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Introduction Hereditary multiple exostoses, according to different authors, account for 16.0 to 43.0 % of all the cases of
tumors, tumor-like and dysplastic diseases of the pediatric skeleton. Deformations of the forearm develop in 30-80 % of
patients with multiple exostoses. The purpose of our research was a comprehensive presentation of the deformities of the
forearm in children that occur in multiple exostoses, assessment of the efficiency of various surgical treatments. Methods We
carried out the analysis of scientific medical articles reflecting the options of surgical treatment of this pathology (PubMed
database) published between 1984 and 2018. The retrospective analysis of Russian-speaking and English-speaking sources
of literature shows that elimination of forearm deformities in hereditary multiple exostoses is performed only in the surgical
way. Results Analysis of results of surgical treatment established that 649 interventions published in literature resulted in
5.5 % of excellent, 33.5 % good; 23 % fair and 38 % poor outcomes. The most perspective and widely applied technique is
gradual lengthening of the radius as an independent method of treatment, and in combination with other options of surgical
interventions. Discussion Deformity recurrence and exostosis in most cases occur in patients with unfinished bone growth.
The authors find optimal perform resection of exostosis in combination with other methods of treatment. At present, the
dependence of the choice of surgical option on the severity of anatomical changes has not been established. There are no
accurate indications to the choice of a specific technique of surgical intervention based on the deformity revealed. Despite
improvement of treatment methods, the rate of poor results remains high and reaches 38 %.
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INTRODUCTION

As reported, osteochondromatosis occurs in 16.0
to 43.0 % of all cases of tumors, tumor-like and
dysplastic diseases of the pediatric skeleton. The
first descriptions of osteocartilaginous exostoses as a
disease date back to 1740 [1, 2, 3].

Thirty years later, Boyer published the first
description of a family case of multiple exostoses.
This disease has a wide polymorphism of clinical
manifestations, one of which is forearm deformities
of varying severity. The incidence ranges from 30
to 80 %. A common location of osteocartilaginous
exostoses on the bones of the forearm is the distal
metaphysis of the ulna. In more than 80 % of cases,
this leads to ulnar clubhand of varying severity [1].

This retrospective analysis of literature sources
revealed that dysplastic and hereditary theories
were most prevalent causes of osteochondromatosis.
Researchers who adhere to dysplastic theory tend
to consider osteochondromatosis as an anlage and
developmental defect of the epiphyseal cartilage.
This theory is more characteristic for solitary
exostosis.  Inherited

osteocartilaginous theory

has the largest number of supporters, it is mainly
characteristic of multiple exostoses [3, 4].

The hereditary nature of multiple exostosis (ME)
was established in the mid-nineteenth century. Targeted
genetic studies have established the fact of hereditary
transmission (by autosomal dominant type) more often
through the male line. According to sources of foreign
literature, genes 8, 11 and 19 were identified in which
pathological changes are localized [5-9].

According to literature, 30-87 % of patients
with ME develop forearm bone deformities. At the
same time, deformities of the forearm due to solitary
osteocartilaginous exostoses of the forearm bones are
very rare, and the incidence of their occurrence was
not found in the literature.

Clinical manifestations

An isolated lesion of the ulna is frequently
manifested by a tumor-like formation in the area of
its distal metaphysis. In some cases, first symptoms
of the disease are dysfunctions of the joints: flexion
contracture of the elbow joint, restriction of the
rotational movements of the forearm, ulnar club
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hand. Deformities of the forearm bones, decentration,
subluxation or dislocation of the radial head develop
as the ulna shortening progresses [1].

In case both bones of the forearm are involved,
shortening of the forearm, deformities of the
forearm bones of varying severity, restriction /
absence of rotational movements (in the presence
of osteocartilaginous exostoses growing towards the
opposite bone; subluxation, dislocation of the radial
head), excessive ulnar deviation of the hand in the
wrist joint are most often observed [9, 10].

Deformations of the forearm in children due
to ME are, as a rule, progressive in nature during
their growth period and worsen over time, causing
dysfunction and disorders of elbow and wrist joint
anatomy [11, 12].

Classification

In the Russian literature, the first classification
that reflects shortening and deformities of the forearm
bones and the condition of the wrist was published
by V.A. Morgun in 1973. Later, it was expanded by
A.P. Pozdeev and L.Yu. Khodzaeva. This classification
is based on the degree of ulnar deviation, restriction
of movements in the adjacent joints, presence or
absence of forearm deformities, the magnitude of
forearm shortening, presence / absence of restriction of
rotational movements and decentration / subluxation /
dislocation of the radial head. The authors presented
five grades of ulnar club hand [12, 13].

Grade I: ulnar deviation of the hand within 10-
15°; the wrist is actively and passively brought in the
middle position, the range of motion in the adjacent
joints is fully preserved.

Grade II: ulnar deviation of the hand is up to
30°; the wrist is actively and passively brought in
the middle position. There is an arch-like deformity
of the forearm bones; its shortening is up to 2.5 cm,
restriction of rotational movements due to decentration
and subluxation of the radial head.

Grade IIT: ulnar deviation of the hand more
than 30°; the wrist cannot be brought to the middle
position; deformation of the forearm bones and
shortening is more than 3 cm, sharp restriction of
rotational movements due to subluxation or complete
dislocation of the radial head.

Grade 1IV: ulnar deviation of more than 30°, the
hand cannot be brought to the middle position; there
is a complete dislocation of the radial head, deformity

Literature review

249

Genij Oriopedii, Vol. 26, no 2, 2020

of both forearm bones, rotational movements are
within 10-15°.

Grade V: ulnar deviation of the hand is not more
than 30°, lesions in the distal parts of both bones,
dislocation of the radial head, deformity of the
metadiaphyseal parts of both bones of the forearm,
significant shortening of the segment,
hypotrophy, flexion contractures of the fingers.

muscle

Inthe English-language literature, the classification
of the forearm lesions is also widespread, based on
the localization of osseocartilaginous exostoses and
the presence / absence of dislocation of the radial
head [14] (Fig. 1):

Type 1: osseocartilaginous exostoses are located
in the distal ulna;

Type 2A: dislocation of the radial head due to
osseocartilaginous exostosis of the proximal radial
metaphysis;

Type 2B: osseocartilaginous exostoses are located
in the distal ulnar in conjunction with a dislocation of
the radial head;

Type 3: osseocartilaginous exostoses are located
in the distal radius.

Fig. 1 Pathology variants according to K. Masada (1989)

Diagnosis

The main method for diagnosing forearm deformities
is radiological study: X-rays of the forearm performed
in two orthogonal projections (anteroposteior, lateral);
computed tomography for better visualization of
the nature of the deformity of the forearm bones. In
addition, electroneuromyography is performed to assess
the functional state of the neuromuscular apparatus,
both before surgery and in the long term.
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MATERIAL AND METHODS

The retrospective analysis of domestic and foreign
literature sources (PubMed information database)
found that the only effective method of forearm
deformities treatment is surgical interventions.

From the reports published, the following surgical
treatment options can be distinguished:

1) simple resection of osseocartilaginous exostosis;

2) distraction osteosynthesis (application of an
external fixation apparatus);

3) internal osteosynthesis;

4) bone auto- or alloplasty;

5) temporary hemiepiphysiodesis.
Indications for surgical treatment are:
that
neurocirculatory disorders, accompanied by pain,

- osseocartilaginous  exostoses cause
functional limitations;
- club hand,

subluxation or dislocation of the radial head;

accompanied by decentration,

- disorders of the anatomical relationships in the
adjacent joints;

- shortening of one of the bones of the forearm
by more than 1.5 cm and shortening of both bones of
the forearm by more than 4 cm as compared with an
unaffected side [12].

We selected a number of medical articles on this
pathology (from the PubMed information database)
published between 1984 and 2018. Their authors
present various combinations of surgical treatment
methods. In the majority of cases, transosseous
osteosynthesis performed by applying a
monolateral external fixation apparatus (Orthofix) to

was

the ulna /radius alone or in combination with resection
of osseocartilaginous exostosis / bone osteosynthesis
/temporary hemiepiphyseodesis of the distal radius of
the radius (in children before bone growth completion)
in order to restore the distal epiphysiophysial angle

and the relationship in the wrist joint. A retrospective
analysis revealed that the most popular methods of
surgical treatment are gradual elongation of the ulna
with a monolateral external fixation device (Orthofix)
[15-28, 46], resection of osseocartilaginous exostoses
[24, 27-34], corrective osteotomy of the radius [17,
19, 22, 24, 25], temporary hemiepiphyseodesis of the
distal radius growth zone [23, 32, 34, 35].

In multiplanar deformations of long tubular bones,
it is necessary to use the method of transosseous
osteosynthesis in combination with an apparatus based
on passive computer navigation Ortho-SUV. The
authors retrospectively selected 213 patients, whose
average age was 12 years (of which 7 (3.2 %) were
patients with multiple osteochodromas). According to
the results obtained by the authors, this method was
highly accurate in deformity correction [39].

The average at surgery, according to the authors,
was the age of 9 years. However, there are two points
of view regarding the age of surgical treatment. Some
authors advocate early initiation of surgical treatment
(in4-5 year old children), since this contributes to further
remodeling of the deformity of the forearm bones and
a smaller volume of future surgical interventions [15,
19, 21, 26, 27, 28, 36, 39, 40, 41, 43].

Other authors do not agree with this point of view;
they believe that it is most advisable to start surgical
treatment before bone growth completion. They
explain that the least number of surgical interventions
and absence of further relapse of the deformity are
thus expected. But this point of view has its minuses
as long-existing and progressive deformities of the
forearm lead to neuromuscular system and blood flow
disorders, and gross violations of the relationship of
the articular surfaces in the adjacent joints [20, 22,
24, 25, 30, 32, 34, 42, 45].

RESULTS

This retrospective analysis evaluated the efficiency
of various surgical options according to the data
of scientific medical articles (Pubmed information
database) published from 1984 to 2018. The analysis of
theresults of various surgical treatment options found that
out of 649 surgical interventions excellent results were
obtained in 5.5 % of cases, good in 33.5 %; fair in 23 %,
and poor in 38 % of cases. The group of “poor” results
includes all relapses or unresolved deformities of the

forearm, none increase in the amplitude of movements in
the adjacent joints, and pain in the postoperative period.
Of all the proposed surgical treatment methods, the most
widely used was the gradual elongation of the ulna with
AEF autonomously or in combination with resection
of the osseocartilaginous exostosis, osteotomy of the
radius (plate fixation). The most common complications
were delayed consolidation / nonunion; fracture at the
level of bone callus.

Literature review



Genij Oriopedii, Vol. 26, no 2, 2020

DISCUSSION

Relapses of deformities, as well as of exostosis,
in most cases occurred in patients with uncompleted
bone growth. Isolated resection of osseocartilaginous
exostoses may be an auxiliary treatment with the aim of
eliminating pain, cosmetic problems and, sometimes,
to improve the range of movements. At present, there
is insufficient evidence of spontaneous resolution of
deformities or recovery of full range of motion when
this method is used independently. The authors opine
that it is optimal to perform resection of exostoses
in combination with other treatment methods. Such
methods as temporary hemiepiphyseodesis of the distal
radius; fibula graft transfer on the vascular pedicle (on
the ulna); one-bone forearm operation; resection of
the radial head (in dislocation) in combination with
autoplasty of the ligamentous apparatus; the osteotomy
of the radius or its lengthening as an independent
method has not been widely spread in order to draw
objective conclusions. These surgical interventions can
be applied in specific clinical situations, depending on
the preferences of the surgeon.

Yuchan Li and co-authors state that interventions
in children older than 12 years of age using a
monolateral external fixator and performing an
osteotomy in the metaphysical region allow for faster
consolidation [22].

Kousuke Iba and co-authors, in turn, note that
patients with a dislocation of the radial head need
surgical treatment as soon as possible, since timely
elimination of the dislocation with correction of the
deformity and elongation of the ulna will not require
further correction of the deformity of the radius.
All patients (n=3) showed an increase in rotational
movements (supination), had no pain, and a good
cosmetic result was achieved [24].

Clement and Porter also advocate early surgical
treatment in dislocation of the radial head, before
the end of bone growth, since persistent dislocation
leads to significant functional limitations, sometimes
irreversible [25].

Arms et al conducted a survey of a group
of 37 patients who underwent resection of the
osseocartilaginous exostoses in the forearm bones.
They found that patients did not experience
functional limitations and were satisfied with their
arm appearance, despite the deformity of the forearm.
Surgical interventions improve the appearance and
reduce pain when performed before or after the end
of bone growth [36].

Peterson points out that deformity of the forearm
bones is the most common cause of functional
disorders due to ME. Thus, measures should be
taken to prevent the progression of deformity and
functional impairment as soon as it becomes known
that the growth zone is affected [42].

Stanton et al evaluated the radiological parameters
and dysfunction grade in a group of patients (n = 28)
with multiple exostoses who did not undergo surgical
treatment, and concluded that in most cases there
was a good range of motion, despite the deformity.
At the time of the examination, the average age of
the patients was 21 years. On average, 5 % of the
examined patients had functional disorders in the
upper limb [44].

Akita S and Hill RA opine that surgical treatment
in patients with radial head dislocation should be
performed after the end of bone growth, since in
most cases early surgical treatment leads to relapse of
radial head dislocation [27, 31].

Wood et al reported a group of 10 patients who
underwent surgery, such as lengthening, corrective
osteotomy of the forearm bones, and indicated that
despite a minimal functional improvement, the
appearance of the limb improved noticeably [45].

Rozbruch et al reported the results of the use of a
hexapod fixator in the correction of forearm bones.
In all cases (n=5), deformity of the forearm bones
was gradually eliminated; in one case, the radial
head was reduced using a hexapod frame without
neurocirculatory complications [47].

CONCLUSION

We conclude that gradual lengthening of the
ulna, as an independent method of treatment or in
combination with other surgical options, restores or
improves the radiographic, clinical and functional
parameters of the forearm. Excellent treatment
results with a significant increase in the range
of motion, absence of pain, and improvement of
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radiographic parameters were obtained in 5.5 % and
good in 33.5 % of the cases reported. In all the cases,
gradual elongation of the ulna was performed in
combination with resection of the osseocartilaginous
exostoses and reduction of the radial head. Treatment
started at the age of 5 to 6 years. Despite a number
of studies advocate surgical interventions upon the
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end of bone growth or its rejection, the results of
which are statistically insignificant, the age of 5 to
6 years is considered the most suitable for surgical
interventions. To date, no classification has been
developed for variants of multiplanar forearm
deformities and the corresponding treatment tactics
based on the nature of the deformity and the age of a

options on the severity of anatomical changes has not
been established. There are no clear indications for
selection of a specific surgical procedure, taking into
account the deformity type. Despite the improvement
of treatment methods for this pathology, the rate
of poor results remains high and reaches 38 %. To
date, these issues remain the subjects of numerous

patient. A clear dependence of the choice of surgical discussions.

Source of funding The study was financially supported by the Turner Institute of the Ministry of Health of
the Russian Federation.
Conflict of interest The authors declare no potential conflicts of interest related to the publication of this article.

REFERENCES

1. Tsybanov A.S. Khirurgicheskoe lechenie detei i podrostkov s ekzostoznoi khondrodisplaziei. Avtoref. Diss. kand. med. nauk [Surgical
treatment of children and adolescents with exostosis chondrodysplasia. Cand. med. sci. diss.]. SPb., 2004, 22 p. (in Russian)

2. Fokhtin V.V. Ekzostoznaia khondrodisplaziia (klinicheskaia kartina, diagnostika i lechenie slozhnykh anatomicheskikh lokalizatsii).
Avtoref. Diss. kand. med. nauk [Exostosis chondrodysplasia (clinical picture, diagnosing and treatment of complex anatomical
localizations). Ext. Abstract Cand. med. sci. diss.]. Moscow, 2014, 23 p. (in Russian)

3. Volkov M.V. Kostnaia patologiia detskogo vozrasta (Opukholevye i displasticheskie zabolevaniia kostei) [Bone pathology of
childhood (Tumorous and dysplastic bone diseases]. M., Meditsina, 1968, 496 p. (in Russian)

4. Berglezov M.A., Meerson E..M., Samoilova L.I., Feshchenko S.P., Barer E.S., Bruskina V.1a., Razzokov A.A. Kliniko-geneticheskii analiz
mnozhestvennoi ekzostoznoi khondrodisplazii [Clinical-and-genetic analysis of multiple exostosis chondrodysplasia]. Trudy V Sezda
travmatologov-ortopedov SSSR [Proc. V Congress of traumatologists-orthopedists of the USSR ]. Moscow, 1008, pp. 147-148. (in Russian)

5. Legeai-Mallet L., Munnich A., Maroteaux P., Le Merrer M. Incomplete penetrance and expressivity skewing in hereditary multiple
exostoses. Clin. Genet., 1997, vol. 52, no. 1, pp. 12-16.

6. Legeai-Mallet L., Rossi A., Benoist-Lasselin C., Piazza R., Mallet ].F., Delezoide A.L., Munnich A., Bonaventure J., Zylberberg L.
EXT 1 gene mutation induces chondrocyte cytoskeletal abnormalities and defective collagen expression in the exostoses. J. Bone
Miner. Res., 2000, vol. 15, no. 8, pp. 1489-1500. DOI:10.1359/jbmr.2000.15.8.1489.

7. Pedrini E., Jennes I., Tremosini M., Milanesi A., Mordenti M., Parra A., Sgariglia F., Zuntini M., Campanacci L., Fabbri N., Pignotti
E., Wuyts W., Sangiorgi L. Genotype-phenotype correlation study in 529 patients with multiple hereditary exostoses: identification
of “protective” and “risk” factors. J. Bone Joint Surg. Am., 2011, vol. 93, no. 24, pp. 2294-2302. DOI: 10.2106/JBJS.].00949.

8. Pei Y., Wang Y., Huang W., Hu B., Huang D., Zhou Y., Su P. Novel mutations of EXT1 and EXT2 genes among families and sporadic
cases with multiple exostoses. Genet. Test. Mol. Biomarkers, 2010, vol. 14, no. 6, pp. 865-872. DOI: 10.1089/gtmb.2010.0040.

9. Carroll K.L., Yandow S.M., Ward K., Carey J.C. Clinical correlation to genetic variations of hereditary multiple exostosis.
J. Pediatr. Orthop., 1999, vol. 19, no. 6, pp. 785-791.

10.Porter D.E., Emerton M.E., Villanueva-Lopez F., Simpson A.H. Clinical and radiographic analysis of osteochondromas and growth
disturbance in hereditary multiple exostoses. J. Pediatr. Orthop., 2000, vol. 20, no. 2, pp. 246-250.

11.Khodzhaeva L.Iu. Khirurgicheskoe lechenie deformatsii predplechia u detei pri ekzostoznoi khondrodisplazii. Avtoref. Diss. kand.
med. nauk [Surgical treatment of forearm deformities in children with exostosis chondrodysplasia. Ext. Abstract Cand. med. sci.
diss.]. SPb., 1999, 23 p. (in Russian)

12.Morgun V.A. Kompressionno-distraktsionnyi metod lecheniia deformatsii konechnostei u detei pri displasticheskikh zabolevaniiakh
i posledstviiakh lecheniia opukholei kostei. Avtoref. Diss. kand. med. nauk [The compression-distraction method of treating limb
deformities in children for dysplastic diseases and consequences of bone tumor treatment. Ext. Abstract Cand. med. sci. diss.]. M.,
1973, 27 p. (in Russian)

13.Masada K., Tsuyuguchi Y., Kawai H., Kawabata H., Noguchi K., Ono K. Operations for forearm deformity caused by multiple
osteochondromas. J. Bone Joint Surg. Br., 1989, vol. 71, no. 1, pp. 24-29.

14.E1-Sobky T.A., Samir S., Atiyya A.N., Mahmoud S., Aly A.S., Soliman R. Current paediatric orthopaedic practice in hereditary
multiple osteochondromas of the forearm: a systematic review. SICOT J., 2018, vol. 4, pp. 10. DOI: 10.1051/sicotj/2018002.

15.Ahmed AARY (Amin Abdel Razek Youssef). Gradual ulnar lengthening by an Ilizarov ring fixator for correction of Masada IIb
forearm deformity without tumor excision in hereditary multiple exostosis: preliminary results. . Pediatr. Orthop. B, 2019, vol. 28,
no. 1, pp. 67-72. DOI: 10.1097/BPB.0000000000000514.

16.D'Ambrosi R., Barbato A., Caldarini C., Biancardi E., Facchini R.M. Gradual ulnar lengthening in children with multiple exostoses and
radial head dislocation: results at skeletal maturity. /. Child. Orthop., 2016, vol. 10, no. 2, pp. 127-133. DOI:10.1007/s11832-016-0718-8.

17.Bauer A.S., Storelli D.A.R., Sibbel S.E., McCarroll H.R., Lattanza L.L. Preoperative computer simulation and patient-specific
guides are safe and effective to correct forearm deformity in children. J. Pediatr. Orthop., 2017, vol. 37, no. 7, pp. 504-510.
DOI:10.1097/BP0O.0000000000000673.

18.Refsland S., Kozin S.H., Zlotolow D.A. Ulnar distraction osteogenesis in the treatment of forearm deformities in children with
multiple hereditary exostoses. J. Hand Surg. Am., 2016, vol. 41, no. 9, pp. 888-895. DOI:10.1016/j.jhsa.2016.06.008.

19.Tang Z.W., Cao Y.L., Liu T., Chen T., Zhang X.S. Management of forearm deformities with ulnar shortening more than 15mm caused by
hereditary multiple osteochondromas. Eur. J. Orthop. Surg. Traumatol., 2013, vol. 23, no. 5, pp. 611-618. DOI: 10.1007/s00590-012-1033-9.

20.Song S.H., Lee H., Youssef H., Oh S.M., Park J.H., Song H.R. Modified Ilizarov technique for the treatment of forearm deformities
in multiple cartilaginous exostoses: case series and literature review. J. Hand Surg. Eur. Vol., 2013, vol. 38, no. 3, pp. 288-296.
DOI: 10.1177/1753193412450651.

21.Vogt B., Tretow H.L., Daniilidis K., Wacker S., Buller T.C., Henrichs M.P., Roedl R.W., Schiedel F. Reconstruction of forearm
deformity by distraction osteogenesis in children with relative shortening of the ulna due to multiple cartilaginous exostosis.
J. Pediatr. Orthop., 2011, vol. 31, no. 4, pp. 393-401. DOI:10.1097/BPO.0b013e31821a5e27.

252 Literature review



Genij Oriopedii, Vol. 26, no 2, 2020

22.Li Y., Han B., Tang J., Chen M., Wang Z. Identification of risk factors affecting bone formation in gradual ulnar lengthening in
children with hereditary multiple exostoses: A retrospective study. J. Medicine, 2019, vol. 98, no. 5, pp. e14280. DOI: 10.1097/
MD.0000000000014280.

23.Woodside J.C., Ganey T., Gaston R.G. Multiple osteochondroma of the hand: initial and long-term follow-up study. Hand (N Y),
2015, vol. 10, no. 4, pp. 616-620. DOI: 10.1007/s11552-015-9775-6.

24.1ba K., Hanaka M., Ozasa Y., Takahashi N., Kanaya K., Yamashita T. Treatment of forearm deformity with radial head dislocation
because of multiple osteochondromas: a series of three cases treated by simple axis correction and distraction osteogenesis of the
ulna. J. Pediatr. Orthop. B, 2017, vol. 27, no. 4, pp. 315-321. DOI: 10.1097/BPB.0000000000000453.

25.Clement N.D., Porter D.E. Forearm deformity in patients with hereditary multiple exostoses: factors associated with range of motion
and radial head dislocation. J. Bone Joint Surg. Am., 2013, vol. 95, no. 17, pp. 1586-1592. DOI: 10.2106/JBJS.L.00736.

26.Bilen F.E., Eralp L., Balci H.I., Kocaoglu M., Ozger H. Correction of forearm deformities in children with multiple osteochondroma,
by corrective radial osteotomy and ulnar lengthening by distraction osteogenesis. Acta Orthop. Belg., 2009, vol. 75, no. 6, pp. 743-747.

27.Akita S., Murase T., Yonenobu K., Shimada K., Masada K., Yoshikawa H. Long-term results of surgery for forearm deformities in patients
with multiple cartilaginous exostoses. J. Bone Joint Surg. Am., 2007, vol. 89, no. 9, pp. 1993-1999. DOI:10.2106/]BJS.F.01336.

28.Ishikawa J., Kato H., Fujioka F., Iwasaki N., Suenaga N., Minami A. Tumor location affects the results of simple excision for
multiple osteochondromas in the forearm. J. Bone Joint Surg. Am., 2007, vol. 89, no. 6, pp. 1238-1247. DOI:10.2106/]BJS.F.00298.

29.Matsubara H., Tsuchiya H., Sakurakichi K., Yamashiro T., Watanabe K., Tomita K. Correction and lengthening for deformities of
the forearm in multiple cartilaginous exostoses. J. Orthop. Sci., 2006, vol. 11, no. 5, pp. 459-466. DOI:10.1007/s00776-006-1047-4.

30.Ip D., Li Y.H., Chow W., Leong J.C. Reconstruction of forearm deformities in multiple cartilaginous exostoses. J. Pediatr. Orthop.
B, 2003, vol. 12, no. 1, pp. 17-21. doi:10.1097/01.bpb.0000043728.21564.0d.

31.Hill R.A., Ibrahim T., Mann H.A., Siapkara A. Forearm lengthening by distraction osteogenesis in children: a report of 22 cases.
J. Bone Joint Surg. Br., 2011, vol. 93, no. 11, pp. 1550-1555. DOI: 10.1302/0301-620X.93B11.27538.

32.Litzelmann E., Mazda K., Jehanno P., Brasher C., Pennecot G.F., Ilharreborde B. Forearm deformities in hereditary multiple
exostosis: clinical and functional results at maturity. J. Pediatr. Orthop., 2012, vol. 32, no. 8, pp. 835-841. DOI: 10.1097/
BPO.0b013e3182694e40.

33.Shin E.K., Jones N.F., Lawrence ]J.F. Treatment of multiple hereditary osteochondromas of the forearm in children: a study of
surgical procedures. J. Bone Joint Surg. Br., 2006, vol. 88, no. 2, pp. 255-260. DOI: 10.1302/0301-620X.88B2.16794.

34.Jiya T.U., Pruijs ].E., van der Eijken J.W. Surgical treatment of wrist deformity in hereditary multiple exostosis. Acta Orthop. Belg.,
1997, vol. 63, no. 4, pp. 256-261.

35.Waters P.M., Van Heest A.E., Emans J. Acute forearm lengthenings. J. Pediatr. Orthop., 1997, vol. 17, no. 4, pp. 444-449.

36.Arms D.M., Strecker W.B., Manske P.R., Schoenecker P.L. Management of forearm deformity in multiple hereditary
osteochondromatosis. J. Pediatr. Orthop., 1997, vol. 17, no. 4, pp. 450-454.

37.Irani R.N., Petrucelli R.C. Ulnar lengthening for negative ulnar variance in hereditary multiple osteochondromas. /. Pediatr. Orthop.
B, 1992, vol. 1, no. 2, pp. 143-147.

38.Kelly J.P., James M.A. Radiographic outcomes of hemiepiphyseal stapling for distal radius deformity due to multiple hereditary
exostoses. J. Pediatr. Orthop., 2016, vol. 36, no. 1, pp. 42-47. DOI: 10.1097/BP0.0000000000000394.

39.Vilenskii V.A., Pozdeev A.A., Zubairov T.F.; Zakharian E.A., Pozdeev E.A. Lechenie detei s deformatsiiami dlinnykh trubchatykh
kostei nizhnikh konechnostei metodom chreskostnogo osteosinteza s ispolzovaniem apparata Orto-SUV: analiz 213 sluchaev
[Treatment of children with deformities of the lower limb long tubular bones by transosseous osteosynthesis method using Ortho-
SUV device: analysis of 213 cases]. Ortopediia, Travmatologiia i Vosstanovitelnaia Khirurgiia Detskogo Vozrasta. 2016, vol. 4, no.
4, pp. 21-32. (in Russian) DOI: 10.17816/PTORS4421-32.

40.Cho Y.]., Jung S.T. Gradual lengthening of the ulna in patients with multiple hereditary exostoses with a dislocated radial head.
Yonsei Med. ., 2014, vol. 55, no. 1, pp. 178-184. DOI: 10.3349/ymj.2014.55.1.178.

41.Beutel B.G., Klifto C.S., Chu A. Timing of forearm deformity correction in a child with multiple hereditary exostosis. Am. J. Orthop.
(Belle Mead NJ), 2014, vol. 43, no. 9, pp. 422-425.

42.Peterson H.A. The ulnius: a one-bone forearm in children. J. Pediatr. Orthop. B, 2008, vol. 17, no. 2, pp. 95-101.

43.Noonan K.]., Levenda A., Snead ]., Feinberg J.R., Mih A. Evaluation off the forearm deformity in untreated adult subjects with
multiple hereditary osteochondromatosis. J. Bone Joint Surg. Am., 2002, vol. 84, no. 3, pp. 397-403.

44.Stanton R.P., Hansen M.O. Function of the upper extremities in hereditary multiple exostoses. J. Bone Joint Surg. Am., 1996,
vol. 78, no. 4, pp. 568-573.

45.Wood V.E., Sauser D., Mudge D. The treatment of hereditary exostosis of the upper extremity. J. Hand Surg. Am., 1985, vol. 10,
no. 4, pp. 505-513.

46.Eralp L., Bilen F.E., Rozbruch S.R., Kocaoglu M., Hammoudi A.I. External fixation reconstruction of the residual problems of
benign bone tumours. Strategies Trauma Limb Reconstr., 2016, vol. 11, no. 1, pp. 37-49. DOI: 10.1007/s11751-016-0244-8.

47.Wessel L.E., Sacks H.A., Fufa D.T., Fragomen A.T., Rozbruch S.R. Use of hexapod frame to gradually correct congenital and
acquired forearm deformity. J. Limb Lengthening & Reconstruction, 2019, vol. 5, no. 1, pp. 11-16.

Received: 15.06.2019

Information about the authors:

1. Alexander P. Pozdeev, M.D., Ph.D., Professor,
The Turner Scientific and Research Institute for Children’s Orthopedics, Saint Petersburg, Russian Federation,
Email: prof.pozdeev@mail.ru

2.Ekaterina A. Belousova, M.D.,
North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russian Federation,
Email: geen18@mail.ru

3.0lga N. Sosnenko, M.D., Ph.D.,
The Turner Scientific and Research Institute for Children’s Orthopedics, Saint Petersburg, Russian Federation,
Email: sosnenko.olga@yandex.ru

Literature review 253



