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The level of complications after treatment of patients with bone

fractures stays high 22—60 %. Understanding ankle-foot joint
biomechanics is critical for choosing trendy methods hybrid fixa-
tion or the traditional fixation of the fibula plate and positional
screw for distal syndesmosis. Objective. To analyze the effective-
ness of surgical treatment of patients with unstable trans- and
suprasyndesmosis fractures with hybrid stable-elastic fixation
(HSEF) in comparison with the traditional method of fixation
with a bone plate with a positioning screw according to X-ray
morphometric parameters. Methods. 82 patients with unstable
trans- and suprasyndesmotic fractures of the fibula. The main
(I group) of the study consisted of 18 (21,95 %) patients with
an average age of (41,6 £ 15,5) years who operated with hybrid
stable-elastic fixation, and the control (Il group) — 64 (78.05 %)
patients with an average age of (52,4 + 15,7) years, who operated
with a bone plate with a positioning screw. Results. The TTA was
0.63 times lower than in patients after traditional fixation. For
type C fractures in patients after HSEF, the value of TTA was
also 0.78 times (p=0.0005). Conclusions. The analysis of X-ray
morphometric parameters of the angle of inclination of the talus
bone and the talus-tibia angle confirms the advantage of hybrid
stable-elastic fixation in trans- or supra-syndesmotic fractures
of the fibula with damage to the distal inter-tibial syndesmosis.
According to the value of the index of the angle of inclination
of the talus in patients after hybrid stable-elastic fixation, lower
risks of ankle-foot joint instability in the p/o period were found
than in patients after traditional osteosynthesis. Median values
of the talus-tibia angle indicated a tendency to shorten the fibula
in patients after traditional osteosynthesis.
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Tumoma saea yckiaoHeHs | He3a008LIbHUX Pe3YIbMAmIs IIKY6aH-
H5L X6OPUX 3 NEperomMamu KICmo4oK 3aIUacmsbCs 8UCOKOIO | cA2ae
22—-60 %. 3nanms 6iomexanixu HaOn siMmKO80O-2OMINIKOBO20 CY20-
6a nompebyroms nepeziady, Wo no8a3aHo 3 pO3POOIEHHAM HOBUX
Mmemodig 2ibpudnoi ixcayii. Mema. Ilposecmu nopienanibHull
amaniz pe3yrbmamie peHmeeHOMoppoMempuyHUX NOKA3HUKIE
nicnsa eiopudnoi cmabineno-enacmuunoi (I'CE®) ma mpaduyiii-
Hol hikcayii HaKICMKOBO NAACMUHOIO 3 NOSUYTIIHUM WYPYIOM
Hecmabinonux yepes- i naocunoecmosnux nepenomise (YHCII)
MANO2OMIIKOBOI KICIMKU 3 YUIKOOICEHHAM OUCMATLHO20 MIJIC20-
Minko8020 cunoecmosy. Memoou. Ilpoananizosano pesyrbmamu
nikyeanns 82 xeopux i3 Hecmabinohumu YHCII manozomin-
kool kicmku (MI'K) muny B i C 3a Weber i3 ywkooocennam
QUCATLHO20 MINC2OMINK08020 cundecmosy (IMIC) 3a penm-
eenomophomempuunumu noxaznuxamu. Oyinioganu Kymu: Ha-
xuny naon’amkosoi kicmxku (KHHK) i naon’amkogo-zominkosuii
(HI'K). V I epyni (18 nayienmis, gix (41,6 + 15,5) poxis) euxona-
au I'CE®D, y 11 (64, 6ix (52,4 + 15,7) poxie) — ocmeocunmes MI'K
¢ naacmunoro, JIMI'C — nosuyitinum wypynom. Pezyromamu.
YV nayienmis epynu I i3 nepenromamu muny B noxasnux KHHK
6ye y 0,63 pazy menwum, uixe ¢ ocio epynu 11; i3 neperomamu
muny C — ¢ 0,78 paszy (p = 0,0005). Lle niomsepocye men-
WUt pu3uK HecmabiibHOCMI HAON AMKOB0-20MIIKO8020 Cye-
no6a 6 nicisionepayitinomy nepiooi ¢ nayienmie nicis I CE®.
Habnuxcenns mediannoco snavenns HI'K 0o nudcnvoi meonci
Hopmu eusigunu y xeopux epynu I iz neperomamu muny B, 0o
6epxnvoi — 6 epyni I, wo ceiduume npo Ginbuty meHoeHyilo
0o exopouenna MI'K nicna I'CE®. Iloxasnuk ciio ypaxogy-
eamu y xeopux 3 kocumu (munie B i C 3a Weber) i, ocodauso,
3 ynamxosumu (munie 44 C 2.1, 2.2, 2.3 3a AO) neperomamu
MTIK, suxonyiouu I'CE®. Bucnosxku. 3a penmeenomopghomem-
PUYHUMU NOKASHUKAMU KYMA HAXULY HAON AMKOBOT KicmKu ma
HAON AMK0B0-20MINIKOB020 Kyma 008edeH0 nepegacy 2iopuoHoi
cmabinvuo-enacmuynoi Qikcayii 0ns 1iKyeawHs uepes- abo
HAOCUHOECMOZHUX NePeoMi8 MAI02OMIIKOBOI KICIMKU 3 YUWKO-
02ICEHHAM OUCMATLHO20 MIJICCOMINIKOB020 cutoecmosy. Kniouosi
cnosa. Penmeenonociuna oiacnocmuka, 2iopuona cmabinvho-
enacmuyna Qixcayis, neperomu KiCmowok 20MIIKU, MIHC2OMLI-
KOBUIL CUHOECMO3.
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Introduction

Traumatized patients with a combination of unstab-
le bone fractures and damage to the distal intertibial
syndesmosis (DITS) are considered especially diffi-
cult in terms of diagnosis and treatment. More than
50 % of such injuries occur in people of working age
(from 30 to 60 years old), often as a result of high-
energy injury mechanisms, during active participa-
tion in various sports [1, 2-5]. The specific weight
of complications and unsatisfactory results of treat-
ment of patients with bone fractures remains high and
reaches 22—-60 % [6—9]. One of the reasons for this is
the early onset and rapid progression of osteoarthritis
of the talocrular joint (TCJ) in 3.4 % of the popula-
tion, of which 70—80 % is post-traumatic [10, 11].

A differentiated approach to choosing the optimal
treatment tactics depends significantly on established
signs of damage instability [12]. Detecting instability
in some cases is difficult [13], which sometimes leads
to an inadequate solution, and errors in the choice
of surgical method of treatment can cause unsatisfac-
tory results [14, 15].

Detection of clinical and radiological signs
of damage to the bones of the tibia is mostly not diffi-
cult, but the rupture of DITS using conventional diag-
nostic methods (objective examination, X-ray) — on
the contrary [16, 17]. About 45 % of DITS ruptures
are diagnosed intraoperatively during a gravity test,
«hook test», or «tap test», which are performed un-
der the control of a fluoroscope [16-22]. At the same
time, findings of computed tomography (CT) [23],
magnetic resonance imaging (MRI) [24-26], and
X-ray morphometric measurements [27] should be
taken into account. Deviation of the fibular bone (FB)
by 1 mm or an increased distance between the tibia
and fibula bones of more than 5 mm revealed by ra-
diography is a reason for discussion among clinicians
due to the formation of misconceptions about the ab-
sence of DITS damage [28, 30].

The use of modern X-ray morphometric parame-
ters makes it possible to determine the degree of inju-
ry to the bone and soft tissue components of the TCJ
at the stage of diagnosis. Modern mobile X-ray devi-
ces enable intraoperative monitoring during the res-
toration of structures of the TCJ, the correctness
of the use of modern stabilizing structures [31].

Usually, the treatment of patients with unstable
bone fractures and DITS damage is traditional with
stabilization of the FB with a bone plate and resto-

ration of the DITS with a positional screw [32, 33].
But the deepening of knowledge about the biome-
chanics of the TCJ in the norm revealed the pecu-
liarities of the rotational movement of the FB during
the loading process [34, 35]. This led to a revision
of the traditional use of a bony fixator and a positional
screw, which, albeit temporarily, immobilizes the dy-
namic structure of DITS [36]. Violation of the prin-
ciples of DITS repositioning leads to complications
in 12-52 % of cases [37]. Currently, the postulates
of DITS stabilization with positioning screws are be-
ing revised [38]. Some biomechanical studies have
proven the possibility of independent use of tape on
endobatons for DITS fixation without a positional
screw with a satisfactory rehabilitation result [39].

We proposed a hybrid method of stabilizing the FB
with an intramedullary nail, and the damaged DITS
with a tie tape, which we called «hybrid stable-elastic
fixation» (HSEF) [40]. But each of the new fixatives
requires a corresponding update of the knowledge
of X-ray morphometric parameters, which would tes-
tify to the adequacy of the restoration of the compo-
nents of the TCJ. The correctness of the proposed
combined fixation (HSEF) needs scientific proof.

Purpose: to conduct a comparative analysis
of the results of X-ray morphometric indicators af-
ter hybrid stable-elastic and traditional fixation with
a bone plate with a positional screw of unstable trans-
and suprasyndesmotic fractures of the fibula with
damage to the distal intertibial syndesmosis.

Material and methods

The clinical studies submitted for publication
were approved by the local Ethics Committee at Iva-
no-Frankivsk City Clinical Hospital No. 1 (protocol
No. 85 dated 29.03.2018). Patients who were involved
in the study signed an informed consent.

The analysis of the X-ray morphometric parame-
ters of the angle of inclination of the talar bone and
the talocrural angle was performed after HSEF and
traditional fixation with a bone plate with a positio-
nal screw in 82 patients with unstable trans- and su-
prasyndesmosis (types B and C according to Weber)
fractures (TSSF) of the fibula with DITS damage,
who were treated in inpatient trauma departments
of clinical hospitals in Ivano-Frankivsk from 2018 to
2021. Among them there were 46 (53.7 %) women, 38
(46.3 %) men. The majority (68.3 %) of patients were
of working age from 21 to 60 years old. Radiological
examination was performed in standard direct and
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lateral projections during preoperative planning and
in the postoperative period using a stationary digital
device Opera RT20 (GMM, Italy) and a mobile de-
vice of the C-arm type, Radius (International Medi-
cal Devices, England).

The main group I consisted of 18 (21.95 %) pa-
tients, average age (41.6 £ 15.5) years, who underwent
HSEF of the FB with a blocked intramedullary nail
for the long bones of the forearm (CHARFIX system®
company), and DITS injuries with an elastic band-
screed (ARTREX"® FiberWire®) No. 5 on endobatons.
The control (II) group included 64 (78.05 %) indivi-
duals, average age (52.4 £+ 15.7) years, who underwent
traditional osteosynthesis of a fracture of the FB with
a plate with fixation of the damaged DITS with a po-
sitioning screw, which had to be removed 6—8 weeks
after surgery.

By the features of damage to anatomical structures
according to the AO classification, the patients were di-
vided as follows: the main group — 22 % of patients had
type 44 Bl fractures (in particular, 44 B1.2), 22 % —
type 44 B2, which included 44 B2.1, 34 % — 44 In 2.2,
22 % — type 44 B3 (11 % of subtypes 1 and 2 each);
control group — 8 % of people with type 44 B 1.2 frac-
tures, 22 % and 32 % — type 44 B2 (subtypes 1.2 and
2.2, respectively), type 44 B3 (only subtype 44 B3.2) —
38 %. Patients with type 44 C fractures in the com-
parison groups were distributed as follows: main —
22 % with type 44 Cl fractures (11 % of subtypes 1.1,
1.3 each), 22 % — 44 C2 (11 % of subtypes 2.1 and
2.2 each), 56 % — type 44 C2.3. Among the patients
of the II (control) group with type 44 Cl.1 fractures,
there were 30 % of people, 44 C 1.2 and 1.3 — 15 %, re-
spectively, 44 C2.1 — 7 %, 44 C2.2— 11 %, 44 C2.3 —
18 %, 44 C3.3 — 4 %. Thus, groups I and II were homo-
geneous in terms of age, sex, and type of fracture.

Evaluation of all X-ray morphometric parameters
was used to determine treatment tactics, preoperative
planning, and postoperative control of osteosynthesis
in certain periods (within 1-2 days after surgery, be-
fore removal of the positioning screw in patients of the
control group or as clinically necessary). In the post-
operative period, on control radiography of the TCJ
in standard projections, measurements were taken into
account in comparison with known normal values.

The study involved determination of the following:

1. Talocrural angle (TCA) — between the dis-
tal surface of the tibia and the line between the tops
of the medial and lateral bones, which has accept-
able values of 83° + 4° and is used for comparison
with structures on the opposite side. The parameter is
valuable for determining the adequacy of restoration
of the length of the FB;

2. Talar tilt angle (TTA) — forming lines that
run parallel to the talar bone and to the distal edge
of the tibia, which should not exceed 2°. An increase
in the angle indicates medialization or lateralization,
that is, instability of the TCJ.

The statistical processing of the obtained results
was carried out in accordance with the rules of medi-
cal and biological statistics using MS Excel and Sta-
tistica 6 software. The method of non-parametric sta-
tistics was applied — the paired Mann-Whitney U Test
for independent populations.

Results and their discussion

Evaluation of the median values of the talocrural
angle revealed acceptable indicators in the compari-
son groups that did not go beyond the normal range
(N =83°+4°),

As aresult of measuring the tilt of the line between
the tops of the inner and outer bones, which probably
indicates a violation of the congruence of the struc-
tures of the TCJ after surgical restoration of the
length of the FB, significant differences were found
in patients with type B and C fractures of the FB (ac-
cording to Weber) in the comparison groups (Fig. 1).

The tendency to the shortening of the FB was de-
termined by the approximation of the median value
of the TCA (83.5° [79.2°—85.2°]) in patients of group
I (main) to the lower limit of the norm (79°—87°) un-
der the conditions of type B fractures. In patients
with type C fractures, the value of the TCA was
82.5° [79.1°—85.1°]. Median values of TCA in patients
of the II (control) group were closer to the upper limit
of the norm (p = 0.0366). This indicated the danger
of shortening of the FB, which should be considered
after closed reduction at the stage of nail implanta-
tion for HSEF, especially in patients with commi-
nuted (types 44 C2.1, 2.2, 2.3) and oblique fractures
of the FB (types B and C).

The length of the FB at this stage was restored
with the intraoperative use of a distractor and proxi-
mal locking with a locking screw inserted perpen-
dicular to the intramedullary canal of the FB above
the tip of the nail.

An increase (over 2°) in the TTA is known to in-
dicate a deviation (medialization or lateralization)
of the talar bone in the «fork» of the TCJ. Accord-
ing to the median values of the TTA index, an excess
of 2° was not established in any of the patients with
types B and C fractures (a clinical example of a pa-
tient of group I is shown in Fig. 2).

However, a significant difference in the medi-
an value of the TTA indicator was found in patients
of the comparison groups with fractures of types B
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Fig. 1. Comparative results of the median values Fig. 3. Comparative results of the median values

of the radiometric value of TCA (N = 83° + 4°) in the study
groups on control radiography after surgery (degrees)

Fig. 2. X-ray morphometric indicators of TCA and TTA in
patient X. (group I) with a type 44 C1.2 fracture after HSEF

and C (Fig. 3). In particular, in individuals of group
I with a type B fracture, the TTA index (1.14°
[0.94°-1.48°]) was 0.63 times lower than in group
IT (1.8° [1.8°-1.9°], p = 0.0003). In the case of di-
agnosed type C fractures in patients of the I group,
the TTA was equal to 1.49° [0.89°-1.67°] and was
also 0.78 times smaller (p = 0.0005) compared to
the II group — 1.9° [1.7°-2°]

Of course, the risk of instability may rise as TTA
increases. We established that this risk is lower in pa-
tients of group I compared to group II. Therefore, ac-
cording to the TTA indicators following HSEF with
a nail and a tie-tape (group I), we ascertained the su-
periority of this method for stabilization of the TCJ
over the use of a plate for fixation of the FB with rigid
positioning of the DITS screw (group II).

Conclusions

Evaluation of X-ray morphometric parameters
of the talocrural angle and the angle of inclination
of the supracalcaneal bone proved the advantage

of the radiometric value of TTA (N < 2°) in the study groups on
control radiography after surgery (degrees)

of hybrid stable-elastic fixation in trans- or supra-syn-
desmotic fractures of the fibula with damage to
the distal inter-tibial syndesmosis.

The median value of the talocrural angle index
in most patients with types B and C fractures after
hybrid stable-elastic fixation was close to the low-
er limit of normal, after osteosynthesis with a plate
with a positional screw to the upper limit, which in-
dicated a greater tendency in them to shorten fibu-
la bone. This indicator should be taken into account
in persons with oblique (types B and C) and, espe-
cially, comminuted (type 44 C2.1, 2.2, 2.3) fractures
of the fibula during hybrid stable-elastic fixation and
restore the length of the fibula with the intraoperative
use of a distractor and proximal locking with a lock-
ing screw above the top of the nail.

According to the value of the index of the angle
of inclination of the talar bone in patients after hyb-
rid stable-elastic fixation, a lower risk of instability
of the talocrural joint in the postoperative period was
found than in patients after traditional osteosynthesis.
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