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Introduction. One of the complications of the clinical course of cerebral palsy in children is external torsion of the
tibia. The issue of localization and the mechanism of its formation, as well as effective methods of its elimination,
is debatable.

Purpose - to study the mechanisms of the formation of pathological external torsion of the tibia in children with
cerebral palsy, its effect on knee joint contracture and foot deformity, and effective methods of their correction.

Materials and methods. The data obtained during the observation of 45 patients (90 cases) aged from 6 to 16 years
with spastic diplegia, spastic tetraparesis and foot pronation were analyzed. To study the mechanisms of formation
of external torsion of the lower leg and its correction, 2 groups of patients were selected. The Group I — 24 patients
with internal rotation contractures of the hip joint (10 patients with internal rotation contractures of the hip joint;
10 patients — in combination with pathological antetorsion of the femoral neck; 4 patients — in combination with
flexion contractures of the knee joints). The relationship between internal rotation contracture of the hip joint and
external torsion of the tibia. The Group II consisted of 21 patients who were diagnosed with flexion contracture of
the knee joints in combination with external torsion of the tibia. In order to study the effectiveness of operative
treatment of knee flexion contracture and external torsion of the tibia in the Group II, 2 subgroups were distin-
guished: the subgroup IIA - 9 patients who underwent osteotomy of the tibial bone; the subgroup IIB - 12 patients
who only underwent biceps femoris transposition.

Results. Based on the study of clinical and radiological indicators, it was established that pathological torsion
of the tibial bone is combined with flexion contracture of the knee joints. Proximal derotational osteotomy of the
tibia has a positive effect on the results of correction of knee flexion contracture and foot position.

Conclusions. The main reason for the formation of external torsion of the tibia is the imbalance of the flexor muscles
of the knee joint and the supinator and pronator muscles of the foot. Proximal tibial derotation osteotomy eliminates
not only pathological torsion, but also flexion contracture of the knee joints and excessive pronation of the foot.

The study was conducted in accordance with the principles of the Declaration of Helsinki. The study protocol was
approved by the local ethics committees of all institutions participating in the study. Informed consent of the patients
was obtained for the research.

No conflict of interests was declared by the authors.

Keywords: tibial torsion, cerebral palsy, pronation deformities of the feet.

MaTtonoriyHa 30BHILUHA TOPCiA BEIMKOTOMINIKOBOI KiCTKU IK 04HA 3 NPUYMH AUCOYHKLIT KONiHHOrO cyrnoba
Ta popmyBaHHA NPOHaUiiHOi aedopmalii cton y aiteit 3 uepebpanbHMM napaniyem

O.A. flaHunos, B.B. lopenik, O.B. LLlynvea, K.B. A4Ha

HauioHanbHul yHisepcumem oxopoHu 300po8’s YkpaiHu imeri 1./1. Lynuka, m. Kuis

Bctyn. OAHMM 3 YCKAAZAHEHb KAiHIYHOrO nepebiry uepebpanbHoro napanivy B AiTel € 30BHilWHA TOPCiA BENUKOTOMIZIKOBOI KiCTKM.
[JMCKYCIMHUM 3aIMILAETBCA NUTAHHA LWOAO NOKai3aL,i Ta MexaHi3my ii opmyBaHHA, a TAKOXK CTOCOBHO edeKTUBHUX METOAIB ii YCYHEHHSA.
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Merta — BMBUMTH MeXaHi3MM pOpMyBaHHS NaTONOrYHOI 30BHiLLHbOT TOPCii BEIMKOrOMINKOBOI KiCTKM B AiTel i3 LepebpanbHUM napaniyem;
BUABUTM BM/IMB Ha KOHTPAKTYPY KONIHHOTO cyrnoba Ta Aepopmallito cTonu; BUSHaUUTM edeKTUBHI METOAM iXHbOT KopeKL;i.

Marepianu Ta metogu. MNpoaHani30BaHO AaHi, OTPMMaHI Nif Yac cnocTepekeHHA 3a 45 nauieHtamu (90 BUNaaKis) Bikom Big 6 A0 16 pokis
3i CNacTUYHOO AMNAerielo, CNacTUYHMM TETPanapesom i NpoHaLieto cTonu. s BUBYEHHA MexXaHi3MiB GOpMyBaHHA 30BHiLLHbOI TOpCii
rOMiNKK Ta il KopeKLii BuaineHo Agi rpynu nauieHTis. | rpyna — 24 nawjieHTyt 3 BHYTPILIHIMM POTALLIMHUMM KOHTPaKTYpaMU Ky/bLIOBOTO cyrnoba
(10 nauieHTiB i3 BHYTPILLHIMM POTALIMHUMM KOHTPAKTYpamMu Ky/iblioBoro cyrnoba; 10 nawieHTis i3 NoeAHaHHAM i3 NaTONOTIYHOK aHTETOPCIED
LIMIAKM CTETHOBOI KIiCTKM; 4 NaLEHTU 3 NOEAHAHHAM 3i 3TMHANbHUMM KOHTPAKTYpaMM KONiHHUX cyrno6iB). Y nauieHTis | rpynu gocnigskeHo
3B’A30K MiX BHYTPILLHbOI POTALIMHOK KOHTPAKTYPOIO Ky/IbLLOBOTO Cyr106a Ta 30BHiLLHILIHBOK TOpCieto rominku. Il rpyna — 21 naujenT, y
AKOro [iarHOCTOBAHO 3rMHaNbHY KOHTPAKTYpY KONIHHUX cyrno6iB y NOEAHAHHI i3 30BHiLIHbO TOPCIEID FTOMINKK. 3 METO BUBYEHHA
e(heKTUBHOCTI ONepaTMBHOTO NiKYBaHHA 3rMHa/IbHOT KOHTPAKTYPU KOAiHHOrO cyrnoba Ta 30BHilLHbOI Topcii rominku B |l rpyni BuaineHo Agi
nigrpynu: niarpyna llA—9 navwieHTis, AKMM NPOBELEHO OCTEOTOMIIO BENMKOTOMINKOBOI KiCTKM; Nnigrpyna b — 12 nawjieHTis, AKMM NpoBeAEHO
TiNbKM TPAHCMO3MLLiO IBOTONOBOrO M'si3a CTErHa.

Pe3ynbtatu. Ha nigcTaBi BUBYEHHA KNiHIKO-PEHTIEHONOMNYHUX NOKA3HMKIB BCTAHOB/IEHO, LLO NATONOrIYHA TOPCiA BEIMKOrOMINKOBOI KiCTKM
NOEAHYETHCA 3i 3TMHANbHOI KOHTPAKTYPOI KONiHHMX cyrnobis. MpoKcMManbHa AepoTaliiiHa 0CTEOTOMIS BEIMKOTOMINIKOBOI KiCTKM
NO3UTUBHO BNIMBAE Ha PE3Yy/bTaTh KOPEKLLi 3rMHaNbHOT KOHTPAKTYpPH B KONIHHOMY cyri06i Ta no3uLito cTonu.

BucHoBKM. OCHOBHOIO NMPUUMHO GOPMYBaHHA 30BHILLHbLOT TOPCIT BENIMKOTOMINKOBOI KICTKM € AncbanaHc m’a3iB-3r1HaviB KoniHHOro cyrnoba
Ta M'A3iB-cyniHaTopiB i NpoHaTopie cTonu. [poKcManbHa AepoTalliiHa 0CTEOTOMISt BEJIMKOrOMINIKOBOI KiCTKM YCYBAE He TilbKW NaToNOriuHy
TOpCito, ane i 3rHanbHy KOHTPAKTYpY KONIHHMX CyrNo6iB i HagMipHY NPOHaLLito cTonw.

LocnigeHHA NpoBeAeHO BigNOBIAHO A0 NpMHUMNIB [eNbCiHCLbKOT AeKnapaLii. MpoToKon A0CAiAKeHHA yXBaneHO JIOKaNbHOK eTUYHO

KOMici€eto 3a3HaueHoi B poboTi ycTaHOBU. Ha NpoBeaeHHs A0CNiaKeHb OTPUMAHO iHGOPMOBaHY 3rody NaLieHTiB.

ABTOpM 3aABAAOTb NPO BiACYTHICTb KOHDAIKTY iHTEpECiB.

Kntouoei cnoea: Topcis BENMKOrOMINIKOBOI KiCTKM, ANTAYMI LepebpanbHuii napaniy, npoHauiinHi aepopmaldii cton.

Introduction

One of the complications of the clinical course of ce-
rebral palsy is pathological external torsion of the tibia
[3,6,7]. The deformation causes a violation of the axis of
movement in the knee joint, relative to the line of pro-
gression, with an abnormal knee moment in the frontal
plane, which leads to impaired locomotion and a de-
crease in power moments in the ankle joint [1,20]. The
above-mentioned changes cause instability of the knee
joint, dystrophy of the ligamentous apparatus, and the
formation of flexion contractures [8,24]. Shifting the
support points to the medial side of the foot changes
statics with the formation of its pronation deformation
[12,26]. Until now, there is no single point of view on the
mechanism of formation of external torsion of the tibial
bone. Thus, some authors, considering the deformation
as one of the options for the formation of the bone ske-
leton in the growth process, allow the possibility of its
occurrence in children in the absence of visible patho-
logical changes in the musculoskeletal system. At the
same time, the need to correct the torsion at its high
values is noted [10,18]. At the same time, there are indi-
cations of the occurrence of pathological external tor-
sion during deformation and pathology of the knee joint
as well as a compensatory reaction of the bones of the
lower leg to the internal rotation of the femur or in re-
sponse to pathological antetorsion of the neck of the
femur [5,16,23,27,29]. In patients with cerebral palsy, the
main factor causing pathological external torsion of the
leg is muscle imbalance, which is confirmed by experi-

mental biomechanical research [13,17]. However, this
point of view is contradicted by the observation of pa-
tients with lethargic paralysis of the lower limbs, in
whom, in the absence of muscle strength, excessive ex-
ternal torsion of the leg is formed [2]. Considering this
deformation from the position of the angle change be-
tween the transverse axes of the proximal and distal ar-
ticular surfaces of the tibia, the authors do not indicate
from which area the deformation begins and the loca-
lization of its epicenter [4,28]. In connection with this
position, there are recommendations to perform an os-
teotomy of the lower third of the bones of the lower leg,
although this technique does not eliminate the deforma-
tion of the bone in its proximal parts, but only makes it
possible to restore the correct position of the foot in re-
lation to the longitudinal axis of the lower limb [22].
There is an ongoing debate about the optimal meth-
ods and accuracy of measuring the tibial torsion angle.
Computed tomography with high reliability allows you
to determine the displacement of the transverse axes of
the proximal and distal articular surfaces. However, the
technique is faced with the need to perform a large num-
ber of sections and calculations to study different areas
of deformation. Positive results were obtained when us-
ing a laser scanner with bone curvature mapping. The
use of clinical methods for determining the torsion angle
of the tibial bone based on the measurement of the
thigh-foot angle (TFA) and transmalleolar axis (TMA),
as well as using the «two fingers» test [14,19], is quite
accurate. The disadvantages of the methods are the im-
possibility of determining the change in the curvature of
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Fig. 1. Torsion angle calculation method: A — the line between
the proximal and distal metaphysis of the tibia (continuous line);
B — a dashed line that runs along the projection of the bone
crest, N is the distance between the marking lines Aand B

the bone along its length. Thus, the data of foreign and
domestic authors testify to the importance of the prob-
lem and the difference in views on localization, causes,
mechanism of formation of clinical manifestations of
pathological external torsion of the tibial bone.

The purpose of the work is to study the mechanisms
of the formation of pathological external torsion of the
tibia in children with cerebral palsy, its effect on knee
joint contracture, foot deformity and effective methods
of their correction.

Materials and methods of the research

The data obtained during the observation of 45 pa-
tients (90 cases) aged from 6 to 16 years with spastic di-
plegia and spastic tetraparesis were analyzed. To study
the mechanisms of formation of external torsion of the
lower leg and its correction, 2 groups of patients were
selected. The Group I consisted of 24 patients with inter-
nal rotation contractures of the hip joint (10 patients with
internal rotation contractures of the hip joint; 10 pa-
tients — in combination with pathological antetorsion of
the femoral neck; 4 patients — in combination with flex-
ion contractures of the knee joints). The relationship be-
tween internal rotation contracture of the hip joint and
external torsion of the tibia were observed. The Group II
consisted of 21 patients who were diagnosed with flexion
contracture of the knee joints in combination with exter-
nal torsion of the tibia and pronation of the foot.

In both groups, pronation deformities of the feet of
varying severity were observed.

In order to study the effectiveness of operative correc-
tion of knee flexion contracture and external torsion of
the tibia in the Group II, 2 subgroups were distin-
guished: the subgroup IIA - 9 patients who underwent
osteotomy of the tibial bone; the subgroup IIB - 12 pa-
tients who only underwent biceps femoris transposition.

Inclusion criteria: patients with internal rotation con-
tractures of the hip joint, pathological antetorsion of the
femoral neck, pathological external torsion of the tibia,
flexion contractures of the knee joints and pronation
deformities of the feet due to cerebral palsy.

Exclusion criteria: deformations of the bones of the
lower leg, knee joint and foot, which were formed as a
result of injuries, congenital and acquired diseases of the
musculoskeletal system.

The following clinical and radiological methods were
used: determination of active and passive movements in
the hip, knee and ankle joints with gradation of contrac-
tures by degree. The longitudinal axis of the lower limb
was examined using a slope lowered from the front up-
per iliac spine. Normally, the projection of the temple
should pass through the center of the projection of the
ankle joint. The angle of torsion of the tibial bone was
determined by drawing with a marker, in the position of
the patient on his back, the line of the longitudinal axis
of the thigh, the longitudinal axis of the foot, the line
connecting the parts of the medial and lateral bones that
protrude. At the point of intersection of the longitudinal
axes of the thigh and the TFA foot, torsion of the tibia
was determined in degrees. The angle between the lon-
gitudinal axis of the thigh and the perpendicular to the
joint line of the TMA ankle joint also makes it possible
to determine the amount of bone torsion with high ac-
curacy. Recently, the «second toe» test has become po-
pular for measuring the torsion angle of the tibia: in a
supine position, with the knee joint fully extended, the
limb is rotated inward or outward until a position is
reached in which the second toe becomes perpendicular
to the horizontal plane Then, without changing the po-
sition of the limb, the lower leg is bent to 90 degrees.
Torsion is determined by the point of intersection of the
horizontal line and the longitudinal axis of the lower leg.
The antetorsion angle of the femoral neck was measured
on radiographs of the hip joints (the norm is 15°-30°). In
the frontal projection of the foot, the Kite angle was as-
sessed (norm <30°). In order to study the torsional de-
formation of the tibia along the projection of the crest of
the bone, metal markers with a length of about 0.5-1 cm
were fixed using adhesive tape, starting from the tuber-
ositas tibia to the projection of the ankle joint. On the
anterior-posterior radiograph, the displacement of the
markers was measured and the torsion angle was calcu-
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Table 1
Relationship of external tibial torsion and foot pronation from concomitant deformities

Associated deformities Indicators of tibial torsion Valgus deviation of the heel bone
Hip contracture in the position of internal rotation |16.4°+1.7° 11.2°+2.4°

Flexion contractures of the knee joint 24.2°£3.1° 15.2°+1.5°

Antetorsion of the femoral neck 9.1°+2.1° 10.8°+1.6°

lated according to the formula 2nR/360xN (where R is
the radius of the bone circumference, N — distance be-
tween A and B proximal and distal markers; A is the line
between the proximal and distal metaphysis of the tibia;
B is the line that runs along the projection of the bone
crest). Torsion angle norm <15° (Fig. 1).

To determine the muscle mass, the transverse diame-
ter of the biceps femoris muscle (m.) was measured, .
semimembranosus, m. semitendinosus, m. tibialis anteri-
or et posterior, m. peroneus brevis et longus, m. flexor dig-
itorum longus, m. flexor hallucis longus using ultrasound
and measured their length, noting the points of their
fixation to bones and fascia.

Statistical analysis. Numerical data were compared
between groups and processed statistically with the de-
termination of M+m and the reliability coefficient ac-
cording to the Student’s t-test. The probability level is set
at P<0.05.

The study was approved by the Ethics Committee of
the Shupyk National Healthcare University of Ukraine.

Results of the research

The patients of the Group I had a limitation of the ex-
ternal rotation of the hip in the supine position. The aver-
age values of rotational passive movements were
25.4+4.1°, active — 14.7+3.5°. The position of internal ro-
tation of the hip in the vertical position is 20.2°+5.3°. Re-
traction of the anterior part of the gluteus medius muscle
was the main reason for limiting the external rotation of
the hip. During the clinical examination, the antetorsion
angle of the femoral neck was 22.3°+2.5°, and the radio-
logical one was 27.4°+5.2°. Thus, in patients of the Group
I, the antetorsion angle corresponded to age. The evalua-
tion of the external torsion of the tibial bone showed that
its value was 16.4°+5.7°. No direct correlation was found
between the degree of rotational contracture of the hip
joint and the magnitude of the external torsion angle. No
correlation was found between the femoral neck antetor-
sion angle and the tibial external torsion angle. In one
(4.2%) patient with internal rotational contracture of the
femur up to an angle of 30°, internal torsion of the tibia by
25° was noted. At the same time, in 4 (16.7%) patients
with a combination of internal rotation position of the hip
and flexion contractures of the knee joints of the 1* degree
[7], the angle of external torsion of the tibia was

24.2°+3.1°. Thus, the obtained data showed that there was
no correlation between the internal rotational position of
the femur and the external torsion of the tibial bone in the
examined patients. Also, no direct relationship between
the femoral neck antetorsion angle and tibial torsion was
found. 4 (16.7%) patients with a combination of internal
rotation contractures of the hip joints and flexion contrac-
tures of the knee joints of the 1* degree had increased ex-
ternal torsion of the lower leg. The analysis between the
pronation position of the feet and the internal rotational
contractures of the hip joints, without pathological exter-
nal torsion of the leg, showed the absence of their depen-
dence. Therefore, taking into account the fact that external
torsion in the Group I was observed only in 4 (16.7%)
children, it can be said that the pronation deformation of
the feet was not always combined with the internal rota-
tion of the hip. However, in 22 patients who were diag-
nosed with external torsion of the lower leg, pronation of
the feet was observed (Table 1).

The study of clinical and radiological data obtained
before surgical treatment in patients of the Group II
showed that external torsion of the leg was present in
18 (85.7%) patients, and all patients of the Group II were
diagnosed with flexion contracture of the knee joints. A
direct relationship between the degree of flexion con-
tractures and the torsion angle of the lower leg was ob-
served (Fig. 2).

The greatest value of external rotation of the leg was
in patients with II-III degree contractures. Thus, in pa-
tients of the Group II, there was a direct relationship
between the degree of external torsion of the tibia and
the flexion contracture of the knee joints: the greater the
contracture of the knee joints, the greater the torsion of
the tibia. The obtained data showed that the magnitude
of the amplitude of active and passive movements in the
knee joints, which indicates the degree of muscle dys-
function, also affected the level of external rotation of
the lower leg. The smaller the difference between these
indicators, the higher the values of tibial torsion in pa-
tients of the Group II (Fig. 3).

So, if the muscles of the semigroup are attached in the
area of the upper third of the metaphysis of the tibia,
then most of the biceps is attached more distally, per-
forming external rotation of the lower leg. Analysis of
the decomposition of forces on the upper third of the
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Average degree of flexion contractures of knee joints and external tibial torsion
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of tibial torsion in patients of the Group Il

tibia indicates that the main points of attachment of the
muscles of the Semi group, which rotate the tibia to the
middle, are located proximal to the fixation point m. bi-
ceps femoris, which rotates the lower leg outward and
intertwines with the fascia of the lower leg to its middle
third. This action causes the tibia to twist outward. This
mechanism can explain the positive effect of tendon
transplantation m. biceps femoris on the tubercle of the
tibia with simultaneous elimination of its external tor-
sion by proximal isolated metaphyseal osteotomy. At the
same time, along with the change in the function m. bi-
ceps femoris, which becomes an extensor of the lower leg,
the points of attachment of the muscles of the Semi
group converge, the duration of their force contraction
phase decreases, thereby preventing the recurrence of

flexion contracture of the knee joint. Decomposition of
forces shows that the distance between the points of fix-
ation of the muscles that rotate the lower leg inward
(muscles of the semigroup) and outward (m. biceps fem-
oris) is the zone of formation of deformation, the begin-
ning of which falls on the area of the tibial tuberosity,
and the end - on the level of its middle third. In this area
of the lower leg, there is an arc-shaped curvature of the
front edge of the tibia with the base facing the medial
side. The main reason is, in our opinion, the compensa-
tory reaction of the bone to its pathological twisting.
That is, the deformation has a combined character. There
is a direct relationship between the amount of arcuate
curvature of the tibia and its external torsion. It should
be noted that in 20 patients of the Group I without tor-
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sional deformation of the tibia, there was no curvature
of its front edge in the frontal plane. The data of clinical
observations are confirmed by X-ray indicators. On ra-
diographs of the bones of the lower leg in a direct pro-
jection with the designation of the front edge of the tibia,
it can be seen that the deviation of the line of projection
of the front ridge of the tibia outward began distal to the
projection of the lower pole of the tubercle of the tibia
and ended in its middle third (Fig. 1).

In the lower third of the tibia, starting from its upper
edge, an increase in torsion was not observed.

In order to practically confirm this position, a com-
parative analysis of the results of surgical correction of
flexion contracture of the knee joints after 24 months of
observation in patients of the Group II was carried out.
In the subgroup IIA, the angle of external torsion of the
tibial bone before the operation was 40.3°+3.4°. The cor-
rection angle was noted within 17.6°+4.1°. To study the
effect of derotational osteotomy on the position of the
foot, the Kyte angle was analyzed on the frontal radio-
graphs of the foot with load before and after the opera-
tion, as well as the angle of valgus deviation of the calca-
neus during the clinical examination. Indicators of the
Kite angle before the operation were 42.3°+3.2°, and af-
ter correction — 28.2°+2.1°. The values of calcaneus val-
gus deviation were 11.3°+2.3° before surgery and
5.1°+1.5° after surgery. Therefore, the elimination of
external torsion of the tibia had a positive effect on the
position of the foot (Fig. 4).

In the IIB subgroup, after 24 months of follow-up, the
results were less significant. The angle of correction of
the external torsion of the tibial bone was 34.6°+4.1°, the
Kite angle was 41.2°+0.8° The angle of valgus deviation
of the calcaneus before the operation was 10.2°+2.7°,
after the operation - 9.3°+1.2°. Taking into account the
measurement error, we can say that the indicators have
not changed (Table 2).

Recurrences of flexion contractures of the knee joints
were noted in 5 patients of the IIB group, which amount-
ed to 41.7%. 14 months after the operation in these pa-
tients, the limitation of active leg extension was 15°-25°,

A B

Fig. 4. Photographs of the lower limbs of patient V., 14 years
old. Diagnosis: cerebral palsy, flexion contracture of the knee
joints. Subgroup IIA. A —violation of the co-axis of the hip,
lower leg and foot before surgical treatment (green — axis of
the hip; blue — axis of the lower leg; yellow — axis of the foot);
B — achievement of hip, lower leg and foot alignment after
surgical treatment (green — lower extremity axis)

passive — 7-14°. A direct relationship was observed be-
tween the degree of contracture before surgery and the
degree of limitation of movements in the joint as a result
of recurrence.

In 1 (8.3%) patient of the IIB subgroup during
18 months of observation, a deformation of the right
tibial bone with the convex side to the back was formed.
The deformation was accompanied by recurvation of the
lower leg and hyperextension of the knee joint. Before
the operation, the external torsion of the tibia was 43° on
the right and 34° on the left. The angle of correction of
the right tibia is 37°, the left tibia is 16°. Taking into ac-
count the instability of the right knee joint, a corrective
tibial osteotomy was performed in the area of the epicen-
ter of the deformation, with the elimination of bone
bending and internal torsion of the distal fragment by
10°. 4 months after the repeated operation, the lower ex-

Table 2
Results of correction of flexion contracture of the knee joint
Subgroup A Subgroup B
n=18 n=24
Ro readings in degrees Mim Mim P
Before the After the opera- |Before the After the opera-
operation tion (24 months) |operation tion (24 months)
Tibial torsion of the tibia bones 40.313.4 17.6x4.1 40.313.4 34.6+4.1 p<0.05
Angle Kite 42.3+3.2 28.212.1 46.3+1.7 41.2+0.8 p<0.05
Angle of knee joint contracture 45.1+1.2 20.5+16.7 44.2+3.2 35.6%2.5 p<0.05
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Notes: 1 — caput longus m. biceps femoris; 2 — caput brevis m.
biceps femoris; 3—m. semimembranosus; 4 —m. semitendinosus;
5 —mm. peroneus longus and brevis; 6 —m. tibialis anterior; 7 —
m. tibialis posterior; 8 — mm. extensor digitorum longus fnd ex-
tensor Hallucis longus; H — distance between fixacion points
m. biceps femoris and m. semi of group.

Fig. 5. Influence of the lower leg muscles on the formation
of the external torsion of the tibia

tremity was able to flexion, active extension of the knee
up to 180°, the patient fully loads the extremity, walks
independently. The achieved result was maintained
throughout the observation period.

Therefore, when analyzing the results of the study of
the external torsion of the tibia and the influence of the
muscles of the lower leg on its formation, the points of
fixation of the muscles, their function, and the decom-
position of the forces acting on the bone were taken into
account. Moreover, the last factor was considered from
the standpoint of their influence on the position of the
foot. The points of attachment of the muscles and the
direction of the force acting on the foot made it possible
to distinguish two groups of muscles that affect the ex-
ternal torsion of the tibial bone. One - with a zone of
attachment to the posterior or posterolateral surface of
the tibia, as well as the posterior-medial surface of the
fibula. It includes the flexor muscles of the foot and fin-
gers, as well as its supinator (m. tibialis posterior). The
direction of the forces of action of these muscles is locat-
ed strictly to the center of the foot or its medial edge, that
is, no twisting moment on the bone is observed. The

second group of muscles is attached to the front and an-
terolateral surface of the tibia. Their force vector is di-
rected both to the center of the foot and to the medial
edge (m. tibialis anterior) and to the center and lateral
edge (m. et tensor digitorum longus), while balancing the
force of action of these muscle groups. At the same time,
the vector of action of the fibula muscles is directed back
and to the side, thereby causing pronation of the foot
and torsion of the tibia outward through the interosse-
ous membrane. Therefore, the pronation effect of the
fibular muscles and partially the extensors of the toes has
a direct torsional effect on the tibia, as well as indirectly
through the tibiotarsal joint during pronation deforma-
tion of the foot (Fig. 5).

Discussion

It is known that the main factor affecting the forma-
tion of flexion contractures of the knee joint is a func-
tional imbalance between the flexor muscles and the
extensor muscles of the lower leg [8]. We noted the in-
fluence of muscle retraction on the amount of torsion of
the tibial bone. According to the classification of the de-
gree of violation of muscle tone, in severe stages of de-
formation, their rigidity was present, characterized by a
sharp loss of both elasticity and contractility. The exis-
tence of a correlation between the degree of flexion con-
tractures of the knee joints and the external torsion of
the tibia raises the question of the mechanism of the
formation of the latter. A comparative assessment of
muscle mass, including the determination of the
cross-sectional dimensions of the muscles and their
length, showed that the main dominant force that caus-
es contracture of the knee joint is the biceps femoris
muscle, which is attached to the head of the fibula by one
part of the tendon and others more distally - to the low-
er leg fascia. Another group of flexors of the tibia (Semi
group) is fixed to the medial condyle of the tibial bone
(internal bundle of the semimembranous muscle), the
tuberosity of the tibial bone, as well as to the capsule of
the knee joint, forming the popliteal ligament and the
fascia of the popliteal muscle.

I.M. Engel et al. note the role of excessive antetorsion
of the neck of the femur on the formation of external
torsion of the tibia [10]. The author analyzed observa-
tions mainly in children without pathology of the ner-
vous system. H.Y. Kim et al.,, N.A. Flack et al. in the study
of biomechanical factors affecting the torsion of the fe-
mur and tibia, the leading role of the muscle component
is noted. It has been proven that in cerebral palsy, the
main factor influencing the torsion of the femur is the
moment of force developed by the gluteal muscles, m.
tensor fascia lata [11,16]. Our observations confirmed
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the opinion about the leading role of a minor static effect
on tibial torsion of excessive antetorsion of the femoral
neck and internal rotational contracture of the hip joint.
D.A. Dolgin et al., B. Lofterod et al. showed the effective-
ness of eliminating torsional deformations of the femur
and tibia to improve static walking locomotion in pa-
tients with cerebral palsy [9,21]. D.D. Ryan et al., W. Mi-
chael propose to eliminate pathological external torsion
of the tibia with the help of distal osteotomy of the tibia
and fibula bones [5,25]. E. Andrisevie conducted a study
of the effect of isolated detorsion distal tibial osteotomy
on the anatomical relationship of the lower leg bones in
25 patients with cerebral palsy using computed tomog-
raphy. The average values of the angle of detorsion were
21.6 degrees. In 9 cases, immediately after the operation,
a subluxation was observed in the proximal tibiofibular
syndesmosis, which was remodeled after 12 months [3].
W.E. Krengel et al. conducted a comparative analysis of
proximal and distal derotational osteotomies of the tibia.
Complications after proximal osteotomies were noted in
13% of patients [18]. Our own observations showed the
presence of complications in the form of the formation
of anterior-concave tibial deformity in the area of the
osteotomy and instability in the knee joint in only one
patient. Torsional correction in this case was 37°. The
main cause of the complication, in our opinion, was a
large angle of correction, which led to a sharp change in
the ratio of the bones of the lower leg in the proximal
tibiofibular syndesmosis, compression in the anterior
epiphyseal cartilage of the tibia and its deformation
during growth. In favor of using a proximal osteotomy
of the tibia, there are strong arguments such as a shorter
period of bone consolidation in the area of the osteoto-
my and correction directly in the deformation zone.

Conclusions

A direct relationship between the degree and duration
of the clinical course of knee flexion contracture and the
amount of external torsion of the tibial bone was noted.
The main reason for the formation of external torsion of
the lower leg is the imbalance of the flexor muscles of the
knee joint. The thesis of compensatory torsion of the tib-
ia in response to internal rotation contracture of the hip
joint or pathological antetorsion of the femoral neck is
not confirmed. In most cases, external torsion of the
lower leg is accompanied by a pronation position of the
feet. An imbalance between the foot supinator and pro-
nator muscles is an additional factor affecting the forma-
tion of external torsion of the tibial bone and pronation
deformations of the feet.

The problem of pathological torsion of the tibial bone
requires further study. Research into the causes of exter-

nal torsion of the tibia and pronation of the foot will
contribute to the improvement of methods of operative
treatment of knee contractures and the reduction of the
number of recurrences.
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