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BACKGROUND: Numerous methods are available for the treatment of congenital pseudarthrosis of the tibia, but none
of them offers a 100% satisfactory result and does not exclude the development of repeated refractories. One of the treat-
ment methods is vascularized transplantation of a fragment of the fibula into the position of the defect of the tibia. However,
the achievement of consolidation of the bone fragments of the lower leg does not stop the series of interventions neces-
sary to restore the function of the affected segment. Therefore, specialists were asked about the advisability of performing
amputations as an alternative to long-term and multistage interventions.

AIM: To analyze the results of the use of microsurgical techniques for the treatment of patients with congenital pseud-
arthrosis of the tibia and, using the example of a patient, to show the way of multistage reconstruction of the lower limb.

MATERIALS AND METHODS: The results of the use of microsurgical techniques in the elimination of a defect in the bones
of the leg in five patients with congenital pseudarthrosis of the tibia were analyzed. Age, sex, presence of type 1 neurofibro-
matosis, bone defect size, autograft size, duration of consolidation, osteosynthesis index, refractory, range of joint motion,
and secondary deformities of the segments after consolidation were assessed. The course of the patient when performing
severe reconstructive interventions to restore the weight-bearing capacity of the limb was described. Vascularized autograft
transplantation was performed by a qualified microsurgical team.

RESULTS: The mean age was 7.8 + 2.2 years. Boys predominated, and type 1 neurofibromatosis was detected in
60% of the cases. The average defect size was 8.8 + 1.6 cm, and the autograft size was 10.8 + 1.6 cm. The duration of fixation
was 260 + 90 days, and the fixation index was 24.6 + 10.6 days/cm. In two cases, 1 year after the fibula transfer, refractories
were noted at the bone—graft interface. In 100% of the cases, patients had fibrous ankylosis at the level of the ankle joint,
with a loss of functional range of motion, and in 40% of cases, there were flexion—extension contractures of the knee joints
with an extension deficit of up to 20°. For this observation period, 3 of 5 patients underwent additional surgical interventions
to correct the deformities of the affected limb.

CONCLUSIONS: The use of VFT in patients with congenital pseudarthrosis of the tibia allows restoring the integrity of the
tibia. Multiple interventions performed on the same segment can lead to irreversible secondary changes in adjacent joints
and loss of function of this limb.

Keywords: microsurgery; congenital pseudarthrosis of the tibia; amputation; deformity correction; transosseous osteosyn-
thesis; external fixation.
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HayuHas ctatba

Bo3M0OXXHOCTU peKOHCTPYKTUBHOMU XUPYPrumM KOHEYHOCTEM
Npy Jie4YeHUU BPOXKAECHHOIO JIOXKHOro CycTaBa KocTei
rojieHn y aeteu ¢ npuMeHeHUeM MUKPOXUPYPru4ecKom
TEXHUKN — PEKOHCTPYKLMA MU aMnyTaumsa?

E.A. 3axapbsH', H.I. Yursapua® 2, 10.E. lapaBenko" 2, A.N. Mo3pees"?, [0.10. MpaHkuH,
K.A. AboHnyes' ?

! HaumoHanbHbI MEOMUMHCKWIA UCCNIEN0BATENbCKUI LIEHTP AETCKOI TpaBMatonorim 1 optoneamn um. TU. TypHepa, CankT-Metepbypr, Poccus;
2 CeBepo-3anajiHblil rocyapCTBEHHbIN MedMUMHCKMIA yHuBepcuTeT uM. U.U. Meunmkoa, CankT-Tetep6ypr, Poccus

06ocHosaHue. CyliecTBYIOT MHOTOYMCIIEHHbIE METOAMKM JIEYEHUS BPOMAEHHOIO JIOMHOMO CYCTaBa KOCTEW FOJieHH,
HO HM ofHa u3 HUX He paeT 100 % pe3ynbTata v He MCKJOYAET Pa3BUTUS MOBTOPHLIX pedpakTyp. OfHa U3 TaKMX METOAMK —
BaCKyNApM3“poBaHHas nepecagka @parMeHTa ManobepuoBon KocTu B nosuumio pedekra bonbwebepuooi Koctn. OpHa-
KO JOCTUXEHWE KOHCONMMAALMM KOCTHBIX (parMEHTOB TOMIEHN He YCTPaHSET HeobXxoaMMOCTU BMELLATENLCTB, HanpaBieHHbIX
Ha BOCCTaHoBeHWe YHKLMM NopaKeHHOro cerMeHTa. B cBA3W ¢ 3TUM HepeaKo creumanucTbl MOSHUMAKT BOMPOC O Lieneco-
0bpasHoCTM aMnyTaLuKW KaK anbTepHaTUBbI MHOTOIETHUM MHOM03TaNHbIM BMELLATe/bCTBaM.

Llemy — npoaHanu3upoBaTb pe3ynbTaTbl MPUMEHEHWS MUKPOXUPYPIUYECKON TEXHUKW MPU NEYEHUM NALMEHTOB C BPOXK-
LEHHBIM JIOXHBIM CYCTaBOM KOCTEM FOJIEHM U Ha KITMHUYECKOM NpUMepe pacCMOTPETb MHOTO3TAMHYK PEKOHCTPYKLMIO HUMHEN
KOHEYHOCTH.

Mamepuanel u Memodel. MNpoaHann3vpoBaHbl pesynbTaTbl UCMOb30BaHWA MUKPOXMPYPrUYECKOM TEXHUKM NpU yCTpa-
HeHuM aedeKTa KOCTel rofleHu ¥ 5 NaUMEHTOB C BPOXAEHHLIM NCEBA0APTPO30M rOJIEHW. YuuTbIBaNM BO3PACT, NOA, HaaMuue
Helipodmbpomartosa | Tuna, BennunHy gedeKTa KocTeln, BENMYMHY ayToTpaHCNNaHTaTa, AJUTENbHOCTb KOHCONMAALMM, UHAEKC
0CTe0CMHTE3a, pedpaKTypbl, aMNIUTYAY ABUKEHUSA B CycTaBax, BTOPUYHbIE AedOpMaLmW CErMEHTOB NOCNE AOCTUMHEHMUS KOH-
conupaumn. OnucaH KIMHUYECKUIA CyYal BbINOMHEHUS TSKEMbIX PEKOHCTPYKTUBHBIX BMELLATENCTB MO BOCCTAHOBMIEHUIO
0nopocnocobHocTH KoHewHocTU. [MepecasiKy BacKyNApU3MPOBAHHOMO ayTOTpaHCMaHTaTa BbIMOHANA KBanMGULMpOBaHHas
MUKpOXMpypruyeckas bpuraga.

Pe3synemamel. CpepHuii Bo3pacT nauneHtoB — 7.8 + 2,2 ropa. Mpeobnaganu Manbumkm, 1 B 60 % cnyyaes BoiSIBNEH Heil-
podmbpomartos | Tuna. CpeaHss BennumHa aedexTta coctaBuna 8,8 + 1,6 cM, a BenmunHa aytotpaHcnnantata — 10,8 + 1,6 cm.
InutenbHocTb dukcaumm — 260 + 90 oHeit, a uHaeKe dukcaumm — 24,6 + 10,6 oHs/cM. B 2 cnyyasix yepes rog nocne mMu-
KPOXMPYPTMYECKON NEpecajku OTMeueHbl pedpaKTypbl Ha rpaHuue KocTb — TpaHcnnaHTar. B 100 % cnyyaeB y naumeHToB
Habniopancs GuUbpo3HbIA aHKMO3 Ha YPOBHE ONEHOCTOMHOMO CycTaBa C noTeper QYHKLUMOHANBHON aMMIUTYAbI ABUMKEHMS,
1 B 40 % cnydyaeB AuarHocTMpoBaHbl crbatenbHo-pasrubaTtesbHble KOHTPAKTYPbl KOMEHHbIX CYCTaBoB C AeduuMTOM pa3ruba-
Hua go 20°. B panbHeliweM 3 naumeHTaM u3 5 (Ha AaHHbIA Nepuog, HabmaeHUs) NPOBOAMUAM AONOHUTESbHBIE ONepaTUBHbIE
BMeLUaTe/bCTBa N0 KOppeKLvn AedopMaLmii NOPaXEHHON KOHEYHOCTH.

3axntoyerue. BackynapusupoBaHHas nepecagka GparmMeHTa ManobepLoBoi KOCTM Y NaLMEHTOB C BPOXAEHHBIM NOXKHbIM
CYCTaBOM KOCTEW TofieHU MO3BONSET BOCCTAHOBUTH LLENIOCTHOCTb BosbluebepLioBoi KOCcTU. MHOMOKpaTHble BMeLLATeNbCTBa,
BbIMOSIHEHHbIE HA OFHOM CErMeHTE, MOTYT NPUBOAMTL K HEODPaTUMBIM BTOPUYHBIM U3MEHEHUAM B CMEXHbIX CyCTaBax U no-
Tepe QYHKUMW JaHHOW KOHEYHOCTM.

KnioyeBble cnoBa: MUKpOXMPYPrisi; BPOXKAEHHbINA NOXHbIA CYCTaB KOCTEHA FONEHM; aMMyTaums; KoppeKuus AedopMaLuif;
YPECKOCTHbIIA OCTEOCHHTES.
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BACKGROUND

Congenital pseudarthrosis of the tibia (CPT) is a condition
characterized by a typical congenital deformity of the tibial
bones (varus-antecurvatum), and its progression results
in a pathological fracture at the apex of the deformity with
the formation of pseudarthrosis or a bone defect.

Numerous methods of treating this pathology are
available; however, none of them give a 100% result or
prevent the development of repeated refractures. One such
technique is vascularized grafting of a fragment of the fibula
with a microsurgical vascular suture into the position of
the tibial defect [1-3]. This technique was first proposed
by Jude in 1978. The introduction of vascularized fibula
plasty has changed the prognosis of CPT over the past
several decades [4, 5]. Most often, a free graft is used
from the contralateral limb. However, the method has
shortcomings such as a long surgery time, potential failure
of the formed anastomosis, valgus deformity on the donor
side, and unwanted interventions on the “only good leg.”
Nevertheless, consolidation of bone fragments of the lower
leg bones does not eliminate the need for interventions aimed
at restoring the normal values of reference lines and angles,
length of the lower limbs, and rehabilitation measures to
restore the range of motion in adjacent joints and prevent
possible pain in the affected segment. Thus, experts often
wonder about the advisability of amputation as an alternative
to long-term and multi-stage interventions [6].

Indications for amputation in children with CPT vary
depending on the experience of the operating surgeon in
the treatment of these patients. Amputation is considered
by some people to be a radical treatment, indicated only
in the case of unsuccessful multiple surgical attempts of
reconstruction. Others believe that amputation is a reasonable
early treatment option to avoid multiple surgical interventions
and the associated lifestyle [5, 6]. The decision to amputate
can be difficult for the patient, their family and caregivers,
and the treating surgeon. MacCarthy et al. established relative
indications for amputation in CPT, namely, the absence
of satisfactory bone union after three surgical attempts,
significant discrepancy in the length of the lower extremities
of >5 cm, development of foot deformity, and excessive
dysfunction (functional loss) of the segment due to prolonged
medical interventions and hospitalizations [6].

More recently, these indications have been reconsidered
because of the advent of improved limb lengthening
strategies, biologics that promote regeneration, use of free
tissue grafts, and reduced period of hospital stay [6, 71.

The choice between limb amputation and long-term
complex limb reconstruction is not easy, especially when it
is referred to children. In Russia, as in many other countries,
the patient is ready to resign himself to a non-functioning
limb rather than undergo amputation. The patient’s decision
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is influenced by difficulties of good orthotics, lack of
psychological support and family members, and difficulty of
adapting to society (possibility of employment and availability
of an accessible environment for movement).

Over the past 25 years, >300 patients with CPT have
been treated in the clinic of bone pathology. Transosseous
osteosynthesis with various types of allo- and autoplasty was
used as the main method of treatment to restore the integrity
of the lower leg bones. The frequency of achieving primary
consolidation of tibia fragments was approximately 98%;
however, during growth and case follow-up, refractories
occurred in 25% of cases. The indications for the use of
the microsurgical technique were significant (>5 cm) defects
of the tibia and dystrophic changes in the bone tissue, which
did not allow the use of the traditional technique using
transosseous osteosynthesis. The vascularized autograft
transplantation was performed by a qualified microsurgical
team.

During this period, reconstructive interventions using
microsurgical techniques aimed at restoring the integrity
and supportability of the segment in patients with CPT were
performed only in five cases, which accounted for <2% of
the total number of treated patients.

The work aimed to analyze the results of the use
of microsurgical techniques in the treatment of CPT and
consider multi-stage reconstructions of the lower limb using
a clinical example.

MATERIALS AND METHODS

The study used anamnestic [sex, age, number of
previous interventions, presence of a genetic disease (type |
neurofibromatosis)], clinical (assessment of the range of
motion in the knee and ankle joints according to the standard
method), and radiological methods of investigation, namely,
a panoramic radiograph of the lower extremities, radiographs
of leg bones in standard projections (measurement of
the bone defect size, reference angles of the femur and tibia
on both sides, assessment of the shortening magnitude of
the affected segment, and timing of consolidation of bone
fragments).

The study involved five patients, and the average age
was 7.8 + 2.2 years. Boys predominated; three patients
had a genetic disease aggravating the CPT course (type |
neurofibromatosis).

RESULTS

The anamnesis revealed that diagnosis was made for
all patients in the first year of life during examination for
a pathological fracture of the tibia and pseudarthrosis. Before
microsurgical transplantation (MCT), all patients received at
least two surgical interventions to achieve consolidation of

0Ql: https://dot.org/ 10.17816/PTORS 110805

431



432

OBMEH OMBITOM

the tibia through not only transosseous osteosynthesis but
also intramedullary osteosynthesis.

Clinical examination in all patients (after previous
multiple interventions) revealed fibrous ankylosis at the level
of the ankle joint with loss of functional range of motion
and flexion—extension contractures of the knee joints with
an extension deficit of up to 20° in 40% of cases.

X-ray examination revealed shortening of the affected
segment by 7.5 + 2.2 cm, multiplanar deformity of the af-
fected lower limb with lateral distal femoral angle (LDFA) of
80 + 3.5°, distal posterior femoral angle (DPFA) of 65° + 2°,
proximal medial tibial angle (PMTA) of 100° + 5.5°, proxi-
mal posterior tibial angle (PPTA) of 95° + 3°, distal medial
tibial angle (DMTA) of 120° + 5°, and distal anterior tibial an-
gle (DATA) of 60° +2.5°. These indicators corresponded
to deformity components such as valgus-antecurvatum
deformity of the distal femur, valgus-recurvation defor-
mity of the proximal femur, and valgus-antecurvatum de-
formity of the distal tibia. The average defect size was
8.8 £ 1.6 cm.

When assessing the state of the ankle joint, all pa-
tients showed valgus-antecurvatum deformity of the tibial
fragment at the level of the distal bone metadiaphysis.
A significant limitation of movement in this joint was clini-
cally determined (flexion/extension 5°/0°/5°). Radio-
graphs showed signs of fibrous ankylosis of the area with
a decrease in the height of the ankle joint space. Magnetic
resonance imaging to assess the condition of the articu-
lar cartilage of the ankle joint was not performed. These
changes arose in connection with multiple surgical interven-
tions. When examining the foot, its multiplanar deformity
was revealed with the presence of an equino-cavo-valgus
component, which also formed after surgical interventions.
Patients complained of difficulty in walking and choosing
shoes, but had no foot or joint pain.

An autograft of the required length (the size of
the transplanted autograft was 10.8 + 1.6 cm) was harvested
from the fibula of the contralateral side, at least 7.0 cm away
from the ankle mortice to maintain the stability of the latter.
However, in all cases, the distal fragment of the fibula
on the donor side migrated cranially with the formation
of a valgus deformity of the ankle joint. Interventions to
eliminate this secondary deformity of the donor zone were
not performed.

During the reconstruction of the affected segment,
an external fixation device (EFD) was preliminarily installed
to simulate diastasis between tibial fragments (creation of
the correct ratios between the tibial fragments, correction of
gross deformities, increase in diastasis between fragments
with the possibility of transplanting a longer graft) and prepare
a bed for autografting. EFD was not removed in the period
of consolidation at the bone—graft interface of the affected
segment, which averaged 7.0 months. When dismantling
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the EFD, a plaster cast was put on the affected lower limb of
all patients for up to 2 months, followed by the manufacture
of an orthosis for the whole leg to unload the affected
segment. The duration of fixation was 260 + 90 days, and
the fixation index was 24.6 + 10.6 days/cm.

In two (40% of patients) of five cases, refractories
at the bone—graft interface were noted a year after
the MCT. This complication arose because of violations
of the load regimen on the affected lower extremity by
patients; however, the restoration of the total bone mass of
the tibia after MCT enabled repositioning of the fragments
using EFD and various types of auto- and allografting and
achieving repeated consolidation. Later, 3 of 5 patients
(during this follow-up period) underwent additional
surgeries to restore the length and correct deformities of
the affected limb.

CLINICAL CASE

We present the long and difficult path that patients with
CPT and neurofibromatosis type | goes through, in a patient
with a pronounced defect in the tibial bones resulting from
severe pathology and refracture of the tibial bones.

The affected limb was reconstructed in two main stages:
the integrity and support ability of the segment were restored
in stage 1 and the deformity was corrected and the length of
the lower extremities was restored in stage 2.

The anamnesis revealed that the child was sick from
birth. Limb deformity, as a latent form of a false joint,
was detected at the age of 5 months (Fig. 1). At the age of
1 year, a pathological fracture occurred (Fig. 2). The patient
underwent repeated operations at the primary care facility.
At the age of 1.5 years, autoplasty of the false joint area was
performed with a graft from the iliac crest with a hardware
fixation. One month after the intervention, the migration of this
structure was noted, for which repeated plastic surgery was
performed using a graft from the iliac crest with a pin, also
with repeated migration of the hardware. Owing to the lack of
consolidation of the tibial fragments, the fragments were fixed
with an intramedullary rod using autoplasty of the defect with
a graft from the tibia of the contralateral limb. Subsequently,
the rod was removed, union was not achieved, and significant
bone lysis was detected.

In the center’s clinic, the patient has been followed up
since the age of 6 years to reduce the severity of systemic
osteoporosis. He initially received infusion therapy with
bisphosphonates.

After a comprehensive examination, the main problems
that needed to be solved were as follows:

1) Posterior dislocation of the left tibia bones with the for-
mation of a flexion contracture of the right knee joint
(flexion at the knee joint up to 20°) and fibrous ankylosis
with only rocking movements in the ankle joint.

0Ql: https://dot.org/ 10.17816/PTORS 110805
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Fig. 1. X-ray imaging of the right lower leg bones in two views with
a latent form of pseudarthrosis

2) Significant thinning of the fragments of the tibial bones
and their non-viability with the formation of a defect.

3) Limb shortening by approximately 13 cm.

4) Impaired support ability of the limb (Fig. 3).

In stage 1, tibial subluxation was eliminated, and
the necessary space was created between the fragments
of the tibia. To adapt bone fragments to the correct
position, a compression—distraction apparatus (CDA) of
the Ilizarov type and an orthopedic hexapod (repositioning
unit Ortho-SUV) were used. The latter was initially
placed between the transosseous annular supports of
the distal femur and the proximal metadiaphysis of the tibia.
The posterior subluxation was eliminated by creating a model
of the movement trajectory in the knee joint and moving
the fragments in an orthopedic hexapod.

The EFD was then remounted, with the repositioning
unit now placed between the proximal and distal tibial
annular supports. Programming and a new calculation
were performed to create a space between the tibial
fragments (the tibial fragments were adapted in the correct
position according to the values of the reference angles)
and eliminate gross deformities before transplanting
the vascularized fragment of the fibula of the contralateral
limb into the defect position (Fig. 4). During this period

Fig. 2. X-ray imaging of the right lower leg bone with a pathological
fracture

Fig. 3. X-ray imaging of the right tibia bones in two views before
microsurgical autografting

(34 days), the deformities of the lower leg bones were
corrected.

Upon reaching the correction of all components of
the deformity (elimination of the posterior dislocation of
the tibial bones and adaptation of the tibial fragments
in an acceptable position), after remounting the CDA,
together with colleagues from the Clinic of Hand Surgery
and Reconstructive Microsurgery, a vascularized fragment

Fig. 4. Stages of programming the elimination of the subluxation of the lower leg bones with the repositioning unit Ortho-SUV

00I: https://dal.org/10.17816/PTORS110805
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Fig. 5. Intraoperative radiographs of the right tibia bones in two
views after microsurgical transplantation

of the fibula of the contralateral limb was transplanted
into the position of the defect of the tibia of the affected
limb. The length of the diastasis was 10 cm, and the graft
length was 12 cm. No intraoperative technical difficulties
or complications occurred during the postoperative period
(Fig. 5).

Because of the fact that the patient was a citizen of
another state and had difficulty in providing radiographs,
the fixation period was almost 12 months. Before disman-
tling, in order to restore the range of motion in the right
knee joint and due to long-term fixation in the CDA, a course
of rehabilitation treatment was performed, including in-
dividual classes with an instructor of physical therapy and

Compensated
by 9 cm 3
on the right L

S )

g F N 'f(:

Fig. 7. Teleroentgenograms of the lower extremities in two views
before the elimination of secondary deformities

s
-
L

i
70° (110°)

Compensated

y 9 cm
on the right

Fig. 6. Three-dimensional modeling of computed tomography
slices after microsurgical transplantation to eliminate a defect in
the right tibia bones

classes on the ARTROMOT device. When the EFD was un-
blocked at the level of the knee joint, movements in this
joint were rocking (0°/0°/5°). Upon reaching passive flexion
in the right knee joint up to 70° (0°/0°/70°), indications for
dismantling were established. After removal of the EFD, at
an X-ray examination, the leg-length difference was 8.3 cm
(Fig. 6).

The integrity of the lower leg was restored approximately
1.5 years. After restoring the integrity of the tibia of the affect-
ed limb, the patient could walk with an orthosis for the entire
lower limb, but without additional means of support, lead
an active lifestyle with some restrictions and attend educa-
tional institutions. Limb shortening was compensated for by
increasing the height of the sole of the orthopedic shoes.

At 1.5 years after autografting, the patient was diagnosed
with multiplanar deformity of the femur, and the tibia on
the lesion side, flexion—extension contracture of the right
knee joint, valgus deformity of the distal metadiaphysis
of the tibia on the donor side, and leg-length difference
were reconstructed. Indications for stage 2 of the limb
reconstruction were formulated.

The analysis of panoramic radiographs of the lower
extremities revealed the deformity components, namely,
antecurvatum (LDFA 77°, DPFA 72°) in the distal metadi-
aphysis of the femur and valgus-recurvation (PMTA 99°,
DMTA 70°, PPTA 107°, and DATA 84°) in the proximal and
distal metadiaphyses of the tibia. These deformities were
one of the components of the formation of flexion—extension
contracture of the knee joint (flexion/extension 10°/0°/10°),
which significantly impeded the function of the affected limb.
Movements in the ankle joint were rocking. The affected
lower limb shortened by 11.7 cm. Multiple scars of the skin
and soft tissues were noted after previous surgical interven-
tions (Fig. 7).

To eliminate the deformities, correction of the defor-
mities using transosseous osteosynthesis was decided.

0Ql: https://dot.org/ 10.17816/PTORS 110805
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Fig. 8. Result of the correction of deformities of lower leg bones under the conditions of the repositioning unit Ortho-SUV after the end

of distraction: a, frontal view; b, lateral view

618.34 mm 683.12 mm

Fig. 9. Result of the correction of deformities of the right femur using the repositioning unit Ortho-SUV after the end of distraction: g, frontal

view; b, lateral view

A CDA of the femur-tibia—foot was installed, and osteoto-
my of the distal femoral metadiaphysis and proximal tibial
metadiaphysis and tenotomy of the iliotibial tract were per-
formed.

The limb was enlarged by 8 cm because of the two
segments; the deformities were corrected using the Ortho-SUV
repositioning unit (LDFA 90°, DPFA 84°, PMTA 90°, DMTA 102°,
PPTA 84°, and DATA 84°). Owing to the bulkiness of the CDA,
the correction was performed in two stages, for the thigh
and the lower leg. The correction period was 21 days in total,
the fixation period was 240 days, and the fixation index was
30 days/cm (Figs. 8 and 9).

Before dismantling the EFD, to increase the range of
motion in the right knee joint, the patient underwent a second
course of rehabilitation treatment, including individual
exercise therapy and classes on the ARTROMOT device.

N

Fig. 10. Radiographs of the right tibia bones in two views 1 month
after dismantling the external fixation device
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When passive flexion in the right knee joint reached 50°
(extension/flexion 0°/0°/50°, the range of motion was
limited by transosseous annular supports), indications for
dismantling the EFD were determined. The limb was fixed
in a posterior plaster cast throughout its length (lower limb),
and manufacturing an orthosis for the entire lower limb for
walking, with a hinge at the level of the knee joint, was
recommended.

On the control radiograph of the lower leg bones,
performed a month after the surgery, bone callus formation
was noted in the proximal part of the right tibia, and
the patient had a fracture of the tibia at the level of the formed
regenerate (Fig. 10).

The situation analysis revealed that refracture could
occur because of a change in pressure on the bone after
dismantling the EFD and during the removal of casts in
orthosis manufacture.

DISCUSSION

In the literature, there are indications of the use of mi-
crosurgical techniques to replace tibia defects in patients
with CPT; however, most often, a series of cases is de-
scribed in scientific publications because of the complexity
of the technique and the need for specialized equipment
in the clinic. The largest series of studies was presented
by El-Gammal with 39 cases in one hospital [5], the Euro-
pean Society of Pediatric Orthopedists reported 31 patients
who were treated in 14 clinics [2], and Ohnishi described
73 cases from 32 hospitals in Japan, including 25 cases
where MCT and fixation in the Ilizarov apparatus were
combined [3].

In most publications, surgery was performed at
the age of 5 years [8-10]. This age is considered
the preferred age for the use of EFD, as children are
more cooperative. The authors also considered that
the disease is more active in children during infancy, and
bone resorption may prevent healing in the pseudarthrosis
area [8]. Conversely, some authors report successful
results with different treatment methods at a younger
age (<3 years). A series of studies by El-Gammal includes
the largest reported number of cases (21 patients with
CPT who underwent MCT before the age of 3 years) [5].
It revealed that surgical interventions performed before
the age of 3 years are associated with a shorter period of
primary fusion of the fragments and a smaller difference
in the length of the lower extremities in the long-term
period. Gilbert and Brockman [2] noted that the best age
for rapid healing of the tibia after MCT is from 3.5 to
7.5 years. They explained that the longer healing period
in children aged <3.5 years was due to the difficulty
of obtaining satisfactory fixation of bone fragments.
The mean age of our patients was 7.8 + 2.2 years.
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The older age of surgical treatment was due to multiple
interventions before MCT.

According to the literature, the primary consolidation at
the bone—graft interface is achieved in 96%-98% of cases,
and the average consolidation time is 2—10 months [11-13].
The authors concluded that the choice of the method of
autograft fixation in MCT affects the treatment outcomes.
Thus, a lower frequency and a longer fusion time were
noted in intramedullary fixation using a rod or screw than
in external fixation (66% and 11 months versus 100% and
1.9 months, respectively) [8]. Ohnishi et al. [3] reported
achieving primary consolidation of fragments in 88% of
the patients and 4.5% of refractories in 25 cases. Kesireddy
et al. [8] believe that treatment with EFD correlates with
a higher frequency of refractories than intramedullary fixation
(45% versus 29%, respectively). In a study by T.A. El-Gammal,
fractures occurred in 21 (51.3%) cases, and almost half of
them recurred 2—4 times.

In this study, only fixation by transosseous osteosynthesis
was used. Primary consolidation was noted in all patients
(100%); however, 2 (40%) patients had refractories in
the postoperative period. The duration of fixation was
approximately 8 months, and the osteosynthesis index was
24 days/cm. Our findings correspond to the data of earlier
studies [14].

Weiland et al. [15] stated that the most common defor-
mities of the tibia after achieving consolidation of the frag-
ments were valgus and antecurvatum deformities of lower
leg bones. Sakamoto et al. [16] reported valgus defor-
mity up to 28° and antecurvatum up to 20° and associ-
ated their occurrence with previous surgeries. According to
Ohnishi et al. [3], valgus deformity ranged from 5° to 70°
and antecurvatum ranged from 10 to 60°. In our previous
study [17], deformities, according to the classification of
deformities of long bones, were complex, including a com-
bination of deformities in the frontal and sagittal planes,
a torsion component, and shortening of the affected seg-
ment. The findings were comparable with those of the few
studies on patients with CPT. In the described clinical case,
the patient had valgus-antecurvatum deformity of the distal
metadiaphysis of the femur, valgus-recurvatum deformity
of the lower leg bones, and shortening of the lower leg
bones.

The restoration of the length and integrity of the tibia
and correction of deformities of the affected limb do not
fully reflect the functional result [18]. Multiple surgical
interventions primarily worsen the function of the ankle
joint with the development of fibrous or bone ankylosis.
In our study, all patients had valgus-antecurvatum
deformity of the tibial fragment at the level of the distal
metadiaphysis of the bone, a significant limitation of
movements in this joint (flexion/extension 5°/0°/5°), and
radiographs showed signs of fibrous ankylosis of the area
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with a decrease in the height of the ankle joint space.
These changes worsened the quality of life of the patients,
made it difficult for them to move, and limited the load on
the affected limb.

CPT is still one of the most complex and time-
consuming problems in pediatric orthopedics. A series
of surgical interventions aimed primarily at restoring
the integrity of bones and interventions to correct
deformities of the affected segment can lead to secondary
changes such as leg-length difference, adjacent joint
contractures, and valgus deformity of the donor limb. These
patients should take care of the affected limb for the rest
of their lives because the risk of fractures persists in
adulthood. Parents and representatives of young patients
are most often satisfied with the result of treatment, which
allowed them to save the limb, and they do not pay such
close attention to secondary deformities and limitation of
movement in the joints. Nevertheless, the issue of what
is preferable, severe reconstructive interventions that will
require long-term (several years) rehabilitation, without
the possibility of a full return of the function of the lower
limb, or amputation followed by orthotics, is not completely
resolved. The patient’s family did not consider amputation
as a possible treatment option. However, was such
a reconstructive intervention justified and can the function of
the affected lower limb be considered restored?
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