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Introduction: Osteochondroma (solitary) and multiple hereditary exostoses (plural) are defined as a cartilage-
capped bony projection arising on the external surface of bone containing a marrow cavity that is continuous
with that of the underlying bone. These tumors grow slowly and develop to cause symptoms such as limited
range of motion, joint pain, lumps, and deformities. The use of ulnar distraction osteogenesis has gained
popularity in treating deformity in forearm osteochondroma. Problems that arise including bone angulation and
persistent radial head dislocation.

Case presentation: We describe eight cases of forearm osteochondroma that came to the Prof. Dr. R. Soeharso
Orthopedic Hospital, Surakarta, Indonesia. We found two variations in the classification of Masada in these 8
patients, Masada type I and IIB. The main complaint was a bent arm. We decided to do surgery in the form of
tumor resection and reconstruction of the deformity by using ulnar gradual lengthening and osteotomies. The
results of the procedure were investigated in this study, using clinical and radiological parameters focusing on
medium-term functional and structural outcomes.

Discussion and conclusion: Eight patients had overall good results, although performed with a different sequence
of operating techniques. Ulnar lengthening with a monorail fixator is still the main choice in its implementation.
Gradual ulnar lengthening improves not only the deformity but also the functionality of the associated forearm.

Masada et al. divided the classification in forearm osteochondroma
into three types where type II is divided into two subtypes. They

1. Introduction

Osteochondroma is defined as a cartilage-capped bony projection
arising on the external surface of bone containing a marrow cavity that is
continuous with that of the underlying bone. Osteochondroma often
presents solitary but one-eighth of cases of these tumors present as
multiple hereditary exostoses (MHE) [1].

Both osteochondroma and MHE occur from an early age. These tu-
mors are growing slowly without clinical symptoms and are usually
diagnosed at the age of 10 years which has had enough time to develop
to cause symptoms such as limited range of motion, joint pain, lumps,
and even deformities [1-3].

The onset of pain is not a feature of the tumor. However, because the
location of the growth of the tumor is near the joint, it will affect the
function of the joint, starting from a limited range of motion to causing
persistent pain [1]. In the double bone region of the body, if the tumor
invades one of the bones it can result in deformity. This can be noticed
especially in the forearm consisting of radius-ulna [3].

observed the morphology of the tumor deformity and were supported by
plain x-ray images. Masada et al. recommended operative measures for
each of the types they presented. Type I, excision of osteochondroma,
osteotomy of the radius, and immediate ulnar lengthening. Type IIa,
excision of osteochondroma, osteotomy of the radius, immediate ulnar
lengthening, and excision of the radial head. Type IIb, excision of
osteochondroma, osteotomy of the radius, gradual ulnar lengthening.
Type III, excision of osteochondroma [4].

We present 8 cases of forearm osteochondroma treated with ulnar
distraction osteogenesis by using a monorail fixator. The surgery was
performed by 3 senior orthopaedic surgeons. With the update on the
consensus surgical case report, the writing of this case series is in
accordance with the PROCESS guidelines. [5].
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2. Case series

This was a retrospective case series of patients with forearm osteo-
chondroma which underwent reconstruction using ulnar distraction
osteogenesis. We collected data including age, gender, procedure, type,
and problems/complications (Fig. 1). Type of treatment can be classified
to tumor excision, ulnar lengthening, radial shortening osteotomy and
ulnar osteotomy reconstruction.

A total of 8 cases were included in this study. Forearm osteochon-
droma more commonly occurred in female patients with 5 of 8 (64%)
cases. The Masada type IIB is more commonly found with 5 of 8 (64%)
cases. No concomitant congenital abnormality was found in our series.
There was no history of osteochondroma or MHE in their biological
parents. The patients major complain were bent arm and prominent
elbow lumps (Figs. 2 and 3).

The surgery was performed by three surgeons (HCK, MI, ABS). Sur-
gery was performed under anesthesia with a tourniquet in a supine
position. Distraction osteogenesis of ulna was performed with the use of
95 mm monorail fixator (® B-fix, Aike, Shanghai Medical Instrument,
China). Tumor excision in distal ulna was performed first. The resulting
tumor was sent for histopathological analysis. In 2 patients (Masada type
11 B) we decided to do radial shortening osteotomy and internal fixation
using plate and screw in the first stage. The corticotomy/osteotomy for
lengthening sites were in the metaphysis of distal ulna in 2 patients and
proximal ulna in 6 patients. The latent period for metaphyseal distrac-
tion osteogenesis was 6-7 days. Afterward, distraction osteogenesis was
performed with a rate 1 mm/day and can be modified by physician
discretion. Post-operative follow-up was performed at two weeks, one
month, and every 1 month thereafter. Standard rehabilitation protocol
was performed on the patients. The patient was allowed for early ROM
exercise. Clinical evaluation and radiological evaluation were per-
formed during follow-up.

In the second stage, we performed monorail fixator removal in all
patients. Ulnar and radial osteotomy reconstruction using plate and
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Fig. 1. Masada et al. classification of the forearm osteochondroma [4].
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screw were performed in 3 patients. (see Fig. 5). The radiological eval-
uation indicators of deformities include ulnar shortening (US), radial
articular angle (RAA), and carpal slip (CS) [23]. The indexes were
recorded preoperatively and at the final follow-up. The Mayo Elbow
Performance Score (MEPS) was used to evaluate elbow function. [6].
From the follow-up, all patients had overall good and excellent results
(Table 1).

For the osteochondroma Masada type I cases, we performed one
stage of surgery consist of tumor excision and ulnar gradual lengthening.
In this condition, it is expected that the non-angulated radius bone will
guide the lengthening of the ulna, thus avoiding ulnar axis deviation
when distraction is performed. We found good radiological and func-
tional results in these 3 cases of Masada I (Figs. 3 and 4).

On the other hand, we had 5 patients with osteochondroma Masada
type [IB. We did tumor excision, ulnar lengthening, and radial recon-
struction in the first stage on 2 patients and we did the ulnar and or
radial reconstruction in 2nd stage of surgery in 3 patients. From the
follow-up, the 5 children had improved radiological measurement and
overall good functional results (Figs. 4 and 5, Table 1).

3. Discussion

Osteochondroma and MHE may cause deformity, limited joint
function, and even pain due to the influence of surrounding tissues [7].
The deformity in osteochondroma is caused by the shortening of the ulna
to the radius. This is caused by the pathology of osteochondroma which
is located in the distal metaphyseal of the ulna. The pathogenesis of this
deformity is still not clearly understood. However, 4 hypotheses have
been known for a long time that explains the pathophysiology of the
deformity [8-11,20-22].

As already described, Masada et al. have recommended surgery for
each type of osteochondroma based on their classification [4]. However,
especially in the type of osteochondroma with radial head dislocation,
there is no global agreement on the management of resection and
correction of the deformity [12-18]. In this study, we performed
different methods to treat forearm osteochondroma Masada type IIb.
Two patients underwent single-stage surgery and 3 patients underwent
radial or ulnar osteotomy in the second surgery. We expected the radial
head dislocation to be reduced when using ulnar lengthening in the first
stage, so if there are any residual deformities, we may correct them in
the second stage of surgery.

Zheng C et al. performed a retrospective study of children with MHE.
This study involved 37 children aged 4-12 years with an average age of
7 years. Of the available x-rays, all patients have been categorized under
the Masada classification. All patients had tumor resection followed by
reconstruction of the lengthening ulna. In their statistical analysis, they
concluded that the operation resulted in a good outcome. Factors to be
considered are deformity and functional forearm such as flexion,
extension, supination, and pronation [6].

Li Y et al. also performed a retrospective study of 15 forearms of
patients with MHE Masada types I and IIb. This research sample is the
same as the case series that is being presented. They concluded that
tumor resection accompanied by gradual ulnar lengthening was the
right measure to correct forearm deformities that have implications for
the return of normal forearm function [19].

Ulnar deviations were found in 2 patients with Masada IIB. They
were all corrected in the second stage of surgery. The occurrence of these
complications may be related to the position of osteotomy and the di-
rection of the bar. It is recommended to choose the proximal part of ulna
for osteotomy avoiding the maximum curvature as much as possible. [6]

For ulnar lengthening in all eight patients, we used a monorail fix-
ator. This is in line with the techniques proposed by Masada et al. and
two other studies [4,6,19]. The use of the uniplanar system has disad-
vantages in maintaining the direction of the distraction. This problem
can increase the risk of increasing angulation because the ulnar axis is
not perfectly straight. However, the use of the Illizarov (circular external
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Fig. 3. Plain X-rays show Masada classifications of type I (A, E) and type IIb (B, C and D).

lengthening) tool also has limitations when applied to the forearm. The use of uniplanar bone lengthening, it was continued with open reduction
bulky shape of the tool will make it difficult for children to carry out and internal fixation reconstruction.

their daily activities. Wires that are attached in a multi-direction are at This study has several limitations. This retrospective series has data
risk of injuring more soft tissue or even neurovascular bundles [6]. As collection limitations and differences in the follow-up period. This study
happened in this case series, due to the uncorrected angulation with the also didn't compare with another procedure which may have different
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Table 1
Distribution of patient data.
No Age Masada Treatment Complication/problems Radiological Radiological MEPS Duration of
(y.0)/ type Ist stage 2nd stage preop FFU FFU Follow up
Sex
1 13/F B Tumor excision + ROEF - US:1cm US: 0 cm 80 24 months
Radial shortening RAA: 38° RAA: 30° (good)
+ulnar gradual CS: 50% CS: 20%
lengthening
2 9/M IIB Tumor excision + ulnar ~ ROEF + Ulnar Deviation of ulna axis after ~ US: 1.4 cm US: 0.4 cm 80 13 months
gradual lengthening reconstruction 1st stage RAA: 44° RAA: 28° (good)
CS: 75% CS: 10%
3 14/F IIB Tumor excision + ulnar ~ ROEF + radial Radial head dislocation US: 0.4 cm US: 0.2 cm 75 24 months
gradual lengthening shortening + ulnar and deviation of ulna axis RAA: 55° RAA: 41° (good)
reconstruction (+) after 1 st stage CS: 75% CS: 35%
4 9/F 1B Tumor excision + ROEF - US: 0.3 cm US: 0 cm 80 34 months
Radial shortening RAA: 30° RAA: 28° (good)
+ulnar gradual CS: 60% CS: 5%
lengthening
5 7/M I Tumor excision + ulnar ~ ROEF - US: 1.3 cm US: 0 cm 90 21 months
gradual lengthening RAA: 32° RAA: 28° (excellent)
CS: 85% CS: 25%
6 11/M I Tumor excision + ulnar ~ ROEF - US:1cm US: 0 cm 95 21 months
gradual lengthening RAA: 30° RAA: 26° (excellent)
CS: 15% CS: 10%
7 9/F I Tumor Excision + Ulnar ~ ROEF - US: 1.1 cm US: 0.6 cm 95 12 months
gradual lengthening RAA: 32° RAA: 25° (excellent)
CS: 50% CS: 25%
8 5/F 1B Tumor excision + ROEF -+ radial Radial head dislocation (+)  US: 0.8 cm US: 0.2 cm 90 12 months
+ulnar gradual shortening after 1st stage RAA: 25° RAA: 28° (excellent)
lengthening CS: 60% CS: 20%

Abbreviations: ROEF,removal of external fixator; US, ulnar shortening; RAA, radial articular angle; CS, carpal slip; MEPS, mayo elbow performance score; FFU, final
follow up.

Fig. 4. The first stage surgery consist of tumor resection and bone lengthening. X ray after 3 months of follow-up.
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Fig. 5. After the second stage of surgery, patient A-B-C performed correction of bone angulation, and patient D-E performed removal of fixation.

success or complication rates. However, we believe this study still could
give some additional information to previous literature. This study
supports the use of ulnar lengthening method for treating forearm
osteochondroma. The possible problems related to ulnar lengthening
using monoplanar fixator also have been reported in this study.

4. Conclusion

Ulnar lengthening with a monoplanar fixator is still the main choice
for treating forearm osteochondroma Masada type I and IIB. Radial
shortening osteotomy and ulnar osteotomy may be used for correcting
the residual deformity. Despite being performed with a different
sequence of operating techniques, all patients had overall good clinical
and radiological results. We suggest that further studies be conducted to
compare the surgical techniques in forearm osteochondroma.

Patient perspective
All patients stated that their experience of undergoing surgery was

the right decision. They said that after surgery, the shape and function of
their forearms were improved.

Informed consent

All patients gave informed consent to the researcher. A form stating
their consent is attached.
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