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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 (II 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. 

Питома вага ускладнень і незадовільних результатів лікуван-
ня хворих із переломами кісточок залишається високою і сягає 
22‒60 %. Знання біомеханіки надп’ятково-гомілкового сугло-
ба потребують перегляду, що пов’язано з розробленням нових 
методів гібридної фіксації. Мета. Провести порівняльний 
аналіз результатів рентгеноморфометричних показників 
після гібридної стабільно-еластичної (ГСЕФ) та традицій-
ної фіксації накістковою пластиною з позиційним шурупом 
нестабільних через- і надсиндесмозних переломів (ЧНСП) 
малогомілкової кістки з ушкодженням дистального міжго-
мілкового синдесмозу. Методи. Проаналізовано результати 
лікування 82 хворих із нестабільними ЧНСП малогоміл-
кової кістки (МГК) типу В і С за Weber із ушкодженням 
дистального міжгомілкового синдесмозу (ДМГС) за рент-
геноморфометричними показниками. Оцінювали кути: на-
хилу надп’яткової кістки (КННК) і надп’ятково-гомілковий 
(НГК). У I групі (18 пацієнтів, вік (41,6 ± 15,5) років) викона-
ли ГСЕФ, у ІІ (64, вік (52,4 ± 15,7) років) — остеосинтез МГК 
с пластиною, ДМГС — позиційним шурупом. Результати. 
У пацієнтів групи І із переломами типу В показник КННК 
був у 0,63 разу меншим, ніж в осіб групи ІІ; із переломами 
типу С — в 0,78 разу (p = 0,0005). Це підтверджує мен-
ший ризик нестабільності надп’ятково-гомілкового суг-
лоба в післяопераційному періоді в пацієнтів після ГСЕФ. 
Наближення медіанного значення НГК до нижньої межі 
норми виявили у хворих групи І із переломами типу B, до 
верхньої — в групі ІІ, що свідчить про більшу тенденцію 
до вкорочення МГК після ГСЕФ. Показник слід урахову-
вати у хворих з косими (типів В і С за Weber) і, особливо, 
з уламковими (типів 44 С 2.1, 2.2, 2.3 за АО) переломами 
МГК, виконуючи ГСЕФ. Висновки. За рентгеноморфомет-
ричними показниками кута нахилу надп’яткової кістки та 
надп’ятково-гомілкового кута доведено перевагу гібридної 
стабільно-еластичної фіксації для лікування через- або 
надсиндесмозних переломів малогомілкової кістки з ушко-
дженням дистального міжгомілкового синдесмозу. Ключові 
слова. Рентгенологічна діагностика, гібридна стабільно-
еластична фіксація, переломи кісточок гомілки, міжгоміл-
ковий синдесмоз.
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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 

Key words. X-ray assessment, hybrid stable-elastic fixation, unstable ankle fracture, tibiofibular 
syndesmosis
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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 B1 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 C1 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 C1.1 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 a result 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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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 
II (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 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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of interest.

References
1. Gan, K., Zhou, K., Hu, K., Lu, L., Gu, S., & Shen, Y. (2019). 

Dynamic fixation versus static fixation for distal tibiofibular 
syndesmosis injuries: a meta-analysis. Medical science monitor : 
international medical journal of experimental and clinical 
research, 25, 1314–1322. https://doi.org/10.12659/MSM.913324

2. Scheer, R. C., Newman, J. M., Zhou, J. J., Oommen, A. J., 
Naziri, Q., Shah, N. V., … Uribe, J. A. (2020). Ankle fracture 
epidemiology in the united states: patient-related trends and 
mechanisms of injury. The Journal of Foot and Ankle Sur-
gery, 59(3), 479–483. ttps://doi.org/10.1053/j.jfas.2019.09.016

3. Liu, C. L., Li, Y. P., Wang, X. Q., & Zhang, Z. J. (2018). Quan-
tifying the stiffness of achilles tendon: intra- and inter-operator 
reliability and the effect of ankle joint motion. Medical science 
monitor : international medical journal of experimental and 
clinical research, 24, 4876–4881. https://doi.org/10.12659/

Fig. 1. 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

Fig. 3. Comparative results of the median values 
of the radiometric value of TTA (N ≤ 2°) in the study groups on 
control radiography after surgery (degrees)

Talocrural Angle

* p1 = 0,0366
** p2 = 0,0033

*

*

**
**

90

88

86

84

82

80

78

76 ІІ В І В ІІ С І С

* p1 = 0,0003
** p2 = 0,0005

* * ** **

Talar Tilt Angle
2,5

2

1,5

1

0,5

0 ІІ В І В ІІ С І С



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023.  № 2

MSM.909531
4. Rammelt, S., & Obruba, P. (2015). An update on the evalua-

tion and treatment of syndesmotic injuries. European journal 
of trauma and emergency surgery : official publication of 
the European Trauma Society, 41(6), 601–614. https://doi.
org/10.1007/s00068-014-0466-8

5. van den Bekerom, M. P., Kerkhoffs, G. M., McCollum, G. A., 
Calder, J. D., & van Dijk, C. N. (2013). Management of acute 
lateral ankle ligament injury in the athlete. Knee surgery, sports 
traumatology, arthroscopy : official journal of the ESSKA, 
21(6), 1390–1395. https://doi.org/10.1007/s00167-012-2252-7

6. Yu, G. S., Lin, Y. B., Xiong, G. S., Xu, H. B., & Liu, Y. Y. 
(2019). Diagnosis and treatment of ankle syndesmosis injuries 
with associated interosseous membrane injury: a current con-
cept review. International orthopaedics, 43(11), 2539–2547. 
https://doi.org/10.1007/s00264-019-04396-w

7. Cammas, C., Ancion, A., Detrembleur, C., Tribak, K., Pu-
tineanu, D., & Cornu, O. (2020). Frequency and risk factors 
of complications after surgical treatment of ankle fractures : 
a retrospective study of 433 patients. Acta orthopaedica Bel-
gica, 86(3), 563–574.

8. Nilsson, G. M., Jonsson, K., Ekdahl, C. S., & Eneroth, M. 
(2005). Unsatisfactory outcome following surgical interven-
tion of ankle fractures. Foot and Ankle Surgery, 11(1), 11–16. 
doi:10.1016/j.fas.2004.10.004

9. Ovaska, M. (2015). Complications in ankle fracture surgery. 
Acta Orthopaedica, 86(sup358), 1–35. https://doi.org/10.3109/ 
17453674.2014.1002273

10. Pogliacomi, F., De Filippo, M., Casalini, D., Longhi, A., 
Tacci, F., Perotta, R., Pagnini, F., Tocco, S., & Ceccarelli, F. 
(2021). Acute syndesmotic injuries in ankle fractures: From 
diagnosis to treatment and current concepts. World Journal 
Of Orthopedics, 12(5), 270–291. https://doi.org/10.5312/wjo.
v12.i5.270

11. Herrera-Pérez, M., González-Martín, D., Vallejo-Márquez, M., 
Godoy-Santos, A. L., Valderrabano, V., & Tejero, S. (2021). 
Ankle osteoarthritis aetiology. Journal of clinical medicine, 
10(19), 4489. https://doi.org/10.3390/jcm10194489

12. Futamura, K., Baba, T., Mogami, A., Morohashi, I., Kanda, A., 
Obayashi, O., Sato, K., Ueda, Y., Kurata, Y., Tsuji, H., & Kane-
ko, K. (2017). Malreduction of syndesmosis injury associated 
with malleolar ankle fracture can be avoided using Weber's 
three indexes in the mortise view. Injury, 48(4), 954–959. 
https://doi.org/10.1016/j.injury.2017.02.004

13. Egol, K. A., Tejwani, N. C., Walsh, M. G., Capla, E. L., & 
Koval, K. J. (2006). Predictors of short-term functional out-
come following ankle fracture surgery. The Journal of bone 
and joint surgery. American volume, 88(5), 974–979. https://
doi.org/10.2106/JBJS.E.00343

14. Larsen, P., Rathleff, M. S., & Elsoe, R. (2019). Surgical versus 
conservative treatment for ankle fractures in adults — A sys-
tematic review and meta-analysis of the benefits and harms. 
Foot and ankle surgery : official journal of the European 
Society of Foot and Ankle Surgeons, 25(4), 409–417. https://
doi.org/10.1016/j.fas.2018.02.009

15. Dawe, E. J., Shafafy, R., Quayle, J., Gougoulias, N., Wee, A., & 
Sakellariou, A. (2015). The effect of different methods of stability 
assessment on fixation rate and complications in supination 
external rotation (SER) 2/4 ankle fractures. Foot and ankle 
surgery : official journal of the European Society of Foot 
and Ankle Surgeons, 21(2), 86–90. https://doi.org/10.1016/j.
fas.2014.09.010

16. Chun, Cho, Min, Park, Kim, Kim, & Won. (2019). Diagnostic 
accuracy of radiologic methods for ankle syndesmosis injury: 
a systematic review and meta-analysis. Journal of Clinical 
Medicine, 8(7), 968. MDPI AG. Retrieved from http://dx.doi.
org/10.3390/jcm8070968

17. Miyamoto, W., & Takao, M. (2011). Management of chronic 

disruption of the distal tibiofibular syndesmosis. World journal 
of orthopedics, 2(1), 1–6. https://doi.org/10.5312/wjo.v2.i1.1

18. Tornetta, P., 3rd, Axelrad, T. W., Sibai, T. A., & Creevy, W. R. 
(2012). Treatment of the stress positive ligamentous SE4 ankle 
fracture: incidence of syndesmotic injury and clinical decision 
making. Journal of orthopaedic trauma, 26(11), 659–661. 
https://doi.org/10.1097/BOT.0b013e31825cf39c

19. Wu, K., Lin, J., Huang, J., & Wang, Q. (2018). Evaluation 
of transsyndesmotic fixation and primary deltoid ligament 
repair in ankle fractures with suspected combined deltoid 
ligament injury. The Journal of foot and ankle surgery : official 
publication of the American College of Foot and Ankle Sur-
geons, 57(4), 694–700. https://doi.org/10.1053/j.jfas.2017.12.007

20. Laflamme, M., Belzile, E. L., Bedard, L., van den Bekerom, M. P., 
Glazebrook, M., & Pelet, S. (2015). A prospective randomized 
multicenter trial comparing clinical outcomes of patients treated 
surgically with a static or dynamic implant for acute ankle 
syndesmosis rupture. Journal of orthopaedic trauma, 29(5), 
216–223. https://doi.org/10.1097/BOT.0000000000000245

21. Naqvi, G. A., Cunningham, P., Lynch, B., Galvin, R., & 
Awan, N. (2012). Fixation of ankle syndesmotic injuries: 
comparison of tightrope fixation and syndesmotic screw fix-
ation for accuracy of syndesmotic reduction. The American 
journal of sports medicine, 40(12), 2828–2835. https://doi.
org/10.1177/0363546512461480

22. Seyhan, M., Donmez, F., Mahirogullari, M., Cakmak, S., 
Mutlu, S., & Guler, O. (2015). Comparison of screw fixation 
with elastic fixation methods in the treatment of syndesmosis 
injuries in ankle fractures. Injury, 46 Suppl 2, S19–S23. https://
doi.org/10.1016/j.injury.2015.05.027

23. Liu, G. T., Ryan, E., Gustafson, E., VanPelt, M. D., Raspo-
vic, K. M., Lalli, T., Wukich, D. K., Xi, Y., & Chhabra. (2018). 
Three-dimensional computed tomographic characterization 
of normal anatomic morphology and variations of the distal 
tibiofibular syndesmosis. The Journal of foot and ankle sur-
gery : official publication of the American College of Foot and 
Ankle Surgeons, 57(6), 1130–1136. https://doi.org/10.1053/j.
jfas.2018.05.013

24. McCormack, Daniel & Solan, Matthew & Aziz, Sheweidin & 
Faroug, Radwane & Kirmani, Sayyied & Wright, Georgina & 
Mangwani, Jitendra. (2022). Role of the posterior deep deltoid 
ligament in ankle fracture stability: A biomechanical cadaver 
study. World Journal of Orthopedics. 13. 969‒977. http://doi.
org/10.5312/wjo.v13.i11.969

25. Williams, B. T., James, E. W., Jisa, K. A., Haytmanek, C. T., 
LaPrade, R. F., & Clanton, T. O. (2015). Radiographic identifi-
cation of the primary structures of the ankle syndesmosis. Knee 
Surgery, Sports Traumatology, Arthroscopy, 24(4), 1187–1199. 
http://doi.org/10.1007/s00167-015-3743-0

26. Han, S. H., Lee, J. W., Kim, S., Suh, J. S., & Choi, Y. R. 
(2007). Chronic tibiofibular syndesmosis injury: the diagnostic 
efficiency of magnetic resonance imaging and comparative 
analysis of operative treatment. Foot & ankle international, 
28(3), 336–342. https://doi.org/10.3113/FAI.2007.0336

27. Harper, M. C., & Keller, T. S. (1989). A radiographic evaluation 
of the tibiofibular syndesmosis. Foot & ankle, 10(3), 156–160. 
https://doi.org/10.1177/107110078901000308

28. Park, Y. H., Yoon, M. A., Choi, W. S., Choi, G. W., Hong, S. J., & 
Kim, H. J. (2018). The predictive value of MRI in the syndes-
motic instability of ankle fracture. Skeletal radiology, 47(4), 
533–540. https://doi.org/10.1007/s00256-017-2821-4

29. Błasiak, A., Sadlik, B., & Brzoska, R. (2013). Injuries of the distal 
tibio-fibular syndesmosis. Polish orthopedics and traumato-
logy, 78, 139–150.

30. Rammelt, S., Zwipp, H., & Grass, R. (2008). Injuries to the distal 
tibiofibular syndesmosis: an evidence-based approach to acute 
and chronic lesions. Foot and ankle clinics, 13(4), 611–viii. 
https://doi.org/10.1016/j.fcl.2008.08.001 



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023.  № 2

31. Wu, Y., He, Q. F., Lai, L. P., Li, X., & Zhou, J. L. (2018). 
Functional outcome of pronation-external rotation-weber c an-
kle fractures with supracollicular medial malleolar fracture 
treated with or without syndesmotic screws: a retrospective 
comparative cohort study. Chinese medical journal, 131(21), 
2551–2557. https://doi.org/10.4103/0366-6999.244112

32. Kulazhenko, E. V., & Varzar, S. A. (2011). Dynamic fixator 
for restoration of tibial syndesmosis (experimental-clinical 
study). Ukrainskyy medechnyy almanakh, 14(1), 131-134.

33. Golovakha, M. L., Kozhemyaka, M. A., & Maslennikov, S. O. 
(2016). Evaluation of the results of surgical treatment of ankle 
fractures with the tibiofibular syndesmosis injury. Zaporozhye 
medical journal, 6(99), 72–76. https://doi.org/10.14739/2310-
1210.2016.6.85529

34. Carter, T. H., Wallace, R., Mackenzie, S. A., Oliver, W. M., 
Duckworth, A. D., & White, T. O. (2020). The fibular intra-
medullary nail versus locking plate and lag screw fixation in 
the management of unstable elderly ankle fractures: a cadaveric 
biomechanical comparison. Journal of orthopaedic trauma, 34(11), 
e401–e406. https://doi.org/10.1097/BOT.0000000000001814

35. Okoro, T., Teoh, K. H., & Tanaka, H. (2021). Fibula pro-tibia 
vs standard locking plate fixation in an ankle fracture saw 
bone model. World journal of orthopedics, 12(8), 548–554. 
https://doi.org/10.5312/wjo.v12.i8.548

36. Milto, A. J., Negri, C. E., Baker, J., & Thuppal, S. (2023). 

The statistical fragility of foot and ankle surgery randomized 
controlled trials. The Journal of foot and ankle surgery : official 
publication of the American College of Foot and Ankle Sur-
geons, 62(1), 191–196. https://doi.org/10.1053/j.jfas.2022.08.014

37. Pettrone, F. A., Gail, M., Pee, D., Fitzpatrick, T., & Van Her-
pe, L. B. (1983). Quantitative criteria for prediction of the results 
after displaced fracture of the ankle. The Journal of bone and 
joint surgery. American volume, 65(5), 667–677.

38. Xu, Y., Kang, R., Li, M., Li, Z., Ma, T., Ren, C., Wang, Q., 
Lu, Y., Zhang, K. (2022). The clinical efficacy of suture-button 
fixation and trans-syndesmotic screw fixation in the treatment 
of ankle fracture combined with distal tibiofibular syndesmosis 
injury: a retrospective study. The Journal of foot and ankle 
surgery : official publication of the American College of Foot 
and Ankle Surgeons, 61(1), 143–148. https://doi.org/10.1053/j.
jfas.2021.07.009

39. Klitzman, R., Zhao, H., Zhang, L. Q., Strohmeyer, G., & 
Vora, A. (2010). Suture-button versus screw fixation of the 
syndesmosis: a biomechanical analysis. Foot & ankle inter-
national, 31(1), 69–75. https://doi.org/10.3113/FAI.2010.0069

40. Sulima, V., & Chuzhak, A. (2019). [The method of combined 
stable-elastic fixation of unstable injuries of the ankl joint with 
transsyndesmotic fractures of the fibula]. Patent UA № 134463. 
https://base.uipv.org/searchINV/search.php?action=search

* Vadym Sulyma, MD, Prof. in Traumatology and Orthopaedics: vadymsulyma1961@gmail.com 
* Andrii Chuzhak, MD: trance9111@gmail.com 
* Yuliia Filiak, MD, PhD in Traumatology and Orthopaedics: filiakyulia@gmail.com 
* Uliana Kuz, MD, PhD: ukuz@ifnmu.edu.ua  
* Lubomyr Yuriychuk, MD: trauma.okl@gmail.com  
* Yurii Symchych, MD: gucul1984@gmail.com 

X-RAY ASSESSMENT OF THE EFFICIENCY OF HYBRID  
STABLE-ELASTIC FIXATION UNSTABLE ANKLE FRACTURES
V. S. Sulyma 1, A. V. Chuzhak 2, Y. O. Filiak 1, U. V. Kuz 1, L. M. Yuriychuk 3, Y. I. Symchych 4

1 Ivano-Frankivsk National Medical University. Ukraine 
2 UNE «Central City Clinical Hospital of Ivano-Frankivsk City Council». Ukraine 
3 UNE «Regional Clinical Hospital of Ivano-Frankivsk Regional Council». Ukraine 
4 UNE «City Clinical Hospital № 1 of Ivano-Frankivsk City Council». Ukraine

The article has been sent to the editors 01.05.2023


