selecting 3 points on an outline of the
ulnar head. A perpendicular line was drawn to the line
connecting the dorsal and palmar ridges of the sigmoid notch
of the radius. The length of the palmar segment of the line (8c)
was divided by the total length (a8) and presented as the
percent displacement of the ulnar head. BC/AB X 100 (%) -
50 (%) was used to express the position of ulnar head;
positive = palmar; negative = dorsal.

Figure 4. Pronation-supination deformity of the distal radius
was determined by measuring the angle (6) between the
transverse axis of the radial shaft proximal to the site of
malunion and a line tangential to the sigmoid notch of the
radius from the helical CT scans at neutral rotation. The
difference of the angle from the uninjured side was deter-
mined as the pronation-supination deformity. Positive =
supination; negative = pronation.

maximum supination. A helical CT scan of the un-
injured side also was performed with the same rota-
tional positions. Subluxation of the DRUJ at neutral
rotation, maximum supination, and maximum prona-
tion was evaluated according to the radioulnar ratio
proposed by Lo et al.'? The forearm rotational axis is
a line connecting the fovea of the ulnar head distally
and the center of the radial head proximally. The
distal radius rotates around the ulnar head at the
DRUI. In a clinical situation, however, subluxation
or dislocation at the DRUJ usually would be ex-
pressed by the position of the ulnar head. Therefore
subluxation of the DRUJ was evaluated by the per-
cent displacement of the ulnar head relative to the
radius.

We chose the slice of the CT scan in which the
ulnar head and the sigmoid notch of the radius had
the largest outline of subchondral shape. If different
slices were chosen for each bone then they were
superimposed on each other and a 2-dimensional
evaluation was performed. The center of the ulnar
head was determined by selecting 3 points on an
outline of the ulnar head. A line was drawn perpen-
dicular to the line connecting the dorsal and palmar
ridge of the sigmoid notch of the radius. The length
of the palmar segment of the line was divided by the
total length and presented as the percent displace-
ment of the ulnar head relative to the radius (Fig. 3).
The measurement was repeated 3 times and averaged
at each rotational position.

The pronation—supination deformity of the distal

— 163 —



Ishikawa, lwasaki, and Minami / Influence of DRUJ Subluxation 1181

0 1,33
R N [-7.0
10 *-2.1
- -6.5 T i
-8.4 |
.15 L 8.4 |
supination  neutral  pronation

Figure 5. The percent displacement of the ulnar head in
group S (restricted supination). The ulnar head on the injured
side was located dorsally at supination compared with the
uninjured side. *p < .05, paired t test between the injured
and the uninjured sides. ®, Injured; B, uninjured.

radius was added as a radiographic parameter, which
was obtained by measuring the angle between a
transverse axis of the radial shaft proximal to the
fracture site and a line tangential to the sigmoid notch
of the radius in a 3-dimensional reconstruction of the
helical CT scan at neutral rotation according to the
method reported by Prommersberger et al'” (Fig. 4).
The difference of the angle from the uninjured side
was determined as the pronation—supination defor-
mity (range, —15° to +11°; average, —6°; supina-
tion: +, pronation: —).

The patients were divided into 2 groups according
to the direction of the limited forearm rotation: pro-
nation or supination. The pronation was restricted
(average, 24°; range, 15°—40°) in 11 patients (group
P). The supination was restricted (average, 31°
range, 20°-50°) in 11 patients (group S). The percent
displacement at each rotational position was compared
between the injured and uninjured sides in both groups
and analyzed statistically using the paired ¢ test. The

Supination
{9% dorsal

differences of radiographic parameters between groups
P and S also were analyzed using the Student ¢ test. The
results of these analyses were considered significant
when p values were less than .05.

Results

Percent Displacement at Each Rotational
Position

The percent displacement of the ulnar head at each
rotational position was compared between the injured
and uninjured sides. :

Restricted supination (group S).  On the injured
side the average percent displacements of 11 patients
in group S at neutral, supination, and pronation were
7% dorsal, 2% dorsal, and 8% dorsal, respectively
(Fig. 5). When compared with the uninjured side (3%
dorsal, 11% palmar, 7% dorsal, respectively) the
ulnar head was located dorsally at maximum supina-
tion in the injured side (p = .034), which means that
the dorsal translation of the distal radius during fore-
arm neutral to supination was restricted (Fig. 6).

Restricted pronation (group P). In the injured
side the average percent displacements of 11 patients
in group P at neutral, supination, and pronation were
17% palmar, 17% palmar, and 8% palmar, respec-
tively (Fig. 7). When compared with the uninjured
side (0% dorsal, 6% palmar, 4% dorsal, respectively)
the ulnar head was located palmarly at all rotational
positions on the injured side (Fig. 8) and the differ-
ence was significant at neutral rotation (p = .039).

Radiographic Parameters in Each Group

Each radiographic parameter was compared between
the groups (Table 1). Palmar tilt and ulnar variance

Neutral (15% dorsal)

Pronation
o,

Figure 6. The injured side of the patient with restricted supination. (A} Plain x-ray shows the ulnar-positive variance (4 mm).
Palmar tilt and radial inclination are nearly normal. (B) The palmar translation of the ulnar head is restricted in supination.
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Figure 7. The percent displacement of the ulnar head in
group P (restricted pronation). The ulnar head on the injured
side was located palmarly at the 3 rotational positions com-
pared with the uninjured side. *p < .05, paired ttest between
the injured and the uninjured side. @, injured; B, uninjured.

showed significant differences between the groups.
Palmar tilt was decreased significantly greater in
group P (average, —21°) than in group S (average,
—6°) (p = .016). The ulnar variance was more pos-
itive in group S (average, +4 mm) than in group P
(average, +2 mm) (p = .010). The other radio-
graphic parameters showed no significant differences
(radial inclination, p = .080; radial shift, p = .062;
dorsal shift, p = .498; pronation—supination defor-
mity, p = .754).

Discussion

Distal radial malunion frequently causes subluxation
of the DRUJ, which can be one of the reasons for
pain and limited forearm rotation on the ulnar side of
the wrist.'~® Although several cadaveric studies have
reported the effects of malunion on kinematics of the
DRUTJ and forearm rotation, there have been few
systematic in vivo analyses that have shown alter-

(16% palmar)
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ation of the congruity of the DRUJ after distal radial
malunion.'®~'® This study was designed to investi-
gate the relationship between limited forearm rota-
tion and subluxation of the DRUJ and 6 radiographic
parameters including rotational deformity of the dis-
tal radius. The most reliable method to evaluate the
subluxation of the DRUIJ in the clinical situation
would be a CT scan. The percent displacement used
in this study enabled the estimation of the position of
the ulnar head relative to the sigmoid notch of the
radius.

Adams'® investigated the kinematic changes by
creating a deformity of the distal radius in fresh
specimens and concluded that excessive radial short-
ening caused the greatest disturbance in kinematics
of the DRUJ, whereas decreased radial inclination
and dorsal angulation caused only intermediate
changes. More recently Moore et al'” investigated
the 3-dimensional kinematic alterations of the DRUJ
in pronation—supination after malunited distal radius
fractures in vivo by using CT imaging. The location
and orientation of the rotation axis did not change in
the malunited wrists and no dorsopalmar translation
at pronation—supination was detected in the study.
These investigators attributed the reasons for these
findings to adaptation of the soft tissues after mal-
united distal radius.

It has been acknowledged that the ulnar head is
located palmarly relative to the distal radius in supi-
nation and dorsally in pronation because of the dor-
sopalmar translation of the distal radius in the normal
wrist, which was recognized on the uninjured side in
this study (Figs. 5, 7). On the injured side, however,
the dorsopalmar position of the ulnar head at the

Neutral (20% palmar)

Pronation

Supination (11% palmar)

Figure 8. The injured side of the patient with restricted pronation. (A) Plain x-rays show the decreased palmar tilt (=20°). (B) The

ulnar head is located palmarly at the 3 rotational positions.
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Table 1. Comparison of Fach Radiographic Parameter Between the Groups

UV,* mm

Pro-Supi, degrees 7

PT, degrees* RI, degrees RS, mm DS, mm
Restricted supination —-6.1x152 -22*54 +38x20 +1.0x31 +21=*3.0 —5.4 + 8.7
Restricted pronation —21.1*124 —-65x54 +20%x13 +34=*15 +14=x=17 —-6.9 £ 92

Values are presented as the mean *+ SD.
Each parameter was compared between the groups.

PT, palmar tilt; RI, radial inclination; UV, ulnar variance; RS, radial shift; DS, dorsal shift; Pro-Supi, pronation-supination deformity (+,

supination; —, pronation).
*p < .05.

DRUJ was altered according to the deformity of the
distal radius.

The position of the ulnar head showed a significant
correlation with limited forearm rotation. In the
group with restricted pronation the ulnar head was
located palmarly at all rotational positions. By con-
trast in the group with restricted supination the ulnar
head was located dorsally at supination. Kihara et
al'® investigated the effect of a dorsally angulated
distal radius on the congruency of the DRUIJ by using
cadaveric specimens. In their study they concluded
that the incongruency of the DRUJ occurred with a
change of more than 20° of dorsal angulation of the
distal radius and forearm rotation decreased signifi-
cantly with dorsal angulation by more than 30°. In
our study the palmar tilt of the group with restricted
pronation was an average —21° compared with the
uninjured side. The increased dorsal tilt caused the
palmar location of the ulnar head relative to the distal
radius. The malposition of the ulnar head might
block the palmar translation of the radius in prona-
tion and also elicit changes of the tension of the
surrounding soft tissues including the triangular fi-
brocartilage complex, the capsule of the DRUJ, and
the interosseous membrane, which could result in
restricted pronation. By contrast the group with re-
stricted supination showed an average ulnar-positive
variance of 4 mm compared with the uninjured side.
The dorsal translation of the distal radius was re-
duced in neutral to supination and the ulnar head was
located dorsally at supination compared with the
uninjured side. The severe ulnar-positive variance
might block the dorsal translation of the distal radius
during supination, resulting in limited supination.

With regard to the rotational deformity of the
malunited distal radius Fernandez™ stated that the
distal fragment was flexed and pronated in Smith
type fractures with dorsal subluxation of the ulnar
head, which resulted in limited forearm supination.
In Colles’ type fractures the distal fragment was
extended and supinated with palmar subluxation of

the ulnar head.** The rotational deformity of the
distal radius, however, showed no significant differ-
ence between the limited supination and pronation
groups in our study. Prommersberger et al'> evalu-
ated the rotational deformity in malunited distal ra-
dius fractures and concluded that loss of pronation—
supination did not correlate with the amount of
rotational deformity, which is consistent with our
results. In our study the number of patients was small
and the rotational deformity was less than 15°, which
might be why we could not detect exactly the influ-
ence of pronation—supination deformity of the distal
radius on the restricted rotation. A further study will
be needed to determine the effect of the rotational
deformity.

From this in vivo study we proved the relationship
between restricted forearm rotation after a healed
distal radius fracture and subluxation of the DRUJ.
The radiographic parameters of dorsal tilt of the
distal radius and ulnar-positive variance especially
showed an adverse influence on the dorsopalmar
position of the ulnar head at the DRUJ, which led to
limited pronation and supination.
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Stress Distribution on Glenohumeral Joint after Rotator Cuff Tears.

Shigeru TADANO, Keiko ABE, Naomi OIZUMI

Abstract

The human shoulder consists of five joints acting cooperatively to realize three dimensional
mobility and stability. The shoulder joints are surrounded by the rotator cuff, which moves and
slides between the humeral head and acromion during joint motion. When rotator cuff tear oc-
curs, stress distribution on the joint surface in the glenoid is considered to change and concen-
trate in a local region. This diseased stress situation promotes wear of the cartilage and causes
osteoarthritis of the shoulder. In this study, we made three dimensional finite element models of
the glenohumeral joint. Stress distribution on the joint surface in the glenoid was analyzed for
normal joints, supraspinatus tendon (SSP) tear, both supraspinatus and infraspinatus tendon
(SSP-ISP) tear, and teres minor (t.minor) transfer model, at abduction angles of 45 and 90 de-
grees. Muscle forces calculated by numerical analysis were used as loading conditions. As a re-
sult, in an SSP tear model, the stress distribution was almost the same as in the normal model. In
the SSP-ISP tear model, the stress was concentrated in the upper side in the joint surface. In the
t.minor transfer model, it was confirmed that dispersion of stress occurred at a shoulder abduc-
tion angle of 45 degrees.

Key words : Biomechanics, Medical Engineering, Finite Element Method, Shoulder, Rotator cuff.
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1. Three-dimensional finite element model of
glenohumeral joint with humerus and scap-
ula.
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2. Loading condition of normal model in ab-
duction angle 45 degrees.

#* 1. a : Muscle force in abduction angle 45 de-

grees.
b : Muscle force in abduction angle 90 de-
grees.
(&)

Muscle Normal SSPtear SSP-ISPtear T.minor transfer
Deltoid ant. 61 76 84 28
Deltoid mid. 207 266 314 272
Deltoid post. 18 35 56 0

Supraspinatus 70 0 0 0
infraspinatus 62 51 0 0
Subscapularis 0 0 0 0
Teres minor 0 0 41 97

Muscle Normal 8SPtear SSP-ISPiear T.minor transfer
Deltoid ant. 87 101 121 134
Deltoid mid. 257 297 342 332
Deltoid post. 63 71 113 64

Supraspinatus 80 0 0 0
Infraspinatus 68 80 0 0

Subscapularis 50 62 75 105
Teres minor 19 23 67 75
(N)
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Post. side Ant. side

c. SSP-ISP tear d. T.minor transfer

3. Compression stress distribution in carti-
lage element of glenoid in abduction angle
45 degrees. (a: Normal model, b : SSP tear
model, ¢ : SSP-ISP tear model, d : T.minor
transfer model.)

Post. side ) Ant. side

a. Normal " b. SSP tear

c. SSP-ISP tear d. T.minor transfer

4. Compression stress distribution in carti-
lage element of glenoid in abduction angle
90 degrees. (a : Normal model, b : SSP tear
model, ¢ : SSP-ISP tear model, d : T.minor
transfer model.)
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Max.stress (MPa).

a b ¢ d a b ¢ d

Abduction angle 45° Abduction angle 90°

5. Maximum compression stress in abduc-
tion angle 45 and 90 degrees. (a : Normal
model, b : SSP tear model, ¢ : SSP-ISP tear
model, d : T.minor transfer model.)
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a b ¢ d a b ¢ d

Abduction angle 45°

6. SCA/TCSA value in abduction angle 45
and 90 degrees. (a : Normal model, b : SSP
tear model, ¢ : SSP-ISP tear model, d :
T.minor transfer model.)

Abduction angle 90°
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