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Ulnar lengthening for children with forearm ==

deformity from hereditary multiple exostoses:
a retrospective study from a tertiary medical
center
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Abstract

Background Patients with hereditary multiple exostosis (HME) usually present with forearm deformity with or with-
out radial head dislocation. Ulna lengthening has been proposed to address this condition. Exostosis resection

plus ulna lengthening has been adopted in our hospital since 2008, and patients with this condition were retrospec-
tively reviewed. Herein, we aimed to investigate the optimal timing and clinical outcomes of this surgical approach.

Methods In all, thirty-five patients (40 forearms), including 22 boys and 13 girls, were enrolled in our study from July
2014 to September 2020. We divided the patients into 4 groups based on the age when they received surgery

and the status of the radial head. Pronation and supination of the forearm, flexion and extension of the elbow, wrist
ulnar deviation and wrist radial deviation, and radiological parameters including ulnar length (UL), ulnar variance (UV),
the percentage of radial bowing (RB/RL), radio articular angle (RAA) and carpal slip (CS), were assessed and recorded.

Results The mean UL was significantly improved after surgery in four Groups (P<0.05). In patients with radial head
dislocation, we found significant improvement in forearm, wrist function and elbow flexion (p < 0.05). For the patients
with radial head dislocation, the juniors demonstrated better improvement in % RB and RAA (p<0.05, p=0.003

and 0.031).

Conclusion Exostosis resection and ulna lengthening with unilateral external fixation can effectively improve

the function and radiological parameters of forearm deformity in HME children. For patients with radial head disloca-
tion, early surgery can achieve better results. For patients not associated with radial head dislocation, we recommend
regular follow-up and surgical treatment after 10 years of age.

Keywords Hereditary multiple exostosis, Radial head dislocation, Forearm deformities, Ulnar lengthening

Shuo Wang, Bomansaan Herman and Yiheng Wu contributed equally to this
work.

*Correspondence:

Pan Hong

hongpan2013@foxmail.com

JinLi

lijinwhxh2003@foxmail.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-024-05063-9&domain=pdf

Wang et al. BMC Pediatrics (2024) 24:585

Background

Hereditary multiple exostosis (HME) is a type of skel-
etal dysplasia, with approximately 1/50,000 incidence
in the population [1, 2]. Exostosis often grow in the
metaphysis of the long bone and can cause growth dis-
orders and deformities [1, 3]. Forearm deformities are
reported in 30-60% of patients with HME. According
to Masada’s classification system [4], forearm deformi-
ties can be divided into four types, see Fig. 1. Clinically,
HME presents with deformities such as wrist ulnar devia-
tion, radial head dislocation, ulnar shortening, and radial
bowing [1, 2, 4—6]. Patients with HME usually come to
the hospital with local pain, functional limitations and
appearance abnormalities.

The purpose of surgical intervention is to correct the
skeletal deformity, reduce the dislocation of the radial
head and improve the forearm function. Ulnar osteotomy
combined with lengthening, simple radial head resection,
and distal radial hemiepiphysiodesis has been reported
to address this deformity [2, 6, 7]. However, the opti-
mal treatment algorithm for patients with this condition
remains controversial [2, 6-9].

In this study, we retrospectively reviewed 36 patients
with this condition receiving ulnar osteotomy and
lengthening, and patients at different age groups were
compared. We aimed to evaluate the effect of ulnar oste-
otomy lengthening in patients of different ages and pro-
vide insights into the optional surgical timing.

Methods

Patients

In all, from July 2014 to September 2020, 52 children
with forearm deformities from HME were admitted to
our hospital. Finally, 35 patients (40 forearms), including

Fig. 1 Masada classification of the forearm osteochondroma
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22 boys and 13 girls, were retrospectively reviewed, see
Fig. 2. All patient information was obtained from the
hospital database. The study was approved by the Ethics
Committee of Tongji Medical College, Huazhong Univer-
sity of Science and Technology.

Grouping criteria

The patients were grouped according to the status of
radial head dislocation into the dislocation group and
the non-dislocation group. Then they were subdivided
into 4 groups according to their ages receiving surgery
(age <10 years or >10 years): (1) Junior with radial head
dislocation (The J-D group), (2) Junior without radial
head dislocation (The J-N group), (3) senior with radial
head dislocation (The S-D group), and (4) senior without
radial head dislocation (The S-N group).

Inclusion criteria

The patients had a diagnosis of HME and at least one of
the following radiographic or functional parameters: (1)
the ulna is shorter than the radius by >5 mm, (2) a radial

52 patients included

47patients underwent
exostosis resection
and ulnar lengthening

6 patients
underwent
additional radial
osteotomy

4 patients had
previous surgery
on the same ulna

2 patients with
missing data

>

v

35 patients were
enrolled in this study

Fig. 2 Flowchart of patient selection



Wang et al. BMC Pediatrics (2024) 24:585 Page 3 of 10

/!

a b C d e

Fig. 3 Flowchart of patient selection. Osteochondroma resection(a), ulna osteotomy(b), ulna extension using a unilateral external fixator (c, d),
remove the external fixator(e)

Fig. 4 Radiological presentations of a 7-year-old boy with HME with a forearm deformity. Preoperative radiographs of the patient showed distal
ulnar exostosis, ulnar shortening, and radial head dislocation (Masada IIb type) (a). Postoperative radiography of ulnar osteotomy and lengthening
surgery (b). Radiological presentation of one, two and six months after surgery (c, d and e). Radiographic picture of fourteen months after surgery
showing correction of the deformity and radial head reduction (f)
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Fig. 5 Radiographic parameters. (1) RB, radial bowing (the maximum distance from the ulnar border of the radius to the long axis of the forearm
was measured and then divided by the radial length). (2) UL, ulnar length (the length of the ulna was measured); UV, ulnar variance (the distal
ulnar shortening from the most distal ossified point of the ulna to the plane of the distal radial surface); RAA, radio articular angle (the angle

of inclination of the distal articular surface of the radius to the long axis of the forearm). (3) carpal slip (the percentage of the lunate on the ulnar

side of a continuation of the linear axis of the forearm)

articular angle of >30 degrees, (3) a carpal slip of >60%
(Fig. 5), (4) dislocation of the radial head, (5) limitation
of forearm movement that interferes with daily activities.
Patients who meet one or more of the 5 inclusion criteria
are selected for the first time. Among all patients under-
going surgery, we excluded cases with the following con-
ditions: (1) patients with metabolic diseases, (2) previous
surgery on the same limb, (3) patients with incomplete
data, (4) additional surgery for this treatment (other than
exostosis resection and ulna lengthening) (Fig. 2).

Surgical methods

Three senior surgeons performed surgeries. The treat-
ment procedure is described in Fig. 3. All procedures
were performed under general anaesthesia and tourni-
quet control (180-200 mmHg for a maximum of 60 min).
According to the location of the exostosis, a longitudinal
incision was made on the forearm. The preferred location
for osteotomy was the proximal one-third to one-fourth
of the ulna. The osteotomy was performed using a sharp
drill and a chisel. Four Schanz pins (diameter 3 or 4 mm)
were placed on the ulna in parallel. The external fixator
(YIJTABAO, China) was then connected between these
Schanz screws. All patients underwent ulnar or radius
exostosis resection and ulnar lengthening using a unilat-
eral external fixator.

One week after surgery, the ulna was extended in
0.25 mm increments 3 to 4 times daily to achieve a trac-
tion rate of 0.75 to 1 mm/ day. Follow-up was conducted
in the second week, 1 month and every 1 month after.
The increase in the ulna axis and degree of callus at the

osteotomy region could be monitored by X-ray. Radio-
logical presentations of a 7-year-old boy with HME with
a forearm deformity were showed in Fig. 4. Parents should
pay attention to their child’s forearm sensation, range of
motion, and peripheral circulation. Parents could contact
us by phone or visit the hospital whenever the children
experience discomfort during the extension process. The
distraction was discontinued when the radial head showed
reduction or positive ulnar variance reached 5 mm (the

Table 1 The demographic characteristics

Number/Mean(+SD) Percentage (%)

Sex

Boys 2 629

Girls 13 37.1
Side

Right 1 314

Left 19 543

Bilateral 5 143
The junior group(N/D) 23(12/11) 575
The senior group(N/D) 17(8/9) 425
Modified classification
| 16 40.0
lla 9 225
IIb 15 375
Age 9.04(+3.49)
During of follow-up 21.22(+14.06)

The junior group(y<10); The senior group(y > 10)
N:without radial head dislocation

D:with radial head dislocation

SD Standard deviation
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ulna was longer than the radius). The external fixator was
kept in place until the distracted region demonstrated
consolidation on the X-ray, or a plate could be inserted to
maintain the length until the bone union was achieved.

We performed a retrospective study in which two doc-
tors measured and collected all data. Before and after
surgery, we evaluated imaging and functional outcomes.
Based on the radiographic imaging, the following param-
eters for each forearm were assessed in Fig. 5: (1) the per-
centage of radial bowing( radial bowing divided by radial
length; RB/RL) (2) ulnar length, ulnar variance, radio
articular angle (3) carpal slip; Considering that some of
the younger children had incomplete metacarpal devel-
opment, carpal slip was not included as a reference in the
younger groups. Functional results include the pronation
and supination of the forearm, the flexion and extension of
the elbow, wrist ulnar deviation and wrist radial deviation.

Statistical analysis

Statistical analysis was performed with SPSS statistical
software (version 25.0; SPSS, Chicago, IL, USA). Con-
tinuous variables were summarized as the mean and the
standard deviation (SD). The parametric Kolmogorov-
Smirnov test was used to check for normal distribution
of the data. A matched-sample T-test was used for func-
tional and imaging indicators before surgery and at the
last follow-up visit. Two independent sample T-tests
were used to compare the imaging and functional indica-
tors of the J-N and S-N groups. The J-D and S-D groups
used the same method. The Fisher exact test was used for
nominal variables. The level of significance was set at a
p-value < 0.05.

Results

Study population

This study included 35 pediatric patients with HME
(40 forearms). Twenty-two patients were boys, and 13
were girls. The mean age receiving the surgery was 9.04
(£3.49) years (range, 3.5 to 15.2 y; median= 8.3 y). The
junior group included 20 patients (age range,3.5 to 9.8 y;
median=7.5 y) and 23 forearms, including 11 forearms
with radial head dislocation. The senior group included
15 patients (age range,10.2 to 15.2 y; median=12.5 y)
and 17 forearms, including 9 forearms with radial head
dislocation. The mean follow-up time was 21.22(+14.06)
months. According to the Masada classification system,
16 forearms (40.0%) were classed as Type I; 9 (22.5%), as
Type IIA; and 15 (37.5%), as Type IIB. The patient demo-
graphics are shown in Table 1.

The junior groups
In the J-N group, the average UV decreased from
0.53+0.23cm to -0.04+0.45cm (p = 0.01). Forearm
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pronation increased significantly from 66.0+4.34°to
79.89+4.99°(p € 0.001). In the J-D group, the %RB and
RAA of preoperative and last follow-up recorded p values
of 0.003 and 0.031, respectively, which were statistically
significant. Also, the forearm rotation function, Wrist
ulnar deviation, and Wrist radial deviation were signifi-
cantly improved (p<0.05).

The senior groups

In the S-N group, the average CS decreased from
54.12+22.01% to 40.24+14.12% (p = 0.039). Forearm
pronation increased significantly from 64.25°+11.29°to
78.25°£7.80°(p = 0.014). In the S-D group, the % RB and
RAA of preoperative and last follow-up recorded p values
of 0.083 and 0.069, respectively, which were statistically
non-significant. However, the forearm rotation function,
wrist ulnar deviation and wrist radial deviation were sig-
nificantly improved (p<0.05).

Compare
The mean UL was significantly improved after surgery in
four Groups (P < 0.05). For patients without dislocation,

Table 2 Radiographic outcomes in the patients without radial
head dislocation

Preoperative® Last Follow-up? Difference® PValue

uL
The J-N 1295 (+2.08) 1589 (+231) -294 (+205  0.005*
The S-N 16.88 (+2.83) 1896 (+3.53) -208 (+109)  0032*
PValue 0021 0.097 0.459

uv
The J-N 0.53 (+0.23) -0.04 (+045) 057 (+0.53) 0.019*
TheS-N 047 (+025) 0.13 (+0.29) 034 (+023) 0062
PValue 0683 0511 0434

%RB
The J-N 940 (+247) 9.24 (+2.90) 0.17 (£1.26) 0.720
TheS-N 948 (+2.53) 831 (¥257) 1.17 (£1.82) 0.288
PValue 0960 0602 0.285

RAA
The J-N 24.18 (£3.09) 2246 (£222) 172 (£3.14) 0.165
TheS-N 2926 (+4.07) 2680 (+4.01) 247 (£352) 0256
PValue 0036 0.034 0717

cs
The J-N
TheS-N 5412 (22.01) 4024 (+14.12) 1524 (+802)  0.039*
P'Value

The S-N Group consists of patients older than 10 years without radial head
dislocation (n=8)

The J-N Group consists of patients aged 10 years or less without radial head
dislocation (n=12)

UL Ulnar lengthening, UV Ulnar variance, RB Radial bowing, RAA Radial articular
angle, CS Carpal slip, P data between the pre-op and the last follow-up; P’ data
between the junior group and the senior group

@The values are given as the mean and the standard deviation
" denotes P < 0.05
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there was no significant difference in imaging and func-
tional improvement between the younger and older
groups. For patients with radial head dislocation, the
radial head was reduced at the last follow-up. The differ-
ence in radiographic indexes was mainly %RB and RAA.
In the J-D group, the %RB and RAA of preoperative
and last follow-up recorded p values of 0.003 and 0.031,
respectively, which were statistically significant. The S-D
group recorded P values of 0.083 and 0.069, respectively,
which are statistically non-significant. In patients with
radial head dislocation, we found significant improvement
in forearm, wrist function and elbow flexion. However,
there was no difference in the improvement of func-
tional parameters before and after operation between the
younger group and the older group. Table 2 and Fig. 6
compare the radiographic parameters between groups
J-N and S-N. The radiographic results of patients in
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groups J-D and S-D are shown in Table 3 and Fig. 7. The
functional results in patients are shown in Tables 4 and 5.

Radial head reduction was not achieved in 4 patients at
the end of the lengthening in the S-D group, and addi-
tional surgery of radial head reduction or resection was
performed. Of all the patients, only one in the S-D group
underwent a radial head resection. At the end of ulna
lengthening, the head of the radius was excised, consid-
ering that the patient was older than 10 years and had
severe deformation of the head that affected reduction.
At the last telephone follow-up, none of the patients had
further dislocation of the radial head. We found three
patients in the J-D group who had relapsed. The main
manifestations of recurrence were tumor growth and
limited functional activities. One case of ulnar nonunion
was also found. No postoperative impingement symp-
toms were observed in any of the wrists.

20

| ns ]

T

Junior Group Senior Group

%Radial bowing

Em Preoperation
=3 |ast folllow-up

Junior Group Senior Group

Radial articular angle(°)

Fig. 6 Comparisons between preoperative and follow-up radiographic measurements in patients without dislocation of radial head. * p < 0.05
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Table 3 Radiographic outcomes in the patients with radial head

dislocation

Preoperative® Last Follow-up? Difference® PValue
uL
The J-D 1096 (+1.72) 1430 (£2.11) =334 (+151) 0.000%
TheS-D 1445 (+2.09) 17.34 (+3.57) =289 (+1.94) 0.002*
PValue  0001* 0.029* 0573
uv
The D 091 (+039) 0.08 (+043) 0.82 (+0.51) 0.000*
TheS-D 046 (+051) -0.08 (+0.29) 0.54 (+0.70) 0.049*
PValue  0039* 0.340 0310
%RB
The)-D 884 (£1.99) 712 (+1.36) 1.72 (£145) 0.003*
TheS-D 1021 (+231) 765 (+1.88) 2.56 (+3.86) 0.083*
PValue 0173 0473 0516
RAA
The JD 2764 (+4.24) 24.86 (+£3.57) 278 (£3.69) 0.031*
TheS-D 2911 (+587) 2823 (+358) 088 (+543) 0639
PValue 0522 0.050 0.366
cs
The J-D
TheS-D 5715 (£18.12) 4042 (x1807) 1767 (£12.10)  0003*
P'Value

The J-D Group consists of patients aged 10 years or less with radial head
dislocation (n=11)

The S-D Group consists of patients older than 10 years with radial head
dislocation (n=9)

2The values are given as the mean and the standard deviation
" denotes P <0.05

Discussion

Gradual ulna lengthening can effectively improve the
function and radiographic results of forearm deform-
ity in HME patients. For patients with radial head
dislocation, the improvement in function is more sig-
nificant. Radiographic parameters showed that the
improvement of radial deformities was more signifi-
cant in younger patients with dislocation. Although no
radial deformity correction was performed, % RB was
improved during ulna lengthening, and the improve-
ment of % RB and RAA was more pronounced in the
J-D group (P=0.003; P=0.031), which is consistent
with some studies [10-14]. Ulna lengthening facilitates
the correction of radial deformities due to spontane-
ous bone remodeling in pediatric patients [10, 11]. The
traction force in the ulnar against the radius through
the distal radioulnar joint and interosseous mem-
brane reduces the radial head and contributes to the
improvement in the RB [12-14]. Hsu et al., in their
study, observed similar results in patients (<10 years
of age) who did not undergo corrective radial osteot-
omy [15].
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An essential goal of surgical intervention for forearm
deformities is to disrupt the progression of deformities
and dysfunction, especially radial head dislocation [12].

Some scholars believe that resection of osteochon-
droma alone can effectively improve the functional
activities of the forearm and delay the progression of the
deformity [16, 17]. However, resection of osteochon-
droma alone did not improve the radiographic param-
eters [17, 18]. In our study, all patients underwent ulna
and radius osteochondroma resection and gradual ulnar
lengthening, and the patients achieved good radiological
and functional results after surgery. Many studies have
reported good radiographical and functional results after
osteochondroma resection and gradual ulnar length-
ening [10, 15, 19]. In addition, the recurrence of ulnar
shortening and radial head dislocation can be reduced by
the resection of osteochondroma before the correction of
ulnar shortening and deformity [20, 21].

In recent years, gradual ulnar lengthening has been
considered by most scholars as a crucial surgical step
to correct forearm deformities [11, 22, 23]. However,
the exact procedure and timing of surgical intervention
remains controversial. First of all, the choice of osteot-
omy point is significant. The proximal third of the ulna
for the osteotomy does not damage critical anatomical
structures such as the interosseous membrane and the
proximal oblique cord [24]. The tension of the interosse-
ous membrane is conducive to reducing the radius head
during the elongation process [20]. Subsequently, the
ulna was gradually lengthened using an external fixator,
which allows controlled lengthening and possible reduc-
tion of the radial head without significant soft tissue
damage [25].

Regarding the selection of external fixators, many
studies have applied unilateral external fixators to treat
forearm deformities caused by HME and achieved good
results [10, 11, 25, 26]. In this study, we used a unilateral
external fixator to extend the ulna. During the follow-up,
we found that due to the advantages of small size and
easy postoperative care, most patients said the impact
on their daily lives was acceptable. Also, when compared
with other lengthening devices, the complication rates
appear to be lower with unilateral fixators [27].

There is debate as to whether the outcome of early cor-
rective surgery is superior to that of untreated patients
in all patients [11, 18]. In this study, for type I patients,
both age groups obtained good postoperative radio-
graphical results. There was no significant difference
between the two groups. For patients with radial head
dislocation, both groups showed significant improve-
ment in motor function except elbow flexion. However,
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Fig. 7 Comparisons between preoperative and follow-up radiographic measurements in patients with dislocation of radial head. * p < 0.05

significant improvement in radial malformations was
found in the younger group on imaging (The % RB and
RAA of preoperative and last follow-up in the J-D group
recorded p values of 0.003 and 0.031). Hsu et al. reported
that postoperative radial deformities were also signifi-
cantly improved in the younger group of patients who
underwent only gradual ulnar lengthening (The average
RAA decreased from 35.8°+ 5.2°t022.9°+ 4.7°(p=0.028))
[15]. Some studies suggest early and aggressive treatment
of forearm deformity to avoid deformity progression and
dysfunction [12, 28-30]. Ahmed et al. suggested that
early intervention is vital to achieve natural reduction of
the radial head [13]. According to Peterson, preventing
progressive deformities and dysfunction should be the
primary goal [28]. Our findings support early surgery for
patients with radial head dislocation, and surgery before

the age of 10 can better correct the forearm deformity,
probably due to robust bone remodeling.

Some studies have shown a high risk of re-dislocation
of the radial head in younger patients [12, 16, 31]. Recur-
rence of ulnar shortening was also found in younger
patients with MHE [29]. Some authors recommend
delaying surgery to avoid recurrence [8, 31, 32]. Akita
et al. considered that forearm deformities are unre-
lated to function and no longer recommend corrective
procedures to prevent functional impairment. In their
study, long-term follow-up (13 years) showed that chil-
dren who had early surgery continued to relapse [18].
Some authors recommend overcorrection of the ulna by
5 to 10 mm in patients with skeletal immaturity to pre-
vent recurrence. Pritchett reported the results of ulna
lengthening in 10 forearms. He recommended excessive
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Table 4 Functional assessment of forearms without dislocation
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Table 5 Functional assessment of forearms with dislocation of

of radial head radial head
Preoperative* Last Follow-up* Difference* P Value Preoperative* Last Follow-up* Difference*  PValue

Forearm pronation Forearm pronation
The J-N  66.00(+4.34) 79.89(+4.99) -13.87(+645)  0.000* The J-D 4022(+7.72) 68.86(+7.03) -28.65(+7.33)  0.000%
The S-N = 64.25(+11.29) 78.25(+7.80) -14.00(£5.48) 0.014* The S-D  37.56(+6.27) 62.44(+4.30) -24.88(+4.57)  0.000*
P'Value 0.699 0.667 0974 P'Value 0416 0.028* 0.198

Forearm supination Forearm supination
The J-N  77.50(+5.88) 82.50(+4.31) -5.00(+6.39) 0.063 The J-D  65.00(+8.06) 78.96(+5.78) -13.95(+£5.36)  0.000*
The S-N = 78.50(x3.11) 83.00(+4.97) -450(+341) 0078 The S-D  66.22(+6.70) 76.89(£5.01) -10.67(+4.66)  0.000%
P'Value 0.708 0.860 0.888 P'Value 0.721 0410 0.166

Elbow flexion Elbow flexion
The J-N  130.50(£3.96)  134.00(+5.68) -3.50(£346)  0.064 The J-D  120.00(x£10.79) 134.18(+6.57) -14.18(£11.27)  0.002*
The S-N 131.33(+2.45) 138.75(+£6.65) -7.43(x7.08) 0.127 TheS-D  114.56(+3.97) 131.33(+4.74) -16.78(x4.15)  0.000*
P'Value 0714 0.224 0.215 P'Value 0.170 0.291 0.522

Elbow extension Elbow extension
The J-N  0.13(x8.69) 0.63(£8.23) -0.50(£3.51) 0699 The J-D -3.55(x6.33) 2.18(+6.35) -5.73(x9.02) 0.062
The S-N  -3.75(+8.18) 0.25(x4.11) -4.00(+4.55) 0177 The S-D  -4.89(+9.57) -0.33(+4.95) -4.56(+6.73) 0.077*
P'Value 0476 0.934 0.168 P'Value 0.711 0.345 0.535

Wrist ulnar deviation Wrist ulnar deviation
The J-N  50.88(+18.15) 34.88(+6.33) 16.00(£13.05) 0.010* TheJ-D 47.82(+1395)  33.36(+6.19) 14.46(+£9.98) 0.001*
The S-N 50.00(+14.05)  35.75(£9.78) 14.25(+4.99)  0.011% TheS-D  47.56(£10.88)  33.67(x5.27) 13.89(+7.25)  0.000%
P'Value 0935 0.853 0.805 P'Value 0.964 0.909 0.889

Wrist radial deviation Wrist radial deviation
The J-N  2.25(+3.65) 7.38(+4.56) -5.13(x2.53)  0.001* The J-D -245(£641) 5.64(+3.93) -8.09(+4.81) 0.000*
The S-N  0(+4.08) 8.75(+2.50) -8.75(x4.79) 0.035* The S-D  -3.00(+3.43) 2.00(+3.00) -5.00(+5.03) 0.017*
P'Value 0.355 0.592 0.110 P'Value 0.821 0.035% 0.178

" denotes P < 0.05 " denotes P <0.05

correction in younger patients who underwent surgery
before bone maturity because of the higher tendency for
recurrence in younger patients [33]. However, complica-
tions of excessive prolongation, such as wrist impinge-
ment and ulnocarpal impaction syndrome, have also
been observed [12].

In this study, the distraction was stopped when the
radial head showed reduction or positive ulnar variance
reached 5 mm (the ulna was longer than the radius). At
the last telephone follow-up, we found three patients
with type IIb who had relapsed and had limited forearm
functional activity and were all younger than 10 years
old at the time of their first surgery. The relapse may be
caused by the insufficient lengthening of the ulna [27].
One patient in our study had functional activity limita-
tions due to poor exercise after surgery. Therefore, it is
also important to encourage patients to perform proper
functional exercises after removing the external fixator.

There were certain limitations in our study. It was a ret-
rospective case review, and the sample size was relatively
small. A control group of non-operative patients is not

included in this study. In addition, follow-up until skel-
etal maturity is not available.

Conclusions

In conclusion, gradual ulna lengthening can effectively
improve the function and radiographic results of forearm
deformity in HME patients. For patients with radial head
dislocation, early surgery can achieve better results. For
patients not associated with radial head dislocation, we
recommend regular follow-up and surgical treatment after
10 years of age.
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