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Background. In children with arthrogryposis, a lack of elbow flexion with extensor elbow contractures limits the
child’s self-care.

Aim. The aims of this study were to follow and analyze treatment results after posterior arthrolysis of the elbow joint
with lengthening (Z-plasty, according to the V-Y technique) or without lengthening the triceps of the shoulder in
children with arthrogryposis in different age groups.

Materials and methods. Data from 109 patients with arthrogryposis with extensor contractures in the elbow joints
(158 joints) who underwent posterior arthrolysis of the elbow joint to increase passive flexion in the elbow joint from
2005 to 2018 were included in this study. Clinical, and X-ray examination of patients was carried out.

Results. The children were divided into nine groups depending on their age at the time of the operation and the method
of surgical correction (with or without lengthening of the triceps muscle). The follow-up period in the postoperative
period in the main group of patients (67.1% of cases) was 4.5 years. Good treatment results were observed in 95.83%
of children younger than 3 years who did not lengthen the triceps compared with 85.56% of children of the same age
who extended the triceps tendon. The amplitude of passive movements after surgery was greatest in children younger
than 1 year and was greater with lengthening (104.00° £ 16.24°) than without lengthening (91.38° + 10.27°) of the
triceps tendon (p < 0.001). However, in cases where lengthening of the triceps tendon was not performed, extension
was less limited. Over 3 years, m. triceps br. showed satisfactory results with Z-extension and V-Y extension, increasing
to 19.44% and 36.51%, respectively. Results of treatment in children older 7 than years were comparable with those of
children 3-7 years old.

Conclusions. In children with arthrogryposis after posterior arthrolysis of the elbow joint, receiving a passive range
of motion in the elbow joint allowed the child to use adaptive mechanisms for self-care. The results of treatment with
extensor elbow contracture after posterior artrolysis depended not on the elongation technique (V-Y or Z-plasty) but
on the angle at which the triceps tendon was sewed, the patient’s age at the time the operation was performed, and
the postsurgery rehabilitation of the child.
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O6ocuHoBanme. OTCyTCTBUE CTUbaHMsI B IOKTEBOM CYCTaBe Y feTell C apTPOrPUIIO30M IIpy pasrnbaTenbHbIX KOHTPAK-
Typax 3HaYMTEIbHO OTpaHNYMBaeT caMOOOCITy)XMBaHUe peOeHKa.

Ilenp — OLIEHUTD Pe3y/NbTAThHI Jie4eHNsI pasTUOATe/IbHBIX KOHTPAKTYP JIOKTEBBIX CYCTABOB IOC/IE 3aJHEro apTpoyn3a
JIOKTEBOTO CycTaBa C yinuHeHveM (Z-o6pasno, mo V-Y-TexHuke) u 6e3 yAaMHEeHMs TPEXITABOJ MBILIIBI IVI€Ya y [ie-
Teil B PasHbIX BO3PACTHBIX IPYIIIAX.
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Marepuanbl u Merogbl. C 2005 o 2018 r. B ®BI'Y «HUIOM um. V. Typrepa» Munsapasa Poccun pia ysennde-
HIsI TTACCMBHOTO CTMOaHUs B JIOKTEBOM CycTaBe y 109 IaIeHTOB C apTPOTPUIIO30M C pasrubare/bHbIMI KOHTPAKTY-
paMM B JIOKTeBBIX cycTaBax (158 cycTaBoB) ObUI BBIIONMHEH 3agHUiT apTponms. [IpoBoannIu KIMHMYIECKOE U PEHTTeHO-
normdecKoe 06cenoBaHe MaIieHTOB.

Pesynbrarsl. Bce et Gbly paspeneHsl Ha [E€BSTH IPYIIN B 3aBUCHMMOCTM OT BO3DPAcTa, B KOTOPOM OblIa IIpOBeeHa
olleparys, 1 METOfA OHEPATUBHO KOppekuun (C yAaavHeHneM U 6e3 YIMHEHNs] TPEXI/IaBOil MbIbl 1reda). Cpox
HabmofeHns GOMBIIMHCTBA MAIIEHTOB COCTaBUI 4,5 roga. ¥ deteit fo 3 /€T, KOTOPBIM He MPOBOAWIN YATMHEHUs
TPEeXITIaBOil MBILIIIbI, HAOMIONAMICh XOPOIINe pesyabTaThl NedeHrs B 95,83 % caydaes. Y feTell TOro e BO3pacrTa,
KOTOPBIM VAJIVHAMYN CYXOXKM/IME TPEXITIaBOJ MBIIILBI, XOPOIIUe pe3ynbTaThl 3adUKCUPOBAHBI B 85,56 % ciydaes.
AMIINTYAa MacCMBHBIX ABVDKEHUII ITOCTIe omepanuy 0ojblie BCEro YBeIMYMBANIAcCh y feTell o 1 ropa, ofHaKO Ipu
YIIMHEHNM CYXOXKUIIMA TPEeXITaBOl MBIIIIBI Tiedya Gonbire, deM 6e3 ymmuHeHnA (6e3 yammHeHus m. triceps br. —
91,88 + 10,27°, ¢ Z-06pasHbIM ypaMHeHneM m. triceps br. — 104,00 + 16,24°, p < 0,001). Pasrubanne B MeHbIelt CTe-
HeHM ObIIO OTPAHUYEHO Y AeTell, KOTOPBIM He BBIIOTHSMU YAIMHEHWs TPEXITIaBOI MBIIIIbI ITeda. Y fieTeil cTaplie
3 neT npu Z-o6pasHOM yIIMHEHUU 1. triceps br. yIOBIeTBOPUTENbHbIE Pe3y/IbTaThl 3apPeTUCTPUPOBaHLL B 19,4 % ciy-
qaeB, Ipy V-Y-yanvHeHun m. triceps br. — B 36,5 %. PesynbTaThl edeHus y meTeli crapuie 7 neT ObUIM COMOCTaBMMBI
C TaHHBIMU JieTell 3-7 JIeT.

3akmouenne. IlonmydeHne maccMBHOro o6beMa [BIDKEHMII B JIOKTEBOM CYCTaBe y [eTeil ¢ apTPOTPUIIO30M IIOCTIe
3aJ{HeTO apTPO/M3a II03BOJIATIO PeGEHKY I0/Ib30BATbCA MPUCIOCOOUTEIbHBIMYI MeXaHM3MaMiU IIpU CaMOOOCTyXuBa-
Huu. [Ipy BBINOMTHEHMN 3aJHETO APTPOM3a JIOKTEBOI'O CYCTaBa C yIIMHEHNMEM TPEXI/IaBOJ MBILILbI Pe3y/bTaT jede-
HIs 3aBUCET OT yITIa, IIPY KOTOPOM CILIMBA/IN CYXOXKUIIME TPEXITIaBOJ MBILIIBI IUTeva (Ipy yrie cumBaHus 150° pas-
rubaHue 6bIIO OrpaHMYEHO MeHbIIe, 4eM IIpu yriae 100°), Bo3pacTa maiueHTa, B KOTOPOM OblTa IPOBefieHa ONepariyis,

n pea6I/ITH/ITaIH/H/I pe6eHKa II0C/IE€ omlepannmn.

KnioueBbie coBa: apTporpuIos; KOHTPAKTypa; IOKTEBOI CYCTaB; 3a[HAA KaIlCY/IOTOMUA.

Background

Most patients with amyoplasia-type arthro-
gryposis present extensor contractures at the elbow
joints. These patients present symmetrical lesions
characterized by intra-rotational position of the
shoulders, extensor contractures of the elbow joints,
flexion contractures in the radiocarpal joints and
finger joints, and adduction-flexion contracture of
a finger I [1-4].

The inability to bend the arm at the elbow joint
and bring the hands to the mouth significantly
limits the child’s ability of self-care [5-7].

Conservative treatment should be started from
the first days of the affected child’s life. It includes
staged plaster correction of contractures of the
joints of the upper extremities, massages, and
physiotherapy exercises. Periarticular tissues in
young children are more pliable and flexible than in
older children [1, 4, 8, 9]. In children that present
a rapid improvement in the range of motion of the
affected joints, this is a sign of a good prognosis. If
there are no positive changes within 3 months, then
there are few chances of improving mobility in the
future. Parents must be taught to perform exercises
for the correction of contractures in the joints of
the upper extremities as these exercises should be
performed by the children many times during the
day [1, 10].

If conservative treatment is ineffective, posterior
arthrolysis of the elbow joint is performed along
with elongation of the triceps muscle [11-14].

In most studies, the authors compare the range
of passive movements, flexion, and extension before
and after the procedure to release the elbow joint
is performed [6, 12, 14], but only one study has
provided a comparative analysis of these indicators
according to the patients’ age at which the surgical
treatment was initiated [15].

The present study aimed to evaluate the
results of the correction of extensor contractures
of the elbow joints after posterior arthrolysis with
elongation (Z-shaped or using the V-Y-technique) or
without elongation of the triceps muscle in pediatric
patients of different ages who had arthrogryposis.

Materials and methods

Between 2005 to 2018, 109 patients with
arthrogryposis with extensor contractures at the
elbow joints (158 joints) underwent posterior
arthrolysis of the elbow joint at the Turner Scientific
Research Institute for Children’s Orthopedics in
order to increase the passive flexion of said joint.

All patients were divided into groups by the age
at which the surgery was performed and the method
of surgical correction: 34 patients 0-1 years of age
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Table 1
Distribution of patients in groups by age and method of posterior arthrolysis of the elbow joint
Without elongation With Z-shaped elongation With V-Y elongation
of m. triceps br. of m. triceps br. of m. triceps br.
Age*

n patients n patients n patients

(n joints) (n joints) (n joints)
0-1 year 7 (8) 5 (10) 22 (30)
1-3 years 5 (6) 9 (16) 27 (35)
3-7 years - 14 (24) 14 (21)
7-18 years - - 5(8)

Note. *distribution by age taking into account the A.V. Mazurin classification [16].

(48 joints), 41 patients 1-3 years of age (57 joints),
28 patients 3-7 years of age (45 joints), 5 patients
7-18 years of age (8 joints) (Table 1).

The average follow-up period after surgery was
4.5 years. In 23.8% of patients, this intervention
was the first step before subsequent muscle
transplantation, which limited the period for
evaluating the long-term outcome of the posterior
arthrolysis of the elbow joint.

The clinical examination included the evaluated
of indicators such as passive flexion and extension
of the elbow joint, range of passive movements
(before and after surgical treatment), and self-care
capabilities. The range of motion in the elbow joint
was determined using a pronometer.

Conventional radiographic examination was
performed for patients 1 year of age or older to
assess the ratio of the elbow joint, or for patients
with relapse, who required repeated arthrolysis in
order to prevent ossification of this area, which can
preclude flexion.

The indication of posterior arthrolysis of the
elbow joint was the absence or restriction of
passive flexion of the elbow joint of more than 90°.
Posterior release without elongation of the triceps
tendon was performed in cases where passive
flexion before surgery was more than 90°, but less
than 125°.

The surgical technique consisted of performing
an incision from the middle third of the arm along
the posterior surface to the upper third of the
forearm. The triceps tendon was isolated and it was
not elongated in 12 patients. It was elongated in a
Z-shaped elongation, with dissection from the inner
portion of the ulna process in 28 patients, and it
was elongated using the V-Y-elongation technique
in 68 patients. The ulnar nerve was mobilized and

diverted it to the side. An elbow joint capsulotomy
was performed on the posterior and lateral surfaces.
Soft tissue, namely subcutaneous fat and fibrous
tissue, were removed from the cubital fossa (Fig. 1).
The tendon of the triceps muscle was sutured with
the elbow in the flexion position at an angle of 100°
for patients with a Z-elongation and at an angle of
flexion of 150° for patients with a V-Y-elongation.
A plaster cast was applied with the elbow joint in
flexion at an angle of 90-100°.

The development of movements in the elbow
joint in the articulated orthosis was started on
day 2 after the V-Y elongation. Flexion to 90° and
extension to preoperative values were acceptable. In
the group of patients who underwent Z-elongation,
rehabilitation treatment was started only 3 weeks
after the surgery. For patients who did not undergo
triceps muscle elongation, the development of
passive flexion and extension in the elbow joint to
the full extent was started on day 2 after the surgery
under prolonged anesthesia of the brachial plexus

Fig. 1. Stages of posterior arthrolysis of the elbow joint:

a — mobilization of the ulnar nerve; b — elongation of

the tendon of the triceps muscle and capsulotomy of the
elbow joint at the posterior surface
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for 5-7 days. Splints were made with maximum
flexion and extension of the elbow joint, and these
had to be changed hourly. While the child slept,
the splint was placed so that the elbow joint was at
a point of maximum flexion.

For data analysis, estimation of the arithmetic
mean (M) and average error of the mean (m) were
calculated and the Student’s t-test was used for
group comparisons. Statistical significance of the
differences in the mean values before and after the
surgery was determined in accordance with the
table of the t-test critical values. The critical level of
significance in testing the statistical hypotheses was
taken to be 95% (p < 0.05). Data were processed
using the computer program Excel 2010.

Results

Posterior arthrolysis of the elbow joint with
elongation and without elongation of the triceps
muscle was performed in 109 patients with
arthrogryposis with extensor contractures in the
elbow joints (158 joints). In 60 patients, posterior
arthrolysis was performed on one side, and in
49 patients, it was performed on both sides.

The average age of the patients was 3.04 + 1.46 years
(from 5 months to 17 years).

In patients under 1 year of age and from
1-3 years of age who had not undergone
elongation of m. triceps bachii, the range of passive
movements of the elbow joint (53.5 + 14.8°), flexion
(121.8 £ 12.8°) and extension (175.4 + 9.1°) before
surgery did not differ significantly. In patients in
the group up to 1 year of age, who underwent
posterior arthrolysis with elongation (Z-shaped or
VY-plasty), the average values of the range of passive
movements before surgery were 31 + 10.8°, those
of flexion were 148 + 10.8°, and those of extension
were 161.5 + 5.76°. These values were significantly
lower than in the group without triceps tendon
elongation. In the group of patients of 1-3 years of
age with tendon elongation of the m. triceps brachii,
average values were slightly higher than in patients
under 1 year of age, thus, the range was 36.1 + 8.1°%
for passive flexion, 141.6 + 4.6; and for extension,
176 + 2.86°. In patients 3 years of age or older prior
to surgical treatment, the range of motion and passive
flexion in the elbow joint were within 20-30°, and
either there was no extension restriction or it was
minimal (178.7 + 2.9°) (Table 2).

Table 2
Parameters of the elbow joint contracture before and after treatment in patients by group
(follow-up after surgery between 1 year and 7 years)
Range Range Flexion Flexion Extension Extension
Age, method of posterior of motion of motion
! before after before after
arthrolysis before after surgery. ° surgery.° surgery. ° surgery.®
surgery, ° surgery,’ gery, gery, gery: gery:
Up to 1 year, without 57,7 3,2 91,8 £ 10,2 | 123,7+ 13,2 | 79,3 +7,33 177,5+ 5,87 | 171,2 + 7,33
elongation of m. triceps br.
(group 1)
1-3 years, without elongation | 53,3 £ 16,6 | 84,2+ 12,45 |120,0 £ 12,45| 82,50 + 4,15 | 173,3+ 12,4 | 163,3+ 12,4
of m. triceps br. (group 2)
Up to 1 year, V-Y elongation 30,0 £ 5,48 76,3 + 4,5 149,0 £ 5,5 79,2 +4,56 | 179,0 + 1,83 157,8 £ 4,6
of m. triceps br. (group 3)
1-3 years, V-Y elongation 40,1 = 5,72 76,4 + 4,5 135,7 + 6,5 78,6 £ 4,08 176,0 + 2,9 153,9 £ 3,7
of m. triceps br. (group 4)
Up to 1 year, Z-elongation 33,0+ 16,2 | 104,0 £ 16,2 | 147,0 = 16,2 62,0 £9,2 180 166,0 £ 6,9
of m. triceps br. (group 5)
1-3 years, Z-elongation 32,5+ 10,5 78,1 £12,1 | 147,5 + 10,5 75,3 £ 9,1 180 154+ 6
of m. triceps br. (group 6)
3-7 years, Z-elongation 12,5 + 8,7 78,3 + 8,7 167,5 + 8,6 72,9+ 7,6 180 141,7 £ 7,6
of m. triceps br. (group 7)
3-7 years, V-Y-elongation 16,4 + 6,7 60,9 + 8,1 161,2 + 9,4 84,3 + 8,1 177,6 +2,7 | 143,8 +3,4
of m. triceps br. (group 8)
Older than 7 years, 27,5+ 5,9 67,5+ 19,1 151,2 £ 5,9 82,5+ 19,1 178,7 £ 2,9 150 + 8,8
V-Y-elongation of m. triceps
br. (group 9)
m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7. Issue 3. 2019
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Fig. 2. Results of treatment of patients 1 year of age or less

and from 1-3 years after posterior arthrolysis of the elbow

joint without elongation of the triceps muscle and with
V-Y and Z-elongation, p < 0.05

In patients under 3 years of age, regardless of
whether the triceps muscle was extended or not,
there was noticeable increase in flexion of the elbow
joint after arthrolysis. The extension restriction, on
the contrary, was more pronounced in patients who
underwent triceps muscle elongation, especially in
patients 3 years of age or older (see Table 2).

The results of treatment of extensor contractures
by posterior arthrolysis of the elbow joints were
evaluated based on the range of motion, flexion and
extension of the elbow joint, and the ability to use
adaptive mechanisms.

A good result was defined as flexion of the
elbow joint less than 90°, a range of motion
greater than 70°, and extension restriction to 30°.
Additionally, the child could reach his mouth and
feed himself through adaptive mechanisms.

A satisfactory result was defined as flexion at the
elbow joint greater than 90°, but less than or equal
to 110° and a range of motion was greater than or
equal to 50° but less than 70°, with an extension
of 130° or more. The child could perform hygienic
procedures, however, he could reach his mouth
with the help of adaptive mechanisms only with the
preserved flexion contracture of the wrist joint.

An unsatisfactory result was defined as a flexion
angle of more than 110° a range of motion of
less than 50°, and an extension of less than 130°.
Additionally, the child could not reach his mouth
or perform hygiene procedures.

The treatment results were significantly better in
patients under 3 years of age, and in two groups of
three children, the tendons of the triceps were not
elongated. Despite a high percentage of good results
in other areas, children in which elongation was

Fig. 3. Results of treatment of patients in different age
groups after posterior arthrolysis of the elbow joint
with elongation of the triceps muscle, p < 0.05

performed presented a more pronounced extension
restriction at the joint.

In the groups 1 and 2 of patients who did not
undergo elongation of the triceps muscle, good
treatment results were registered in 95.83% and
100% of cases compared with the groups 3, 4,
and 6 of patients, for which good results were seen
in 85.56% of cases. The decrease in the number
of good results in patients with the triceps tendon
elongation (groups 3, 4, and 6) was associated with
extension restriction in the postoperative period
to 157.83 + 4.56° compared with patients from the
groups 1 and 2, in which the extension restriction
was 171.25 + 7.33° (p < 0.001). In the group of
patients of 1 year of age or less, who underwent
Z-elongation of the triceps muscle tendon (group 5),
good results were noted in 96.67% of cases (due
to the greatest increase in flexion to 62 + 9.28°
and a slight extension restriction after surgery up
to 166 + 6.98°, p < 0.001), which is comparable
with the results of treatment of patients without
elongation of the triceps muscle tendon (Fig. 2).

When comparing groups of patients who
underwent Z-shaped and VY-elongation of the
triceps muscle, the best results were seen in patients
less than 3 years of age, with Z-elongation of the
triceps muscle tendon. Additionally, good results
were obtained in patients 1 year of age or less
in 96.67%. In those from 1-3 years of age good,
results were observed in 81.25% of cases. In patients
1 year of age or less with V-Y-elongation of the
tendon of the triceps muscle, good results were
observed in 85.56% of cases, and in those 1-3 years
of good results were in 85.71% of cases. In patients
3 years of age or older with Z-elongation of the
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tendon of the triceps muscle, the percentage of good
results decreased. Satisfactory results were 19.44%
with Z-elongation and 36.51% with V-Y-elongation
of the tendon of the triceps muscle. Unsatisfactory
results in these groups were registered in 6.94 and
6.35% of cases, respectively. In patients over 7 years
of age, good results were achieved in 75% of cases,
satisfactory results were noted in 16.67% of cases,
and unsatisfactory results were in 8.33% of cases.
These results did not differ much from those of
patients 3-7 years of age with elongation of the
triceps muscle tendon (Fig. 3).

On average, after 1.5 years, patients, who did
not undergo elongation of the triceps muscle due
to the limitation of flexion of more than 100°,
37.5% of cases in group 1 and 16.6% in group 2
required repeated arthrolysis of the elbow joint.
In groups with elongation of the triceps muscle,
23.3% of cases in group 3; 11.4%, in group 4;
10%, in group 7; and 4.7% in group 8 required
repeated arthrolysis. These were generally patients
1 year of age or less, in which movements of the
elbow joints did not develop at the proper level
with the short- and long-term effects of surgery.
Of patients in group 1 who underwent posterior
joint release without elongation of the triceps
muscle, a large percentage presented relapse as many
patients had a flexion greater than 125° before the
surgery. In these cases, the range of motion of the
elbow joint decreased more rapidly with the growth
of the child. An indication for repeated arthrolysis
of the elbow joint was the limitation of flexion of
more than 90° or in case the child could not bring
his hand to his mouth (either by means of adaptive
mechanisms or actively). The planned transposition
of the body muscles into the position of the biceps
with such a flexion contracture was not reasonable.

Conventional radiographic examination of the
elbow joints was performed in 27 patients 1 year
of age or older, with arthrogryposis with extensor
contractures of the elbow joints. The delay of the
ossification rate at the elbow joint was registered in
29% of cases. The ulnar and coronoid fossae were
clearly distinguishable on the lateral radiograph
in 87% of patients; sparseness of the bone tissue
structure in the metaphysis of the humerus in
the view of the ulnar and coronary fossae by
the anteroposterior radiograph was traced in all
patients. The ratio distortion in the humeroradial
joint according to the type of anterior dislocation

of the radial head was noted in 11% of cases, while
that of the posterior dislocation of the radius was
seen in 3.7% of cases. The proximal end of the ulnar
bone according to the anteroposterior radiograph
was centered on the area of the projection location
of the humeral fossae in 96.2% of cases. In 1 case,
the medial subluxation of the proximal end of the
ulna relative to the ulnar fossa was recorded.

In 3.8% of patients, the elbow joint had ossified
after posterior arthrolysis, which impeded flexion
and extension of the elbow joint. In 2 cases, after
repeated arthrolysis, the ossifications recurred, and
one year after the surgery the movements became
oscillating, and then ankylosis appeared at an angle
of 100° (Fig. 4). Only in 1.8% of patients after
repeated arthrolysis of the elbow joint and removal of
ossification, wasit possible to obtain the range of passive
movements within 56.2 + 3.7° at the elbow joint.

Before surgical treatment, the strength of
the biceps was 0-1 points in all patients. Active
movements of the elbow joint after posterior
arthrolysis of the elbow joint appeared only in
9.4% of patients. Their biceps strength increased
from 0-1 to 2-3 points. This group of patients
initially had good flexion and abduction at the
shoulder joint (90° or more); therefore, after
posterior arthrolysis of the elbow joint, due to
a decrease in the gravity of the upper limb during
abduction at the shoulder joint, they were able to
bend the arm actively at the elbow joint. Most of
the patients used adaptive mechanisms to put their
hand to their mouth, namely bending on the edge
of the table, bending the arm at the elbow joint with
the help of the leg or the opposite arm, reaching the
mouth by bending the body (Fig. 5). The strength
of the biceps of these patients did not change after
the surgery and amounted to 0-1 points.

Flexion contractures of the elbow joints, which
required additional correction, developed in
patients after elongation of the triceps muscle with
age in the group of patients 1 year of age or less in
13% of cases, in patients of 1-3 years old in 18%,
those aged 3-7 years old in 45 %, and in patients
over 7 years old in 40% of cases.

Discussion

According to many authors, an indication for
surgical correction of extensor contracture of the
elbow joint is the absence or pronounced restriction
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a b c

Fig. 4. Ossification of the elbow joint on the front surface of patient B., 5 years of age, after posterior arthrolysis of the
elbow joint: a — computed tomography of the elbow joint, frontal view; b — computed tomography of the elbow joint,
lateral view; ¢ — a radiograohic image of an elbow joint in a lateral view

a

Fig. 5. Adaptive mechanisms in patients with extensor contractures of the elbow joints: a — flexion of the elbow joint
with the help of the leg; b — flexion in the elbow joint with abduction in the shoulder joint and the use of the other arm;
¢ — flexion of the elbow joints using the hands resting on the edge of the table

Fig. 6. Good result of treatment of the patient Ya., 4 years of age, after posterior release of the elbow joints with elongation
of the triceps muscle at the age of 11 months: a — view before treatment (no passive flexion in the elbow joints);
b — extension of the elbow joints after surgery; ¢, d — flexion of the elbow joints after surgical treatment
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of passive flexion of the elbow joint, by which the
child is incapable of reaching his mouth [6, 12-17].

M. Axt et al. (1997) evaluated movements at
the elbow joints in 16 patients (22 joints) before
and after the posterior release of the elbow joint.
The average age of the patients was 4.4 years, and
the follow-up period was 8 years. After surgery,
an improvement by 39° in the range of the passive
movements was noted in 17 joints compared with
preoperative parameters. In five cases, unsatisfactory
results were registered as the child could not put his
hand to his mouth.

A. van Heest et al. (1998) analyzed similar results
in 14 patients (18 joints). The average follow-up period
was 5 years. The range of passive movements at the
elbow joint improved from 17 to 67° after the surgery.

In the process of posterior capsulotomy of the
elbow joint, some authors [6, 18-20], transposed
the long head of the triceps muscle, performed
transposition of the greater pectoral muscle [21, 22],
or the broadest muscle of back [21, 23] in position
of the biceps in order to improve the function of
active flexion of the forearm.

A. van Heest et al. (2008) analyzed the results
after posterior elbow joint release in 42 patients
(41 joints). In this work, in addition to determining
the range of motion, and flexion and extension
before and after the surgery, the authors evaluated
the strength of the biceps (27 patients). The range
of passive movements after the surgery increased to
an average of 66°. At that, despite the fact that the
extension decreased by 34°, the patients functional
abilities improved. Most of the patients after this
surgery could bring their hand to the mouth by
means of adaptive mechanisms. The appearance
of active movements in the elbow joint due to an
increase in the strength of the biceps from 0 to
3-4 points was noted in only two out of 27 cases.

C. Richard and R. Ramirez (2019) conducted
a retrospective analysis of 13 patients (18 joints)
and estimated the range of motion, flexion, and
extension of the elbow joint before and after surgery
in different age groups, but the number of patients in
the groups was often minimal (3 patients (5 joints)
under 2 years of age, 7 patients (10 joints) aged
2-3 years, 3 patients older than 3 years (3 joints)).
The range of passive movements before surgery
was the smallest in patients under 2 years (16°)
and increased with age (33.5° from 2 to 3 years,
and up to 45° in a group of patients older than

3 years). The best results were obtained in a group
of patients under 2 years of age. The range of their
motion increased from 16 to 88.2°. In the group of
patients 2-3 years of age or older, the difference in
the range of motion before and after the surgery
amounted to 28.5°. In patients 3 years of age or
older, the initial range of motion in the elbow joint
averaged 45° and increased after surgery only by 9°.
Based on this, the authors believed that posterior
arthrolysis of the elbow joint without combination
with muscle transplantation should be performed in
patients 2 years of age or less.

According to our cases, posterior arthrolysis of
the elbow joint without elongation of the triceps
muscle should be performed only for patients aged
0 to 3 years, whose flexion before surgery was
no more than 125°% otherwise, as the child grew,
the achieved range of motion in the elbow joint
quickly decreased and repeated arthrolysis was
required. The range of passive movements after
surgery increased most in patients under 1 year
of age (Fig. 6) with posterior arthrolysis without
elongation of the tendon of the triceps muscle to
91.38 + 10.27° and with Z-elongation of the tendon
of the triceps muscle to 104 + 16.24° (p < 0.001). In
patients 1-3 years of age, the range of motion after
surgical treatment was significantly less; without
elongation of the triceps muscle it was 84.17 + 12.45°
(p < 0.05); with V-Y-elongation it was 76.43 + 4.49°
(p <0.01); and with Z-shaped elongation it was
78.13 £ 12.07° (p < 0.05). The range of motion
depended on an increase in the angle of flexion and
extension restriction after surgery; therefore, when
performing posterior arthrolysis with elongation of
the m. triceps brachii tendon, the angle at which the
tendon was sutured was important. Extension of
the elbow joint was less restricted in patients under
1 year of age, who did not undergo elongation of the
triceps muscle, compared with patients 1-3 years of
age or patients of the same age, but who underwent
posterior release with elongation of the triceps
muscle (see Table 2).

In patients who underwent elongation of the
triceps muscle, the range of passive movements,
flexion and extension of the elbow joint after surgery
decreased with the age of the child and increased
duration after the surgery. These indicators in
patients 7 years of age and older were comparable
with the results of treatment of patients 3 years of
age (see Table 2).
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Active flexion in the elbow joint after posterior
arthrolysis appeared in only 9.4% of cases. In order
to bring their hand to their mouth, patients used
adaptive mechanisms, which corresponded with
data reported by other authors [14, 15]. The choice
of the mechanism of adaptive movements depended
on the safety of movements at adjacent joints, at the
opposite upper limb, as well as at the joints of the
lower extremities.

Conclusion

Posterior arthrolysis of the elbow joint should
be performed in patients with extensor contractures
of the elbow joints before these patients reach
1 year of age so that the best result can be achieved.
If flexion in the elbow joint is less than 125°,
capsulotomy of the elbow joint without elongation
of the triceps muscle can be performed. This leads
to less restriction of elongation at the elbow joint
with age. When performing posterior arthrolysis
of the elbow joint with elongation of the triceps
muscle, the treatment result depends on the angle at
which the tendon of the triceps muscle is sutured,
on the patient’s age when the surgery is performed,
and also on the timing of the onset of rehabilitation
treatment during the postoperative period. With
age, pediatric patients who underwent posterior
arthrolysis of the elbow joint with elongation of the
tendon of the triceps muscle noted progression of
flexion contracture. Achievement of a passive range
of motion in the elbow joint allowed the child to
use adaptive mechanisms in for self-care and self-
feeding. These were planed to undergo muscle
transplantation subsequently to obtain active flexion
at the elbow joint.

Additional information

Source of funding. This work was performed
as part of the State Assignment of the Ministry
of Health of the Russian Federation, Research
No. AAAA-A18-118122690167-4.

Conflict of interest. The authors declare no
obvious or potential conflicts of interest related to
the publication of this article.

Ethical review. The study was performed
in accordance with the ethical standards of
the Helsinki Declaration of the World Medical
Association as amended by the Ministry of Health

of Russia, approved by the ethics committee of the
Turner Scientific Research Institute for Children’s
Orthopedics (protocol No. 9/12 of 02.11.2012).

All patients and/or their legal representatives
signed voluntarily informed consent to participate
in the study, perform surgical intervention, and
publish personal data.

Contribution of the authors

E.V. Petrova performed collection and analysis
of the data, prepared the text, and created the article
design.

O.E. Agranovich collected and analyzed the data
obtained, edited the text of the article.

S.I. Trofimova, E.A. Kochenova collected the
material and processed it.

References

1. Arpanosuu O.E. banngypamsumu A.L, Ilerposa E.B.,
u ap. KonceppaTusHoe nedeHne gedopMannit BepxHUX
U HVDKHUMX KOHEYHOCTEN y JileTeil paHHero Bo3pacTa
¢ aptporpunosom // Jlerckasa xupyprusa. — 2012, -
Ne 2. - C. 10-15. [Agranovich OE, Baindurashvili AG,
Petrova EV, et al. Konservativnoe lechenie defor-
matsiy verkhnikh i nizhnikh konechnostey u detey
rannego vozrasta s artrogripozom. Pediatric surgery.
20125(2):10-15. (In Russ.)]

2. Hall JG. Arthrogryposis multiplex congenita: etiology,
genetics, classification, diagnostic approach, and gen-
eral aspects. | Pediatr Orthop B. 1997;6(3):159-166.

3. Hall JG. Don't use the term “amyoplasia” loosely. Am |
Med. Genet. 2002;(111)3: 344.

4. Mennen U, van Heest A, Ezaki MB, et al. Arthro-
gryposis multiplex congenita. ] Hand Surg Br.
2005;30(5):468-474. https://doi.org/10.1016/j.jhsb.2005.
06.004.

5. Kowalczyk B, Felus J. Arthrogryposis: an update on
clinical aspects, etiology, and treatment strategies. Arch
Med Sci. 2016;12(1):10-24. https://doi.org/10.5114/
aoms.2016.57578.

6. Van Heest A, Waters PM, Simmons BP. Surgical treat-
ment of arthrogryposis of the elbow. ] Hand Surg Am.
1998;23(6):1063-1070. https://doi.org/10.1016/S0363-
5023(98)80017-8.

7. IlBemosuenko VI.B. CoBpeMeHHBIE BO3SMOXXHOCTU BOC-
CTAQHOBJIEHNsI CIIOCOOHOCTU K PYYHOII [iesTeNTbHOCTI
y MHBanupoB c aprporpumnosoM // BectHuk Bcepoc-
CUIICKOI IWJIBOUI IIPOTE3UCTOB-OpTOINEenoB. — 2004. —
Ne 5. - C. 10-15. [Shvedovchenko I.V. Sovremennye
vozmozhnosti vosstanovleniya sposobnosti k ruchnoy
deyatelnosti u invalidov s artrogripozom. Vestnik vse-
rossiyskoy gildii protezistov-ortopedov. 2004;(5):10-15.
(In Russ.)]

8. Kamil NI, Correia AM. A dynamic elbow flexion
splint for an infant with arthrogryposis. Am ] Occup
Ther. 1990;44(5):460-461. https://doi.org/10.5014/
ajot.44.5.460.

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7.

Issue 3. 2019



34

ORIGINAL PAPERS

9. Lester R. Problems with the upper limb in arthrogry-
posis. J Child Orthop. 2015;9(6):473-476. https://doi.
org/10.1007/s11832-015-0694-4.

10. Palmer PM, MacEwen GD, Bowen JR, Mathews PA.
Passive motion therapy for infants with arthrogryposis.
Clin Orthop Relat Res. 1985(194):54-59.

11. Kozin SH. Congenital differences about the elbow. Hand
Clin. 2009;25(2):277-291. https://doi.org/10.1016/j.
hcl.2008.12.007.

12. Axt MW, Niethard FU, Doderlein L, Weber M. Prin-
ciples of treatment of the upper extremity in arthro-
gryposis multiplex congenita type I. J Pediatr Orthop B.
1997;6(3):179-185.

13. Oishi SN, Agranovich O, Pajardi GE, et al. Treat-
ment of the upper extremity contracture/deformities.
J Pediatr Orthop. 2017;37 Suppl 1:59-S15. https://doi.
org/10.1097/BP0.0000000000001002.

14. Van Heest A, James MA, Lewica A, Anderson KA.
Posterior elbow capsulotomy with triceps lengthening
for treatment of elbow extension contracture in
children with arthrogryposis. ] Bone Joint Surg
Am. 2008;90(7):1517-1523. https://doi.org/10.2106/
JBJS.E01174.

15. Richards C, Ramirez R, Kozin S, Zlotolow D. The Ef-
fects of age on the outcomes of elbow release in ar-
throgryposis. J Hand Surg Am. 2019. https://doi.
0rg/10.1016/j.jhsa.2018.11.013.

16. Masypun A.B., Boponuos V.M. IlponenesTuka ger-
ckux 6onesnei. — CII6.: ®onmanT, 2000. [Mazurin AV,
Vorontsov IM. Propedevtika detskikh bolezney. Saint
Petersburg: Foliant; 2000. (In Russ.)]

17. Ramirez RN, Richards CJ, Kozin SH, Zlotolow DA.
Combined elbow release and humeral rota-
tional osteotomy in arthrogryposis. | Hand Surg
Am. 2017;42(11):926 €921-926 €929. https://doi.
0rg/10.1016/j.jhsa.2017.06.005.

Information about the authors

18. Tpopumosa C.J., Arpanosuy O.E. Boccranosnenne
aKTMBHOTO CrMOaHMs HpefIUledbsi y [eTell C apTpo-
TPUIIO30M: Pe3y/IbTaThl TPAHCHO3MUI[UYU IIVHHON TO-
JIOBKM TpeXIJaBOil MbINbl meda // Opromenus,
TPaBMATO/IOIMsI U BOCCTAHOBUTEIbHAS XMPYPIUs [eT-
ckoro Bospacta. — 2015. — T. 3. - Ne 1. - C. 15-21.
[Trofimova SI, Agranovich OE. Restoration of active
forearm flexion in children with arthrogryposis:results
of transfer of long head of triceps. Pediatric trau-
matology, orthopaedics and reconstructive surgery.
2015;3(1):15-21. (In Russ.)]. https://doi.org/10.17816/
PTORS3115-21.

19. Gogola GR, Ezaki M, Oishi SN, et al. Long head of
the triceps muscle transfer for active elbow flex-
ion in arthrogryposis. Tech Hand Up Extrem Surg.
2010;14(2):121-124. https://doi.org/10.1097/BTH.
0b013e3181da07aa.

20. Lake AL, Oishi SN. Hand therapy following elbow re-
lease for passive elbow flexion and long head of the tri-
ceps transfer for active elbow flexion in children with
amyoplasia. ] Hand Ther. 2015;28(2):222-226; quiz 227.
https://doi.org/10.1016/j.jht.2014.10.007.

21. Takagi T, Seki A, Kobayashi Y, et al. Isolated muscle
transfer to restore elbow flexion in children with arthro-
gryposis. ] Hand Surg Asian Pac Vol. 2016;21(1):44-48.
https://doi.org/10.1142/S2424835516500053.

22. Chomiak J, Dungl P, Vcelak J. Reconstruction of
elbow flexion in arthrogryposis multiplex con-
genita type I: results of transfer of pectoralis major
muscle with follow-up at skeletal maturity. ] Pediatr
Orthop. 2014;34(8):799-807. https://doi.org/10.1097/
BP0O.0000000000000204.

23. Zargarbashi R, Nabian MH, Werthel JD, Valenti P. Is
bipolar latissimus dorsi transfer a reliable option to
restore elbow flexion in children with arthrogrypo-
sis? A review of 13 tendon transfers. | Shoulder Elbow
Surg. 2017;26(11):2004-2009. https://doi.org/10.1016/j.
j5€.2017.04.002.

Ekaterina V. Petrova* — MD, PhD, Senior Research
Associate of the Department of Arthrogryposis. The Turner
Scientific Research Institute for Children’s Orthopedics,
Saint Petersburg, Russia. https://orcid.org/0000-0002-1596-
3358. E-mail: pet_kitten@mail.ru.

Olga E. Agranovich — MD, PhD, D.Sc., Supervisor of
the Department of Arthrogryposis. The Turner Scientific
Research Institute for Children’s Orthopedics, Saint
Petersburg, Russia. https://orcid.org/0000-0002-6655-4108.
E-mail: olga_agranovich@yahoo.com.

Svetlana I. Trofimova — MD, PhD, Research Associate of
the Department of Arthrogryposis. The Turner Scientific
Research Institute for Children’s Orthopedics, Saint
Petersburg, Russia. https://orcid.org/0000-0002-4116-8008.
E-mail: trofimova_sv2012@mail.ru.

Evgeniia A. Kochenova — MD, PhD, Orthopedic and
Trauma Surgeon of the Department of Arthrogryposis.
The Turner Scientific Research Institute for Children’s
Orthopedics, Saint Petersburg, Russia. https://orcid.
0rg/0000-0001-6231-8450. E-mail: jsummer84@yandex.ru.

Exarepuna Bnagummuposna IlerpoBa* — kaHj. Mefl. Hayk,
CTapIINii HAyYHBIN COTPYNHMK OTHeENeHUA apTpOrpuIosa
OI'BY «HUIOU um. I'M. Typuepa» Munsgpasa Poccun,
Cankr-Iletep6ypr. https://orcid.org/0000-0002-1596-3358.
E-mail: pet_kitten@mail.ru.

Onpra EBrenbeBHa ArpaHoBMY — J-p Mefl. HaykK, py-
KOBOfUTeNb OTheneHnsa aprporpunosa OIBY «HVMIOU
um. L.V. Typuepa» Munsgpasa Poccun, Cankr-Iletep6ypr.
https://orcid.org/0000-0002-6655-4108. E-mail: olga_
agranovich@yahoo.com.

Ceernana lIBanoBHa TpodumoBa — KkaHj. MeJ. Hayk,
Hay4YHBII COTPYOHUK OTHeNneHusA aprporpumosa OI'BY
«HNIOU nm. [LW. Typuepa» Munsppasa Poccun, CaHKT-
[Tetep6ypr. https://orcid.org/0000-0002-4116-8008. E-mail:
trofimova_sv2012@mail.ru.

EBrenns AnexcanapoBHa KoueHoBa — KaHA. Mefl. HayK,
Bpad TPaBMAaTOJIOT-OPTOIe] OT/e/NIeHUs apTpPOrpuUIIO3a
OIGY «HUIOU um. I.U. Typrepa» Munsgpasa Poccun,
Canxkr-Iletep6ypr. https://orcid.org/0000-0001-6231-8450.
E-mail: jsummer84@yandex.ru.

m Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7.

Issue 3. 2019



