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Abstract

Background. Almosthalfofthe patientswithanklefractureshavefracture ofthe posteriormalleolus.Conclusions
of the existing studies are contradictory and do not provide a decisive answer to the question of the need for
fixation of the posterior tibial fragment.

Aim of the study — to compare the radiologic and functional outcomes of osteosynthesis of the posterior
tibial fragment in unstable ankle fractures using closed reduction and minimally invasive technique and
direct open reduction using posterolateral and posteromedial surgical approaches.

Methods. Prospective multicenter study enrolled 132 patients with complex ankle and posterior malleolus
fractures. They were divided into three groups depending on the technique of fixation of posterior tibia.
Functional and radiologic results of treatment were assessed at 12, 24, and 48 weeks after osteosynthesis. The
AQOFAS and Neer scales were used.

Results. Bone union occurred in all patients at an average of 8.3*#0.8 weeks after surgery. Analysis of
postoperative CT scans showed that the use of posterior approaches provided statistically significantly
more precise reduction of the fragments of posterior tibia. Functional results of patients of the second
(posterolateral approach) and third (posteromedial approach) groups at 24 and 48 weeks of follow-up were
statistically significantly superior to those of the first group. The median AOFAS score at 48 weeks of follow-
up was 86 for group 2 patients and 90 for group 3. The median scores on the Neer scale were 88 and 94 points
respectively.

Conclusions. Posterior approaches in the surgical treatment of patients with complex ankle and posterior
malleolus fractures allow for more precise fragment open reduction compared to closed one. These patients
also show better mid-term functional outcomes.

Keywords: ankle fracture, posterior malleolus fracture, tibia fracture, posteromedial approach, posterolateral
approach.
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Pedepar

AxmyanvHocms. I104TK y NONMOBMHBI MALMEHTOB MEPENIOM JOABIKEK COMPOBOXAAETCS MOBPEXAEHNEM 3aTHEro
Kpast 6onbiebeprioBoii Koctu (BBK). Pe3yabTaThl MPOBEAEHHBIX UCC/IEIOBAHMIA POTUBOPEUMBBI U HE JAIOT OLHO-
3HAYHOTO OTBETA Ha BOIMIPOC 0 HEOGXOAMMOCTH huKcanuu 3agHero ¢pparmenTa BBK.

Llens uccnedosanus — CpaBHUTb PEHTTEHONOTMYECKME U (PYHKUMOHAIbHbIE Pe3y/IbTaThl Pa3JIMYHbIX BAPUAHTOB
ocTeocuHTe3a (hparMeHTa 3aJHEro Kpast 60/bIe6epIioBoii KOCTY MPY HECTAOWIIbHBIX ITepeioMax JIOAbIKEK C UC-
M0/1b30BaHMEM 3aJHelaTepaJbHOrO U 3aHeMeANaTIbHOTO XUPYPIUIECKUX JOCTYIIOB.

Mamepuan u memoosl. B IpoCIIEKTUBHOE C PETPOCIEKTUBHOI IPYIIIOi CpaBHEHMSI MHOTOIIEHTPOBOE UCCIE0-
BaHMe BK/IIOUEHbI 132 maiueHTa cO CIOKHBIMU IepeioMaMM JIOAbIKEK U 3aiHero otaena BBK, koTopbie 66111
pas[iesieHbl Ha TPY IPYIIHI B 3aBUCUMOCTHU OT MeTOAuKM huKcaium 3aHero kpas. B nepsoii rpymre (70 namyeH-
TOB) peno3uiius hparmedTa 3agHero kpas BBK BbIMomHsIaCch 3aKPBITHIM CIIOCOO0M, & €r0 OCTeOCUHTE3 ObLT BbI-
MOJIHEH MaJIOMHBA3MBHO CTATMBAKOLI MY BUHTAMU, IPOBeeHHbIMY B HAaIllpaBJIeHUY cliepeny Ha3an,. Bo BTopoii
rpymre (33 nauyeHTa) BbITIOTHSIM OTKPBITYIO PEMO3UIIMIO ¥ BHYTPEeHHIO duKcaluio hparmeHTa 3alHET0O Kpas
BBK 13 3aHenaTepaJibHOTO XUPYPIUUECKOTO MOCTyIa. B TpeTbeit rpymme (29 maiueHTOB) 6bUIM BbIITOTHEHBI
OTKpBITast perno3uuusi M ocTeocuHTe3 3agHero kpasi BBK uepes 3agHeMenyanbHbIi MM MOOUGULMPOBAHHbIN
3aJHeMeanabHbIN HocTym. OleHKa QYHKIMOHAIBHBIX M PEHTTEHOJIOTMYeCKUX Pe3y/IbTaTOB JieueHUsI TPOU3BO-
owitach B cpoku 12, 24 n 48 Hep,. miociie onepauuu octeocuHTesa no mkaiam AOFAS u Neer.

Pesynomamet. KoHCcOnMpanus nepeaomMa y BCeX NaleHTOB HACTyNua B cpegHeM uepe3 8,3+0,8 Hen. AHann3
cpe3oB nowteonepanondoi CKT mokasan, 4To mpuMeHeHMe 3aJJHUX AOCTYIIOB 00eCcreumaio CTaTUCTUUEeCKA
3HauUMMO 6ojiee TOUHYIO pernosuiuio GparMeHToB 3agHero Kpass BBK. ®yHKI[MOHATbHbIE PE3YAbTAaThI Maly-
€HTOB BTOPOJ (3amHeIaTepaJbHblil JOCTYIT) U TPEThE (3agHeMeaaabHbIM JOCTYIT) TPYIIT Ha CPOKaX HAOJIIO-
neHus 24 u 48 Hell. CTATUCTUYECKU 3HAUYMMO MPEBOCXOOWIM MOKa3aTeau neppou rpynmnsl. [1o mkane AOFAS
Ha CpoKe 48 HeJ. IMOC/Ie onepanuy MeayaHa 3HaueHuii y MallMeHTOB BTOPOJ IPYIITbl cocTaBwiIa 86 6a/IOB, Y
MalMeHToB TpeTheit — 90 6asuioB, o nkaje Neer — 88 1 94 6a/I7I0B COOTBETCTBEHHO.

3akntouenue. IIpyMeHeHNe 3aAHUX JOCTYIIOB IIPY XUPYPTUUECKOM JIeUeHUM NalMeHTOB CO CJIOKHBIMMU Tepe-
JIOMaMM JIOJIBIKEK U 3aTHETO Kpast 60/1b1Ie6ePIIOBOI KOCTY MTO3BOISIET JOOUTHCS 60Jiee TOUHOI OTKPHITOI pe-
MO3UIMY OTIOMKOB 10 CPAaBHEHMIO C 3aKPBITOI. DTU MalleHThI JeMOHCTPUPYIOT 60/iee BLICOKME CpeJHeCpoy-
Hble GYHKIMOHATbHbBIE Pe3YyabTaThI.

KiioueBble c10Ba: IepeioM JIOABDKEK, IEepesioM 6OosblebeplioBoii KOCTM, 3agHeMeIUalbHbIN HOCTYII,
3aJHeNIaTePabHbIN JOCTYII, OCTEOCUHTE3 JIOIbIKEK.

IOnsa uutupoBaHus: CepreeB I.[I., Benenbkuit W.I., Pedunkuit 10.B., Casenno B.E., MaitopoB B.A. PesynbTaTbl
JleueHMs] TalMeHTOB C TepejoMaMy JIOAbDKEK M 3agHero Kpas 60sbiie6epiioBoii KOCTM C MCIONIb30BaHMEM
pasMYHBIX BAPUMAHTOB XUPYPTUUECKON TeXHUKU. Tpasmamonoeus u opmonedust Poccuu. 2023;29(4):59-68.
https://doi.org/10.17816/2311-2905-16493.
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BACKGROUND

Ankle fractures account for 4-9% of all bone
fractures, with 46% of these injuries associated
with the damage to the posterior malleolus [1, 2].

Although trauma surgeons have extensive
experience in treating patients with comminuted
ankle fractures, the need for osteosynthesis
of the posterior edge of the tibia is still under
discussion. The previously accepted tactics of
refraining from fixation if the fragment's size is
less than 25-33% of the articular surface is now
giving way to the approach that all damaged
structures of the ankle should be restored [3].
The results of various studies have demonstrated
that the presence of a fracture of the posterior
tibial edge, regardless of the size of the fragment,
negatively affects treatment outcomes [3, 4].

The attempt to systematize approaches to
the surgical treatment of posterior malleolus
fractures has led to the creation of relatively
new classifications of these injuries based on the
multislice spiral computed tomography (MSCT)
data. N. Haraguchi et al. proposed to divide
the posterior tibial edge fractures into three
types depending on the size of the fragment [5].
J. Bartonicek et al. divided these injuries into four
types depending on the degree of involvement
of the fibular notch in the fracture [6]. Both
authors believe that all fractures of the posterior
malleolus that can technically be fixed should be
fixed. Only the so-called shell-shaped fractures
according to the classification of N. Haraguchi
or extraincisural fractures according to the
classification of ]. Bartoni¢ek require fixation
of the distal tibiofibular syndesmosis with a
positional screw due to the lack of technical
possibility to perform osteosynthesis of the
posterior malleolus [5, 6].

Technically, osteosynthesis of the posterior
tibial fracture can be performed using closed
reduction with the anterior-posterior insertion
of screws or open reduction with their posterior-
anterior insertion. In the scientific literature,
there is no common opinion regarding the
functional results of surgical treatment of such
patients depending on the applied method of
fixation. K. Pilskog et al. report similar results
in assessing ankle joint function when using
traditional and posterior approaches [1]. On the
other hand, S. Erin¢ and N. Cam, when evaluating
the functional results using the SF-36 and FAOS

scales, obtained data in favor of using posterior
approaches [7].

The existence of such contradictions
determined the relevance of our comparative
study.

Aim of the study is to compare the radiologic
and functional outcomes of osteosynthesis of
the posterior tibial fragment in unstable ankle
fractures using closed reduction and minimally
invasive technique and direct open reduction
using posterolateral and posteromedial surgical
approaches.

METHODS
Study design

Type of the study: multicenter cohort prospective
study with retrospective comparison group.

The study was performed on the basis of
St. Petersburg I.I. Dzhanelidze Research Institute
of Emergency Medicine and Interdistrict Clinical
Hospital of Vsevolozhsk. The study enrolled 132
patients, including 31 men and 101 women, who
were admitted as inpatients from January 2021 to
December 2022 inclusive. Patients’ mean age was
52.0%14.1 years.

Inclusion criteria:

- patient age older than 18 years;

— isolated closed injury with 44B3 and 44C1.3,
C2.3 and C3.3 types of fractures according to the
AO/ASIF classification;

- no chronic diseases in the stage of sub- and
decompensation, oncologic pathology and constant
therapy with steroids;

- no more than 30 days since the injury;

- osteosynthesis of the posterior edge of the
tibia, lateral and/or medial malleoli;

— possibility to evaluate short- and mid-term
functional results.

Exclusion criteria:

- age under 18 years;

— ankle fractures without damage to the
posterior edge of the tibia, or as part of polytrauma
or multiple fractures;

— chronic diseases in the stage of sub- and
decompensation, oncologic pathology or constant
therapy with steroids;

- old injury;

- performed conservative treatment of the
ankle fracture;

- inability to assess short- and mid-term
functional results.

61 2023;29(4)
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All patients underwent osteosynthesis of the
malleoli and the posterior edge of the tibia. The
groups were divided depending on the method
of reduction of the fragment of the posterior
edge of the tibia and the surgical approach
used for fixation. On admission to the hospital,
all patients underwent conventional X-ray
examination in two views and multislice spiral
computed tomography (MSCT) to clarify the
fracture pattern and to determine the degree of
involvement of the posterior tibial edge.

The first group (retrospective comparison
group) included 70 patients who underwent
closed reduction of the posterior edge fragment
and minimally invasive osteosynthesis with
anterior-posterior lag screws. This clinical
group was represented by 20 (29%) males and
50 (71%) females. The mean age of the patients
was 52.0£14.0 years. Ankle fracture type 44B3
according to the AO/ASIF classification was
diagnosed in 56 (80%) patients, type 44C1.3 in 4
(6%) patients, type 44C2.3 in 2 (3%) patients, and
type 44C3.3 in 8 (11%) patients. According to the
classification of J. Bartonic¢ek, the patients were
distributed as follows: 38 (54%) patients had a
type 2 fracture, 20 (29%) had a type 3 fracture,
and 12 (17%) had a type 4 fracture.

The second group consisted of 33 patients,
including 6 (18%) men and 27 (82%) women. In
this group, open reduction and internal fixation
of the fragment of the posterior edge of the tibia
from the posterolateral surgical approach were
performed. The mean age of the patients was
52.8+14.4 years. Type 44B3 fracture according
to the AO/ASIF classification was diagnosed
in 27 (82%) patients, type 44C3 fracture — in
6 (18%) patients. Type 2 fracture according to
the classification of J. Bartoni¢ek in this group
of patients was observed in 18 (55%) cases, type
3—in 9 (27%) and type 4 — in 6 (18%) cases.

The third group was represented by 29
patients, 5 (17%) males and 24 (83%) females.
Patients in this group underwent open
reduction and osteosynthesis of the posterior
malleolus via the posteromedial or modified
posteromedial approach. It was beyond the scope
of this study to investigate the feasibility of
these two posteromedial approaches for specific
types of posterior edge fracture. Therefore, the
patients were included in one clinical group. Of
29 patients, 17 (59%) were treated for AO/ASIF
type 44B3 ankle fracture, 3 (10%) patients were

diagnosed with type 44C1, 5 (17%) with type
44C2, and 4 (14%) with type 44C3 ankle fracture.
Three (10%) patients had Bartonicek type 2
fracture, 16 (55%) patients had type 3 fracture
and 10 (34%) patients had a type 4 fracture
according to MSCT data.

The choice of surgical approach for fixation of
the posterior fragment of the tibia in patients of
the second and third groups was made taking into
account the MSCT images.

Surgical technique

Patients in the first group underwent surgery in
the supine position. First of all, they underwent
fixation of the fibula via the lateral approach
with a 1/3 tubular plate and 3.5 mm screws. Then
via the medial or anteromedial approach two
partially threaded 4.0 mm cancellous screws were
introduced to fix the medial malleolus. Closed
reduction of the fragment of the posterior edge of
the tibia was performed under intraoperative X-ray
control. Its fixation was carried out with anterior-
posterior 3.5 mm lag screws. At the final stage of
the surgery, the stability of the distal tibiofibular
syndesmosis was assessed by performing the
intraoperative stress tests and X-rays. If necessary,
a positional screw was placed.

The surgical technique applied in patients of
the second and third groups is described in details
in our previous works [8, 9]. We should note that
the patients in the second group were placed on
the operating table in the supine position for
convenient posterolateral approach and fixation
of the fragments of the posterior edge of the tibia
and the lateral malleolus. Osteosynthesis of the
posterior malleolus was performed with either
3.5 mm lag screws or a 1/3 tubular plate and
3.5 mm screws. Osteosynthesis of the medial
malleolus was performed in the same patient
position from the traditional medial approach
with partially threaded 4.0 mm cancellous screws.

Patients of the third group were operated on in
the supine position. The injured lower extremity
was abducted in the hip joint and flexed in the knee
joint. In this position, a posteromedial approach
was performed, and the posterior and medial
malleoli were fixed. After that, the injured lower
limb was extended, and osteosynthesis of the
lateral malleolus was carried out via traditional
lateral approach. In this group, the implants were
similar to those used in the patients of the second
group. Intraoperative stress tests and X-ray
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examination were also performed to check the
condition of the distal tibiofibular syndesmosis in
patients of the second and third groups, and the
results were taken into account to decide whether
a positional screw should be inserted.

Postoperative management

In the postoperative period, all patients were
allowedtowalkwithadditional supportoncrutches.
During the first 6 weeks, it was recommended to
limit the axial load on the operated limb, only
touching the floor with the foot. From the 7" week
until the fracture healing, partial weight bearing
with additional support on crutches was allowed.
Removal of the positional screw was performed
10-12 weeks after the osteosynthesis.

Assessment of outcomes

Control X-rays in AP and lateral views were
performed 4, 8, and 10 weeks after osteosynthesis
to assess the bone union. Criteria for the
fibular fracture were bone callus formation
and disappearance of the fracture line (bone
union under conditions of relative stability) or
disappearance of the fracture line (bone union
under conditions of absolute stability). The
criterion for the medial and posterior malleoli
fractures was the disappearance of the fracture
line in control X-rays.

In the early postoperative period, the patients
underwent control CT on a GE Revolution CT
ES 512 (General Electric, USA) to determine the
accuracy of reduction and correct position of the
implants. The size of the posterior edge fragment
was measured using the RadiAnt DICOM Viewer
software (Medixant, Poland).

During the study, we performed a comparative
analysis of the following parameters: size of the
posterior tibial fragment, determined in sagittal
slices of MSCT; duration of surgery; duration
of hospital stay; residual displacement of the
posterior tibial fragment according to sagittal
slices of the control MSCT; range of motions and
joint function according to the AOFAS [10] and
Neer [11] scales at 12, 24 and 48 weeks after the

surgery.
Statistical analysis

Statistical analysis was performed using Statistica
8.0 software (StatSoft Inc., USA).

Populations of variables of each of the studied
parameters were tested for compliance with the
law of normal distribution. The Kolmogorov-

Smirnov and Shapiro-Wilk tests were used for
this purpose. The distribution in the sample
of the duration of surgical intervention values
corresponded to the normal distribution.
Therefore, the obtained results are presented as
mean value with standard deviation (M*o). In the
samples of all other parameters the distribution
differed from normal, therefore theyare presented
as median with lower and upper quartiles —
Me (Q1; Q3). In the comparative analysis, the
parameters of the second and third groups were
alternately compared with the similar parameters
of the first group. The parametric Student's t-test
was used for variables with normal distribution.
For variables with a distribution other than
normal, the nonparametric Mann-Whitney
U-test was used. Relative values are presented as
percentages. Differences between samples were
considered statistically significant at p<0.05.

RESULTS

The numerical values of the studied parameters
as well as the calculated p values are presented
in Tables 1 and 2.

The duration of hospital stay and the duration
of surgery were not statistically significantly
different in all three groups of patients. However,
it can be noted that the surgery with the use of
posteromedial approach lasted on average 12-
13 minutes more than the other two variants of
intervention, but this difference is statistically
insignificant (p = 0.0533).

According to MSCT data, the patients of the
first group were diagnosed with statistically
significantly larger fragments of the posterior
edge of the tibia -1.34 cm (1.1; 1.73).

After osteosynthesis, the residual
displacement of the posterior tibial fragment in
the patients of the first group was statistically
significantly greater than in the patients of
the second and third groups (p = 0.0009 and
p=0.0004,respectively).Radiologicallydetectable
displacement of the posterior tibial fragment in
patients of the second and third groups did not
exceed 0.5 mm on average, while in case of closed
reduction the average displacement amounted
to 0.91 mm. It should be noted that the residual
displacement exceeded 2 mm in 10 (14%)
patients of the first group, while in the second
group such displacement was observed in 1 (3%)
patient. No patient in the third group had signs
of displacement.
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Table 1
Studied parameters in all groups of patients
with the level of statistical significance
Group 2 Group 3
Parameter Group 1
Value p Value p
Duration of hospital stay, days 14.7 (10; 17) 14 (12; 20) 0.146397 13 (12; 15) 0.871732
Duration of surgery, min. 82.5+33.1 83.9%£21.7 0.823438 95.5%20.2 0.053277
Size of the posterior tibial 1.34 (1.10; 1.73) | 1.1(0.9; 1.6) 0.014867 1.0 (0.7; 1.5) 0.000549
fragment, cm
Residual displacement of the 0.91 (0.6; 1.5) | 0.45 (0; 1.05) 0.000944 0.5 (0.2; 0.85) 0.000416
posterior tibial fragment after
surgery, mm

Values are presented as Me (Q1; Q3) for variables with non-normal distribution and as M#c for variables with normal distribution.

Statistically significant values are highlighted in bold.

Table 2
Functional results of patients of all groups over time, Me (Q1; Q3)
Group 2 Group 3
Term Parameter Group 1
Value p Value p
Range of motions, deg. 40 (35; 45) 45 (40; 50) 0.000213 40 (35; 45) 0.282958
12 weeks AOFAS, points 69 (65; 72) 70 (65; 76) 0.171804 67 (64; 70) 0.102455
Neer scale, points 69 (68; 72) 70 (68; 74) 0.692336 | 68(64;70) | 0.342917
Range of motions, deg. 65 (60; 70) 75 (65; 80) 0.000379 65 (60; 70) 0.398068
24 weeks AOFAS, points 80 (76; 82) 84 (80; 85) 0.000956 86 (82;90) 0.000001
Neer scale, points 78 (76;80) | 84 (80;86) 0.000007 | 88(84;92) | 0.000000
Range of motions, deg. 75 (70; 80) 80 (75; 85) 0.009953 80 (75; 85) 0.025007
48 weeks AOFAS, points 86(82;88) | 86(85;90,5) | 0.037621 | 90(86;95) | 0.000155
Neer scale, points 85(83;88) | 88(86;92) 0.000050 | 94(94;96) | 0.000000

Values are presented as Me (Q1; Q3) for variables with non-normal distribution and as M#*c for variables with normal distribution.

Statistically significant values are highlighted in bold.

Bone union was achieved in all patients at an
average of 8.3+0.8 weeks after osteosynthesis.

Functional assessment of the treatment
results was performed at 12, 24 and 48 weeks.
At 12 weeks after surgery, only patients of the
second group showed statistically significantly
(p = 0.0002) greater range of motion in the ankle.
On average, this parameter was 45° (40; 50). No
significant differences between the groups at this
follow-up were observed according to the AOFAS
and Neer scales.

Twenty-four weeks after osteosynthesis,
the range of motion in the ankle in the second
group was 75° (65; 80) and was statistically

significantly (p=0.0004) greater than in the first
and third groups. When analyzing the individual
questionnaires based on the AOFAS and Neer
scales, we found that the scores of patients in
the second group were statistically significantly
(p=0.001 and p<0.001, respectively) higher than
those in the first group. The third group also had
better functional results than the first group.
This difference was statistically significant
(p<0.001 for both scales).

The final examination with evaluation of the
function of the operated ankle was performed 48
weeks after the surgery. At this time, the average
range of motion in the second and third groups
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was 80° (75; 85) and was statistically significantly
(p = 0.001 and p = 0.025, respectively) greater
than that of the first group patients - 75° (70; 80).
When assessed by the AOFAS and Neer scales, the
ankle function of patients in the second and third
groups was statistically significantly better than
in the first group. It should be noted that at 48
weeks, the medians of the samples of scores of
the first and second groups were close (AOFAS -
86 and 86 points respectively at p =0.04, Neer - 85
and 88 points respectively at p<0.001). However,
the analysis of the lower and upper quartile
values indicates that in the second group, a
greater proportion of patients demonstrated
better functional outcomes.

Complications

There were no cases of infection, failure of fixation
and other complications in the first group.

One patient (3%) from the second group
developed a deep surgical site infection at 2
weeks, which affected the functional outcome.
The patient underwent several revision surgeries
and the course of etiotropic antibiotic therapy. It
was decided to leave the implants until the bone
union. Eighteen weeks after the osteosynthesis,
the hardware was removed, and the infectious
process was resolved. At 48 weeks, the range of
motion in the ankle joint of the patient was 40°,
and the functional scores were 52 and 46 according
to the AOFAS and Neer scales, respectively.

In the third group, failure of fixation of
the medial malleolus fragment and secondary
displacement of the fragments were found in
control X-rays of one (3%) patient 6 weeks after the
surgery. However, the patient refused to undergo
the second operation. On the follow-up 48 weeks
after the osteosynthesis, the range of motion in
the ankle joint was 60°, the AOFAS score was 56
points, and the Neer score was 50 points, which
corresponds to an unsatisfactory result.

DISCUSSIONS

In the surgical treatment of ankle fractures
complicated by the damage to the posterior edge
of the tibia, it was conventionally considered
that the posterior tibial fragment, which size
is 25-33% of the articular surface, did not need
fixation [1, 12, 13]. This approach was supported
by biomechanical studies. Their results indicated
that the posterior part of the articular surface of
the tibia did not play any role in the axial load on

the ankle joint by the body weight. In this regard,
its damage does not lead to biomechanical
disorders in joint motions [14, 15].

The opposite point of view is confirmed by the
results of other studies, which are systematized
in the publication of S. Odak et al. Based on
the studied publications, the authors make the
following conclusion: despite the fact that the
posterior tibial edge does not bear a pronounced
functional load, its fracture leads to an abnormal
redistribution of this load and the development
of instability in the ankle joint. This may be
a predisposing factor for the development of
posttraumatic osteoarthritis [2]. Because of this,
surgeons began to aim for full restoration of
the structural integrity of the ankle joint during
surgical treatment of ankle fractures with damage
to the posterior malleolus [12, 16]. This approach
is fully consistent with the principles of surgical
treatment of intraarticular fractures [13].

Anatomical reduction of the articular
surface fragments in most cases involves their
manipulation under direct vision. Posteromedial,
modified posteromedial and posterolateral
approaches provide the best visualization with
the least number of complications [17, 18]. We
compared the radiologic and functional results
of the surgical treatment of patients with
comminuted ankle fractures using posterior
approaches with the results of patients after
minimallyinvasive osteosynthesis ofthe posterior
malleolus and lateral and medial malleoli
fractures fixed via conventional approaches. In
our opinion, a comparative analysis of the values
of the second and third groups is of no scientific
significance. This is confirmed by the study of S.
Zhong et al. where the authors demonstrated that
the choice of approach should have been made on
the basis of MRI data and the surgeon's clinical
experience. Similar functional and radiologic
results were obtained using both posteromedial
and posterolateral approaches [19].

The problem of choice of the best approach for
osteosynthesis in case of fractures of the posterior
malleolus remains unsolved. The posteromedial
approach is more convenient, as it is performed
in the conventional supine position of the patient
and provides visualization of 64% of the posterior
surface of the tibia. The modified posteromedial
approach increases this percentage up to 91.
Moreover, it is convenient to perform reduction
and fixation of the medial malleolus fracture

65 2023;29(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

via this approach. Posterolateral approach is
performed with patient in prone or decubitus
position, which is less convenient. Only 40% of
the posterior surface of the tibia is visualized via
this approach, which is slightly less than that of
posteromedial one [20]. The advantage is that
the posterolateral surgical approach can also
be used for osteosynthesis of a lateral malleolus
fracture if the level of the fracture allows for this
procedure. Thus, it seems reasonable to use the
posteromedial approach when the fracture of
the posterior tibia is associated with the fracture
of the medial malleolus, and posterolateral
approach when fracture of the posterior tibia
is accompanied by the fracture of the lateral
malleolus at the same level. In addition,
posteromedial surgical approach is preferable
when the anterolateral approach is necessary
(e.g., for revision of the anterior portion of the
distal tibiofibular syndesmosis), as well as in high
fractures of the fibula when the posterolateral
fixationis not possible. There are several posterior
tibial fractures in which both posterolateral and
posteromedial surgical approaches can be used
for osteosynthesis. In this case, in our opinion,
the choice should depend on the surgeon's
preference. The main thing is that the surgery
should result in the most accurate reduction of
the fragment of the posterior malleolus and its
stable fixation.

During the study, we found that the duration
of hospital stay, as well as the duration of surgery,
did not depend on the chosen surgical approach
for the reduction and fixation of the posterior
malleolus.

Residual displacement of the posterior tibial
fragment after osteosynthesis was assessed using
sagittal CT slices. A common sign of unsatisfactory
reduction is the presence of a "step” of more than
2 mm between the fragments of the articular
surface visualized in X-rays [8, 9, 21]. The first
group of patients is characterized not only by a
statistically significantly larger average residual
displacement of the posterior tibial fragment after
closed reduction, but also by a greater proportion
of patients in whom this displacement exceeds
the threshold of 2 mm. This indicates that open
reduction provides better restoration of the
articular surface of the ankle joint.

According to the data of foreign authors,
traditional closed reduction and fixation of
the posterior tibial fragment with anterior-

posterior lag screws is associated with a high
frequency of unsatisfactory posterior fragment
reduction [22, 23]. C. Drijfhout van Hooff et al.
report that 42% of patients operated on using
the conventional technique had unsatisfactory
posterior fragment reduction [22]. In the study
by D. Vidovi¢ et al. the results of a randomized
comparative study of closed and open reduction of
the posterior malleolus are presented. According
to their data, discongruence of the articular surface
was observed in 23% of cases with minimally
invasive fixation and only in 4% of cases with
reduction and osteosynthesis under direct vision
[23]. E. Fernandez-Rojas et al. in their study also
conclude that posteromedial and posterolateral
approaches are preferable for osteosynthesis of
the posterior edge of the tibia [21].

Congruence of the distal articular surface of
the tibia along with such factors as the initial
fracture dislocation and residual subluxation of
the talus after osteosynthesis is associated with
a higher risk of posttraumatic osteoarthritis.
According to a systematic literature review, the
overall incidence of degenerative changes in the
ankle joint is 33.5%. However, some authors note
that the size of the posterior edge fragment does
not affect the development of posttraumatic
osteoarthritis [2].

We evaluated the functional results of patients
in all three groups over time. The most significant
difference in the AOFAS and Neer scores was
observed at 24 weeks after the surgery. The
median scores of patients in the second and third
groups were significantly higher than in the first
group. This indicates a more favorable course
of the rehabilitation process in patients who
underwent open reduction of the posterior tibial
fragment. This statement is confirmed by the
functional results of the patients of the second
and third groups of our study, observed at 48
weeks postoperatively. A statistically significant
superiority over the first group was observed for all
corresponding functional parameters. In addition,
the values of the upper quartiles of the statistics
population of scores at 48 weeks postoperatively
indicate that a greater proportion of the patients
of the second and third groups compared to the
first group showed excellent functional results
(their AOFAS and Neer scores exceeded 90 points).

Foreign researchers studying the efficacy of
surgical treatment of patients with malleoli and
posterior tibial fractures via posterior approaches
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also obtained the values similar to those of our
study according to the AOFAS scale. Thus, S.
Zhong et al. reported that at the follow-up period
of 12 months the mean values in patients who
underwent surgery via posteromedial approach
were 92.5 points. In the posterolateral approach
group at the same period of time, the mean score
was 91.4 points [19]. L. Yang et al. evaluated the
functional outcome in patients with comminuted
ankle fractures after fixation of the posterior edge
of the tibia via the posterolateral approach. The
mean AOFAS score was 81.35+6.15 at 6 months and
90.56%4.98 at the final examination. The authors
did not specify the time of the final examination,
but based on the content of the publication, it was
more than 2 years after surgery [3].

Limitations

Distribution of patients by groups was not
randomized. Osteosynthesis in patients of the
same study group was performed by different
surgeons. The choice of surgical approach for
fixation of the posterior edge of the tibia was
determined by the operating surgeon on the
basis of his/her skills, clinical experience, and
radiologic picture. Insufficiently long follow-up
period does not allow us to assess the signs of
development of posttraumatic osteoarthritis.

CONCLUSIONS

The application of posterolateral or posteromedial
approach for open reduction and osteosynthesis
in the surgical treatment of patients with
comminuted fractures of the ankle and posterior
edge of the tibia allows for more accurate alignment
of the fragments of the articular surface compared
to closed reduction. In addition, patients who
underwent surgery using posterior approaches
demonstrate better mid-term functional results.
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