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Background. Surgical treatment of malleoli injuries is performed according to the principles of articular 
fractures management. It is particularly true for ankle injuries involving fractures of posterior edge of the tibia. 
The posteromedial approach enables to improve the results of surgical treatment of patients due to the direct 
reduction of tibia fragments. 
Aim of the study — to evaluate the efficacy and advisability of the modified posteromedial approach in patients 
with unstable fractures of malleoli and posterior edge of the tibia. 
Methods. Twenty two patients with unstable fractures of malleoli and posterior edge of the tibia underwent 
surgical treatment via the posteromedial approach. The X-ray control was performed the next day after the 
surgery as well as 6, 12, 24 and 48 weeks from the osteosynthesis. The functional results were evaluated in 12, 
24 and 48 weeks after the surgery with the use of AOFAS and Neer scales. 
Results. The average duration of postoperative period (9.3±3.8 days) was mainly determined by the state of 
the soft tissues. 91% of patients had anatomical reduction of posterior edge fragment of the tibia, 17 (77%) 
from 22 patients demonstrated fracture consolidation in X-rays 12 weeks after the surgery and all 22 patients 
(100%) 24 weeks after surgery. There were no cases of postoperative complications in patients 24 weeks after the 
surgery. While managing patients the range of motion in the ankle joint increased from 41.1±6.9° 12 weeks after 
the surgery to 57.3±4.6° 48 weeks after the surgery, that was statistically significant (p<0.01). The functional 
results improved as well according to both AOFAS and Neer scales and this improvement was also statistically 
significant (p<0.01). 
Conclusion. The is rather effective in Patients with unstable fractures of malleoli and posterior edge of the tibia 
had a statistically significant improvement in function after posteromedial approach.
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Актуальность. Хирургическое лечение повреждений лодыжечного сегмента осуществляется в соответствии 
с принципами лечения внутрисуставных переломов. Применение заднемедиального доступа за счет прямой  
репозиции фрагментов большеберцовой кости позволяет улучшить результаты хирургического лечения постра-
давших. 
Цель исследования — оценить эффективность и целесообразность применения модифицированного заднемедиаль-
ного доступа у пациентов с нестабильными переломами лодыжек и заднего края большеберцовой кости. 
Материал и методы. Двадцать два пациента с нестабильными переломами лодыжек и заднего края большебер-
цовой кости прооперированы с применением заднемедиального хирургического доступа. Рентгенологический 
контроль осуществляли на следующий день после операции и через 6, 12, 24 и 48 нед. после остеосинтеза. Функ-
циональные результаты лечения оценивали через 12, 24 и 48 нед. после операции по шкалам AOFAS и Neer. 
Результаты. Медиана (Ме) длительности предоперационного периода составила 9 дней (min = 6, max = 24 дней, Q1-
Q3 = 7–10 дней) и во многом определялась состоянием мягких тканей. У 91% пациентов была достигнута анатомич-
ная репозиция фрагмента заднего края большеберцовой кости. Рентгенологические признаки сращения отмечены  
у 17 (77%) пациентов через 12 нед. после операции и у 22 (100%) пациентов через 24 нед. Случаев развития осложнений 
не выявлено. За время наблюдения объем движений в голеностопном суставе статистически значимо (p<0,01) увеличи-
вался: Ме через 12 нед. после операции составила 40° (min = 30°, max = 55°, Q1–Q3 = 35–45°), через 48 нед. — 55° (min = 50°,  
max = 65°, Q1–Q3 = 55–60°). Отмечалось статистически значимое (p<0,01) улучшение показателей с течением времени 
при оценке функциональных исходов по шкалам AOFAS и Neer. 
Заключение. Заднемедиальный доступ эффективен при нестабильных переломах лодыжек и заднего края  
большеберцовой кости и позволяет добиться высоких функциональных результатов лечения. 

Ключевые слова: остеосинтез, внутрисуставной перелом, перелом лодыжек, заднемедиальный доступ. 
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Background

Malleolar fractures are rather severe injuries with 
high complication rate [1]. Failure in achieving 
good fracture fragments reduction leads to pro-
nounced functional impairment of the ankle joint 
[2]. This is more typical for unstable fractures of 
the ankle joint, associated with the fracture of the 
posterior edge of tibia. That is why modern trau-
ma surgery pays great attention to such type of in-
juries. The paradigm of treatment of patients with 
these complex injuries have changed significantly 
over the recent years. Earlier on these fractures 
supposed close reduction of the posterior edge of 
tibia fragment and its fixation with front to back 
screws was preferable. Nowadays more and more 
specialists emphasize that only precise restora-
tion of the anatomy of all injured bone structures 
can ensure optimal functional recovery of the an-
kle joint and reduce the risk of clinically signifi-
cant posttraumatic arthritis [3, 4]. In accordance 
with this concept, an open and precise reduction 
of the posterior edge of tibia and its back to front 
fixation are required, that can be performed via 
posterior surgical approaches only [5].

Posterolateral approach is widely applied in 
the surgical treatment of patients with unstable 
malleolar fractures associated with posterior tibia 
edge fracture [6, 7]. Despite the fact that this ap-
proach allows open and precise (anatomical) re-
duction of the posterior edge of tibia with simul-
taneous osteosynthesis of the lateral malleolus 
and fixation of distal tibiofibular syndesmosis, it 
may have disadvantages and cannot be used in 
all clinical situations. In addition, most surgeons 
perform it in prone position of patient, which 
complicates the reduction and fixation of the 
medial malleolus fragment significantly, as well 
as the reduction of the anterior part of the distal 
tibiofibular syndesmosis and fixation of the tibia 
anterolateral fragment (Tillaux-Chaput fragment) 
and the fibula anterolateral fragment (LeFort 
fragment) [6]. Therefore, the injuries discussed 
suppose intraoperative rotation of the patient in 
case of performing posterolateral approach, which 
increases the surgery time and the risk of infec-
tious complications.

In addition, the use of posterolateral approach is 
also inconvenient with type 3 fracture of the poste-
rior edge of tibia according to J. Bartoniček et al. [8], 
which suggests the presence of posterior fragment 
of the medial malleolus. The reason is that a direct 

access to the specified bone fragment via this ap-
proach is impossible. In such cases, a number of au-
thors recommend to use alternative posteromedial 
approach justified in many clinical situations, since 
it allows to restore the anatomy of the injured ankle 
and achieve stable fixation of the posterior edge of 
tibia and medial malleolus fractures [9, 10].

At the same time, the surgical technique of 
posteromedial approach, its advantages, disad-
vantages and indications for clinical use for os-
teosynthesis in unstable malleolar fractures and 
posterior edge of tibia have not been definitively 
determined, and we have not discovered scientific 
publications in Russian on this relevant problem 
of modern traumatology. These reasons laid sig-
nificant groundwork for the preliminary clinical 
trial, and its results are presented and discussed 
in this article.

The aim of the study was to evaluate the features 
of the modified posteromedial surgical approach 
technique and its effectiveness for osteosynthesis 
in patients with unstable malleolar fractures and 
the posterior edge of tibia, as well as to clarify the 
indications for its clinical use.

methods

Research design

A prospective multicenter cohort study was con-
ducted on the basis of the traumatology depart-
ments of two hospitals in the Leningrad region: 
Vsevolozhsk Region Hospital and Tosnenskaya 
Region Hospital, as well as the I.I. Dzhanelidze 
St. Petersburg Institute of Emergency Medicine 
in the period from 2020 to 2021. 

Patients

The study group included 22 patients (5 men and 
17 women) with unstable malleolar fractures as-
sociated with posterior edge of tibia fracture, who 
underwent surgery performed via posteromedial 
surgical approach. An important inclusion crite-
rion was the ability to evaluate the dynamics of 
the functional results of treatment 12, 24 and 48 
weeks after surgery. The age of patients ranged 
from 31 to 80 years: median (Me) — 50.5 years, 
interquartile range (IQR) — from 44 to 61 years. 

As for the mechanism, most patients got in-
jured by twisting the ankle when falling from 
their own height, i.e., the injury had an indirect 
low-energy character. High-energy injury was di-
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agnosed in two patients who fell from a bicycle, 
and two – from small height.

Preoperative examination

The type of fracture and injury of the ankle joint 
structures was assessed based on the analysis of 
two views of X-rays with using the classification 
of the Association of Osteosynthesis (AO) [11]. 12 
(55%) patients had the comminuted trans-syn-
desmotic fracture with involvement of the pos-
terior edge of tibia type 44B3, 3 (14%) patients 
had simple supra-syndesmotic fracture type 
44C1.3, 5 (23%) patients - comminuted fracture 
type 44C2.3. 2 more patients (9%) had fibula frac-
ture localized in its upper third type 44C3.3. The 
majority of patients (64%) suffered pronounced 
ankle valgus deformation, lateral and posterior 
subluxation of the foot.

During the treatment 19 (86%) patients got 
primary reduction of fragments and cast immo-
bilization upon admission under local anesthe-
sia. However, three patients (14%) were put on 
skeletal traction through the calcaneal bone due 
to significant soft tissue edema and irreducible 
foot subluxation. For high-quality preoperative 
planning and determination of surgical tactics 
(selection of approaches), all patients underwent 
preoperative CT scanning of the ankle joint area 

with an assessment of the fracture pattern and 
the existing injury components based on 3D re-
construction, analysis of sagittal, frontal and 
axial scans.

The degree of distal tibial syndesmosis disrup-
tion was determined by assessing the contours of 
fibula and tibia in the distal fibular notch area by 
axial CT scans. Separately the size of the frag-
ment of the posterior edge of tibia was estimated 
using common method involving measuring the 
proportion of the articular surface of fragment 
from the entire tibial articular surface on a lateral 
X-ray [7]. The configuration of the posterior edge 
of tibia was determined from CT data, mainly 
axial sections, using the methodology and classi-
fication of J. Bartoniček et al. [8]. Analyzing axial 
CT scans, it was possible to determine the lo-
calization and dimensions of the identified frag-
ments of the tibial articular surface interposing 
the fracture line (Fig. 1).

Bone fragments were measured on lateral ra-
diographs of the ankle joint in Radiant Dicom 
Viewer X-ray image viewer. In particular, the 
proportion of the articular surface of the poste-
rior edge of tibia fragment was determined, and 
the results were presented in the form of decimal 
fractions, where the entire articular surface of 
the distal tibia was taken as 1.

Fig. 1. Differences in the size of the tibia posterior edge fragment on axial CT sections  
of different patients: a — intra-incisural posterolateral fragment involving 1/3–1/4 fibular incisura  
(type 2 according to J. Bartoniček et al.); 
b — intra-incisural posteromedial two-fragmental fracture, including the posterior part  
of the fibular incisura laterally and the posterior part of the medial ankle medially  
(type 3 according to J. Bartoniček et al.);
c — large posterolateral fragment of triangular shape, including the posterior half of the fibular incisura  
(type 4 according to J. Bartoniček et al.)

а b с
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Surgical technique
The surgical technique generally corresponded to 
the method of extended posteromedial approach 
described by Y. Wang et al. [12]. The surgery was 
performed in supine position of the patient with 
the lower limb bent at the knee joint and rotated 
laterally. The skin incision started 10 cm from 
the level of the apex of the medial malleolus and 
was extended longitudinally in the middle of the 
distance between the medial edge of the Achilles 
tendon and the malleolus, starting vertically at 
the level of the proximal and middle thirds of the 
incision, followed by anterior bend in its lower 
third and extension just below apex of medial 
malleolus. The fascia propria of the lower third of 
the leg and the flexor tendon retinaculum were 
dissected longitudinally, obtaining two possible 
“surgical windows”: between the tendons of the 
posterior tibial muscle and the flexor digitorum 
longus, as well as between the tendons of the lat-
ter and the flexor hallucis longus. Dissection of 
tissues was performed carefully due to the risk of 
injury to the posterior tibial vessels and the tibial 
nerve. At the same time, the indicated neurovas-
cular bundle was diverted posteriorly without its 
mobilization in contrast to the generally accept-
ed technique described in the literature [4].

Bone fragments were reduced by manipulating 
the fragment of the tibia posterior edge, focusing 
on the upper fracture line — directly in the wound 
— and the tibia articular surface, visualized using 
C-arm in lateral and AP views. K-wires were used 
to temporarily fix the fragment of the posterior 
edge of tibia. In 3 cases (14%) it was necessary to 
remove a small fragment of the articular surface 
interposing between the main fragment of the 
posterior edge and its bed to achieve anatomical 
reduction of the posterior edge of tibia fragment. 
In 1 case (4%) it was possible to perform reim-
paction of the fragment of articular surface of the 
tibia posterior edge, since the impact zone was 
localized on the posteromedial side of the latter, 
which was the reason for choosing posteromedial 
approach in this patient.

In number of cases a “pointed” bone clamp 
was used for the reduction of posterior edge of 
tibia fragment, placing it under visual control. If 
there was a tendency to vertical displacement the 
method of sequential compression on an anti-
glide plate under C-arm control was applied, i.e., 

due to the pressing of the plate to the tibia dia-
physeal part above the fracture of the posterior 
edge, its correct positioning occurs (pressing to 
the bed) followed by interfragmentary compres-
sion [7, 13].

Fixation of the fragment of the posterior edge 
of tibia was performed using cancellous screws 
4.0 mm with partial thread in 6 cases and plates 
in 16 cases. Short 1/3-tubular plates with 3-5 
holes, T-shaped plates from a set for fixing small 
bone fragments were used, introducing 3.5 mm 
cortical screws and 4.0 mm cancellous screws 
with partial thread (Fig. 2). The reduction of the 
medial malleolus was performed via the anterior 
window of the posteromedial surgical approach 
with its fixation with two cancellous screws 4.0 
mm with partial thread in 15 cases, one screw and 
a K-wire — in 3 cases of comminuted fractures, 
and 1/3-tubular plate with 3.5 mm screws — in 
1 case with a vertical fracture line. In 2 patients 
without bone injury to the medial structures of 
the ankle joint, the suture of the deltoid ligament 
was not performed, since foot subluxation could 

Fig. 2. Intraoperative image of the posteromedial 
approach at the stage of fixation of the posterior 
edge of the tibia with a 1/3-tubular plate: 
1 — 1/3-tubular plate fixation the posterior fragment  
of the tibia; 
2 — posterior tibial muscle, flexor digitorum longus, 
retracted by the Farabeuf hook; 
3 — the flexor hallucis longus and the posterior 
neurovascular bundle,  retracted by the Farabeuf 
hook

2

3

1
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be reduced after osteosynthesis of the tibia pos-
terior edge, lateral malleolus and splinting of dis-
tal tibiofibular syndesmosis.

Reduction and fixation of lateral malleolus 
were performed via standard lateral approach in 
supine position of the patient. In most cases, fib-
ula osteosynthesis was performed using 1/3-tu-
bular plates, 3.5 mm cortical screws and 4.0 mm 
cancellous screws with partial thread. In 2 cases 
of type 44 C3.3 fractures osteosynthesis of fibula 
was not performed, since the fracture zone was in 
its upper third. However, in both cases fixation of 
the distal tibiofibular syndesmosis was performed 
with a positional screw. The reconstruction of the 
ankle joint was concluded by examining the sta-
bility of distal tibiofibular syndesmosis by lateral 
stability stress tests [14]. In 10 cases (46%) of the 
revealed lateral instability, one 3.5 mm cortical 
positional screw was used to fix distal tibiofibu-
lar syndesmosis.

All stages of osteosynthesis were accompa-
nied by intraoperative fluoroscopy in standard 
AP, AP with internal rotation at 15° and lateral 
views. The time of each surgery was recorded and 
their average duration in minutes was calculat-
ed. The surgery ended with active drainage and 
wound suturing. Only skin sutures were applied 
using the Allgower or Donati suture in case of ex-
cessive tension of the wound edges.

Active movements in the ankle joint were 
permitted the day after the surgery. The axial 
load was restricted until the appearance of ra-
diological signs of bone union. As a rule, this pe-
riod ranged between 10 and 12 weeks after the 
surgery.

Results assessment

The quality of the reduction of posterior edge of 
tibia fragments was determined by the presence 
or absence of residual displacement along the line 
of articular cartilage and/or diastasis in the frac-
ture zone on the lateral radiograph. The result of 
the reduction with a complete restoration of the 
anatomy of the articular surface, the absence of 
diastasis between fragments and subluxation in 
the ankle joint was considered excellent. A satis-
factory result suggested the presence of a step of 
the articular surface and/or diastasis in the frac-
ture zone up to 2 mm; the displacement of bone 

fragments along the line of the articular surface 
and/or diastasis in the fracture zone of more than 
2 mm and/or subluxation in the ankle joint was 
considered unsatisfactory.

X-ray was performed the day after the surgery 
and within 6, 12, 24 and 48 weeks after osteosyn-
thesis. All radiographs were evaluated in order to 
identify possible signs of osteosynthesis failure, 
implant migration, loss of reduction and increase 
in deformation, as well as the appearance of ra-
diological signs of bone union of the tibia pos-
terior edge, fibula and medial malleolus. These 
signs included a distinct “darkening” or disap-
pearance of the fracture line in the case of simple 
fractures, as well as the appearance of a visible 
callus in the area of a comminuted fracture. In 
addition, standard X-rays were evaluated 24 and 
48 weeks after the injury to identify the signs of 
post-traumatic arthritis, especially if its symp-
toms (persistent pain syndrome, edema and pro-
nounced restriction of movements in ankle joint) 
were present.

During the patients’ follow-up, attention was 
paid to the maintenance of the correct relation-
ship of articular surfaces of the ankle joint, the 
increase of deformation, secondary displacement 
and migration of implants. The functional re-
sults of treatment were evaluated 12, 24 and 48 
weeks after surgery according to the AOFAS and 
Neer scales. The ankle joint range of motions was 
measured within the time specified according 
to standard technology using an orthopedic go-
niometer. The ankle joint range of motions was 
determined as the sum of deviations from the 
zero position of the foot (90° relative to the axis 
of the lower leg) with its plantar and dorsal flex-
ion. The data obtained were used to evaluate the 
functional results of treatment according to the 
AOFAS and Neer scales. 

Cases of deep and superficial infection in the 
area of surgical intervention, failure of osteosyn-
thesis manifested by migration of implants, de-
layed union of fractures, secondary displacement 
of fragments, post-traumatic arthritis were taken 
into account analyzing early and delayed compli-
cations of surgical treatment. At the same time, 
the relative values characterizing the frequency 
of occurrence or proportion were expressed as a 
percentage.
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Statistical analysis

Statistical analysis of the obtained quantita-
tive data was performed using Excel, as well as 
Statistica 8 for Windows (StatSoft) program. The 
median (Me) and interquartile range (IQR) were 
calculated using the programs mentioned above 
(the values of the first and third quartiles are pre-
sented). The type of distribution of the obtained 
digital values was evaluated using the Shapiro–
Wilk test. Non-parametric Friedman test was 
used to determine the statistical significance of 
the differences between the analyzed samples 
due to non-normal type of data distribution. The 
statistical significance of changes during the ob-
servation period in the parameters of the ankle 
joint range of motion and scores reflecting the 
functional results of treatment according to the 
AOFAS and Neer scales was determined.

Results

CT scan of all patients before surgery allowed us 
to analyze the structure of the ankle joint injury, 
identify all its components and evaluate the in-
dividual architectonics of fractures, which facili-
tated preoperative planning greatly, allowing us 
to determine the sequence of fixation of all inju-
ry components via rational surgical approaches.

After analysis the CT scans fractures of 3 classi-
cal components were detected in 14 patients: frac-
tures of the lower third of fibula above syndesmo-
sis, medial malleolus with a fragment of its anterior 
tubercle or both tubercles, as well as the posterior 
edge of tibia. Four patients had only a fracture of 
the posterior tubercle of the medial malleolus adja-
cent to the fragment of the posterior edge of tibia. 
In these 4 patients and in 3 more with a medial 
malleolus fracture, the presence and fracture pat-
tern of its posterior tubercle were revealed only by 
analyzing CT scans. Three patients had no bone in-
jury to the ankle joint medial complex, but deltoid 
ligament injuries were present. Two of our patients 
did not have fibula fractures in the ankle joint area 
or in the lower third of the lower leg. Two patients 
suffered a fracture with the presence of tibia ante-
rolateral fragment (Tillaux-Chaput fragment), and 
2 more patients had a displacement of a similar 
fibula anterolateral fragment (LeFort fragment). In 
3 patients, according to preoperative CT scans, im-
pacted fractures of the articular surface of the pos-
terior edge of tibia were found.

Division of patients depending on the type of 
fracture of the posterior edge of tibia according 
to the classification of J. Bartoniček et al. was 
performed only after evaluation of CT data. In 13 
(59%) patients the 3rd type of fracture of the pos-
terior edge of tibia was identified, in 3 (14%) pa-
tients — the 2nd type, in 6 (27%) patients — the 4th 
type. The Me of the fragment size of the posterior 
edge of tibia was 0.28 (from 0.1 to 0.5 of the tibia 
articular surface), the interquartile range was 
from 0.2 to 0.4. 

Thus, the use of spiral CT at the stage of pre-
operative planning revealed a wide variety of 
injuries that occurred in patients with unstable 
malleolar fractures and the posterior edge of tib-
ia, and also made it possible to make a reasoned 
choice of tactic for fixing bone fragments.

Normalization of the soft tissues condition was 
a crucial moment determining the timing of sur-
gery. The optimal time for the surgery was deter-
mined by the appearance of clinical signs of nor-
malization of microcirculation in the injury area, 
manifested by regression of soft tissue edema and 
epithelization of skin blisters, if they were present. 
The Me duration of the preoperative period was 9 
days (from 6 to 24 days), IQR — from 7 to 10 days.

Open osteosynthesis of the posterior edge of 
tibia via posteromedial surgical approach allowed 
to achieve its anatomical reduction in the abso-
lute majority (20 out of 22 or 91%) of patients.

An example of using the technique is shown 
in Figure 3. 

Results of reduction of only 2 (9%) patients 
were recognized as satisfactory due to the pres-
ence of intraarticular step with a size of up to 2 
mm between the posterior tibial fragment and 
the rest part of articular surface, which was re-
vealed on the lateral view x-rays of ankle joint. 
At the same time, no residual subluxation in the 
injured joints was detected in any of the patients.

There were no local complications in the early 
postoperative period. All wounds healed by pri-
mary tension without inflammation and infec-
tious complications. There was no migration of 
implants and secondary displacement of frag-
ments in the early postoperative period.

The studied stage radiographs during the fol-
low-up did not reveal the failure of fixation, sec-
ondary displacement of fragments, migration of 
implants in any patient. Bone union of the pos-
terior edge of tibia, lateral and medial malleolus 
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was noted on X-rays in 17 (77%) of 22 patients 
examined 12 weeks after surgery, and in all pa-
tients after 24 weeks.

The increase over time in ankle joint range of 
motions in patients was statistically significant 
(p<0.01) (Table 1). 

The increment of scores over time according 
to both evaluation scales was statistically signifi-
cant (p<0.01). Only 3 (14%) patients examined 
48 weeks after osteosynthesis had complaints 
of moderate pain and swelling in the ankle joint 
area after physical activity.

i j

Fig. 3. Surgical treatment of a patient with a fracture 44C2.3:
a, b — primary X-rays in AP and lateral projections;
c, d, e, f — CT data showing the size of the posterior edge of the tibia; 
g, h — postoperative X-rays in AP and lateral projections — anatomical reposition of bone fragments  
in the ankle joint;
i, j — functional result of treatment 48 weeks after injury

gfe h

а b с d
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Discussion
Fractures of the posterior edge of tibia are typi-
cal intraarticular fractures. Therefore, standard 
principles of treatment of such injuries should 
be applied, among which accurate (anatomical) 
reduction and interfragmentary compression of 
the articular surface fragments are especially 
important. Nevertheless, until recently, it was 
believed that these principles for fractures in 
question can be applied with certain limitations. 
Thus, many authors reported that only frag-
ments of the posterior edge of tibia containing 
at least 1/3 of the articular surface require fixa-
tion [4, 5, 15]. In addition, a number of authors 
recommend close reduction of the posterior edge 
of tibia fragments with minimally invasive fixa-
tion with screws introduced from front to back 
[4, 16]. However, this technique often does not al-
low anatomical reduction and reliable fixation of 
fragments of the fractures discussed. Moreover, 
for adequate interfragmentary compression, it 
is necessary that the entire threaded part of the 
screw is located in the fragment of the posterior 
edge of tibia, but in case of fragment of small 
size, it is technically impossible to create an in-
terfragmentary compression. It must be taken 
into account that in cases of impaction of tibia 
articular surface, it is impossible to achieve pre-
cise reduction. Therefore, open reduction of bone 
fragments seems to be more adequate.

It should be noted that nowadays, the choice of 
surgical approaches for osteosynthesis of unsta-

ble malleolar fractures and the posterior edge of 
tibia is largely determined by the dread of trauma 
surgeons to excessively injure soft tissues in the 
ankle joint area, which can lead to serious com-
plications that negate even the impeccable ana-
tomical result of the surgery. As a matter of fact, 
for anatomical reduction of the posterior edge of 
tibia, it is necessary to perform one of posterior 
approaches to the ankle joint, which increases 
surgical trauma. At the same time, in order to 
lessen it, it is logical to couple the fixation of the 
posterior edge of tibia with osteosynthesis of one 
of the malleoli via the same surgical approach. 
This is exactly what surgeons do performing pos-
terolateral approach to the posterior edge of tibia 
with subsequent fixation of the lateral malleolus 
via the same approach [17, 18]. However, this ap-
proach does not allow adequate visualization of 
the posteromedial fragment of the posterior edge 
of tibia in case of type 3 fracture according to J. 
Bartoniček et al. Therefore, in such cases, in our 
opinion, it is logical to use posteromedial surgi-
cal approach with simultaneous fixation of frag-
ments of the posterior edge of tibia and medial 
malleolus.

Surgical technique of posteromedial approach 
described in the literature may somewhat differ. 
So, in the manual of Ch.M. Court-Brown et al., it 
is proposed to perform a longitudinal incision of 
the skin in the middle of the distance between 
the medial malleolus and the Achilles tendon. 
After dissection of the fascia, the tendons of the 

Table 1
Parameters of the range of motions in the ankle in dynamics

Parameter
Observation period

12 weeks. 24 weeks. 48 weeks.

The range of motions in the ankle, 
deg.

Median 40 55 55

Min/Max 30/55 45/65 50/65

IQR 35–45 55–60 55–60

AOFAS, points Median 67,5 88 90

Min/Max 61/72 78/95 85/97

IQR 64–70 82–90 90–95

Neer, points Median 67,5 90 94

Min/Max 62/74 82/96 86/96

IQR 64–70 85–93 94–96

p<0,01.
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posterior tibial muscle, flexor digitorum longus 
and flexor hallucis longus muscles are identi-
fied, and the approach to the posterior edge of 
tibia is provided between the last two tendons. 
In this case, the posterior tibial vessels and the 
tibial nerve are situated anteriorly from the ten-
don of the flexor hallucis longus. Approach to the 
posterior part of the medial malleolus opens by 
bypassing these vessels and nerve from the front. 
At the same time, it is recommended to be careful 
to avoid injury to the posterior tibial vessels and 
the tibial nerve [4].

Although such approach is not used very of-
ten, it gives better visualization of the posteri-
or edge of tibia compared to the posterolateral 
approach according to M. Philpott et al. [19]. M. 
Assal et al. consider that the approach between 
the tendon of the flexor hallucis longus from 
behind and the neurovascular bundle with the 
tendon of the flexor digitorum longus from the 
front gives the widest (up to 91%) field of view of 
the posterior edge of tibia with the least tension 
of soft tissues, vessels and nerves [20]. In addi-
tion, posteromedial approach can be performed 
in supine position of the patient and combined 
with traditional lateral approach to the lateral 
malleolus, thereby simplifying ankle joint space 
orientation, including when performing intraop-
erative control radiographs [21].

Y. Wang et al. proposed a modified postero-
medial approach, which was used in our study. 
According to this technique, the approach to the 
posterior edge of tibia fragment is performed be-
tween the tendon of the flexor hallucis longus 
and the neurovascular bundle, which is carefully 
withdrawn anteriorly together with the tendon 
of the flexor digitorum longus. The approach to 
the posteromedial part of the medial malleolus is 
made between the tendon of the flexor digitorum 
longus, which is diverted posteriorly together 
with the neurovascular bundle and the tendon 
of the posterior tibial muscle, which is shifted 
anteriorly, exposing the posterior surface of the 
medial malleolus. Surgeon passing anteriorly of 
the tendon of the posterior tibial muscle can get 
a full view on the anterior medial malleolus via 
the same approach. Thus, the authors achieved 
direct visualization of both the tibia posterior 
fragment and all parts of the medial malleolus 
and performed an open anatomical reduction 
and osteosynthesis of all fracture fragments [12].

Separate lateral approach was used with pa-
tient in the same supine position for osteosyn-
thesis of the lateral malleolus and fixation of 
distal tibiofibular syndesmosis. Notably authors 
obtained an anatomical reduction of the poste-
rior fragment of tibia in all 16 operated patients, 
and the average functional result graded on the 
AOFAS scale was 85.6 points [12].

Z.B. Lai et al. compared two groups of patients 
in which they used two modifications of the pos-
teromedial approach for osteosynthesis of the 
posterior edge of tibia, first passing behind the 
tendon of the flexor digitorum longus, and sec-
ond anteriorly from the latter. In both groups 
authors achieved anatomical reduction of the 
posterior edge of tibia fragment in more than 
80% of patients and good functional recovery of 
ankle joint — in average more than 84 points on 
the AOFAS scale. At the same time, the authors 
noted even slightly better outcomes in the group 
with posteromedial approach passing posteriorly 
from the tendon of the flexor digitorum longus, 
due to less duration of surgery. In addition, the 
proportion of patients with anatomical reduction 
of the posterior edge of tibia was 90.5%, and the 
average functional outcome on the AOFAS scale 
was 88.2 ± 7.8 points. However, the advantages 
identified by the authors were not statistically 
significant [22].

Currently, it is obvious that CT scan is neces-
sary for adequate preoperative planning and the 
choice of surgical approaches for fractures of 
the posterior edge of tibia and malleoli [23]. In 
case of such complex fractures G.M. Arrondo and  
G. Joannas recommend to evaluate preoperative 
axial CT scans first and then choose between 
three types of posterior approaches depending 
on the involvement of the fracture components: 
posterolateral, posteromedial and modified pos-
teromedial [21].

S. Donohoe et al. state that ideas about the 
pattern of fractures in discussion change in 52% 
of cases after studying the CT scans, and in 44% 
of cases adjustments are made to the surgery plan 
and patient positioning [24]. The results of our 
study confirm the data of these authors. We de-
cided on the optimal approaches for performing 
osteosynthesis in each case individually depend-
ing on the fracture patterns acquired using CT 
scans. For example, posteromedial surgical ap-
proach for reduction and fixation of the fracture 
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was chosen in case of identifying by CT scan im-
pacted articular surface of the posterior edge of 
tibia, since this approach is most convenient for 
osteosynthesis and provides a better view. This 
is exactly what seems essential when it is neces-
sary to eliminate the impaction, which requires 
adequate visualization of the fracture zone of the 
tibia articular surface.

It should be noted that our study included 
patients with fractures of the posterior edge of 
tibia of the 2nd, 3rd and 4th types according to 
J. Bartoniček et al. requiring surgical treatment. 
Thus, it was shown that the use of posteromedial 
approach is possible for all the variants of frac-
tures of the posterior edge of tibia that we studied 
associated with malleolar fractures. At the same 
time, out of several options for posteromedial ap-
proach, we chose modified technique [12], since 
in our opinion it provides the best view with the 
least traction of soft tissues and neurovascular 
bundle [20].

It is known that many authors perform pos-
teromedial approach with patient in prone po-
sition [21, 25]. However, we prefer to perform 
it in a supine position and consider this pos-
sibility one of the advantages in some clinical 
situations. These include, for example, the need 
for direct anterolateral approach in combined 
Tillaux-Chaput, LeFort injuries or the necessity 
of visualization of the anterior portion of dis-
tal tibiofibular syndesmosis. At the same time, 
supine position ща the patient does not com-
plicate the surgery and allows performing all its 
stages without changing it.

In general, our accumulated clinical experi-
ence has shown that the described technique of 
posteromedial surgical approach allows achiev-
ing a good anatomical result of osteosynthesis 
in the vast majority of cases (91%) of unstable 
malleolar fractures and the posterior edge of tib-
ia due to good visualization of the posterior edge 
of tibia and intraoperative control of bone frag-
ments reduction using C-arm. This creates, in our 
opinion, the necessary conditions for achieving 
good functional results of surgical treatment of 
patients and reduces risk of complications.

Limitations of the study

A small number of patients were included in the 
study, and a comparative analysis of the results 
of osteosynthesis of the studied fractures using 

alternative surgical approaches on our own clini-
cal material was not performed.

Conclusion

Despite the fact that the present clinical study of 
usage of posteromedial approach for osteosyn-
thesis of fractures of the posterior edge of tibia 
and malleoli was preliminary, it can already be 
stated that the approach we used has shown its 
convenience and clinical effectiveness, as well as 
the possibility of application for osteosynthesis 
in unstable ankle fractures in many clinical situ-
ations. These, in our opinion, include first of all 
cases in which the use of posterolateral approach 
is impossible or excessively traumatic (the pres-
ence of a fracture of the tibia anterolateral edge, 
the need for its reduction and fixation, the need 
for revision of the anterior portion of the tibi-
ofibular syndesmosis), as well as fracture of the 
posterior edge of tibia in combination with frac-
ture of the medial malleolus of the 3rd type by J. 
Bartoniček et al. In addition, we have shown the 
possibility of successful application of postero-
medial approach in other clinical situations: in 
fractures of the 2nd and 4th types according to 
J. Bartoniček et al. In our opinion, that indicates 
that when trauma surgeons master the rational 
technique of posteromedial surgical approach, 
the indications for its use can be expanded.
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