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The aim of this study was to evaluate the clinical and functional state of the neuromuscular system and the
blood supply to the lower limbs of children with congenital pseudarthrosis of the tibia (CPT) after consolidation.
Material and Methods. A total of 100 patients with CPT were analyzed. We performed a clinical examination
of patients, panoramic X-ray of the lower extremities, electroneuromyogram, and reovasography. Results and
Conclusions. The primary complaints of patients with CPT after the consolidation of the non-union were
lameness, deformations of lower extremities, and pain in the local joints. The electromyoneuromyogram data of
the lower limbs of patients with CPT exhibited a decrease of the contractility of the muscles of the lower limbs,
and neuropathy of the peroneal nerves of both lower limbs. The reovasography data of the lower limbs of patients
with CPT displayed improvement in blood circulation in the lower extremities after the consolidation of the tibia.
These data promote the current methods of treatment of patients with CPT; however, the temperature, degree of
limb lengthening, and deformity correction should be considered in the future.
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Introduction:

The issue of the possibility of deformities
correction in patients with congenital false joint
of lower-leg bones (CFJLL) after consolidation of
the pseudarthrosis is still open [1, 2, 3, 4]. Multi-
level and multi-component deformities of the lower
extremity require complex corrections as well as
the use of modern bone-holding devices. However,
these surgical interventions are accompanied by
the risk of pseudarthrosis re-formation and loss of
weight bearing for the affected lower extremity [1].

Study objective:

This study was designed to evaluate the clinical
tindings and functional status of affected lower
extremities in children with CFJLL of different
origins after successful surgical treatment of false
joint before and after deformities correction.

Study materials and methods:

The study included 100 children and adolescents
(50 males and 50 females) aged 3-18 years with
CFJLL of different origins. They had previously been
followed up and were successfully treated for lower-
leg false joint consolidation at the Turner Institute
for Children. Patients were admitted for deformities
correction.

All patients underwent an orthopedic
examination to determine the range of motion
in the joints of lower extremities. Panoramic
radiography, electroneuromyography (ENMG), and
rheovasography (RVG) of the lower extremities
were also performed.

All patients had a combination of lower-leg
shaft deformation and shortening. According to
the classification of A.P. Pozdeev (1984), based on
etiological factors of CFJLL, the majority of patients
had neurofibromatosis (62 patients, 62%), 26%
(26 patients) had myelodysplasia and incontinence,
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and 12% (12 patients) had CFJLL secondary to
fibrous dysplasia. The distribution of patients by sex
and age is presented in Table 1.

The age group 9-14 years had the most number
of patients (46%), whereas the group 15-18 years
had the least (17%). The 3-8 years group accounted
for 37% of patients. The number of boys and girls
in each age group was approximately equal.

The functional status of the neuromuscular
system for lower extremities was studied using
ENMG. We conducted an electromyography (EMG)
of lower leg muscles (anterior tibial, gastrocnemius,
and peroneal muscles) for shortened and
contralateral extremities. Electroneurography (ENG)
(peroneal and tibial nerves) allowed us to evaluate
the neurological deficit and the level of peripheral
nerve damage in the lower extremity.

To study the blood supply in the affected lower
extremity after surgical (often multiple) treatment
and restoration of continuity in lower leg bones,
we performed RVG of the lower extremities. This
method was developed to estimate the perfusion
of the extremity, flexible and elastic properties of

blood vessels, and conditions of capillary blood
flow and venous outflow. We analyzed the following
parameters: rheovasographic, bisferious, and
diastolic indices and assessed the tone of the main
vessels.

Results

From the analyses of subjective data, including
complaints and medical history, we could determine
the frequency of the most typical complaints for
this group of patients. They were, in descending
order as follows: the presence of deformities in the
lower extremity (100%), lameness and gait disorders
(98%), and pain in adjacent joints (10%). There
were no complaints in 6% of the children.

Detailed orthopedic examination allowed us to
evaluate the degree of severity of abnormalities in
the affected lower extremities and disorders of the
contralateral extremities and other body segments.
Data on the nature of orthopedic pathology in
patients with CFJLL before deformity correction are
presented in Table 2.

Table 2
fable 1 Orthopedic conditions i patients with CFILL
o . . rthopedic conditions in patients wi
DIStrIbUtIObn of patients with CFJLL before epitﬁesis
y sex and age
Patient sex Orthopedic Conditions %
Patient age Total Knee joint disease: 10
groups male female (instability, contractures)
% % % Ankle joint disease: 50
- Limitation of dorsal extension 26
3-8 years 18 19 37 - Pseudoankylosis 24
Foot deformities:
9-14 23 23 46
years - Valgus 66
15-18 years 9 8 17 - Varus 8
- Intoeing 10
Total 50 50 100 - Normal 18
Foot shortening: 95
Average 2+1sm
Postural abnormalities 100

Other musculoskeletal disorders was observed
in all patients with shortened extremities, but this
was not a primary complaint in most cases. Postural
disorders and deformations of segments of affected
lower extremities were observed in all patients. A
combination of deformities with shortened lower
extremities was diagnosed in 92 patients (92%) with
CFJLL of different origins.

The disorders of adjacent joints were as follows:
knee joint (10%), ankle joint on the affected side
(50%), valgus at the level of talar and subtalar joints

(66%), and foot shortening (95%). These were the
most prevalent but were probably not primary
disorders because of the lack of adequate weight
bearing on the affected extremity and multiple
surgical treatments. The average length of foot
shortening was 2 + 1 cm.

We also analyzed the magnitude of lower
extremity shortening in children with CFJLL before
epithesis.

Patients with shortenings of < 4.5 cm were the
most prevalent in this study. This group accounted
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for 40% of the children who were admitted to the
hospital before epithesis. Patients with shortenings
of > 9.5 cm accounted for 17% of all patients, those
with shortenings of 8.6-9.5 cm accounted for 7%, and
those with shortenings of 5.6-6.5 cm and 7.6-8.5 cm
accounted for 8% each. Shortening of the affected
lower extremity was associated with the following:
bone tissue resection during multiple surgical
interventions, injury to the distal growth zone of the
tibia, and the lack of continuity and support ability
of the tibia.

Surface ENG of the lower extremity in patients
with CFJLL before epithesis revealed the presence
of fibular neuropathy in most cases. There were
changes both in the affected lower extremity and
on the contralateral side. In most cases, neuropathy
was manifested as an axonopathy.

Depending on the CFJLL origin, the highest
incidence of fibular neuropathy on the affected side
was present in patients with myelodysplasia (75%).
Contralateral nerve injury in this group of patients
occurred in 25% of patients. Fibular nerve injury on
the affected side in patients with neurofibromatosis
was observed in 52% of the patients and in 24% of
patients on the contralateral side. In patients with
fibrous dysplasia, fibular neuropathy was seen in
43% of the patients and only on the affected side.
ENG data are shown in Table 4.

Tibial neuropathy was seen only in patients
with CFJLL secondary to neurofibromatosis and
myelodysplasia and only on the affected side.
Neuropathy was not a primary condition; it was the
result of multiple surgical interventions. Incidence
in both groups was 4% and 9%, respectively.

Contractility studies for the lower leg muscles
during EMG showed a decrease in contractility both
on the affected and contralateral sides in patients
with CFJLL. A decrease of muscle contractility on
the affected side was observed in patients with
CFJLL secondary to neurofibromatosis (76%) and
fibrous dysplasia (64%).

In all patients with CFJLL secondary to
myelodysplasia, we noted a decrease of muscle
contractility on both lower extremities. The
assessment of motoneuron activation in the lumbar
and sacral spinal segments showed an injury in an
average of 50% of children with CFJLL of different
origins both on the affected side and on contralateral
lower extremity.

The analysis of blood supply in the lower
extremity did not reveal significant abnormalities
in RVG parameters relative to normal standards
and appropriate parameters of the contralateral
lower extremity segments in patients with CFJLL
secondary to neurofibromatosis and myelodysplasia.
RVG data for these studies are shown in Tables 5-7.
Peripheral hemodynamics was quite stable, capillary
blood flow was not impeded, and venous outflow
was not delayed.

Thus, RVG data showed the absence of marked
abnormalities in the circulation of affected lower
extremity segments in patients with CFJLL secondary
to neurofibromatosis and myelodysplasia. This
indicates an adequate body response to the restoration
of the continuity of affected extremity bones and the
ability of the musculoskeletal and central nervous
systems of patients to support rehabilitation of the
extremity after surgical treatment.

Table 3
Lower extremity shortening: patient distribution before epithesis
Magnitude of shortening Incidence of shortening (%)
(cm) 3-8 years 9-14 years 15-18 years Total
Up to 4.5 22 12 6 40
4.6-5.5 - 6 - 6
5.6-6.5 3 3 2 8
6.6-7.5 3 3 - 6
7.6-8.5 - 6 2 8
8.6-9.5 2 3 2 7
> 9.5 - 12 5 17
Total 30 45 17 92
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Table 4
Results of surface EMG of the lower extremities in patients with CFJLL before epithesis
Dysfunction of
Decrease of muscle motoneuron
Fibular neuropathy Tibial neuropathy contractility in activation in lumbar
lower leg and sacral spinal
Parameter enlargement
Affected | Contrala- | s creq | Contrala- | s req | Bilateral | Affected | CONtrala-
; teral ; teral . S ; teral
side . side . side injury side .
extremity extremity extremity
% % % % % % % %
CFJLL secondary to 57 24 4 B 76 56 44 56
neurofibromatosis
CFJLL secondary to 75 25 9 - 62 62 59 41
myelodysplasia
CFJLL secondary to 43 B _ B 64 71 57 43
fibrous dysplasia
Table 5
Rheovasographic data in patients with CFJLL secondary to neurofibromatosis
Segment
Parameter Hip Lower leg
Affected Contralateral Affected Contralateral
extremity extremity extremity extremity
f{r};fﬁf’)as"graphlc index 0,8 + 0,05* 0,9 + 0,03 1,6 + 0,05 1,4 +0,04
Major vessel tone (V,,,,) 0,9 £0,12 1,0 + 0,09 2,4+0,12 2,1 £0,08
BIS (%) 46,7 £ 5,6 44,5+29 31,5+5,3 30,8 + 3,6
DIA (%) 42,3 + 6,08 38,1 +2,96 36,5 £ 4,2 38,8 + 3,6
Table 6
Rheovasographic data in patients with CFJLL secondary to myelodysplasia
Segment
Parameter Hip Lower leg
Affected Contralateral Affected Contralateral
extremity extremity extremity extremity
E{r};fﬁf’)as"graphlc index 0,7 % 0,05* 0,7 % 0,03* 1,3 £ 0,05* 1,3 + 0,04*
Major vessel tone (V,,,,) 0,9 + 0,02* 0,8 + 0,05% 2,1 £0,02* 2,1 £0,04*
BIS (%) 41,4 £5,2 41,7 £2,0 29,2 £ 5,7 29,3 £ 3,9
DIA (%) 33,7 £ 6,8 34,9 +2,9 31,9 £ 4,6 31,6 £ 3,7
Table 7
Data on longitudinal RVG of the lower extremities in patients with CFJLL secondary to fibrous dysplasia
Segment
Parameter Hip Lower leg
Affected Contralateral Affected Contralateral
extremity extremity extremity extremity
Rheovasographic index (relu.) [ 5 4 ¢ 05 1,0 + 0,03 1,9 + 0,05 1,5 + 0,04
Major vessel tone (V,,,,) 1,2+0,12 1,0 + 0,09 2,5+0,12 2,1 £0,08
BIS (%) 57,0 £ 2,5* 48,8 £2,3* 23,7 £5,3 26,7 £ 3,6
DIA (%) 48,2 + 3,5% 38,6 £ 1,4* 24,4 + 2,0% 33,5+ 1,6*

The symbol * indicates significantly varying parameters with confidence levels of p < 0.05 in comparison with similar parameters of

the contralateral segment.
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Despite preserved blood flow in patients with
CFJLL secondary to fibrous dysplasia, abnormalities
in the peripheral hemodynamics both at the level of
the hip and the lower leg of the affected extremity in
this group of patients were identified. At the hip level
this condition was manifested by impeded capillary
blood flow, as evidenced by a significant increase in
the bisferious index to 57.0% * 2.5% compared with
the unaffected segment (48.8% + 2.3%), (p < 0.05).

In addition, there was delayed venous outflow
in the hip of the affected side where the average
diastolic index increased significantly to 48.3% =+
3.5% compared with that of the contralateral segment
(38.6% £ 1.4%), (p < 0.05). Conversely, at the level
of the lower leg on the affected side, parameters of
capillary blood flow and venous outflow indicated the
tendency for the shunting of blood flow to the area
of interest (partial discharge of blood from arterial
to venous bed, bypassing the capillary network).
This is evidenced by the reduction of bisferious and
diastolic indices. Moreover, a median resistance of
the capillary network was reduced insignificantly
up to 23.7% £ 5.3% compared with the value of
the contralateral side, which was 26.7% + 3.6%,
(p > 0.05). However, in general, the venous outflow
was reduced significantly to 24.4% + 2.0% as against
33.5% * 1.6%, (p < 0.05).

These changes indicate that in patients with
CFJLL secondary to fibrous dysplasia, moderate
circulatory disorders of the entire affected lower
extremity persisted after surgical repair. These
disorders were characterized by abnormalities
in peripheral blood circulation that ultimately
manifested with reduced microcirculation mainly
in the area of interest.

In general, the circulation of the affected lower
extremities in children with CFJLL of different origin
was satisfactorily compensated, which suggests the
long term benefits of surgical interventions.

Discussion

The data obtained during a comprehensive study
of the lower extremities in children with CFJLL
after consolidation of the lower leg bones indicate
the involvement of the entire lower extremity in the
pathological process, either as a result of disease
or as a result of multiple surgical interventions.
These results should be considered at the stage of

elongation and epithesis of the lower extremities to
avoid the development of circulatory disorders of
the lower extremity or neuropathies.

Conclusions

On the basis of this study we may conclude the
following:

1. Common complaints of patients with CFJLL
of different origin after lower leg bone continuity
were lameness (in 98% of patients), affected lower
extremity deformities (in 80% of patients), and pain
in adjacent joints (in 10% of patients).

2. For all patients with CFJLL, the presence
of concomitant orthopedic conditions was typical
with postural disorders, stiffness of the ankle joint
of the affected lower extremity in 50% of patients,
and foot shortening in 65% of patients.

3. Surface ENMG revealed a decrease in
the contractility of lower leg muscles and fibular
neuropathy of axonal origin in both lower
extremities. Thus at each stage of treatment, the
magnitude of elongation and the speed at which
epithesis is performed must be considered.

4. Data obtained from RVG analysis indicated
improved circulation in the lower extremities
after the restoration of the continuity of the lower
leg bones, and the possibility of further surgical
treatment aimed at epithesis of the affected lower
extremity.
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OYHKUNOHAABHOE COCTOSHUE NMEPUOEPUYHECKOTIO
KPOBOTOKA U HEPBHO-MbIILEYHOW CUCTEMbI
HUXHUX KOHEYHOCTEW Y NAUMUEHTOB

C BPOXAEHHbIM AOXHbIM CYCTABOM KOCTEN TOAEHU
NMOCAE YCTPAHEHWS NMCEBAOAPTPO3A

© Iosoees A.Il.', 3axapvan E.A.%, 3y6aupos T.9.', Huxumwx J.E.!

L OTBY «HUIAOWM um. I.U. Typuepa» Munsnpasa Poccun, Cankr-Iletep6ypr
2 TBOY BIIO «C3IMY um. V.M. Meunukoa» Munsgpasa Poccun, Cankr-IleTepbypr

BBepnenne. Bonmpocbl BO3MOXHOCT KOppeKuyu gedopMaiuii HY>KHeil KOHEYHOCTH Y MAI[MIEHTOB C BPO>K/[€HHBIM
NOXKHBIM cycTaBoM Kocteit romeHu (BJICKT) mocme ycTpaHeHus mceBroapTpo3a 6onbire0epuoBoii KOCTU Bce
elre ocraloTca OTKpbITbiMu. Ha (oHe onmepaTMBHBIX BMENIATEIbCTB MOCIE JOCTVDKEHMA KOHCOMMAALN KOCTHBIX
dpparMeHTOB coXxpaHAeTCA OMACHOCTh PEeNMAMBMPOBAHMUA JIOXKHOIO CyCTaBa M HOTEPH OMOPOCIOCOOHOCTH
TIOpa’keHHOJ HIDKHel KOHEYHOCTI.

Ienb uccnenoBanus. Ilenpio nccnegoBanus ObUIO OI[EeHUTh KIMHUYECKYIO KApTUHY, PYHKI[MIOHATIbHOE COCTOSTHUE
HIDKHIX KOHeyHOoCTell y Aeteit ¢ BJICKI pasnam4yHOl 3THOTOrMN MOCTe KOHCOMUAAINN ICeBR0APTPO3a U Mepen,
BBIIIOTHEHVEM NOCIERYIOINX KOppeKuyii gedopMaiuii.

Marepuansl 1 MeTopbl. bpin npoananusupoBansl pe3ynbrarbl ob6cienosanua 100 gereit n noppoctkos ¢ BJICKT
Pa3sINYHOIO reHe3a B Bo3pacre 3-18 neT. Bcem manmenTaM IpoBOANIICA OPTONEAYECKUIT OCMOTP C ONpefeneHneM
aAMIUIUTYAbI ABIDKEHNA B CYCTaBaX HIDKHUX KOHEYHOCTeN, BHIMONMHANACH MAHOPAMHAA peHTreHorpadya HIDKHUX
KOHEYHOCTell, NMeKTpoHelipoMuorpadusa u peopasorpadusa HIDKHUX KOHEYHOCTEIA.

Pe3ynpraTsl 1 BbIBOfbI. Ha OCHOBaHNMY IPOBEJEHHOTO MCCIETOBAHNA ObIIN CIeTaHbI BBIBOJI, YTO XapaKTePHBIMI
>kanmo6amu nanyenToB ¢ BJIICKI pa3nuyHoro resesa Inociie BOCCTAaHOB/IEHN 1[eTOCTHOCTY 0epIIOBBIX KOCTel ObIIm:
XpoMoTa, Hanmune gedopmMauyii MOPaXKeHHOI HIDKHe!l KOHEYHOCTH U GO/IeBOIl CHHAPOM B CMEKHBIX CyCTaBax.
IIpoBemeHHass MOBEPXHOCTHAA NeKTPOHelipoMuorpadusa BhIABUIA CHVDKEHME COKPATUTENTbHON CIHOCOOHOCTH
MBIIII TOTIeHell, aKCOHOIIATHI0 MaT00epIOBbIX HEPBOB 00eUX HIDKHUX KOHEYHOCTell, YTO HeOOXOMMO YIUTHIBATD
IIpM OIpefeNeHUM BeIUYMHBI YAAMHEHUA HIDKHeNl KOHEYHOCTM Ha KaKAOM 3Talle Je4eHUA U CKOPOCTH
BBINOTHEHUsT Koppekuuu pgedopmanuii. [JaHHbIe, MONy4YeHHbIe NPYU aHaNN3e PeoBa3orpaMM, yKasaam Ha
ynydllleHye IOKa3aTeeil KpOBOOOpAIleHNsA HIDKHMX KOHEYHOCTell IoCIe 3Tala BOCCTAHOBIEHU LIeTOCTHOCTHU
0epIOBBIX KOCTeIl ¥ BO3MOXHOCTV BBINOTHEHNS [Ja/NbHEIIIero XMpypruyecKoro redeHus, HalpaBIeHHOTo Ha
Koppekuuio nedopmanuit mopaKeHHON HIDKHeIl KOHEYHOCTM B CPaBHEHNUM C M3y4deHUeM Inepudepmieckoro
KPOBOTOKA y MallYIeHTOB IIPY HATUYNM IICEB0APTPO3a.

KiroueBble croBa: BpOXX/I€HHbBIE JIOKHBIE CYCTaBbl KOCTEl TOJIEHN, KOPPeKIust AeopMarinii, yKOpoUdeHue, HeBPOIIaTHs.
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