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Purpose: To evaluate the hypotheses that all Madelung’s deformity subjects have dyschon-
drosteosis (defined as short stature and mesomelia, in addition to Madelung’s deformity) and
to evaluate the concept that Madelung’s deformity may affect the entire radius.

Methods: A radiographic and medical records review was performed for 26 subjects (46
extremities) with Madelung’s deformity. The radiographs were assessed for radius and ulna
length, sagittal radial bow, severity of the Madelung deformity, and radiocapitellar joint
space. The sagittal radial bow and the radiocapitellar joint space were used to classify
subjects according to whether the Madelung deformity was limited to the distal radius or
involved the entire radius.

Results: Thirty-one extremities in 18 subjects were classified as having a distal radius
Madelung deformity and 15 extremities in 8 subjects were classified as having an entire
radius Madelung deformity. The radius and ulna length and subject height were significantly
decreased compared with age- and height-matched normal values in both groups; the entire
radius group was more severely affected. In addition, the entire radius group had more severe
deformities with respect to lunate subsidence and ulnar tilt. All of the entire radius subjects
and 9 of 14 of the distal radius subjects had dyschondrosteosis.

Conclusions: Madelung’s deformity presents as a spectrum. It may affect the entire radius or
it may affect only the distal radius. Extremities with involvement of the entire radius have a
shorter radius and ulna, decreased height, and a more severe deformity than extremities with
involvement of only the distal radius. Additionally, most subjects with Madelung’s deformity
have dyschondrosteosis. ()] Hand Surg 2007;32A:1393-1401. Copyright © 2007 by the
American Society for Surgery of the Hand.)

Type of study/level of evidence: Diagnostic Ill.

Key words: Dwarfism, dyschondrosteosis, Leri-Weill, longitudinal dysplasia, Madelung’s
deformity.

adelung’s deformity, first described in
1855 by Malgaigne and 1878 by Made-
lung, is caused by the abnormal growth of

dorsal subluxation of the ulnar head.”!!

and volar migration of the lunate, and a prominent

Leri and Weill first described dyschondrosteosis as a

the distal radius physis.'”* Madelung’s deformity
may be idiopathic, but genetic studies have demon-
strated that it may be transmitted as an autosomal
dominant trait with incomplete penetrance as well.>
Clinical and radiographic features of Madelung’s de-
formity have been well described: an ulnar and dorsal
curvature of the distal radius (due to deficient growth
of the volar and ulnar aspect of the distal radius
physis), increased inclination of the distal radius joint
surface, triangulation of the carpus with proximal

developmental skeletal dysplasia characterized by me-
somelia (ie, short forearm), short stature, and Made-
lung’s deformity.>'*'* All 3 components must be
present to classify the subject as having dyschondros-
teosis. Several studies advance the concept that Made-
lung’s deformity is always a component of dyschon-
drosteosis'>'* and is never found in isolation. In
contrast, other studies have concluded that not all
Madelung’s subjects have dyschondrosteosis and that
Madelung’s deformity may be an isolated condi-
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tion.®!° This discrepancy in the literature suggests that
the relationship between Madelung’s deformity and
dyschondrosteosis is not completely understood.

Most reports'®2° have focused on the wrist de-
formity in Madelung subjects with limited consider-
ation of the more proximal radius and elbow, forearm
length, or subject height. It has been our observation
that some Madelung subjects have abnormalities that
are not limited to the distal radius physis but involve
the entire radius.

The purpose of this study was twofold. First, we
evaluated the hypothesis that there is a spectrum of
involvement of the radius in Madelung’s deformity
and that, in some cases, the entire radius may be
involved. Second, we investigated whether subjects
with Madelung’s deformity have dyschondrosteosis.

Materials and Methods

We performed a comprehensive medical record
search for the years 1960 to 2006 for subjects with a
diagnosis of Madelung’s deformity. Institutional re-
view board approval was obtained for this retrospec-
tive review. Inclusion criteria were a diagnosis of
Madelung’s deformity based on the classic descrip-
tion of distal radius and ulna abnormalities’"" and
adequate preoperative radiographs of the wrist, fore-
arm, and elbow. Subjects with idiopathic and familial
Madelung’s deformity were included; subjects with
an acquired Madelung deformity due to trauma or
infection were excluded.

A total of 32 Madelung subjects were identified,
and 26 met these criteria to form the study cohort.
There were 24 female and 2 male subjects; 21 were
white, 4 were African American, and 1 was Hispanic.
The average age at the time of radiographic assess-
ment was 16 years (range, 9—47 years); the majority
of patients were skeletally mature and, therefore,
were assessed as a single group. Twenty subjects had
bilateral involvement, and 6 subjects were affected
unilaterally for a total of 46 affected extremities. Six
subjects had a parent with Madelung’s deformity (4
mothers, 2 fathers). None of the subjects had Turner
syndrome or Langer’s syndrome, which carry mani-
festations of Madelung’s deformity.

Radiographic

The senior author (C.A.G.) made the following mea-
surements and observations from preoperative an-
teroposterior (AP) and lateral radiographs of the el-
bow, forearm, and wrist for all subjects included in
this investigation. All radiographs were obtained in
standard fashion at our hospital to allow direct mea-
surement without magnification error.

Madelung’s deformity distal radius to the distal
radius versus Madelung’s deformity affecting the
entire radius. The development and morphology
of the radius were assessed on AP and lateral elbow
and forearm radiographs. Subjects with a radio-
graphic deformity of only the distal radius were
classified as having a distal radius Madelung defor-
mity. Subjects with abnormal morphology of the
radius, specifically noted as a radius bow on the
lateral radiograph of more than 10° or a radiocapi-
tellar joint space of 4 mm or more were considered to
have an entire radius Madelung deformity. We also
assessed and recorded the bow of the radius on the
AP radiograph, the length of the radius, and the
length of the ulna, but these features were not used to
classify the deformity into these two groups.

Radial bow. The radial bow was measured for
each extremity on both AP and lateral radiographs.
The apex of the deformity was localized and the
longitudinal axis of the radius proximal and distal to
the apex was drawn, thus allowing an angular
measurement.

Radiocapitellar joint space. The distance between
the radial head and the capitellum was measured on
the AP and lateral radiographs.

Radius and ulna length. Radius and ulna lengths
were measured on the AP radiograph. Ulna length
was the distance from the tip of the olecranon to the
base of the ulna styloid (including ulnar epiphysis).
Radius length was the measured distance from the
most proximal portion of the radial head to the mid-
point of the distal radial articular surface. The mea-
sured lengths were compared with age-matched nor-
mal subjects.21 Additionally, we calculated the
length of the radius and ulna as a percentage of
height (see later) and compared these data with age-
matched normal subjects.?’

Severity of Madelung’s deformity. McCarroll et
al investigated 5 radiographic measurements (ulnar
tilt, lunate subsidence, lunate fossa angle, palmar tilt,
and palmar carpal displacement) to assess Made-
lung’s deformity.'® Ulnar tilt, lunate subsidence, and
palmar carpal displacement were noted to be reliable
and reproducible measurements for quantifying the
severity of Madelung’s deformity.'® Negative values
for lunate subsidence represent a lunate that is not
subsided (ie, it remains distal to distal ulna), and a
negative value for palmar carpal displacement indi-
cates that the carpus is not palmarly displaced rela-



Figure 1. (A) Anteroposterior and (B) lateral forearm radio-
graphs of an extremity with a distal radius Madelung
deformity.

tive to the long axis of the ulna. These 3 measure-
ments were assessed in order to compare the severity
of distal radius and entire radius Madelung’s
deformity.

Medical Record Review

The medical records of all subjects were reviewed
and the following data obtained. Patient height (ob-
tained at the time the radiographs were taken) was
measured, compared with age-matched normal sub-
jects, and expressed as a percentile of normal.*'
Elbow, forearm, and wrist range of motion were
obtained from the hand therapist evaluations (also
obtained when the radiographs were taken). Range of
motion data were compared with accepted normal
values (rather than the opposite extremity due to the
high incidence of bilaterality); normal motion was
defined as elbow flexion 145°, elbow extension 0°,
forearm pronation 75°, forearm supination 80°, wrist
extension 75°, and wrist flexion 75°.

Statistical Analysis

Clinical and radiographic data were compared be-
tween distal radius and entire radius Madelung sub-
jects. The Student’s 7-test was used to compare these
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groups. A p value <.05 was considered to be signif-
icant. All collected data were analyzed with use of
Microsoft Excel (Microsoft, Redmond, WA).

Results

Distal Radius Versus Entire Radius Madelung’s
Deformity

We classified 31 extremities in 18 subjects as having
a distal radius Madelung’s deformity (Fig. 1) and 15
extremities in 8 subjects as having an entire radius
deformity (Fig. 2). The 6 subjects with unilateral
Madelung’s deformity included 5 subjects with a
distal radius deformity and one subject with an entire
radius deformity. There were no instances of bilateral
involvement in which one extremity was classified as
entire radius and one as distal radius.

Radial Bow

The radial bow on the AP radiograph for entire radius
Madelung subjects (20° £ 7) was not significantly
different (p = .11) from the bow in distal radius
Madelung subjects (17° = 6) (Table 1). On the
lateral radiograph, the bow of the radius was signif-
icantly greater in entire radius Madelung subjects
(23° £ 12 vs 2° = 4, p = .02).

Figure 2. (A) Anteroposterior and (B) lateral forearm radio-
graphs of an extremity with a longitudinal Madelung defor-
mity. Note the bowing of the radius (more severe on the
lateral radiograph) and the abnormal relationship between
the radial head and the capitellum.
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Table 1. Comparison of Deformity Between Distal Radius and Entire Radius Madelung Subjects

Radial Head- Radial Head-
Capitellum Capitellum
Distance AP Distance Lateral
Radius Bow (°) Lateral Radius Bow (°) (mm) (mm)
18 distal radius
Madelung subjects
Average 17 2 3
SD 6 4 1 1
Range 5-30 0-10 2-5 2-5
8 entire radius
Madelung subjects
Average 20 23 13 10
SD 7 12 4 6
Range 5-33 10-36 2-18 1-20
p Value 1 .02 .02 .001

Radiocapitellar Joint Space

The radial head-capitellum distance was signifi-
cantly greater in entire radius Madelung subjects on
both AP (13 mm vs 3 mm, p = .02) and lateral
radiographs (10 mm vs 3 mm, p = .001) (Table 1).

Radius and Ulna Length

Radius and ulna length values are noted in Tables 2
and 3. In general, both distal radius and entire radius
Madelung length values were less than normal val-
ues; entire radius values were less than distal radius
values.

The average radius length in distal radius Made-
lung extremities was 18 cm £ 2, significantly (p <
.05) different from age-matched normals (22 cm =*
2) (Table 2). The average ulna length in distal radius
Madelung extremities was 20 cm * 2, significantly
(p < .05) less than age-matched normals (24 cm =
2). The average radius and ulna lengths in entire
radius Madelung extremities were 14 cm = 3 and 17
cm * 2, respectively; these were both significantly
(p<<.05) shorter than those of age-matched normal
subjects (radius, 22 cm * 2; ulna, 24 cm = 2) (Table
3). The average radius (14 cm * 3) and ulna (17 cm
* 2) length of entire radius Madelung extremities
were significantly (p << .05) shorter than the average
radius (18 cm = 2) and ulna (20 cm = 2) lengths of
distal radius Madelung extremities.

The average radius and ulna length as percentage
of height for both distal radius and entire radius
Madelung subjects was significantly less than that of
age-matched normal subjects (Tables 2 and 3). Entire
radius Madelung extremities had a radius/height av-
erage percentile of 9.4 cm * 1.7 and ulna/height
average percentile of 12 cm = 1; these were signif-
icantly (p < .05) smaller than average radius/height

percentile average (12 cm *=1) and ulna/height per-
centile average (14 cm = 1) for distal radius Made-
lung subjects.

In the distal radius Madelung group of 31 extrem-
ities, 5 extremities had a radius length greater than
the 10th percentile and 6 extremities had an ulna
length greater than the 10th percentile compared with
age-matched normals, as well as compared with nor-
mal subjects by percentile of radius and ulna/height
ratios (Table 2). There were two subjects with bilat-
eral involvement in which 1 forearm was short and
the other was of normal length. All radius and ulna
lengths in the entire radius Madelung extremities
were below the 10th percentile compared with age-
matched normal subjects and compared with normal
subjects by percentile of radius and ulna/height ratios
(Table 3).

Severity of Madelung’s Deformity

The range for ulnar tilt was 7° to 72°, the range of
lunate subsidence was (—=)7 mm to 35 mm, and the
range of palmar carpal displacement was (—)22 mm
to 40 mm (Table 4). Lunate subsidence was signifi-
cantly greater (p < .02) in entire radius Madelung
subjects (7 mm * 10) compared with distal radius
Madelung extremities (3 mm = 7). Ulnar tilt (31° =
18 vs 48° £ 14) (p < .001) was also significantly
greater in entire radius Madelung extremities. There
was no significant difference in palmar carpal displace-
ment between distal radius and entire radius Madelung
subjects (22 mm *= 7 vs 17 mm * 18) (p = .16).

Patient Height

The average percentile height for all subjects with
Madelung’s deformity was below normal (Table 5),
averaging the 19th percentile (range, 3rd to 90th).



Table 2. Radius and Ulna Lengths of Distal Radius Madelung Subjects Compared With Age-Matched Normal Subjects

Study Patient

Age-Matched Normal Subjects

Percentiles

% of Height

% of Height

% of Height

Radius Ulna Average  Average  Average Average
Length Length Radius Ulna Radius Ulna Radius Ulna Radius Ulna Radius Ulna
Subject Age Side (cm) (cm) Length Length Length Length Length Length Length Length Length Length
1 15+6 L 23 25 14 16 24 26 14 15 35th 50th 40th 70th
2 12+9 R 20 22 13 14 22 24 14 15 <10th <10th <10th <10th
L 17 20 11 13 22 24 14 15 <10th <10th <10th <10th
3 36 R 20 17 NA NA 23 25 NA NA <10th <10th NA NA
4 15 R 20 22 13 14 24 25 14 15 <10th <10th <10th <10th
5 15+6 R 19 21 12 13 24 26 14 15 <10th <10th <10th <10th
L 19 20 12 13 24 26 14 15 <10th <10th <10th <10th
6 10+6 R 17 18 12 13 20 21 13 14 <10th <10th <10th <10th
L 20 22 15 16 20 21 13 14 85th 85th 90th 90th
7 16+9 R 20 23 13 14 23 25 14 15 <10th <10th <10th <10th
14+3 L 21 24 13 15 23 25 14 15 10th 30th <10th <10th
8 14+9 R 18 20 12 14 23 25 14 15 <10th <10th <10th <10th
L 19 21 13 14 23 25 14 15 <10th <10th <10th <10th
9 13+5 R 15 20 10 13 23 24 14 15 <10th <10th <10th <10th
L 17 20 11 13 23 24 14 15 <10th <10th <10th <10th
10 15 L 21 23 13 14 24 25 14 15 <10th <10th <10th <10th
11 9+6 R NA NA NA NA NA NA NA NA NA NA NA NA
L NA NA NA NA NA NA NA NA NA NA NA NA
12 9+7 R 19 20 13 14 17 19 13 14 90th 70th 60th 30th
L 17 20 11 13 17 19 13 14 <10th 70th <10th 30th
13 17 R 20 20 14 14 23 25 14 15 <10th <10th 10th <10th
L 20 23 13 15 23 25 14 15 <10th <10th <10th 60th
14 9+9 R 16 18 13 14 17 19 13 14 10th 20th 50th 60th
15 33 R 17 19 NA NA 23 25 NA NA <10th <10th NA NA
L 15 17 NA NA 23 25 NA NA <10th <10th NA NA
16 12+8 R 17 19 12 13 22 24 14 15 <10th <10th <10th <10th
L 16 19 11 13 22 24 14 15 <10th <10th <10th <10th
17 10+4 R NA NA NA NA NA NA NA NA NA NA NA NA
L NA NA NA NA NA NA NA NA NA NA NA NA
18 12+3 R 17 19 12 14 21 23 14 15 <10th <10th <10th <10th
L 13 16 9 12 21 23 14 15 <10th <10th <10th <10th
Average 18 20 12 14 22 24 14 15
SD 2 2 1 1 2 2 1 1
p Value <.05 <.05 <.05 <.05

NA, not available
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Table 3. Radius and Ulna Lengths of Entire Radius Madelung Subjects Compared With Age-Matched Normal Subjects

Study Patient

Age-Matched Normal Subjects

Percentiles

% of Height

% of Height

% of Height

Radius Ulna Average Average Average Average
Age Length  Length  Radius Ulna Radius Ulna Radius Ulna Radius Ulna Radius Ulna
Subject  (years + months)  Side (cm) (cm) Length  Length Length Length Length Length Length  Length Length  Length
1 12+9 R 14 17 9 12 22 24 14 15 <10th <10th <10th <10th
L 13 17 9 12 22 24 14 15 <10th <10th <10th <10th
2 14+1 R 13 18 9 12 23 25 14 15 <10th <10th <10th <10th
3 8+6 R 10 13 8 11 16 18 13 14 <10th <10th <10th <10th
L 10 13 8 11 16 18 13 14 <10th <10th <10th <10th
4 14+11 R 15 19 9 12 24 25 24 15 <10th <10th <10th <10th
L 14 19 9 12 24 25 24 15 <10th <10th <10th <10th
5 12+5 R 14 17 11 14 22 24 14 15 <10th <10th <10th <10th
L 15 17 12 14 22 24 14 15 <10th <10th <10th <10th
6 13 R 12 16 8 10 22 24 14 15 <10th <10th <10th <10th
L 10 15 7 10 22 24 14 15 <10th <10th <10th <10th
7 13+3 R 13 18 9 12 22 24 14 15 <10th <10th <10th <10th
L 19 21 13 14 22 24 14 15 <10th <10th <10th <10th
8 46+6 R 15 19 10 12 23 25 14 15 <10th <10th <10th <10th
L 17 20 11 12 23 25 14 15 <10th <10th <10th <10th
Average 14 17 9 12 22 23.5 15 15
SD 3 2 2 1 2 2.3 3 1
p Value <.05 <.05 <.05 <.05
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Table 4. Severity of Madelung’s Deformity for All, Distal Radius and Entire Radius Madelung’s Deformity

Subjects

Palmar Carpal

Lunate Displacement
Ulna Tilt (°) Subsidence (mm) (mm)

All 26 subjects

Average 43 3 20

SD 17 7 12

Range 7-72 (-)7-35 (-)22-40

McCarroll range'? 14-73 (-)5-20 10-36
18 distal radius

Madelung subjects

Average 48 1 22

SD 14 4 7

Range 24-72 (-)6-8 11-40
8 entire radius

Madelung subjects

Average 31 7 17

SD 18 10 18

Range 7—68 (-)7-35 (—=)7-35
p Value* .001 .02 .16

(=) implies lunate is entirely distal to distal ulna.
*Comparing distal radius and entire radius groups.

Subjects with distal radius Madelung’s deformity
were in the 24th percentile (range, 3rd to 90th) and
subjects with an entire radius Madelung’s deformity
were in the 9th percentile (range, 3rd to 25th); there
was a significant difference between the groups (p <
.05). Twelve of the distal radius Madelung subjects
were below the 25th percentile for height; 7 were
below the 10th percentile. In contrast, all 8 entire
radius Madelung subjects were below the 25th per-
centile for height; 6 were below the 10th percentile.

Dyschondrosteosis

All 8 subjects in the entire radius group may be
retrospectively diagnosed with dyschondrosteosis as

Table 5. Comparison of Percentile Height

Between Distal Radius and Entire Radius
Madelung’s Deformity Subjects

No. Subjects

Percentile Distal Entire
Height Radius Radius
0-5 3 5
6-10 4 1

11-15 3 1

16-20 0 0

21-25 2 1

26-50 2 0

51-75 0 0

76-100 2 0

Unknown 2 0

all were of short stature and had a markedly short
forearm in addition to their Madelung deformity.
Fourteen of the 18 subjects in the distal radius group
had sufficient data to allow an accurate assessment of
percentile height and forearm length. Nine of these
subjects may be retrospectively diagnosed with dys-
chondrosteosis. Four of the other 5 subjects were of
normal percentile height (the other subject was of
short stature but had a normal-length forearm). Inter-
estingly, in 2 of these subjects, one forearm was short
whereas the other was of normal proportion.

Range of Motion (Table 6)

Elbow extension averaged 2° in distal radius Made-
lung extremities, significantly straighter (p = .0003)
compared with the average 18° in subjects with entire
radius Madelung’s deformity. Entire radius extremi-
ties had less pronation (69° vs 47°, p = .0001) and
supination (72° vs 59°, p = .01) compared with distal
radius extremities. Wrist extension averaged 53° in
distal radius extremities and 32° in entire radius
extremities (p = .0001). There was no significant
difference between groups for elbow flexion and
wrist flexion (p > .05).

Discussion

Previous descriptions of Madelung’s deformity have
concentrated on the bony abnormality at the distal
radius and wrist. In their classic description of the 12
features of Madelung’s deformity, Dannenberg et al’
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Table 6. Average Elbow, Forearm, and Wrist Motion in All, Distal Radius and Entire Radius Madelung’s

Deformity Extremities

Elbow Elbow Forearm Forearm Wrist Wrist
Extension Flexion Pronation Supination Extension Flexion
) ) ) ) ) )
All extremities
Average * SD 8 £13 143 £ 4 61 =19 68 £ 16 46 = 17 62 = 12
31 Distal radius
Madelung extremities
Average * SD 2=*5 143 £ 4 69 = 11 72 = 14 53 £ 16 64 = 10
15 Entire radius
Madelung extremities
Average * SD 18 = 17 142 = 4 47 £ 23 59 £ 16 328==09 59 £ 17
p Value* .0003 .25 .0001 .01 .0001 .14
Normal motion 0 145 75 80 75 75

*Comparing distal radius and entire radius groups.

focused on the wrist but did mention that the entire
diaphysis of the radius may be involved. The defor-
mity at the radiocapitellar joint and the increased
sagittal bow of the radius were not included among
the 12 features. Subsequent reports on Madelung’s
deformity'’2° also focus on the wrist deformity.

We identified 2 groups of subjects with Made-
lung’s deformity, those with an involvement of the
distal radius only (69%) and those with involvement
of the entire radius (31%). Utilizing the criteria of
McCarroll et al'® to quantify the deformity, the se-
verity of the wrist deformity was significantly worse
in the entire radius group. The subjects in the entire
radius group had a more significant sagittal bow to
the radius and an increased radiocapitellar distance.
Clinically, subjects in both groups had a loss of
motion in pronation, supination, and wrist extension;
however, the subjects in the entire radius group had
a more severe loss of motion and, additionally, had a
loss of elbow extension. Additionally, 5 of the 6
subjects with Madelung’s deformity affecting only 1
side had the less severe distal radius deformity.

The identification of patients with deformity in-
volving the entire radius has clinical importance.
Functionally, the entire radius patients have de-
creased elbow, forearm, and wrist motion compared
with other Madelung patients. Aesthetically, the pa-
tients will have a shorter and more curved forearm
rather than only involvement of the distal radius.
Furthermore, surgical procedures are typically fo-
cused on the distal forearm.'® Both the patient and
the surgeon should be aware that such procedures in
the entire radius group are technically more difficult
and not likely as effective in correcting the functional
and aesthetic abnormalities.

The three criteria for the diagnosis of dyschondro-
steosis,> 212714 or Leri-Weill syndrome, are Made-
lung’s deformity, mesomelia, and short stature.”>'*~'*
All the subjects in our study group had Madelung’s
deformity. All 8 subjects in the entire radius group
had dyschondrosteosis. Nine of the 14 (64%) sub-
jects in the distal radius group with complete data
had dyschondrosteosis. Considering these data to-
gether, 17 of 22 (77%) of the total subjects (with
complete data) fit the classic definition of Leri-Weill
syndrome. This finding is in agreement with some
previous authors who noted that most subjects with
Madelung’s deformity were likely to have dyschon-
drosteosis.'* '

The other 5 patients may also have dyschondros-
teosis but without the typical presentation. For ex-
ample, 2 of the 5 subjects had the unusual finding of
1 short forearm and 1 forearm of normal proportion.
These variable findings in height and degree of me-
somelia do not exclude the diagnosis of dyschondro-
steosis as previous investigations have reported phe-
notypic variation in subjects with Leri-Weill
syndrome. The Madelung’s deformity is constant
but, whereas most patients demonstrate short stature
and mesomelia, there has been variability in height
and forearm length.***?

It should be noted that, at this time, there is a good
but imperfect confirmatory genetic test for Leri-Weill
syndrome. The SHOX-DNA-Dx genetic test (Eso-
terix, Inc., Austin, TX) uses polymerase chain reac-
tion amplification to detect both deletions and muta-
tions in the SHOX gene. Genetic abnormalities in the
SHOX pseudoautosomal gene (short stature ho-
meobox-containing gene) may be related to Turner
syndrome, Leri-Weill syndrome, and short stature.'”



Most of the subjects in this investigation did not have
genetic testing as they were treated prior to the avail-
ability of this test. The findings of this investigation
suggest that Madelung’s deformity is, most com-
monly, a genetic condition. Confirmatory testing will
be helpful for clinician and family alike.

There are several weaknesses of this study. First,
radiographic measurements were performed at a sin-
gle time point. Because multiple subjects had surgi-
cal correction for their Madelung deformity and oth-
ers did not get routine follow-up radiographs of their
extremities at each clinic visit, we were unable to
assess the change in extremity deformity over time.
Second, humerus and lower-extremity radiographs
were not routinely obtained in the majority of the
subjects, and we were unable to use these for assess-
ment of mesomelia or short stature; however, we
believe that the use of radius and ulna length relative
to height and comparing these data with normal
values is an effective assessment tool.

In conclusion, the results of this study indicate that
most patients with Madelung’s deformity will also
have the extreme short stature and mesomelia con-
sistent with Leri-Weill syndrome. Additionally, there
is a subgroup of Madelung’s deformity patients who
have severe involvement of the entire radius. These
patients have decreased range of motion of the ex-
tremity, a more bowed appearance to the forearm,
and more notable radiographic deformity of the fore-
arm and distal radius.
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