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Background. Congenital radial club hand is characterized by the radial deviation of the hand, the longitudinal
underdevelopment of the forearm, and the dysfunction of the upper limb. The shortening of the ulna is observed in
all types of congenital radial club hand. The average shortening of the ulna surgical treatment was 33.3% compared to
the intact contralateral side.

Aim. This study aimed to evaluate the results of ulna elongation by the method of external fixation, depending on the
level of osteotomy, in patients with congenital radial club hand type III-IV.

Materials and methods. The treatment results of 36 patients with congenital radial club hand type III-IV from 1998
to 2018 were analyzed. The average age of the patients was 7.4 years + 3.5 years. The patients were divided into three
groups, depending on the level of ulnar osteotomy. Shortening of the ulna, correction of the angle of deformity of the
ulna, radial deviation of the hand, period of correction, elongation obtained, index of fixation and osteosynthesis, and
associated complications were analyzed.

Results. The observation period was an average of 5.8 years. Before surgical treatment, the ulna was 33.3% shorter, while
after surgery, it was 16%. Before surgery, the angle of deformation was 20.5° + 14.8°, while after surgery, it was 7.4° + 5.6
this gives an angle of deformity correction of 63.9%. The elongation of the ulna was 3.2 + 1.1 cm. In patients who underwent
proximal osteotomy, the resulting elongation was 32% and 18.4% more, respectively, than in patients who underwent an
osteotomy in the middle and distal sections of the ulna. In group 1, the correction period was 24.4% and 28.9% more
than in groups 2 and 3, respectively. The index of fixation in group 1 was 53.6%, which was 45.7% less than in groups 1
and 3. Postoperative complications included a false joint (15%), inflammation (10%), and forearm deformities (7.5%).
Conclusions. In patients with congenital radial club hand type III-IV, the optimal part of an ulna osteotomy is
the proximal section. With a hand deviation of more than 20°, osteotomy is performed in the distal section with
simultaneous correction of the deformity.
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O6ocHoBanme. BpoxeHHas TydeBas KOCOPYKOCTb XapaKTepU3yeTcs Iy4eBOll [ieBuanyell KIUCTY, YKOpOdYeHyeM Ipef-
IJIeYbs ¥ OTpaHMYeHNeM (YHKIUM BepXHell KOHEYHOCTU. YKOpOUEeHNe JIOKTEBOM KOCTH BCTPedaeTcs IPM BCeX TUITAX
JTy4eBOJ KOCOPYKOCTH. [0 OIepaTMBHOTO JIedeHNA JTIOKTeBasA KOCTb ObI/Ia yKOpOUeHa B cpefHeM Ha 33,3 % mo cpaBHe-
HUIO C JIOKTEBOJ KOCTbI0 VHTAKTHOM KOHEYHOCTI.
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ITenb — OLIeHUTD pe3y/NbTaThl YAIMHEHNA TOKTEBOI KOCTM METOIOM JUCTPAKIMOHHOTO OCTEOCHHTE3a B 3aBUCHMOCTH
OT YPOBHA OCTEOTOMUM y MALMEHTOB C BPOXIEHHOI My4eBoil KocopyKocTbio III-IV Tumos.

Marepuanpl u MeTORbI. [IpoBefieH peTPOCIEKTUBHBI aHA/IN3 PE3YIbTATOB JiedeHNA 36 MALMEHTOB C BPOXX/IEHHOI JTy-
9eBoit KocopykocTbio III-1V tunos B nepuop ¢ 1998 no 2018 r. CpepHnit BO3pacT MalMeHTOB COCTaBuUI 7,4 + 3,5 rofa.
ITanmeHTH! OBUIM pa3feNieHbl Ha TPU TPYIIBl B 3aBUCUMOCTY OT YPOBHA BBIIIOJHEHMA OCTEOTOMMUY JIOKTEBOJ KOCTIL.
ITpoaHanu3upoBaHbl OCHOBHBIE ITOKA3aTe/lIN: IPOLIEHT YKOPOUEHUA M KOPPeKIVsA yIa gedopMaluy JTOKTeBOI KOCTH,
NydeBas HeBMALMs KUCTY, IIEPUOJ KOPPeKUUY, HOTydeHHOe VANMMHEHMe, NHAEKC (UKCAIUMK ¥ OCTEOCHHTe3a, OCIIOXK-
HEeHMA.

Pesynbrarsl. [lepnon HabmofeHNs cOCTaBUI B cpefHeM 5,8 ropa. IIpolleHT yKOpoueHMs JTOKTeBOI KOCTH IIO OTHO-
LIEeHNIO K MHTAKTHOJ KOHEYHOCTU [0 ONEePaTMBHOTO JIeYEHMsI COCTAB/IAN B cpefiHeM 33,3 %, a mocine — 16 %. B fo-
OIlepall'OHHOM IIepuopie yron gedopmannu nokreBoir koctu — 20,5 + 14,8°, a mocne onepaunn — 7,4 + 5,6°, nony-
4eHHas Koppekuus yrna gepopmanuy — 63,9 %. JlokreBast KOcTh 6bUta yanuHeHa Ha 3,2 = 1,1 cm. Y manueHTOB
C OCTeOTOMMUell B IPOKCMMA/IIbBHOM OT/e/le JIOKTeBOIt KOCTYM HOCTUTHYTOe yAnuHeHye 6bUto Ha 32 u 18,4 % 6Gonblue,
4yeM Y MalllieHTOB, KOTOPBIM BBIIIOMHAMN OCTEOTOMMIIO B CPEfIHEl 1M HMDKHel TpeTAX. B 1-11 rpynie nmepuoys KoppeKuumn
6bu1 Ha 24,4 u 28,9 % 6onble, 4eM BO 2-if U 3-il TPyNIax COOTBETCTBEHHO. VIHfekc ¢ukcanyy B 1-i1 Tpymme 6b1
Ha 53,6 u 45,7 % MeHbllle, yeM Bo 2-if u 3-7 rpynmax. Haubonee yacTble ocnoxxHeHMs — (popMUpOBaHye JTOXHOTO
cycrasa (15 %), BocaymrenpHble mporecchl (10 %), BTopuuHble fedopmanuu npepmwiedss (7,5 %).

3akmroueHne. Vlccienosanme IOKa3aso, YTO [JIA yOJIMHEHNA JTOKTEBOM KOCTU y NAI[MEHTOB C BPOXKAEHHOI JIy4eBO
KocopykocTbio III-IV Tumos onTuManbHOI 30HOJ OCTEOTOMMM SIBAETCA ee NPOKCUMAbHBIN oThen. OmHaKko Ipu
meBmanuy Kuctu 6osee 20° peKOMEHIOBAHO BBIIOTHEHNE OCTEOTOMUY B JUCTANTbHOM OTHe/e JIOKTEBOI KOCTH C OJHO-
MOMEHTHOII KoppeKuyeil fehopManui.

KnioueBbie cmoBa: BpoXX/IeHHas Ty4eBass KOCOPYKOCTD; YA/IMHEH)E JIOKTE€BOJ KOCTV; KOMIIPECCOHHO-AUCTPaKI[OH-

HBII OCTEOCHHTES.

The characteristics of congenital radial
clubhand are as follows: radial deviation of the
hand, a considerable shortening of the forearm,
and a pronounced limitation of the function of
the entire upper limb [1-3]. In 80% of cases, this
pathology is combined with hypoplasia of finger I,
whereas 50% of cases contains aplasia of ray I [4].
The incidence of congenital radial clubhand varies
from 1 :30,000 to 1:100,000 newborns. Bilateral
lesion occurs in 38-58% of cases [5, 6].

In clinical practice, the Bayne and Klug
classification is used to describe the congenital radial
clubhand, which provides four different types of
clubhand [7]. All types of clubhand are characterized
by shortening of the ulnar bone as compared to
the intact limb, wherein underdevelopment persists
during the growth of the child.

Shortening and deformity of the forearm in
such patients cause severe functional and cosmetic
defects of the limb [8].

Clubhand I and II are reported on an average of
21% of all cases of congenital radial clubhand [9]. In
these patients, it is possible to lengthen both bones
of the forearm simultaneously in order to eliminate
the difference in the length of the upper limbs.

Type III-IV radial clubhand is the most
common one, and occur in about 79% of cases.
At the first stage, the objective of surgical treatment
is to eliminate radial deviation and restore the

possibility of bilateral grip by the hand [6, 7, 10-12].
Subsequently, most parents of patients complain of
shortening of the forearm. The length of the ulnar
bone in patients with type III-IV radial clubhand
on an average range from 51.4 to 75.3% of the
length of the ulnar bone on the intact limb [13, 14],
which leads to severe cosmetic defects, especially
in patients with unilateral lesions. In patients with
bilateral lesions, a limitation of self-care is noted
due to a significant shortening of the forearm.

The compression-distraction osteosynthesis
method is used to eliminate the differences in the
length of the forearms [15-18].

Based on the literature, the Ilizarov method
is often used to restore the length of the lower
extremities. A few publications are skeptical in
using this technique for elongating the bones of the
upper limb. These studies describe the method of
distraction osteosynthesis in pediatric patients with
various diagnoses, such as Madelung’s deformity,
multiple exostosis chondrodysplasia, lesion to the
epiphyseal zone of the forearm bones, congenital
radial, and ulnar clubhand [17].

The results of ulnar bone elongation in patients
with congenital radial clubhand in the global
literature were only obtained for small groups of
patients (up to 4-15 patients), whose age ranged from
1 to 17 years [19-23]. Approximately, the same data
are presented for the fixation index, osteosynthesis,
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and reported complications [19, 22, 24]. However,
the authors performed osteotomy at different levels,
some in the proximal third [17, 24], others in the
middle third [20], or distal third [19, 22, 25] of the
ulnar bone.

The lack of consensus and approaches to the
treatment of pediatric patients with these types
of radial clubhand necessitated a retrospective
assessment of the results of elongation of the ulnar
bone by distraction osteosynthesis based on the
level of osteotomy.

The purpose of this work is to evaluate the
results of ulnar elongation by the method of
distraction osteosynthesis in patients with type
III-IV congenital radial clubhand (according to the
Bayne and Klug classification) depending on the
level of osteotomy.

Materials and methods

During the period 1998-2018, 285 pediatric
patients with congenital radial clubhand were
examined and received treatment at the Department
of Reconstructive Microsurgery and Hand Surgery
of the Turner Scientific Research Institute for
Children’s Orthopedics. Ulnar bone elongation
by distraction osteosynthesis was performed in
36 patients (40 forearms) with type III-IV congenital
radial clubhand (Bayne and Klug classification),
including 23 boys and 13 girls. The average
age of the pediatric patients was 7.4 + 3.5 years
(3-15 years). Type III congenital radial clubhand
was reported in three patients. Unilateral lesion was
noted in 91.7% of cases, whereas bilateral lesion
was observed in 8.3% of cases. In 15 patients,
congenital radial clubhand was a part of the genetic
syndrome. The Holt-Oram syndrome was reported
in 10 patients, TAR syndrome was noted in three
patients, and VATER syndrome was observed in
two patients. Two-stage ulnar bone elongation on
the affected side was performed in three patients,
whereas it was performed twice on both limbs in
two patients with TAR syndrome.

Before the elongation of the ulnar bone, the hand
was centered on the ulnar bone in all the patients.
In addition, a number of patients underwent
reconstructive surgeries of various types on ray I of
the hand on the affected side.

All patients were divided into three groups.
Patients of group 1 underwent osteotomy in the

proximal third of the ulnar bone, patients of group 2
underwent osteotomy in the middle third of the
forearm at the apex of deformity, and patients in
group 3 underwent osteotomy in the lower third of
the ulnar bone. The follow-up period in the study
groups ranged from 1 to 12 years (the average
follow-up period was 5.8 + 0.4 years).

During the planning surgical intervention, we
used clinical and radiological research methods,
including computed tomography.

During clinical examination, the indicators,
namely the range of movement in the elbow joint
and fingers, were evaluated in both the preoperative
and long-term postoperative periods. We did not
consider the range of movements in the elbow-carpal
joint, since it was minimal in all the patients due
to the previously performed centering of the hand.

Radiographic images of the forearm bones along
with the elbow joint and hand were captured in
two standard projections. Additionally, radiographic
images of the forearms evaluated the length of the
ulnar bone on the affected and intact limbs; and the
percentage of shortening of the ulnar bone in relation
to the healthy one was calculated. Furthermore, the
angle of deformity of the ulnar bone and the angle
of the hand deviation were also calculated.

In the process of preoperative planning to
choose the level and type of osteotomy, factors such
as the apex of the ulnar bone deformity and the
angle of the hand deviation were considered.

e If the apex of deformity was in the proximal part
of the ulnar bone, and the angle of deviation of
the hand did not exceed 20°, then the osteotomy
was performed at the level of the upper third of
the ulnar bone.

e If the angle of deformity of the ulnar bone
exceeded 20° and was located in the middle
third of the diaphysis, then osteotomy was
performed in the middle third.

e If ulnar bone deformity was present in the
distal section and the hand deviation was more
than 20°, then osteotomy was performed in the
lower third of the forearm.

The method of osteotomy depended on the
type of hand deviation. For example, Minervini
osteotomy was performed in the case of radial
deviation of the hand (in the sagittal plane) [26],
whereas cup-and-ball osteotomy was performed
if it was palmar-radial (in the sagittal and frontal
planes) deviation.
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A total of 40 osteotomies were performed,
3 of which were cup-and-ball osteotomy and 2
were Minervini osteotomy. In other cases, oblique
osteotomy in the sagittal plane was preferred.

To evaluate the results of ulnar bone elongation,
the indicators were studied, namely distraction time,
correction period, fixation and osteosynthesis index,
and regenerate length. In addition, postoperative
complications were analyzed according to J. Caton
classification [27].

We did not evaluate the functional capabilities,
as well as the cosmetic condition of the forearm,
before and after the elongation of the ulnar bone.

Elbow elongation by using compression-
distraction osteosynthesis was performed according
to the standard technique. Wires or rods were placed
in the proximal and distal sections of the ulnar
bone, followed by their fixation in two transosseous

supports, and one wire was inserted through the
metacarpal bones II-V with the hand fixed to the
outer supports. Then, an osteotomy of the ulnar
bone was performed.

Distraction began on the fifth or seventh day after
surgery by 0.25 mm, for three times a day. During
the entire period of osteosynthesis, the patients
received conservative treatment (physiotherapeutic
treatment, exercise therapy, and massage). After
the maturation of the distraction regenerate, the
compression-distraction apparatus was dismantled
and the upper limb was immobilized with a plaster
cast or cylinder plaster cast.

The results of a comprehensive examination and
treatment of patients were subjected to statistical
processing in the Statistica 7.0 for Windows system
by using the methods of parametric and non-
parametric statistics. Additionally, we determined

Table 1
Assessment of the results of surgical treatment of patients with type IlI-IV congenital radial clubhand
Group 1 Group 2 Group 3
Index p p p
before after before after before after
Clinical examination
Flexion in the 131.3 £15.9|129.4 £ 5.3 |20.05|126.7 £ 17.8 | 128.3 £ 19.7 | 20.05 | 133 + 16.4 | 133.6 £ 16.7 | 20.05
elbow joint, deg.
Extension in the 125+8.2 | 13.1£93 |=20.05| 83+4.1 7.5+£27 |=20.05| 8=x3.8 7.8+£39 |=0.05
elbow joint, deg.
Angle of the hand | 13.7+58 | 11.2+9.1 [20.05| 11.8+7.2 128 £85 |=0.05(179+109| 9.3 +£58 |=0.05
deviation, deg.
X-ray examination
Shortening of the | 35.6 +13.9 |15.9 +10.7|<0.05| 34.3+18.2 | 17.5+12.4 |<0.05|31.1 £10.6 | 15.6 + 10.4 |<0.05
ulnar bone in
relation to healthy
bone, %
The angle of 151 +11.8 | 3.5+09 [<0.05| 22.5+16.0 1.8+1.2 |<0.05| 246+ 16 1.6 £1.0 |<0.05
the ulnar bone
deformity, deg.
Postoperative period
Correction period, 46.7 + 11.6 353+ 14.0 33.2+16.2 <0.05
days
Resulting 37.6 £10.2 24 +9.7 28.8 + 8.6 <0.05
elongation, mm
Resulting 38.7 £ 12.1 354+ 14.7 33.7+13.8 <0.05
elongation as
a percentage
of the initial size
of the ulnar bone
Fixation index, 22+9.9 474 +21.5 40.5+21.2 <0.05
days/cm
Osteosynthesis 354 +10.5 75.5+45.6 54.3 +£20.8 <0.05
index, days/cm
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the mean values and standard deviations,
performed the correlation analysis, and calculated
the correlation coefficient.

Results

Table 1 presents the results of the study.

The range of movement in the elbow joint in patients
of all groups in both the preoperative and postope-
rative periods did not showed a significant difference.

In patients with congenital radial clubhand,
flexion-extension contractures of the elbow joint
were noted, in which the average value of flexion
was 131.5 + 16.1°, and its extension was 9.9 + 6.2°.

The average angle of hand deviation in different
groups in the pre- and postoperative periods did
not showed any statistically difference. However,
before surgical treatment in the patients of groups 1
and 2, it ranged from 2 to 20°, whereas it was from
10 to 40° in the patients of group 3. In 5 patients of
group 3, we simultaneously performed the correction
of radial deviation of the hand, the average angle
before surgery was 31 + 11.4°, whereas the average
angle was 5.7 + 2.4° in the postoperative period.

The shortening of the ulnar bone in relation
to the intact limb before surgical treatment had
an average value of 33.3 + 12.3%, whereas it was
16 + 10.5% after the surgical treatment. The ulnar
bone was elongated by an average of 36% as
compared to its initial length.

In patients with type III-IV congenital
radial clubhand, the angle of the ulnar bone
deformity had an average value of 20.5 + 14.8°
(minimum 5°, maximum 40°) in the preoperative
period. Significant deformity (35-40°) of the ulnar
bone was reported in one patient of group 1, two

patients of the group 2 with type IV of radial
clubhand, and also in one patient of group 2 with
type III radial clubhand. These patients underwent
surgical treatment at the age of 6-7 years due to
concomitant pathology, the decompensation of
which was a contraindication for the surgical
treatment of the orthopedic pathology. The severe
secondary deformity of the ulnar bone was due to
the long-term tension of the underdeveloped soft
tissues and muscles along the radial surface of the
forearm, along with the absence of conservative and
surgical treatment. After the first stage of treatment
(centering of the hand) during the child’s growth,
the angle of the ulnar bone deformity remained
within 35-40°. In these patients, osteotomy was
performed in the middle third of the ulnar bone
at the deformity apex. In young patients, during
their growth, we registered a decrease in the ulnar
bone deformity in its middle third after the hand
centering, which enabled us to perform subsequent
osteotomy in the proximal or distal sections.

The angle of the ulnar bone deformity after
treatment decreased, but persisted and had an
average value of 7.4 £ 5.6°. Moreover, the angle had
an average corrected value of 63.9%.

In patients of group 1, the correction period
was 24.4 and 28.9% longer than in patients of
groups 2 and 3, respectively. This was due to the
fact that in this group the resulting elongation rates
were 32 and 18.4% greater than in patients of the
groups 2 and 3, respectively.

The fixation indices in patients of group 1 were 53.6
and 45.7% lower than in the groups 2 and 3, respectively.

Table 2 presents the main complications reported
during the elongation of the ulnar bone in patients
with congenital radial clubhand.

Table 2
Complications in elongation of the ulnar bone in patients with type Ill-IV congenital radial clubhand

Complication Group 1 Group 2 Group 3
Soft tissue inflammation at the transosseous elements exit site 2 (12.5%) 0 (0%) 2 (11.1%)
Fracture of transosseous elements 1 (6.3%) 1 (16.7%) 0 (0%)
Joint contracture 0 (0%) 0 (0%) 1 (5.6%)
Formation of pseudarthrosis or atrophic regenerate 3 (18.7%) 3 (50%) 0 (0%)
Regenerate fracture 0 (0%) 0 (0%) 1 (5.6%)
Dislocation of the elbow joint 2 (12.5%) 0 (0%) 0 (0%)
Relapse of hand deviation 1 (6.3%) 0 (0%) 0 (0%)
Total 9 (56.3%) 4 (56.7%) 4 (22.3%)
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With the elongation of the ulnar bone,
complications were observed in all groups of
patients. Most often, complications were revealed in
group 1 (56.3%) and group 2 (56.7%).

Complications of degree I (according to the Caton
classification) were identified in all the groups. Soft
tissue inflammation at the exit site of transosseous
elements was registered in patients of groups 1
and 2 in 12.5 and 11.1% of cases, respectively.
To stop the inflammatory process, oral antibiotic
therapy and dressings with topical antiseptics were
employed. There were no signs of deep infection
in any other cases. In two cases, the patients had
a fracture of the wire or the rod screw; however, this
complication did not affect the final result of the
treatment. One patient of group 3 showed increased
contracture of the fingers during distraction. It was
eliminated after a course of rehabilitation treatment,
and a satisfactory (preoperative) range of motion in
the fetlock joints and phalangeal joints of the hand
was achieved.

Complications of degree II were most common
and reported in all the groups. The greatest number
of complications in the form of pseudarthrosis at the
level of the distraction regenerate maturation was re-
corded in patients of groups 1 and 2 in 18.7 and 50%
of cases, respectively. In addition, a regenerate frac-
ture and the formation of pseudarthrosis after dis-
mantling the compression-distraction apparatus were
recorded in 5.6% of cases in patients of group 3. In all
the cases, the defect grafting was performed by using
a free cortical-spongious bone graft taken from the
iliac bone to restore the integrity of the ulnar bone.

Complications of degree III were noted only
in patients of group 1 in 18.8% of cases (three

patients). In two cases, a dislocation of the proximal
ulnar bone posteriorly with the formation of a “neo-
joint” was reported. These patients subsequently
underwent the shortening osteotomy of the tip
of the elbow with the transposition of triceps. In
addition, a relapse of hand deviation occurred in
one patient.

A clinical example of surgical treatment
of the group 1 patient (Fig. 1)

Patient P., 5 years old, was admitted to the
department with a diagnosis of congenital right-
sided radial clubhand, along with aplasia of finger I.
Previous surgery included the right-hand centering.

Clinical examination revealed shortening of the
right forearm by 4 c¢m, aplasia of the radial bone, and
radial deviation of the right hand of 15°. Moreover, the
hand was impossible to bring to the middle position
passively, and aplasia of the finger I of the right hand
was reported (Fig. 1, a). Given the slight deviation of
the hand and the apex of the ulnar deformity in its
proximal part, we decided to perform osteotomy in
the upper third of arm. The postoperative period was
uneventful. The ulnar bone was extended by 3.7 cm,
and the correction of the ulnar bone deformity
was 25°. Subsequently, pollicization of the ray II
of the hand was performed on the affected side.

After 3 years, the radial deviation of the hand
was found to be 20° during the clinical examination,
which was the state of hand after pollicization of
finger II of the right hand. Ranges of movements in
the elbow joint and fingers were found to be adequate.
The child served himself and did not complain
actively. Parents were satisfied with the result.

Fig. 1. Radiograph of the upper limb of patient P., 5 years old, before elongation of the ulnar bone (a), after osteotomy (b),
at the end of the fixation period (c) and after 3 years (d, e)
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Fig. 2. Radiograph of the upper limb of patient L., 6 years old, before elongation of the ulnar bone (a), after osteotomy (b)
and after 2 years (c)

A clinical example of surgical treatment
of the group 3 patient (Fig. 2)

Patient L., 6 years old, was admitted to the
department with a diagnosis of TAR syndrome,
congenital bilateral radial clubhand, and hypoplasia
of fingers I. The previous surgery included centering
of both right and left hands. Clinical examination
revealed shortening of both forearms, aplasia of the
radial bones, palmar-radial deviation of the right
hand by 40°, the hand was impossible to bring to
the middle position passively, and hypoplasia of
the fingers I was also reported (Fig. 2, a). Given
the marked deviation of the hand, we decided to
perform cup-and-ball osteotomy of the right ulnar
bone in the lower third. The postoperative period
was uneventful. The ulnar bone was elongated by
3.5 cm. The palmar-radial deviation of the hand
was corrected up to 35°.

A clinical examination after two years (Fig. 2, ¢)
revealed that radial deviation of the hand was up
to 10°. The child served herself and did not complain
actively. Her parents were satisfied with the result.
Subsequently, the ulnar bone was elongated to the
left.

Discussion

The surgical treatment of patients with congenital
radial clubhand remains a complex challenge
in pediatric orthopedics. As a result of surgical
treatment, there is an improvement in appearance,
the functional capabilities of the upper limb, and
the ability to self-service. Patients begin to use
this limb more often in daily life activities. These
factors affect the patient’s social adaptation and

quality of life [19, 22, 28]. Elongation is performed
preferably at the beginning of adolescence, since
treatment does not interfere with the psychosocial
development. In our study, the average age of
patients was 7.4 £ 3.5 years, which corresponds to
the data of global literature [19-23].

The limitation of the range of movements in
the elbow joint is quite common in patients with
congenital radial clubhand. In the presence of
severe contracture in the elbow joint, the ulnar bone
cannot be extended [29]. On an average, the range
of motion in the elbow joint is 99° [30]. Patients
in our study also revealed contracture of the elbow
joint, and the range of motion had an average value
of 120°.

According to some authors, the ulnar bone can
be extended by 4-6 cm [17, 21, 22, 25]. In our
patients, the average value of elongation was
3.2+ 1.1 cm. Complete restoration of the forearm
length is not considered to be an obligatory
condition [26]. The fixation and osteosynthesis
indices obtained in the study in patients of groups 1
and 3 were comparable to the literature data [17, 20,
25, 31]. A high osteosynthesis index in patients of
group 2 (75.5 £ 45.6 days/cm) was associated with
complications (pseudarthrosis of the ulnar bone)
and attempts of conservative treatment for the
formation of a regenerate.

The literature describes a considerable number
of complications while using the Ilizarov method
to lengthen the bones of the upper limb in up to
100% of cases. The most common complications are
inflammatory processes, contractures in the joints,
and fracture of the regenerate [13, 19, 21, 22, 25].
However, in our study, soft tissue inflammation at
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the exit site of transosseous elements was registered
in only 10% of cases, and joint contracture and
regenerate fracture were reported in 2.5% of cases.

The most common complication recorded in
patients of our clinic during elongation of the ulnar
bone is the formation of an atrophic regenerate with
subsequent pseudarthrosis (15% of cases). A small
number of studies focused on the risk factors
for delayed consolidation with the elongation of
the ulnar bone. Thus, the place of an osteotomy,
a fast rate of distraction, a significant elongation,
inflammation, as well as patient nutrition can affect
the formation of atrophic regenerate [32-35]. Severe
cicatricial changes, angiotrophic disorders due to
malformation of the limb, damage to the endosteum,
and disorder of the intraosseous circulation due to
repeated surgical interventions negatively affect the
trophism of the limb and, accordingly, the process
of osteogenesis [36, 37].

According to Catagni [20], the formation of
atrophic regenerate occurs in 20% of cases while
performing an osteotomy in the middle third of
the ulnar bone. However, the author notes that
prolonged immobilization in an external fixation
apparatus enables us to solve this problem. In our
cases, this complication was recorded in patients
who underwent osteotomy of the ulnar bone either
in the middle third of the diaphysis (50% of cases
of pseudarthrosis formation) or on the border of
the upper and middle third. Circulatory failure in
the middle third of the forearm due to pronounced
underdevelopment of the forearm, significant
discrepancy in bone fragments due to the elimination
of ulnar bone deformity, and the “standard” rate of
distraction resulted in the formation of an atrophic
regenerate. An increase in fixation period in the
compression-distraction apparatus did not produce
results and required additional surgical intervention.
Thus, osteotomy in the proximal or distal ulnar
bone or reduction of the rate of distraction will
reduce the risk of pseudarthrosis.

In addition, in 7.5% of cases, we registered
complications that were not described in the
literature in the treatment of patients with
congenital radial clubhand. Thus, the dislocation
of the elbow joint occurred in 5% of cases. This is
due to the fact that patients with congenital radial
clubhand have underdeveloped proximal ulnar bone
(smoothness and insufficient pronouncement of the
coronoid process), as well as a disorder of stability

and congruency in the elbow joint, which led to the
dislocation of the proximal ulnar bone posteriorly
during elongation. This complication can be
avoided by fixing the humerus during the period
of distraction (in case of osteotomy in the proximal
ulnar bone) and dismantling the fixing support
during the stabilization period. In one patient
(2.5%), there was a relapse of hand deviation, which
was caused by insufficient stability of the hand in
the compression-distraction apparatus, where the
hand was fixed only with a rod installed in the
metacarpal bone V. In this procedure, the hand
must be fixed with a wire drawn through the four
metacarpal bones.

Conclusion

When the ulnar bone is elongated in patients
with type III and IV congenital radial clubhand
according to the Bayne and Klug classification,
the proximal bone is the zone of choice for
osteotomy.

When the deviation of the hand is more
than 20°, osteotomy in the distal ulnar bone
with the simultaneous correction of deformity is
recommended.
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