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Background. Ankle fractures are the most common injuries among the damages of ankle joint. The most common complication in such
fractures is the damage of the tibiofibular joint, leading to increase in the duration of treatment and adverse outcomes. Despite the large number
of publications, the problem of this type injury treatment is far from solving it. The questions remain open regarding the method of surgical
treatment and results evaluation.

Aim. To evaluate the results of surgical treatment of ankle fractures, complicated with tibiofibular syndesmosis injury with the help of
hardware-bazometric complex and make a comparison with the existing methods of assessment, such as AOFAS and OMAS.

Materials and methods. This study presents an analysis of 80 patients with mentioned fractures surgical treatment results. Patients were divided
into 2 groups. The first group (44 patients) was treated with the help of tension band wiring for fixing tibiofibular syndesmosis in combination
with the original extramedullary plate with polyaxial insertion and blocking of screw for osteosynthesis of lateral malleolus fractures. The second
group (36 patients) was treated according to the AO technique. The analysis of results was performed in 3, 6 and 12 months after surgery use
of scales AOFAS and OMAS, as well as bazometric and stabilometric assessment using “Bazometr” complex.

Results. In 3 and 6 months AOFAS and OMAS results corresponded to data of bazometric and stabilometric indicators. The analysis showed
the best results among the first group of patients, especially in the early stages. In 12 months the difference between indicators reduced, but
remained significantly better in the 1* group.

Conclusions. The reported data of clinical observations and their analysis demonstrate the effectiveness of the proposed method of ankle
fractures with the tibiofibular syndesmosis injury surgical treatment.
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OuinoBaHHs pe3y/ibTaTiB XipypriuHoro JikyBaHHsI MepeioMiB KiCTOYOK, 0 YCKJIATHEH] MOIIKOIKEHHAM
MIiZKI'OMiJIKOBOI0 CHHAECMO3Y

M. JI. IT'onosaxa, M. O. Koowcem 'sixa, C. O. Macnennixos

Tlepenomy KiCTOYOK HaIeXaTh J0 YIIKO/PKEHb TOMIJIKOBOCTOITHOTO CyII00a, [0 TPaIUIIOTECS HaidyacTinte. [TonKkomKeHHsT MIXKITOMIJIKOBOTO
34JIeHyBaHHS ITiJ] 9ac MEePeIOMiB KiCTOUOK € JOBOJTi 9aCTHM YCKJIaJHSHHSIM, 110 TIPU3BOUTH /10 301UIBIIICHHS TEPMiHIB JIIKyBaHHS Ta HECTIPUSTIIMBHIX
pe3yabTariB. HezBaxkaroun Ha BeJIHMKY KUIBKICTB ITyOmiKamii, Ipooiema JIiKyBaHHs IIbOTO BUTy TPaBM Jajieka Bif il BUpIICHHS. AKTyaJIbHUMA
3aJIMIIAIOTHCS TUTaHHs BUOOPY JIIKyBaJIBbHOT TAKTUKH, CIIOCO0Y Xipypri4HOro JIIKyBaHHS Ta OLIHIOBAHHS PE3yJIbTaTiB.

MeTta podoTH — OLIHIOBAHHS PE3YJBTATIB XIPYPridHOrO JiKyBaHHS IIEPEIOMIB KiCTOUOK, [0 YCKJIAJHEH] MOIIKO/KEHHSIM MIKIOMIJIKOBOTO
CHHJECMO3Y, 32 JJOIIOMOTO0 IIPOTrPaMHO-arapaTHoOro Kominiekcy «bazomerpy 1 3arabHONPUHHATHX METOAIB OLIHIOBAHHS, TAKHUX SIK MIKAJIN
AOFAS (American Orthopaedic Foot and Ankle Society) i OMAS (Olerud-Molander Analogue Scale).

Marepianu Ta metoau. IlpencraBnennii anaiz pe3yabrariB XipypriqHoro jikyBanHs 80 HaIieHTIB i3 MepeloMaMH KiCTOYOK, IO YCKJIaJHEeH]
TIOIIKO/DKEHHSIM MIKTOMIJIKOBOTO CHHziecMo3y. [lamienTiB momimiy Ha JBi rpymu. Y mepiiit rpymi 44 marieHTam 31iHCHIIN JIIKyBaHHS 3 BHKO-
PHCTaHHSIM HaNpPYXKeHOI et s (ikcarii Mi>KrOMIIKOBOTO CHHAECMO3y B KOMOIHAIIT 3 OpHTiHAIBHOIO HAKICTKOBOIO INIACTHHOIO 3 MOMKIIMBICTIO
TIOJTIaKC1JIBHOTO BBEICHHS Ta OJIOKYBaHHS TBUHTIB [ OCTEOCHHTE3Y IEPEIIOMIB JIaTepasibHOT KICTOUKH. Y IpyTii rpymi 36 mariieHTiB JIiKyBaIu 3T1THO
3 rexHikoro AO (Arbeitsgemeinschaft fiir Osteosynthesefragen). 3niiicanmm anani3z pesynsraris Ha 3, 6 1 12 Micsp HicIst oneparii 3 BUKOPUCTaHHIM
mkat AOFAS Ta OMAS, a Takox 6a3oMeTpHyHe Ta CTabiioMeTpIYHE OLiHIOBAHHS 3 BUKOPUCTAHHAM IPOrpaMHO-arapaTHOro KoMIuiekcy «basomerpy.

PesyabraTrn. Ha 3, 6 1 12 micsup pesynbraru orinioBanHs 3a mkanamu AOFAS ta OMAS BinnoBinarots 1aHuM 6a30METPHYHOTO Ta CTa-
OIJIOMETPHYIHOTO OLIHIOBAHHS. AHAJI3 IPOAEMOHCTPYBAB Kpallli TOKa3HUKH B TAI[I€HTIB TIePIIO] IPyIH, 0COOIMBO B paHHIX TepMminax. Jlo 12
MICSIIIB PI3HHIIS IOKa3HUKIB 3MEHIITyBaJIacsl, ajie 30epirajiack BiporiaHO Kpamie B 1 Tpyi.

BucnoBku. J[aHi KITIHIYHUX CIIOCTEPEKEHb Ta iXHIil aHAI3 IEMOHCTPYIOTh €()EKTHBHICTH 3aIIPOIIOHOBAHOTO METOLY XipypTi4HOTO JIIKyBaHHS
TIepesIoMiB KiCTOYOK, 1[0 YCKJIaJHEH] MOIIKO/PKSHHSIM MIXKTOMITKOBOTO CHHAECMO3Y.

Knrwouosi cnosa: nepenomu Kicmok, Migc2OMITKOULL CUHOECMO3, OPMONEOUdHI npoyeodypu, Xipypeiuna mpasmamonozis.
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OIIeHKa PE3yJabTaTOB XHPYPTUIECKOTO JICYCHHUS MEPEJIOMOB JTOABIKEK, 0CJIOKHEHHBIX MOBPEKACHUEM
MeK0epIoBOro CHHAECM03a

M. JI. Tonosaxa, M. A. Koowcemsaxa, C. O. Macnennukos

Tlepenombl JIOIBDKEK OTHOCATCS K YUCITy HAauOOJee 4acTo BCTPEYAIOLINXCS HOBPEXKICHUI TOJICHOCTOIHOTO cycTaBa. [I0BpeKICHHE MEXK-
0epII0BOTO COUICHCHUS IIPH NTEPETOMAX JIOJBIKEK SBISIETCS JT0CTATOYHO YACTBIM OCIIOKHEHHEM, TIPUBO/ISIIUM K YBEIHYCHHIO CPOKOB JICUCHHS
1 HeONIaronpusTHEIM pesynbraTram. HecMoTpst Ha O0NbIIoe KOJMYECTBO MyOIHMKaluid, mpodiema JICYeHUs JAaHHOTO BH/Ia TPaBM Jiajieka oT eé
pelIeHHUs.. AKTYalIbHBIMH OCTAIOTCSI BOIPOCHI BHIOOpA JIe4eOHOI TAKTHKH, ClI0C00a XUPYPru4eCKOro JICYCHUS U OLCHKH PE3yJIbTaToB.

Ileas paGoThl — OLIEHKA PE3YJIBTATOB XUPYPrHYECKOTO JICYCHHS HEPEIOMOB JIONBDKEK, OCIOKHEHHBIX ITOBPEXKICHHEM MEKOEpPLOBOTO
CHHJIECMO3a C TIOMOIIBI0 POTrPaMMHO-AMIAPaTHOTO KOMITIeKca «ba3oMeTp» M 0OLIeIpHHATHIX METOOB OLIEHKH, TakuX Kak mkaimsl AOFAS
(American Orthopaedic Foot and Ankle Society) u OMAS (Olerud-Molander Analogue Scale).

Marepuajbsl U MeToAbI. B pabore mpeicTaBieH aHaiu3 pe3ylbTaToB XUPYPruueckoro jgedeHus 80 MalMeHTOB ¢ MEepPeIoMaMu JOAbDKEK,
OCJIOKHEHHBIX MOBPEKICHHEM MEKOEpIIOBOrO cHHAecMO3a. ITainenTsl ObUTH pasziesieHbl Ha JBe Tpymibl. B nepsoit rpynne 44 nanueHram
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IIPOBE/ICHO JICUEHHE C HCIIONB30BAaHNEM HANPSDKEHHON MeTin Juisl (GUKCanuy MexOeploBOro CHHAECMO3a B KOMOMHAIIMU C OPUTMHAIBHOMN
HAKOCTHOW TIACTUHOM C BO3MOXKHOCTBIO TOJMAKCHATFHOTO BBEACHUS U OJIOKUPOBAHUS BUHTOB AJISI OCTEOCHHTE3a MEPEIOMOB JIaTepaTbHON
noabuKKH. Bo Bropoii rpynme 36 manueHTam mpoBeieHo JiedeHus contacHo TexHuke AO (Arbeitsgemeinschaft fiir Osteosynthesefragen).
[IpoBenén anamm3 pe3ynbTaToB B 3, 6 1 12 MecsiieB nocie onepanuu ¢ ucnoibp3oBanneM mkain AOFAS u OMAS, a taxke 0azoMeTpuydecKkas
¥ CTabMIIOMETpHYECKas OLEHKA C MCTOJIb30BaHUEM IPOTPAaMMHO-ANIAPaTHOTO KoMIUTekca «bazomeTpy.

Pesynbrarel. Ha 3, 6 1 12 mecsi pesynbrathl oniedku o mkaiam AOFAS u OMAS coOTBETCTBYIOT JaHHBIM 0a30METPUUCCKOI 1 cTabu-
JIOMETPUYECKO onleHKH. [IpoBeAEHHBII aHATIM3 TPOJEMOHCTPUPOBAI JTYYIIHE TIOKA3aTeNH Y MAIMEHTOB MIEPBOM TPYIIITEI, 0COOCHHO B PAHHUX
cpokax. K 12 mecsnam pa3HuIla nokasareneil yMeHbIIanach, OJJHAKO COXPaHsUIach JOCTOBEPHO Jiyylne B 1 rpymme.

BoIBoaBI. I[aHHBIe KIIMHUYCCKUX Ha6JI}OI[eHPIﬁ 1 UX aHaJIu3 JAEMOHCTPUPYIOT 3(1)(1)6KTI/IBHOCTI) HOPEJIOKEHHOTO METOAa XUPYPIUICCKOIro

JICUCHUA IIEPEITIOMOB JIOABIKEK, OCIIOKHEHHBIX TIOBPEKACHUEM Me>1<6epu030r0 CHUHJAECMO3a.

Kniouesvte cnosa: nepenom xocmeil, mexncoepyosulii CUHOECMO3, OpMoneouyecKue npoyedypul, Xupypeuieckas mpasmamonocusl.
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he ankle injuries are one of the most frequent pathologies

in daily medical practice of traumatology-orthopedist,
the frequency of their damages amounts to 20 % of all mus-
culoskeletal system injuries. According to the literature, the
occurrence rate of ankle fractures reaches 107-187 cases per
100 thousand of population per year [1,2]. It should be noted
that 70 % of the malleolar fractures are an isolated fractures of
the one ankle [1,3]. The most common mechanism of injury,
leading to fracture of the ankles, is supination mechanism, the
second one by frequency — pronation mechanism [1,2]. Up to
30 % of the malleolar fractures are accompanied by rupture of
the distal tibiofibular syndesmosis [4]. Ankles fractures disability
reaches 8.8—46 % [5,6], and in trauma with rupture of the distal
tibiofibular syndesmosis — 61 %. At the same time about half of
cases develop chronic ankle instability and rapid development
of osteoarthritis. Both intra-articular and periarticular damages
require accurate anatomical reposition and ensure the early
functions in order to restore the full supporting ability of the
limb. In Ukraine and abroad various methods for evaluating
the degree of functional recovery after traumas are developed,
and the search continues for organizational and technological
methods to ensure guaranteed the high level of rehabilitation
quality control. The evaluation systems are developed at present,
largely subjective, designed for self-assessment by patients of
private functions and tasks. At the core of research on the qua-
lity of care and rehabilitation should be based on standardized,
evidence-based technology, objective methods of assessing the
results of treatment.

The aim of the study

To evaluate the results of ankle fractures surgical treatment,
complicated with tibiofibular syndesmosis injury with the help
of hardware-bazometric complex and make a comparison with

the existing methods of assessment, such as AOFAS [7] and
Olerud-Molander Analogue Scales (OMAS) [8].

Materials and methods

In order to study the structure and relationships of the post-
operative stage of treatment major indicators in adult patients
with ankle fractures with tibiofibular syndesmosis injury, the
long-term effects of 80 adult patients’ operative treatment were
studied. Patients with ankle fractures with tibiofibular syndes-
mosis injury were divided into two groups: the 1% group — 44
patients whom an open fracture reposition of lateral ankle and
subsequent fixation with the help of plates with the possibility
of multi-axis insertion and blocking screws of the original de-
sign was performed. Fixation of tibiofibular syndesmosis was
carried out with the help of tension band wiring [9-11] (Fig. I).

Previously believed that the optimal position for the tension
band wiring syndesmosis fixation is situated 2 cm above the
ankle. The tension band wiring in this area performing by two
loops to achieve the maximum possible angle between the
loops and to provide the greatest stability of lateral ankle of
fibula in tibial incisura fixation in both the sagittal and frontal
planes. The 2™ group — 36 patients who were carried out sur-
gery by the methodology of AO (Osteosynthesis of the lateral
malleolus fractures with the help of extramedullary plate and
the 3.5 mm position screw that holds the lateral ankle in the
incisura of tibia).

In all groups in case of ankle fractures of the medial malleolus
and/or posterior edge of the tibia an open reposition and fixa-
tion with screws or wires were performed, restoring damaged
coherent structure of lateral and medial parts of joint.

A local compression hypothermia of operated segment was
performed during the first postoperative day for all patients;
intraoperative antibiotic therapy — intravenously infusion of

Fig. 1.

a — photo of original plates
for osteosynthesis and metal elements
for fixation of tension band wiring;

b — lateral ankle fracture fixation

using plate with tibiofibular syndesmosis
fixation with the help of tension band
wiring.
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2.0 grams of Cefazolin and then — intravenously infusion of
1.0 gram of Cefazolin 2 times a day for 72 hours after surgery.
In all cases immobilization of operated joint was carried out
with brace or posterior plaster splint in the first 24 hours after
surgery to minimize swelling and degree of pain manifesta-
tion, and also for improving the healing of soft tissue. Patients
after the tension band wiring fixation of syndesmosis in 4
weeks were allowed the axial load on the operated extremity
in orthosis at the 50 % of normal level, full load after 8 weeks
after surgery. Patients from the 2" group were allowed of full
axial load only after removing the positional screw in 8—10
weeks after surgery.

It was taking into account the gender and age, diagnosis,
type of osteosynthesis, residual treatment defects at the time
of discharge from hospital. Women dominated among the
hospitalized, accounting for more than half the cases (24 cas-
es — 55 % and 19 cases — 54 % respectively), male accounted
in the first group 45 %, in the second — 46 % (p<0.05). All
surveyed patients were diagnosed with a broken ankle, com-
plicated tibiofibular syndesmosis injury. The average age of
the examined patients in the first group was 34.5 years, the
second group — 38.1 (p<0.05).

Evaluation of the results was carried out in 3, 6 and 12
months after surgery with the help of the AOFAS and Olerud-
Molander scales. Subjective criteria assessed by the method of
individual anonymous questionnaires. After 12 months patients
were offered subjectively evaluate the result as excellent, good,
satisfactory or poor. In addition, a control bazometric exam-
ination of the lower extremities supporting ability recovery
with the help of hardware and software “Bazometr”, which
was developed by the Ukrainian Research Institute of Pros-
thetics, Prosthesis and restore functionality, was performed.
The main function of the basometer is to record parameters of
patients’ reaction support basic vectors. The complex includes
an IBM compatible personal computer, platform with two force
measuring platforms, laser emitter module and software (Fig.
2). The complex allows evaluating the supporting ability and
human resistance while saving vertical position by means of
the stabilometric and bazometric methods.

Determination of the base vector position relative to the pa-

tient’s body allows correct identification of the load distribution
between healthy and diseased lower extremities.

Determination of the base vector coordinates of the supporting
reaction are provided by pads with force measuring elements,
the computing device for processing the results of the indivi-
dual force measuring elements and the unit display the received
information in a convenient form for analysis.

In the static characteristics study of patients with ankle
fractures with the tibiofibular syndesmosis rupture obtained
parameters should be compared with the parameters of the
conditional norms.

Support ratio (CPC) while standing on healthy feet is 1.0.
In patients with ankle fracture with tibiofibular syndesmosis
injury reference value of supports rate depends on the type of
performed operative treatment and degree of fixation — the less
stable fixation and the harder the pathology, the less the load
on the injured extremity.

Angle of rotation, which reflects the diagonal warp of sup-
ports, in a healthy person is equal to 0.0+0.2 deg. By increasing
these values follows the increasing of diagonal skew support
and pronounced poses asymmetry. A minus sign (-) before the
value of the angle is put in the case if the offset of the pressure
center forward of left lower extremity more than right one, a
plus sign (+) — on the contrary.

Statistical and graphical processing of the obtained results was
carried out by using package Microsoft Office Excel 2013 and
Statistica 8.0 © StatSoft Inc. In processing the obtained results
the methods of descriptive statistics have been used: calculation
of mean values and standard deviation. Differences between
average values considered reliable when p-value is less than or
equal to the significance level 0.05 (Student’s t-test). For veri-
fying the normality of the distribution the Selective asymmetry
coefficient was used.

Results and discussion

In patients from the group with fixing of syndesmosis using
tension band wiring the average values by the AOFAS scale were
better than in patients whom a screw fixation of syndesmosis
were performed (Table 1).

In patients from the group with fixing of syndesmosis using
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tension band wiring average values by the OMAS were better Table 1

than in patients whom a screw fixation of syndesmosis were
performed (Fig. 3).

The average value of the reference support’s rate and the
rotation centers of gravity were significantly better in the group
with the fixation with the help of tension band wiring (p<0.05)
after 3 months and the following measurements after 6 and 12
months, albeit with a lesser difference of mean values (7able 2).

Average values of supporting ability of sore feet in the case
of fixing with the help of tension band wiring remained reli-
ably better than supporting ability of damaged legs in a group
with the fixation by the AO method (p<0.05) after 3, 6 and 12
months, although with somewhat less difference of averages
values (7able 3).

In 3 and 6 months AOFAS and OMAS results approached to
basometric indicators appropriate postoperative period in 3 and
6 months. After 12 months results of AOFAS and OMAS were
completely similar and confirmed by basometric indicators.

According to the materials of the work we have performed
an analysis of complications that occurred in patients of the se-
lected category during observation period of 1 year. Among the
80 operated patients in both clinical groups 1 patient of the 1*
group and 6 patients of the 2™ group developed complications,
the structure of which is shown in the table (7able 4).

Functional results of treatment by the AOFAS scale
(max 100 points)

Observation Operated with the help Operated by the
terms of tension band wiring, n=44 AO method, n=36
3 months 82.2 points 68.4 points
6 months 91.3 points 86.1 points
12 months 98.4 points 91.7 points

Results of treatment
according to the Olerud&Molander analogue scale

=4= Operated with the help of tension band wiring, n=44
Operated by the AO method, n=36

100 927 974
80 7M 95.3
78.8
60
40 51.4
3 months 6 months 12 months

Fig. 3. Results of ankle fractures with the tibiofibular syndesmosis
injury treatment according to the C. Olerud&H. Molander linear ana-
logue scale (in % respectively to “absolutely healthy joint™).

Table 2

Results of treatment of fractures by fixing with the help of tension band wiring and AO technique
according to data of bazometric research

Complications after surgical treatment of malleolus fracture

Observation Operated with the help of tension band wiring, n=44 Operated by the AO method, n=36
terms Support ratio Rotation of pressure centres, grad. Support ratio Rotation of pressure centres, grad.
3 months 0.65+0.04 cu |1.20.1| grad 0.5+0.03 cu [1.4£0.1| grad
6 months 0.8+0.03 cu 10.23+0.08| grad 0.77+0.03 cu 10.5+0.07| grad
12 months 0.95+0.02 cu 10.24+0.01| grad 0.93+0.01 cu |0.25+0.07| grad
Table 3
Indicators of body weight load on the injured leg
Observation The extent of load of the damaged leg, in %
Terms Operated with the help of tension band wiring, n=44 Operated by the AO method, n=36
3 months 4310.3% 33+0.4 %
6 months 44+0.29 % 4040.42 %
12 months 48+0.09 % 47+0.1%
Table 4

Complications Operated with the help of tension band wiring, n=44 Operated by the AO method, n=36
Infection, n (%) 1(2.27 %) 1(2.77 %)
Implant breakage, n (%) 0 2 (5.54 %)
Late diastasis, n (%) 0 1(2.77%)
Loosening, n (%) 0 1(2.77 %)
Tibiofibular synostosys, n (%) 0 1(2.77 %)
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Conclusions

1. Evaluation of the results using the basometric-device com-
plex, dynamic fixation in the surgical treatment of the malleolar
fractures, complicated with tibiofibular syndesmosis injury
using tension band wiring in combination with original plates
with polyangled screw stability in comparison with AOFAS
and OMAS proves that bazometry — stabilometry as an objec-
tive way to survey of patients in rehabilitation period, makes
it possible to apply this method in clinical practice to control
postoperative period and period of rehabilitation in patients
with such pathology.

2. Analysis of the ankles fractures, complicated with tibiofibu-
lar syndesmosis injury, surgical treatment results, has shown that
the dynamic fixation using tension band wiring is preferable than
fixation by positional screw, what is confirmed by evaluation of

both conventional scales (AOFAS, OMAS), as well as data of
bazometric-stabilometric research.

3. The biggest difference between two methods of surgical
treatment is observed in the earlier period (3 months), further
to the 12-month difference of clinical and hardware indicators
evaluation in both groups is less expressed.

4. Results of the ankles fractures, complicated with damage
of TFS, surgical treatment, demonstrate that the use of tension
band wiring during fixation of syndesmosis in combination
with the original plate for osteosynthesis of the fibula fracture
provides reliable fixation, does not require additional surgery
and characterized by a minimal number of complications.

Conflicts of Interest: authors have no conflict of interest to
declare.
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