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Abstract - Introduction: This systematic review aims to answer three research questions concerning the
management of hereditary multiple osteochondromas of forearm in children: What is the best available evidence
for the currently employed surgical procedures? What patient characteristics are associated with better
prognosis? What disease characteristics are associated with better prognosis?

Methods: We searched the literature using three major databases with no publication date restrictions. To
enhance search sensitivity and maintain precision we used keywords/subject terms correlating with patient
population, problem and interventions. We used strict inclusion/exclusion criteria to improve validity evidence.
Results: The search process yielded 34 eligible studies with a total of 282 patients (315 forearms). We
comprehensively analysed study and patient demographics and interventions and outcomes. Eleven studies
(32%) had along-term follow-up and 31 studies (91%) were retrospective. Of the total number of forearms, ulnar
lengthening +/— associated procedures was used in 210 forearms (66.7%), isolated osteochondroma excision in
65 forearms (20.6%) and isolated distal radius hemiepiphysiodesis in 15 forearms (4.7%) among others.
Discussion: Ulnar lengthening can restore radiologic anatomy, improve appearance and to a lesser extent
objective clinical parameters like joint range of motion on the short/intermediate term. Isolated
osteochondroma excision can relief pain and satisfy cosmetic concerns occasionally. There is poor evidence
to suggest that surgery improves quality of life or function. Predictors of surgical success in regard to patient and
disease characteristics remain elusive. Natural history and prospective randomized control studies where the
control group receives no treatment should be rethought. They have the potential for bias control and
identification of the ideal surgical candidate. The complex interplay between the confounding variables has
undermined the capability of most studies to provide well-grounded evidence to support and generalize their
conclusions. Valid quality of life scales should supplement objective outcome measures.

Key words: Children, Hereditary multiple exostoses, Multiple cartilaginous exostoses, Diaphyseal aclasis,
Benign forearm tumours, Skeletal dysplasia, Ulna lengthening.

Introduction

Hereditary multiple osteochondromas (HMO) are
uncommon benign bone tumors. They are usually
diagnosed in early childhood. HMO are inherited in an
autosomal dominant manner. The two genes in which
pathogenic variants are known to cause HMO are FXT1
and EXT2 [1,2]. The pathogenesis is linked a critical
reduction in heparan sulfate chain elongation [2]. Con-
trastingly, solitary osteochondromas are common benign
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bone tumours. The growth pattern of a solitary osteo-
chondromas is comparable to that of HMO. The diagnosis
of HMO is based upon a distinct clinical and radiographic
appearance. A fundamental clinical feature is multiple
firm swellings erupting from the ends of long bones or from
the surface of flat bones usually symmetrical [1].
Radiologically they present as multiple juxtaphyseal
cartilage capped bony growths with undisturbed course
of cortex and medullary bone from the normal bone into
the osteochondroma [1,2]. Masada and colleagues [3]
classified HMO into three main groups based upon the
pathologic anatomy. Patients with HMO can exhibit limb
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length discrepancy, angular deformities around the knee,
ankle and forearm, short stature, painful joint range of
motion, joint subluxation and neurovascular compression
[1,2]. Up to 70% of patients with HMO manifest in forearm
deformities [4]. Most forearm and hand deformities are
clinically pronounced [4,5]. Unbalanced physeal growth
between the radius and ulna can result in forearm bowing,
relative shortening of radius or ulna, carpal instability,
and radial head dislocation with subsequent limitation of
forearm rotation [1,4]. Forearm HMO has been managed
by one or more of the following procedures: isolated
excision of osteochondroma [6-12], acute [7,12,13], and /or
gradual [6,14-26] ulnar lengthening, combined ulnar and
radial lengthening [27], distal radial hemiepiphysiodesis
[3,12,28,29], corrective radial osteotomy [7,13,30], crea-
tion of one-bone forearm [31-33], radial head relocation
[8,10,22], reconstruction of the distal ulnar epiphysis by
vascularized proximal fibula epiphysis [34] and Sauve-
Kapandji procedure [10]. Nevertheless, the optimal
management of HMO of the forearm is greatly disputable.
The best evidence for each of the practiced surgical
procedures, the optimal timing for intervention and
predictors for surgical success are alike unsettled disputes.
Some authors cast fresh doubts about the value of surgery
in regard to improving function [7,35]. This topic has not
been critically appraised before in the literature. This
systematic review aims to resolve the above-mentioned
disputes. In consequence we formulated the following
research questions relating to the management of HMO of
forearm in children: 1) What is the best available evidence
for surgical procedures used to manage HMO? 2) What
patient characteristics are associated with better progno-
sis? 3) What disease characteristics are associated with
better prognosis?

Methods

Search approach

This article does not contain any studies with human
participants or animals performed by any of the authors.
All authors shared in the study selection and data
extraction process relating to the surgical management
of HMO of the forearm in children. We conducted a search
for English language publications before July 2017
employing the following electronic databases: PubMed,
Google scholar and Embase. We checked the reference lists
of the captured articles and review articles for additional
eligible publications. We also screened articles that cited
the captured articles. We discarded non-peer reviewed
literature that was not published in scientific journals and
secondary research such as review articles, letter to the
editor and commentaries. We conducted the initial search
on May 2017. We performed an additional search prior to
manuscript submission to make certain the extracted
literature is updated. To expand the recapture of relevant
studies our search strategy comprised both keywords and
index words in accordance with Medical Subject Headings.
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We used Boolean operators properly to optimize search
results quantitatively and qualitatively. The three main
Boolean operators are AND, OR, and NOT. Boolean
operators are used to narrow, broaden or restrict the
search results. We aimed at avoiding biased inclusion
terms. Hence, the selection of search terminology was
subdivided according to (a) patient population, (b)
problem and (c) intervention terms. We retrieved relevant
studies using the following patient population and
problem terms: children, paediatric, hereditary multiple
osteochondromas, hereditary multiple exostoses, multiple
cartilaginous exostoses, diaphyseal aclasis, forearm
tumors, ulnar shortening. Additionally, we used the
following intervention terms: osteochondroma excision,
radius osteotomy, ulnar lengthening, distraction osteo-
genesis. We did not impose limiting terms with regard to
study design types. The collected studies were excluded as
follows; (a) descriptive studies reporting the clinical and/
or radiologic features, (b) studies reporting the natural
history, (c) studies reporting on adults, (d) studies
reporting exclusively on solitary osteochondromas, (e)
studies reporting solely on pathologies other than HMO,
(f) studies with follow-up < one year, (g) HMO managed in
the context of malignant transformation and (f) studies
reporting solely on HMO of the hand. We included
prospective and retrospective studies. We also included
case series and case reports. If studies were heterogenous
for age population and pathologic disorder, only skeletally
immature patients with HMO were selected. Disputes in
regard to study selection were settled with face-to-face
meetings. A schematic representation of the literature
extraction process together with exclusions is provided
(Figure 1).

Quality appraisal instruments

The reported items of this review were in concordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement [36]. We used
the systematic review critical appraisal worksheet from
the University of Oxford Centre for Evidence-based
Medicine www.cebm.net/critical-appraisal to check
quality through all phases of this systematic review
[37]. We identified factors that may reflect a significant
research bias before, during and after the conduction of
included studies with respect to patient selection,
outcome measure assessment, statistics and confounding
variables. We employed a valid instrument designed to
evaluate the methodological quality of non-randomized
surgical studies, whether comparative or non-compara-
tive (MINORS) [38]. We selected MINORS [38] evalua-
tion instrument as case series observational studies were
the key of the primary studies. We conducted a
comprehensive comparison between the aggregated
treatment outcomes and tried to identify patient and
disease features linked to better prognosis. To avoid bias
in favour of reporting positive findings only we decided to
finalize our systematic review protocol in advance of any
data extraction.
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Figure 1. A schematic representation of literature extraction process.

Results
Study demographics

The literature extraction process involved 4 phases: (a)
identification, (b) screening, (c) eligibility, and (d)
inclusion. There were only three prospective case series
studies [20,27,39] (OCEBM type II) versus 31 retrospec-
tive studies (OCEBM type III). These prospective studies
had small sample sizes [39] or were simply case reports
[20,27]. The characteristics of the 34 final studies included
in this systematic review are presented in Table 1. Eleven
studies (32%) had a follow-up > 5 years, five of which were
relatively sizable with study participants > 10. Of the 34
included studies, 32 were published in recognized ortho-
paedic society journals. The publication years ranged from
2016 to 1984. Eight were multicentre studies [8,11,13,15-
17,19,23]. According to MINORS the methodologic
quality all but three prospective studies scored 5 out of 8.

Patient characteristics

The summed number of patients enrolled in the included
studies was 304. One study with 22 patients was excluded
from analysis due to poor demographic reporting but its
implications were discussed [29]. Therefore, the final number

of patients enrolled was 282 patients with 315 forearms. The
mean age of patients for individual studies ranged from (5-
13.5) years. One study provided a separate mean age for
each of the three surgical procedures conducted [10] and
another provided a separate mean age for boys and girls [2§].
Gender distribution was provided for 222 patients (79%) of
the 282 patients finally enrolled in the review. There were
118 (53%) males and 104 (47%) females. Six studies did not
provide the gender distribution [7,10,11,16,28,29]. One
study did not provide a mean age or follow-up and provided
a range instead [29]. For publications that did not directly
report the Masada types the information was extrapolated
from descriptive clinical picture and/or radiographs.
Interestingly, in one study [26] neither Masada types nor
osteochondroma excision were reported. Of the 257 forearms
that “reported” Masada types, 166 (64.6%) were type I, 25
(9.7%) were type ITA, 48 (18.7%) were type IIB and 18 (7%)
were type III. Two studies [22,25] referenced Masada but did
not provide details of patients’ radiographic grading,.

Interventions and outcomes

A detailed reporting of the interventions, outcomes,
and complications at final follow-up of the included studies
in this review is presented (Table 2). The indications of
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surgical intervention expressed variability among studies.
Restriction of daily activities and/or range of motion in
forearm/elbow were the most common indications of
intervention. Most studies tended to favour objective
physician-reported clinicoradiologic data as an outcome
measure. Contrastingly, the majority of subjective
patient-reported rating scales/questionnaires were non-
validated and statistical significance was inadequately
implemented. One study [7] restricted the implementation
of the patient-reported rating scale on the sub-category of
patients subjected to gradual ulnar lengthening by an
external fixator. This is seen as an effort to reduce the
impact of confounding variables. All studies employed
plain radiography as a principal diagnostic tool. Two
studies [20,39] employed MRI as an adjuvant imaging
modality one of which [39] used CT scan and bone
scintigraphy in addition. One study [27] employed
ultrasound to monitor callus progression. The vast
majority of studies assessed the radiographic outcome in
accordance with proposed measurements by Fogel and
colleagues which are a widely reported [12]. Five studies
[6,9-11,41] used another referenced radiographic measure-
ment by Burgess and Cates [42]. Among the various
radiographic measurements, radial articular angle, carpal
slip, ulnar shortening, and radial head stability were the
most commonly shared by included studies. Contrasting-
ly, radial length was the least used measurement. Ulnar
lengthening +/— an associated on demand procedure was
conducted on 210 forearms (66.7%) of the summed
number of forearms. Associated procedures included a
combination of one or more of the following: angular
correction, osteochondroma excision, corrective radial
osteotomy distal radial hemiepiphysiodesis and open
reduction of radial head. Of the 210 forearms (66.7%)
subjected to ulnar lengthening, 145 forearms (69%) were
performed gradually and 65 forearms (31%) were per-
formed acutely mostly with bone grafting [3,7,8,10-
13,26,30]. Of these later studies two used acute ulnar
lengthening exclusively [12,13]. All “gradual” ulna length-
enings were performed by a uniplanar fixator except in 17
forearms (11.7%) a multiplanar fixator was used [6,19,20]
and five studies with 22 forearms (15.2%) used both
uniplanar and multiplanar [18,22-24,30]. All ulnar
lengthening osteotomies/cortectomies were performed at
amid or proximal diaphyseal level. One study employed a
simultaneous radial and ulnar lengthening in one forearm
[27] and three others (seven forearms) conducted isolated
radial lengthening as part of a series including ulnar
lengthenings [8,18,24]. The vast majority of radial
osteotomies were performed in association with ulnar
lengthening procedures. Isolated corrective radial osteot-
omies were done in two forearms (0.5%) only [7].
Isolated excision of osteochondroma or at least without
bone lengthening was conducted on 65 forearms (20.6%) of
the summed number of forearms [7-12]. Temporary
hemiepiphysiodesis of distal radial physis was performed
on 29 forearms (9.2%) [3,12,28,29] one of which [28] 15
forearms (4.8%) was exclusively devoted to hemiepiphy-
siodesis. Sauvé-Kapandji procedure + /— osteochondroma

excision was performed on seven forearms (2.2%) [10].
Creation one-bone forearm through radioulnar fusion was
practiced on five forearms (1.6%) [31-33] and reconstruc-
tion of the distal ulnar epiphysis by vascularized proximal
fibula including epiphysis was practiced on two forearms
(0.5%) [34]. An open reduction of radial head +/— neck
osteotomy was successfully performed on four forearms
(1.3%) [3,10] and unsuccessfully on three forearms (1%)
[8,22]. Resection of distal or proximal radioulnar synosto-
sis was practiced on demand in two studies [15,21]. Radial
head excision was not practiced in pediatric patients at
least as a primary procedure. Proximal radio-ulnar fusion
was practiced on one forearm to manage symptomatic
radial head subluxation [12]. The comparative prevalence
of the main interventions and techniques used in this
review is demonstrated (Figures 2A, B, C). The overall
complication rate was tolerable and showed no specific
predilection for any of the main interventions employed in
this review.

Missing data

The included studies had missing data related to the
following items: gender distribution (five studies)
[10,11,16,28,29], number of forearms (one study) [29]
and Masada subtype (seven studies) [12,17,22,25,
26,28,29]. The overall skeletal burden of HMO was
reported in only four studies [11,16,33,43] and detailed
in one [27]. Hand dominance was reported in only four
studies [19,31,33,39] and 11 studies used pain as an
outcome measure. Previous surgeries were reported in four
studies [13,16,27,32] and age of initial presentation in four
[20,27,32,33]. Results of histopathologic examination were
reported in six studies [16,20,24,27,34,41] and family
history in six [3,8,20,30,33,34]. No study reported genetic
testing and physiotherapy protocols were either poorly or
not reported at all except for one study [22]. One study did
not report the follow-up period as it was primarily
designed to assess the utility of a computer simulation
model [17]. One study reported patient ethnicity [28]. The
study that practiced reconstruction of the distal ulnar
epiphysis by vascularized proximal fibula did not report
donor site morbidity [34]. One study reported conclusions
that were discordant with the results [11]. The authors
underscored the importance of ulnar lengthening in
preventing progressive deformity and minimising func-
tional disability despite reporting frequent deformity
recurrence rates [11]. Grippingly, the authors employed
neither objective nor subjective clinical outcome measures
[11]. Generally speaking, we suggest that some of the
missing data may have a potential impact on the validity
of results and conclusions. For example failure to report
the overall skeletal burden of HMO in terms of number and
location and pain can influence the subjective patient-
reported quality of life assessment [44-47]. Pain that was
grossly underreported by the primary studies of this
review has been found to be a major drive for surgery and
negatively influenced by surgery [47]. The incidence of a
positive family history in patients with HMO has been
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(A) (B)

o Ulnar lengthening +/- an associated on demand procedure
M Isolated excision of osteochondroma(s)

w Isolated hemiepiphysiodesis of distal radial physis

m Sauvé-Kapandji procedure +/- osteochondroma excision

m Others

M Gradual ulnar lengthening

©

M Acute ulnar lengthening Gradual lengthening

® Uniplanar external fixator = Multiplanar external fixator

m Both uniplanar and multiplanar

Figure 2. Comparative prevalence of the main interventions and techniques used in this review as percentages of forearms; (A) the
main intervention groups used. Associated procedures include; osteochondroma excision, corrective radial osteotomy, distal radial
hemiepiphysiodesis and open reduction of radial head. “Others” refers to isolated procedures as one-bone forearm, reconstruction of the
distal ulnar epiphysis by vascularized proximal fibula epiphysis, radial osteotomy and lengthening; (B) gradual versus acute ulnar

lengthening; (C) fixator choice of included studies.

estimated to range from 62-96% [1]. Genotype-phenotype
correlation studies demonstrated that certain types of
gene mutations and the overall skeletal burden of HMO
are associated with a worse clinical presentation particu-
larly with respect to deformity and function [1,2,44,45,48—
50]. This may actually have a predetermined impact on
treatment outcomes.

Discussion

Summary of evidence

This systematic review included many chief surgical
interventions each of which was multifaceted. For clarity
and consensus, we will discuss each chief intervention
separately. We believe that this practical approach will
assist in answering our first research question. The most
prevalent combination of surgical procedures encountered
in this review was ulnar lengthening, +/— an associated
procedure. Generally speaking, this surgical technique was
adequately described and fairly constant across studies
with a tolerable complication rate on the short-term.
Nevertheless, there is poor evidence to demonstrate that
the seemingly satisfactory results of many short-term
studies are maintained on the intermediate-term [10] and
more precisely on the long-term [7,8]. These long-term
relatively sizable well-designed studies have questioned
the value of surgical intervention even in association with
deformity and radiographic abnormalities [7,8]. These
studies correlated the clinicoradiologic outcomes with
patients’ self- reported functional outcome measures in
children operated for HMO of forearm and argued for the
choice of conservative treatment [7,8]. They found
insufficient functional gains to justify surgery. In other
words, preoperatively patients reported minimal func-

tional impairment despite major clinical and radiologic
abnormalities [7,8]. The only exception was symptomatic
radial head dislocation. This discrepancy between the
functional capacity and amount of forearm deformity was
corroborated by three relatively sizable studies [22,24,29].
These findings have been confirmed by a natural history in
a large cohort of untreated adult subjects with HMO [35].

Generally speaking, most studies tended to focus on the
radiographic outcome measures at the expense of objective
clinical parameters. Likewise, the objective physician-
reported clinical outcome measures were implemented at
the expense of the subjective patient-reported measures
which were mostly non-validated and lacked in depth.
Notwithstanding, these studies reported recognized cosmet-
ic satisfaction of patients. Interestingly, in some studies
patients were selected for surgery exclusively based upon
radiographic criteria while clinical (objective or subjective)
outcome measures were neither reported before nor after
surgery [9,11,22,28]. It is noteworthy that complications
such as recurrence of osteochondromas, and/or forearm
deformity need longer durations to resurface especially in the
skeletally immature population [9,24]. This undoubtedly
overemphasizes the significance of conducting long-term
follow-up studies and greatly undermines the quality of
evidence extracted from such short-term studies. Addition-
ally, this critically calls attention to the value of the validated
subjective patient-reported overall quality of life scales.
Using these scales has shown that HMO patients had lower
scores compared to the general population [46,48]. We
understand that a comprehensive assessment of patients’
outcomes entails both subjective patient-reported and
objective physician-reported instruments. In the light of
such observations, it is important to rethink the cost /benefit
profile of surgical intervention in paediatric HMO. In that
regard, retrospective natural history studies may refine the
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wide and crude indications of surgery currently used in
children with HMO. Two natural history studies are praised
for aiming to identify radiographic predictors of radial head
dislocation [4,51]. Likewise, well-designed randomized
control studies where one group receives a definite surgical
treatment and the other receives no treatment should be
rethought. To satisfy the ethical demands of such studies,
strict inclusion/exclusion criteria will have to be imple-
mented before enrolment and randomization. Besides,
adequate patient orientation in regard to risks and benefits
of each treatment group and nature of the study will have to
precede enrolment and randomization. Such study designs
can generally yield valid results and generalizable conclu-
sions. Nevertheless, we acknowledge the logistic and
practical difficulties associated with such study designs.
We believe that insufficient consensus about the indications
of surgery and outcome scores in paediatric HMO is a major
limitation of this systematic review. These discordant
indications of surgery have also been noticed within
individual study participants, further complicating evidence
extraction. Likewise, the heterogeneity of the surgical
procedures used, diversity in patient characteristics and
relatively small study populations complicates evidence
extraction. These above-mentioned features are inherent to
retrospective studies that constituted the majority of
included studies. Nonetheless, certain studies were remark-
able for their methodologic quality. They implemented
study designs that allow for control of selection and
performance bias [6,8,10]. They neatly and separately
reported the results of HMO patients in accordance with
each distinct surgical procedure implemented. Additionally,
some used assessor blinding methods and standardised
surgeon related factors [6,8,10]. Isolated excision of osteo-
chondroma can relief pain, satisfy cosmetic concerns and
occasionally improve range of motion. Nevertheless, there is
insufficient evidence for its use to initiate spontaneous
deformity correction or improve overall limb function. In
this review the cases of radial hemiepiphysiodesis, one-bone
forearm, vascularized fibular graft, isolated radial osteoto-
mies or lengthenings practiced as “stand alone” procedures
were insufficiently prevalent to allow for meaningful
conclusions. These procedures may be better suited to
specific patient profiles and based upon surgeon’s preference.

Limitations and strengths

We acknowledge limitations of this review. The
majority of the included studies were of low methodologic
quality. Studies with low methodologic quality may
impact negatively on outcome validity and conclusions.
Narrative/traditional reviews are usually biased and
subjective in contrast to systematic reviews which are
often unbiased and objective [52]. The reliability and
accuracy of systematic review recommendations should
not be determined by methodologic quality of the primary
studies included, but rather by the degree of methodologi-
cal integrity implemented by researchers [52]. In this
systematic review we formulated focused research ques-
tions that require specific answers. Additionally, we

implemented a comprehensive review methodology that
allowed for a reasonable control of bias. Therefore, we
estimate that our comprehensive systematic review
strategy can counterbalance the shortcomings of including
studies with low methodologic quality. Of the 18 studies
excluded on basis of language 11 were provisionally eligible
for inclusion in this review. These 11 studies comprised 54
forearms. It is noteworthy that in three of these 11 studies
the size of study population could not be accounted for due
to missing or deficient abstracts. In general, the excluded
studies were comparable to the included studies in terms of
methodology and individual sample size. Hence, these
language exclusions seem inconsequential.

Conclusions

Ulnar lengthening +/— associated procedures can
restore radiologic anatomy, improve appearance and to a
lesser extent objective clinical parameters on the short/
intermediate term. There is Poor evidence to demonstrate
that these gains are maintained on the long-term. The impact
of surgery on quality of life and function has not been
adequately investigated. Considerable evidence suggests
that surgery minimally impacts preoperative function.
Predictors of surgical success in regard to patient and disease
characteristics remain elusive. The complex interplay
between the arrays of confounding variables has undermined
the capability of most studies to provide well-grounded
evidence to support and generalize their conclusions.

Recommendations

— Comprehensive reporting of all actually and potentially
relevant patient and disease characteristics that provide
scope for determination of predictors of surgical success
is prompted.

— Multicenter studies that allow for greater patient
populations are encouraged because of disease rarity.
— Well-designed ethically tolerable prospective random-
ized “control” trials in carefully selected patient popula-

tion groups should be considered.

— Validated quality of life assessment scales should be
incorporated into patients’ outcome measures.
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