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Background. Correction of deformities and lengthening of the lower extremities in patients with healed
congenital pseudarthrosis of tibia (cCPT) is associated with certain characteristics, difficulties, and complications.
But even the restoration of the anatomy and length of the tibia does not solve the problem of further recurrence of
the deformity.

Aim. This study aimed to evaluate the results of the correction of deformities of the tibia in patients with congenital
pseudarthrosis of the tibia after achieving union by using external fixation and guided growth.

Materials and methods. The results of treatment of 19 patients with cCPT, aged 4-15 years, which were observed in
the Department of the Turner Scientific Research Institute from 2013 to 2018 years, were analyzed. We analyzed the
types of deformities before the stage of correction deformities, evaluated the accuracy of the correction deformities
after two-level osteotomies of the tibia, and used ortho-SUv passive computer navigation. External fixation index and
number of complications were also determined. The type and number of recurrence of deformities and the timing of
their detection were analyzed.

Results. On the basis of clinical classification, patients with ¢cCPT had complex deformities of the affected lower
limb. The accuracy of the correction of deformities was 84% at the end of the correction period. The amount of
elongation was 4.5 + 1.5 cm. The IEF was 64.3 + 40.6 days/cm. After the end of the external fixation period,
deformities recurred in 100% of cases. In 17 patients, temporary hemiepiphysiodesis of the tibial bones, the second
stage, was performed. The accuracy of the correction was 100%. The period of correction ranged from 12 to
14 months.

Discussion. In the literature, we found no studies investigating the accuracy of the deformity correction, the
choice of the level of osteotomies in patients with cCPT. Considering these data and the experience of the senior
author of the publication, we performed two osteotomies of the tibia, outside the consolidation zone of the
pseudarthrosis. High accuracy of the correction deformities was achieved in conjunction with the use of the ortho-SUv
frame.

Conclusion. The analysis showed that the deformity relapsed in 100% of children as the child grows, regardless of
the accuracy of the deformity correction in children after achieving union CPT. Hemiepiphysiodesis is an effective
treatment for this complication.

Keywords: deformity correction; external fixation; guided growth; hemiepiphysiodesis; congenital pseudarthrosis
of tibia.
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AxryanbHocTh. Koppekuys medopmaiuii U yoIMHeHMe HVDKHUX KOHEYHOCTEN Y IAL[MEHTOB C KOHCONMMAMPOBAHHBIM
BPOXX[IeHHBIM JIOXXHBIM cycTaBoM KocTeil ronenn (kBJICKT) compsskeHO c ompefe/leHHBIMU OCOOEHHOCTAMY,
CIIOXKHOCTSMM ¥ OCTIOKHEHVSIMY, HO JaXke BOCCTAHOBJIEHVE aHATOMUM ¥ [UIMHBI OOJbIIeOepIoBOil KOCTM He pelaer
npob/eMy [Ja/bHENIIIEr0 pelufBYPOBAHNS He(OopMaLL.
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Ilenp MccnemoBaHUs — OLEHUTD Pe3Y/IbTATHI JeYeHUs fieTeil ¢ feOpMaLsIMu M YKOPOYEHMEM KOCTell TO/MeHN
Ha ¢one KBJICKI, mposeyeHHBIX C UCIONb30BAHMEM METOLA YPECKOCTHOTO OCTEOCHMHTE3a U YIPAB/IAEMOrO POCTa
(remmanudusnopesa).

Matepuansi u meronbl. I[IpoananusupoBaHbl pe3ynbTatel nedenns 19 mauuentos ¢ KBJICKT B BospacTe ot 4 fio 15 nerT,
KOTOpBbIe NOMy4aay JiedeHue B mepuop ¢ 2013 mo 2018 r. MaydyeHsl Buabl fedopManuii Iepe 9TallOM KOPpeKInu
medopMaluif; OlleHeHa ee TOYHOCTD IOC/Ie ABYXYPOBHEBOI OCTEOTOMMM KOCTell TOMIeHN U YPeCKOCTHOTO OCTEOCHHTe3a
C MCIIONb30BaHNMeEM y37a Ha 6ase MacCUBHOI KoMmbioTepHoit HaBurauuu OpTo-CYB; ompeneneHsl MHAEKC BHEIIHEN
¢uxcanyu (VIBO) m komm4ecTBO OCTOXKHEHMII. BBIABIEHBI TUII U KOMUYECTBO PELUAUBOB AedopMaliuil, CpOKM UX
Oo6Hapy>KeHN .

PesynpraThl. CornmacHo KnamHMYeckoil Knaccudukanum y maumeHToB ¢ KBJICKI umenuch crmoxHsle fedopmanuu
MOpa)XeHHOJ HIDKHEJ KOHeYHOCTM. TOYHOCTh KoppeKuuu fgedopMaumii IO OKOHYAHWMY IIEpUOfa KOPpeKLNM
medopmanuit cocraBuwia 84 %; BemnunHa ymuiuHeHns — 4,5 £ 1,5 cm. VIBO® cocraBun 64,3 + 40,6 gusa/cm. Ilocre
OKOH4YaHUs Tepuofa BHelrHeil ¢ukcanum B 100 % crydaeB ObUI BBLABIEH pelyuaus Aedopmaruil. BropsiM stamom
17 manyeHTaM OBUI BBIIIOTHEH BPEMEHHBINI TeMuanuusnones 6onbiebepioBbIX KocTell. TOYHOCTb KOppeKLuu
cocrasuna 100 %. Cpok koppekuuu — ot 12 go 14 mecAnes.

O6cyxpeHue. B mutepaType Mbl He HalUM ITyONIMKALVIL, HOCBALEHHBIX TOYHOCTI KOppeKunyu fnedopMarium, BeI6opy
ypoBH: octeoTommit y manueHToB ¢ KBJICKI. YunteiBast 3Tu ZaHHBIE M HAlll OIBIT, MBI BBIIIOTHSIN [IBE€ OCTEOTOMMNM
KOCTeJl TOZIeH! BHE 30HbI KOHCOMM/AINM JIOKHOTO CYCTaBa. ITO B COBOKYIIHOCTH C IIPYMEHEHVEM IPECKOCTHOTO y37/1a
Op10-CYB 1m03B0ONMI0 [OOUTHCS BBICOKOM TOYHOCTY KOPPEKIUK AedopMaluiL.

3akmrodenne. IIpoBeneHHbINT aHAMN3 CBUJIETENLCTBYET O TOM, YTO BHE 3aBUCHMOCTHU OT TOYHOCTYM KOPPEKLVM Y JieTelt
¢ medopmanyAMu Ha GOHe KOHCOMUAMPOBAHHOTO JIOKHOTO CyCTaBa TOJNEHU IO Mepe pocTa pebeHka B 100 % cmyda-
eB OTMevaeTcsA peuuauB fedopMaluy. YIpaB/sAeMblil pocT ABAeTCA 3 (PEeKTUBHBIM CPEICTBOM JIe4eHVsI TaHHOTO

OCIIOKHEHMA.

KmroueBble ctoBa: BpOXX/ICHHBII JIOXHBI CYCTaB; KOppeKuus Aedopmaiuil; reMusnudusnoses; reKcaroy.

Background

Treatment for patients with congenital pseu-
doarthrosis of the shin bone remains an urgent
problem for contemporary orthopedics because
achievement of consolidation in the field of pseu-
doarthrosis is challenging [1-6]. Restoration of the
integrity of the tibia is the desired result, and once
it is achieved, new treatments can be initiated 7].

Surgical interventions, such as deformity
correction and lower extremity lengthening, are
performed to eliminate the limb-length discrepancy
and to prevent recurrent pathological fractures.
They are special stages in the treatment for patients
with consolidated congenital pseudoarthrosis of the
shin bone (cCPASB), and are associated with certain
aspects, difficulties, and complications.

Ilizarov method serves as the standard treatment
method for patients with shortened and deformed
long bones of lower extremities [8, 9]. It is known
that the use of modern transosseous apparatuses and
units based on computer navigation results in highly
accurate deformity correction, reportedly ranging
from 80% to 96% [1-6]. Bone deformities in the
lower legs of pediatric patients with cCPASB are not
an exception [5]. However, in the global literature,
data on the use of transosseous osteosynthesis for
lengthening and deformity correction of the tibia in

the case of cCPASB is scarce [8-10]. The primary
challenge in treating children with cCPASB is that
osteotomy at the apex of the deformity is impossible,
as this area is generally affected by pathological
processes and osteotomy with lengthening bears the
risk of recurrence into pseudoarthrosis [6]. Single-
level osteotomy of the shin bones outside the apex
of the deformity (in the region of relatively healthy
bone) combined with transosseous osteosynthesis
eliminates the limb-length discrepancy, but may not
solve the problem of deformity correction. In such
situations, a two-level osteotomy is indicated [7].
Still, restoration of the integrity and lengthening of
the tibia does not prevent subsequent recurrence of
the deformity.

The existing method of controlled growth i.e.,
hemiepiphysiodesis enables an effective correction
of long-bone deformities with varying pathologies in
growing children [11-16]. Taking into consideration
the tendency of deformities to recur in patients
with cCPASB, we suggested that the consistent use
of hemiepiphysiodesis following lengthening and
deformity correction will improve the quality of
treatment for pediatric patients.

This study aims to evaluate the results of
treatment for pediatric patients with deformities
and shortening of the shin bones in the case
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of cCPASB. All pediatric patients were treated
using transosseous osteosynthesis and hemiepiphy-
siodesis.

Materials and methods of the study

We analyzed the results of treatment for
19 patients with cCPASB, who were observed and
treated in the bone pathology department of the
Turner Scientific Research Institute for Children’s
Orthopedics from 2013 to 2018. Only children with
functioning growth zones of the lower extremities
(aged 4-15 years) were enrolled in this study. The
mean age of patients was 8.3 + 3.1 years.

During the planning of deformity correction,
all patients underwent panoramic radiograph of
the lower extremities in 2 standard views and
computed tomography of the lower extremities.
Preliminary planning of deformity correction was
conducted using specialized software (TraumaCad,
Boneninja) [7].

The standard algorithm was used in the planning
[17, 18], namely, the anatomical and mechanical
axes of the proximal and distal fragments of tibia
in 2 views and the apex of the deformity were
determined. In all cases, the apex of the deformity
was in the area of consolidated pseudoarthrosis.
In this regard, given the risks of recurrence of
the pseudoarthrosis, we were obligated to perform
a two-level osteotomy (in regions of relatively
healthy bone), thereby reducing the displacement
of bone fragments in width, which occurs when
osteotomy is performed at a distance from the
apex of the deformity. In all cases, transosseous
osteosynthesis was performed with subsequent
lengthening and deformity correction. A unit with
Ortho-SUV computer navigation properties was
used as a repositional one [19-21].

In the first part of our study, we analyzed the
deformity types in patients with cCPASB prior
to surgery, to assess the accuracy of deformity
correction, the external fixation index (EFI), and
the number of complications in pediatric patients.
Taking into consideration our previous findings,
we assumed that in most patients, regardless of the
accuracy of deformity correction, it will recur after
removing the compression distraction apparatus.
Thus, we analyzed the number of deformity
recurrences, the timing of recurrences, and the type
of secondary deformity.

The accuracy of deformity correction was asses-
sed by radiological examinations and determination
of the reference values of the tibial angles, namely
mechanical medial proximal tibial angle (mMPTA);
mechanical lateral distal tibial angle (mLDTA),
anatomical posterior proximal tibial angle (aPPTA),
and anatomical anterior distal tibial angle (aADTA)
[22, 23]. Deformity correction was considered
accurate (normal) when the reference values of the
tibial angles were within the accepted ranges. We
defined this indicator following deformity correction
and external fixation.

In the second part of the study, we analyzed
the results of hemiepiphysiodesis in treating
recurrent deformities in pediatric patients following
lengthening and deformity correction. Parameters
such as accuracy, timing of hemiepiphysiodesis, and
the nature of complications were studied.

Study results

According to the classification of long-bone
deformities, patients with cCPASB had developed
complex lower extremity deformities, as evidenced
by the radiographs and computed tomography [24].
A combination of deformities in the frontal
and sagittal planes, a torsional component, and
shortening of the affected segment were clearly
evident. In addition, valgus-recurvation deformity
of the proximal section and valgus-antecurvational-
torsion deformities of the distal shin bones were
typical. Patients had both external and internal
torsion of the shin bones. The reference angle
values of the tibia prior to deformity correction are
presented in Table 1.

The average accuracy of deformity correction
was 84% in the total number of patients (95%
with correction of deformities in the frontal plane,
and 80% with correction of deformities in the
sagittal plane), and the degree of lower extremity
lengthening was 4.5 + 1.5 cm. The complexity of
deformity correction was due to a large number
of surgical hardware obstructing the review of
the articular surfaces of the bone and due to the
penetration of the bone tissue of distal tibia with
wires and rods when moving them in space.

EFI in pediatric patients with cCPASB amounted
to 64.3 £ 40.6 days/cm. The obtained data were
similar to the results of small studies in patients
with cCPASB.
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Table 1
Reference angle values of the tibia in patients with cCPASB prior to deformity correction
Index Norénal values, The values obtained, Incidence,
egrees degrees number of patients
Frontal plane
Varus deformity
mMPTA 85-90 82 1
mLDTA 85-90 101-111 2
Valgus deformity
mMPTA 85-90 95+ 4 8
mLDTA 85-90 68 £13 9
Sagittal plane
Antecurvature
aPPTA 77-84 75-76 2
aADTA 78-82 103 £ 16 7
Recurvation
aPPTA 77-84 98 +23 7
aADTA 78-82 70+ 9 3
Transversal plane
External torsion 18 +4 11
Internal torsion 103 8

Note. mMPTA — mechanical medial proximal tibial angle; mLDTA — mechanical lateral distal tibial angle; aPPTA — anatomical
posterior proximal tibial angle; aADTA — anatomical anterior distal tibial angle.

During deformity correction, complications

were identified and further evaluated according to
the accepted classification of J. Caton [25]:

Category 1 complications (complications that do
not require additional interventions) included
formation of contractures of adjacent joints
(observed in 7 cases) in case of distraction. In all
cases, this condition was arrested by temporarily
stopping the distraction and conducting a course
of intensive mechanotherapy;

Neuropathy of the peroneal nerve with
a decreased sensitivity was noted in only
one patient, and after decrease in the rate
of distraction, the course of drug therapy,
the sensitivity of the affected lower limb was
restored;

Category 2 complications (complications which
required additional interventions, but did not
affect the outcome of treatment) were not found
in this part of study;

Category 3 complications (complications which
required additional surgical interventions
and affected the outcome of the treatment)
included fractures of the regenerated bone or
tibial diaphysis in the late follow-up period.
Thus, fractures of the tibial diaphysis with the
subsequent recurrence of pseudoarthrosis were
detected in 3 patients. In 2 patients, fractures
occurred in the first year after dismantling
the external fixation device with fracture
localization in the lower third of tibial bones.
In one patient, fracture occurred 3 years after
the previous treatment. All patients underwent
repeated surgeries to restore the integrity of the
shin bones.

At the end of the external fixation period, we

repeatedly determined the accuracy of deformity
correction. Recurrent deformities were detected in

all cases. Recurrence of the valgus component of
the deformity was established in 12 patients in the
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proximal part and in 6 patients in the distal part of
the tibia. Five patients had a varus deformity in the
distal tibial bone. In 4 cases, recurvation deformity
was detected when evaluating the sagittal plane.
In 16 cases, antecurvation deformity of the tibial
bones with a predominant apex of the deformity
in the distal section was revealed. Thus, analysis of
the accuracy of deformity correction, comparison
of the reference angle values after the correction
and fixation periods, and the subsequently revealed
secondary deformities of shin bones indicate
a dysfunction of tibial growth zones in patients with
cCPASB, the cause for which was not established in
this study.

All patients underwent temporary hemiepiphy-
siodesis of the tibial bones for deformity correction.
We used hemiepiphysiodesis for deformity
correction in the frontal plane, both in the proximal
and distal tibial bones, separately or jointly. These
interventions were performed in 17 patients (8 boys
and 9 girls). Temporary hemiepiphysiodesis of the
medial segment of the proximal tibial growth zone
was performed in 3 patients, in the distal tibial bone
of 6 patients, whereas it was performed at 2 levels
of the tibia in 8 patients. To assess the accuracy of
deformity correction, control radiographs of the
shin bones were performed 6 months following the
surgery, and then every 3 months until deformity
correction was achieved.

Following lengthening and deformity correc-
tion with transosseous apparatus and hemiepi-
physiodesis, the accuracy achieved in eliminating
the recurrence of deformities in the frontal plane
was 100%. The period of deformity correction was
12-14 months.

The patients had no complications during these
surgical interventions.

Clinical case

Patient T., 9 years old, was admitted to the
clinic at the Turner Scientific Research Institute for
Childrens Orthopedics with a diagnosis of consoli-
dated congenital pseudoarthrosis of the right tibial
bones. The case history revealed that the bone de-
formity in the right tibia was detected in the child
at birth. At the age of about 1, with the beginning
of walking, pathological tibia fracture occurred with
pseudoarthrosis. The child received multiple surgi-
cal treatments at the primary health care facility, but

it was not possible to achieve consolidation of the
ends of the bone fragments of tibial bones. We per-
formed open lateral compression osteosynthesis on
the child at the age of 2.5 years, and consolidation
of the bone fragments of tibial bones was achieved.
In the postoperative period, walking in an orthosis
was recommended. After following-up for 3 years,
radiographs revealed the formation of Looser’s zone
in the surgical area. As a result, it was decided to
perform open lateral compression osteosynthesis to
eliminate Looser’s zone due to the damage to the
integrity tibial bone. Consolidation of bone frag-
ments of the pseudoarthrosis region was achieved
within 3 months.

The second stage of treatment was the
recommended correction of the resulting multiplane
deformities of the affected lower extremity (mMPTA
was 94°, mLDTA was 71°, aPPTA was 90°, and
aADTA was 59°, shortening the affected lower
limb by 8.0 cm). For lengthening and deformity
correction of the right lower limb, the patient
underwent preoperative planning for deformity
correction with the exception of osteotomies in the
area of consolidated pseudoarthrosis at the age of
9 years. According to the plan, a two-level osteotomy
of the shin bones was performed, as along with
lengthening by 5 cm by the Ilizarov method. The
deformity was corrected using a repositional unit
with Ortho-SUV computer navigation properties.
The period of deformity correction was 58 days,
and the external fixation period was 247 days.
At the end of the fixation period, a recurrence of
deformities of the tibial bones was detected with
the formation of a deformity apex at the level
of the proximal and distal tibial growth zones
(mMPTA was 94°, mLDTA was 82°, aPPTA was 86°,
and aADTA was 80°) (Fig. 1-4). We applied
hemiepiphysiodesis to correct the recurrence
of valgus deformity of the tibia. The period of
deformity correction was 269 days. The reference
angles values of the tibia were within the accepted
ranges.

Discussion

Treatment of congenital pseudoarthrosis of the
shin bones remains as one of the serious problems
in contemporary orthopedics of childhood [1].
Techniques developed over the past 30 years enable
consolidation of the pseudoarthrosis in a fairly high
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a b

Fig. 1. Photograph of the patient with
cCPASB prior to deformity correction: a —
arontal view; b — lateral view

Fig. 2. Radiographs of the patient with cCPASB prior to deformity
correction: a — anterior-posterior view; b — lateral view

Fig. 3. Preoperative planning for deformity correction in a patient
with cCPASB using specialized software: a — anterior-posterior view;

b — lateral view

percentage of cases, from 75% to 85% [1-3, 6].
Thus, it can be argued that this problem is not of
utmost urgency. However, the treatment of patients
with congenital pseudoarthrosis of the shin bones
does not end at the stage of consolidation of the
pseudoarthrosis. It is known that there will be
a lag in the growth of the tibia, and its complex
multiplanar deformities may occur in the future.
Deformity treatment and lower leg shortening in
case of consolidated pseudoarthrosis is extremely

Fig. 4. Roentgenograms of the patient with

cCPASB following deformity correction of the

bones of the right tibia: a — anterior-posterior
view; b — lateral view

problematic, as there are potential risks of refracture,
in addition to recurrence of pseudoarthrosis and
deformity. We have found only 3 publications
devoted to this problem in literature.

Inan et al. [26] reported 16 analyzed cases of pa-
tients with shortenings and deformities of the lower
leg along with consolidated pseudoarthrosis. In this
study lengthening was performed only in 3 cases; in
other cases, temporary epiphysiodesis of the bones
of a healthy limb was performed to shorten it.
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Fig. 5. Photographs of the patient after the disassembly

of the external fixation device and the application

of hemiepiphysiodesis to correct the recurrence of
deformities: a — frontal view; b — lateral view

It should be noted that in 2 of 3 cases, there were
complications in the form of a pseudoarthrosis.

Cho et al. [10] provided the results of 27 cases
of tibia lengthening in 22 patients with consolida-
ted pseudoarthrosis, who underwent a single-level
osteotomy in the proximal third and tibia lengthe-
ning. The magnitude of the elongation amounted
to 3.7 cm (1.0-9.1 cm). The average EFI was
89 days/cm, which was two-fold higher than that
in pediatric patients with the consequences of
injury [8].

G. Zhu et al. [9] reported 11 cases of lower
extremity lengthening in patients with consolidated
pseudoarthrosis. In all cases, the osteotomy of the
upper third of the shin bones and lengthening
were also performed. The text of the article did
not clarify whether only shortening was performed,
or deformities were corrected as well. In addition,
the deciding factor in the choice of osteotomy level
was not clearly stated. Based on the radiographs
presented, the surgeons did not state the objective
for eliminating all the components of the deformity
and sought only to lengthen the segment. The
publication also draws attention to the extremely
high EFI of 63.1 days/cm, slightly differing from the
EFI obtained by us (64.3 + 40.6 days/cm). Such high
EFI indicates a slow maturation of the distraction
regenerate, which can be completely explained by
the pathological process underlying this disease.

Fig. 6. Radiographs of the patient after the disassembly

of the external fixation device and the application of

hemiepiphysiodesis to correct the recurrence of deformities:
a — anterior-posterior view; b — lateral view

In the literature, we could not find a single
publication devoted to the accuracy of defor-
mity correction and the choice of osteotomy
level(s). It was only mentioned that osteotomy
in the area of the deformity apex, most often lo-
cated at the level of consolidation of the pseudo-
arthrosis, can lead to lysis of the ends of bone
fragments in the region of osteotomy and pseudo-

arthrosis [8].
!
1l

e

a . b
Fig. 7. Radiographs of the patient after removing the plate

and screws according to hemiepiphysiodesis: a — anterior-
posterior view; b — lateral view
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Considering these data and our own experience
of several years, we performed 2 osteotomies
of the shin bones, located as high and low as
possible, outside the zone of consolidation of the
pseudoarthrosis and the pathologically-changed
bone, determined radiologically. In conjunction with
the use of the Ortho-SUV transosseous unit with
computer navigation properties, highly accurate
deformity correction was achieved, which was 95%
for deformities in the frontal plane and 80% for
deformities in the sagittal plane. Our hypothesis,
that regardless of the accuracy of deformity
correction for eliminating the difference in the
lengths of the lower extremities, the deformities
will recur as the child grows, was confirmed in
100% of cases. Unfortunately, no data on correction
of these deformities is available. Therefore, the
question about the timing of recurrence of
deformities is of interest. In the pediatric patients
analyzed by us, the recurrence of deformities in all
cases was noted at the time of disassembly of the
transosseous apparatus. Meanwhile, in all cases, the
segment length achieved as a result of transosseous
osteosynthesis was maintained.

We would also like to talk more specifically
about the aspects of the method of hemiepiphy-
siodesis. Despite the extremely high popularity
of this method in the treatment of lower limb
deformities in a growing child against various
diseases [11-15], we did not find any systemic
review of hemiepiphysiodesis in patients with
deformities in cases of consolidated congenital
pseudoarthrosis of the lower leg. In a publication
by P. Stevens [12], the author described the
method and provided radiographs of a child with
consolidated pseudoarthrosis and described how
hemiepiphysiodesis was used for correction of
secondary deformities. However, the low injury rate
of hemiepiphysiodesis, the presence of functioning
growth zones, the absence of difference in the lengths
of the lower extremities after the first stage served as
a prerequisite for the second part of our study. Our
results confirm that hemiepiphysiodesis is highly
efficient in treating the recurrence of deformities.

Conclusion

The analysis shows that in 100% of cases, there
is a recurrence of deformity as a child grows,
regardless of the accuracy of deformity correction

in cases of consolidated pseudoarthrosis of the
shin bone. Hence, hemiepiphysiodesis could be an
effective treatment for this complication.
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