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Abstract
Background:
Posterior malleolus (PM) fractures account for 7%-44% of all ankle fractures. however, the management
of PM fractures remains controversial. Studies have shown that the posterolateral approach is one of the
most commonly used surgical approaches. The aim of this study was to evaluate the clinical effect of
the posterolateral approach with cannulated screw or buttress plate for the treatment of posterior
malleolus fracture.
Method:
We retrospectively analyzed the clinical data of 66 patients with ankle fractures involving posterior
malleolus from January 2016 to March 2018. All patients were treated with a posterolateral approach.
Fixation of the posterior malleolus was made with anterior to posterior (AP) lag screws in 7 patients,
posterior to anterior (PA) lag screws in 38 patients, buttress plates in 9 patients, and buttress plates
combined with PA lag screws in 12 patients. We used the AOFAS ankle and posterior foot function
scoring system, VAS pain score, and radiographic evaluations as the primary outcome measures. The
mean follow-up was 10.8 ± 4.4 (range, 6-20) months.
Results:
Radiological evaluation showed that 64 patients (97.0%) achieved a good or excellent reduction and the
primary bone union was achieved in all the 66 patients without internal fixation failure or occurrence of
post-traumatic ankle arthritis. At the final follow-up, the mean AOFAS score of the patients was 92.39 ±
3.84, with an excellent/good rate of 100%. The VAS pain score was 6.62±1.03 before surgery, changed to
3.06 ± 0.72 one week after surgery, and 1.20 ± 0.92 at the final follow-up. There was no statistical
difference in the AOFAS score (p=0.01) or VAS pain score (p=0.01) between the different internal fixation
methods.
Conclusion:
The posterolateral approach using lag screws and/or buttress plates can achieve good clinical outcomes
in the treatment of posterior malleolus fracture with reduced incidence of postoperative complications,
fracture reduction failure, and ankle osteoarthritis.

Introduction
Ankle fractures are a relatively common type of limb fracture, while posterior malleolus (PM) fractures
account for 7%-44% of all ankle fractures[1]. Although there is specific treatment recommended for
medial and lateral malleolus fractures, the management of PM fractures remains controversial.
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After reduction of the lateral malleolus, the PM fragment might achieve spontaneous reduction with the
auxiliary effect of the posterior tibiofibular ligament. It is widely accepted that the fixation of the PM
fracture requires further open treatment when the area of the posterior marginal fragment is more than
25% of the articular surface or when the ankle joint remains unstable after medial and lateral malleolus
fixation [2, 3]. Drijfhou and Verhage found that medium-sized fragments of the posterior malleolus (5–
25%) may increase the incidence of posttraumatic radiographic osteoarthritis. Furthermore, radiographic
osteoarthritis also occurred more frequently when postoperative step-off was 1 mm or more[4]. Studies
have shown that anatomical reduction and internal fixation of PM fractures is an important functional
outcome in the treatment of ankle fractures[5, 6].
The choice of treatment depends on the shape, size, displacement of the fragments, and classification of
ankle fractures. Generally, PM fragments are fixed either with indirect percutaneous screws or through a
posterolateral approach using screws and/or a buttress plate.
In this study, we assessed the short-term clinical outcome in 66 patients with PM ankle fracture using a
posterolateral approach. We also compared the outcomes of different fixation methods (screw and/or
buttress plates).

Patients And Methods
This retrospective comparative study was conducted at a level one trauma center.
Patients
Patients with ankle fracture were screened to identify candidates meeting inclusion criteria of (1) ankle
fracture involving the PM, (2) aged 18 years and above, (3) PM was surgically ﬁxed with lag screws
and/or buttress plates via a posterolateral approach. Patients were excluded if they had tibia pilon
fractures, open fractures, history of ankle fractures, and pathological fractures. A total of 66 patients met
the inclusion criteria and were recruited between January 2016 and March 2018. Approval for the study
was obtained from our Institutional Review Board. Patients were classified according to the LaugeHansen and Haraguchi classification system with the help of preoperative AP, lateral x-rays, and 3D CT
scans. All fractures were unilateral, with a mean follow-up of 10.8±4.4 (range, 6-20) months.
Baseline data collection included demographic characteristics, Lauge-Hansen and Haraguchi
classiﬁcation of the fracture, and injury mechanism as shown in Table 1.
Operative Procedure
The patients were treated with lag screws and/or buttress plates. Patients were either in the prone or
lateral position. A posterolateral approach was performed through the interval between the peroneal
tendons and ﬂexor hallucis longus to gain access to the posterior malleolus. Care is taken to avoid injury
to the sural nerve, flexor hallucis longus, and the posterior inferior tibiofibular ligament. When anatomical
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reduction was confirmed with image intensification, the PM was reduced directly and held temporarily
with K wires or a pointed reduction clamp.
In the anteroposterior (AP) or posteroanterior (PA) lag screw group, 1 or 2 percutaneous 3.5-mm lag
screws were placed from anterior to posterior (A to P) or anterior to posterior (P to A) into the PM (Fig. 1
and Fig. 2). In the buttress plates group, PM was ﬁxed with either a small fragment T plate or 1/3 tubular
plate applied in a buttress technique. In the buttress plates and lag screws group, 1 or 2 lag screws were
placed under the plates and just close to the articular surface except for the plates (Fig. 3).
Medial malleolus fracture was treated after PM in supine position with lag screws.
The tibiofibular syndesmosis (TFS) was fixed with a syndesmosis screw or endobutton system if
tibiofibular instability after fixation of the lateral, medial, and PM fractures was present.
The postoperative treatment of ankle fractures was to allow a range of motion (ROM) and stretching
exercise after surgery. Non-weight-bearing continued for at least six weeks until there was radiographic
evidence of fracture healing. All patients were instructed to begin weight-bearing at 6 weeks aiming for
full-weight bearing by 12 weeks. The TFS screw was removed before full weight bearing to prevent screw
breakage.
Surgical Outcome Evaluation
Patients were evaluated by clinical examination and radiography.
First, we identified any surgical complications after the operation. Articular step-off and/or articular
surface gap was assessed using postoperative plain radiographs or CT scan. The reduction was
considered excellent (<1 mm), good (1–2 mm), and poor (>2mm) as proposed by Ketz[7]. Radiographic
images were analyzed for the loss of reduction, bone union rate, and arthritic changes of the ankle joint at
the last follow-up. The Visual Analog Scale (VAS) was used to quantify pain before surgery, one week
after surgery, and before removing the internal fixation. The functional outcomes of all patients were
evaluated using the American Orthopaedic Foot and Ankle Society (AOFAS) scores at the final follow-up.
Statistical Analysis
SPSS 20.0 was used for statistical analysis.
Kolmogorov-Smirnov test was used to assess whether the VAS pain scores in all 66 patients at different
times were normally distributed and the scores were further compared using the Rank sum test. A oneway ANOVA test was used to compare the AOFAS scores of different internal fixation methods. VAS pain
scores at different time points were analyzed by Rank sum test with Bonferroni correction. Besides, a Chisquared test was used to determine whether there was an association between categorical variables,
including sex, left/right side, mechanism of injury, Lauge-Hansen classification, Haraguchi classiﬁcation,
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and the AOFAS or VAS scores for each group. Correlations of categorical variables including age, followup period were also assessed using one-way ANOVA test or Rank sum test, respectively.
A p-value < 0.05 was considered statistically significant.

Results
The AP or PA lag screws were used to fix the fragment was fixed using in 45 patients (68.2%), while in 21
patients (31.8%), it was fixed using a buttress plate with or without lag screws. After fixation, 45 patients
(68.2%) were found to have stable ankles. A syndesmosis screw (17 cases) or endobutton system (4
cases) was required in 31.8% of the patients. No intraoperative injuries of the sural nerve, peroneal artery,
and tendons were reported. Postoperative complications such as wound infection, soft tissue necrosis,
adhesion of flexor hallucis longus were not reported in any of the patients.
Radiographic evaluation revealed excellent reduction with a congruent ankle joint in 59 cases (89.4%), 5
cases had good reduction (7.6%), while 2 (3.0%) cases had poor reduction (Table 2 − 1). No invalidation
or breakage of internal fixation had occurred after an average follow-up period of 10.8 ± 4.4 months, and
all patients achieved primary bone union. Besides, no traumatic osteoarthritis was reported in any of the
participating patients.
The mean AOFAS score for the evaluation of ankle function at the last follow-up was 92.39 ± 3.84.
Besides, 52 patients have an excellent score (90–100 points), 14 patients got a good score (75–89
points), and none of the patients had an AOFAS score below 75 (Table 2 − 1).
The mean VAS scores of the patients in the buttress plate group were 6.62 ± 1.03, 3.06 ± 0.72, and 1.20 ±
0.92 before the operation, one week after surgery, and before removing the internal fixation, respectively
(Table 2–2). Patients had significantly lower VAS scores one week after surgery (P < 0.05) or at the last
follow-up (P < 0.05).
We further explored the clinical outcome of the different internal fixation methods. The 66 Patients were
divided into three groups as follows; AP screw group, PA screw group, and buttress plates group. The
demographic characteristics, mechanism of injury, classification of the fracture, and follow-up times of
the patient cohorts were similar (Table 3, P > 0.05). Radiological evaluation of the ankle showed that
excellent or good reduction was achieved in 85.7%, 97.4%, and 100% of patients in the AP screw group,
PA screw group, and buttress plates group, respectively. Besides, 1, 13, and 7 patients in the AP screw
group, PA screw group, and buttress plates group, respectively, needed additional syndesmosis screw or
endobutton system as shown in Table 4 − 1. The AOFAS and VAS scores among different groups are
listed in Table 4 − 2. No statistically significant difference in mean AOFAS scores at the final follow-up
was noted or VAS scores before operation and before removing the internal fixation for each group (P >
0.05). However, for the VAS scores after the operation, the PA screw group reported slightly higher scores
than the AP screw group (P < 0.05)
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Discussion
Posterior malleolus fractures refer to ankle fractures of the posterior articular surface of the distal tibia. A
previous study reported that fractures of the posterior margin of the distal tibia occurred in 46% of DanisWeber Type B and Type C [8]. The posterior ankle fracture is also believed to participate in the
symmetrical coordination of the joint and flatness of the articular surface [9]. Compared with medial and
lateral malleolus fractures, ankle fractures with posterior malleolus or Volkmann bone fragments often
have ankle instability and subluxation, which can lead to a worse prognosis.
Until recently, the treatment of posterior malleolus fracture has remained controversial [10]. A systematic
review was conducted on the biomechanical and clinical evaluation of posterior malleolar fractures. The
study included eight biomechanical studies and 10 clinical studies, involving 96 cadaveric ankles and
447 fractured ankles. However, this study found no consensus in the literature on which fragment size of
the posterior malleolus should be internally fixed [11]. For a long time, posterior malleolar fracture fixation
was often performed only when the fragment size exceeded 1/4 to 1/3 of the joint surface based on
biomechanical, cadaveric, and small population clinical studies[3, 12, 13]. However, the fixation of
posterior malleolar fractures provided greater syndesmotic stability and was beneficial for the reduction
of distal fibula fracture [6]. Recent studies have also demonstrated that radiographic osteoarthritis is
increased in patients with medium (5–25%) and large (> 25%) posterior fragments than in those with
small fragments.
Special types and irregular fracture lines affected the judgment of fragment size and displacement. The
CT scan allowed us to infer the specific shape and size of the fracture fragments and whether the
fracture accumulated on the fibula notch or medial malleolus at the same time. Haraguchi classification
is important for accurate diagnosis of posterior malleolus fractures and determination of appropriate
surgical approaches [14]. It is generally believed that type I and type II are often associated with posterior
medial malleolus fractures and larger fragments. ORIF is often required to reconstruct the articular
surface and restore the stability of the ankle joint. In the present study, we evaluated the severity of
posterior medial malleolus fractures based on Lauge-Hansen and Haraguchi classification. Based on the
Lauge-Hansen classification system, the most common type of ankle fracture was the supinationexternal rotation pattern (46; 70%), followed by pronation external rotation (16; 24%), while based on the
Haraguchi classification system, 38 fractures were type I fractures (58%) and 24 were type II fractures
(36%).
Internal fixation of posterior malleolus fractures may be performed either through indirect or direct
techniques. At present, the most commonly used surgical techniques are indirect reduction by anterior-toposterior fixation, direct reduction, and fixation from the posterolateral or posteromedia approach. For
each specific patient, the choice of the approach depends on the type of posterior malleolus fracture and
the overall malleolar fracture pattern. The experience of the surgeon is also an important factor in
surgical decision-making [15]. Indirect reduction and anteroposterior (AP) fixation have better traumatic
control and fewer complications. On the other hand, direct reduction via open surgery and posteroanterior
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(PA) fixation have more accurate reduction and superior biomechanical strength. In our study, direct
reduction via a posterolateral approach achieved a 97% excellent and good reduction rate. Timothy J, et
al performed a retrospective study of radiographic and clinical midterm outcomes of posterior malleolar
fractures treated with AP lag screws or posterior buttress plating. The plating group demonstrated
superior postoperative SMFA scores compared with the AP screw group. The study also reported
significant differences in the SMFA bother index and trends toward improvement in the mobility and
functional indices [16]. A recent study evaluated the outcomes of indirect reduction with AP fixation
versus direct reduction with PA fixation via a posterolateral approach in 46 patients with posterior
malleolus fixation. The findings revealed that the direct reduction technique and PA fixation enhanced the
quality of reduction and led to better functional outcomes in the management of the posterior fragment
involving more than 25% of the articular surface, displacement by more than 2 mm, and ankle instability
[17].
The posterolateral approach is one of the most commonly used surgical approaches for the treatment of
posterior malleolus fractures [18–20]. With this approach fractures of the posterior malleolus and the
lateral malleolus can be reduced and fixed via the same incision. It is especially useful with relatively
small posterior malleolus fragments and in the presence of additional fragments that cannot be indirectly
reduced [21, 22]. In this study, we confirmed that the posterolateral approach has the advantages of
adequate fracture exposure, accurate reduction, and precise fixation. In this study, 97% of the patients
reported a good or excellent reduction. Besides, this approach had a relatively low postoperative
complication rate. The ORIF with buttress plates and lag screws via a posterolateral approach was found
to be an effective technique based on the AOFAS and VAS scores, with satisfactory functional recovery
and unperceivable pain after surgery.
Another area of debate regarding fixation of the posterior malleolus fracture is the internal fixation
materials or inner plants to use with the same posterolateral approach. Mehmet, et al prospectively
evaluated the clinical results of 40 patients with posterior malleolar fracture between 2008 and 2012. The
patients were treated with a posterolateral approach and received either plate or screw fixation. The
results showed no statistically significant difference in AOFAS scores and ROM of the ankle between the
two groups [23]. Compared with screw fixation, a buttress plate can provide a mechanical environment
for fracture stability, resist axial stress, and shear force, which is important for ankle joint congruity and
stability. A biomechanical study in a human cadaveric model confirmed that the buttress plate group
showed less peak axial displacement during cyclic loading test and less permanent axial displacement
beginning at cycle 200, although there were no significant differences between the AP lag screws group
and buttress plate group during load-to-failure testing [24]. Supination external rotation (SER) injury is
always accompanied by posterior malleolar fracture and syndesmosis instability. Mengnai et al
investigated the correlation between posterior malleolar fracture fixation and the need for additional
syndesmotic screw fixation. When the posterior malleolar fragment in SER IV ankle fractures was fixated
with a direct posterior lateral plate, the need for syndesmotic fixation was reduced [25]. Specifically, for
large posterior malleolus fractures, a posterolateral approach with buttress plate and cannulated screw
internal fixation can achieve anatomic reduction and primary bone union without displacement,
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loosening, or breakage of internal fixation. Besides, according to the Baird-Jackson scoring system,
approximately 82.3% of patients reported a high degree of satisfaction after surgery [26].
In this study, using a posterolateral approach, we fixed posterior malleolus fracture using AP lag screws,
PA lag screws, buttress plates only, or with PA lag screws. First, the excellent or good reduction rates were
85.7%, 97.4%, and 100%, respectively, in the three groups. A total of 21 cases had unstable distal
tibiofibular syndesmosis after posterior malleolar fixation, while 14.3%, 34.2%, and 33.3% of patients in
the AP lag screws, PA lag screws, buttress plates only, or with PA lag screws groups needed additional
syndesmotic fixation with lag screws or endobutton system. There was no significant difference in
AOFAS scores among the different groups. However, for VAS scores, the PA group had a slightly higher
score compared with the AP group after surgery. We hypothesized that this temporary difference has little
effect on the prognosis since the mean postoperative VAS scores of all patients were at low levels.
Besides, no statistical differences in VAS scores were found before removing the internal fixation in all
groups. In summary, the findings indicated that different internal fixation methods have similar radiographical and functional results.
In conclusion, ORIF with buttress plates and/or lag screws via a posterolateral approach can be an
optimal approach in the treatment of posterior malleolus fractures. The technique provides excellent
reduction and satisfactory clinical outcomes, with few postoperative complications.
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Figures

Figure 1
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AP, lateral ankle views and CT scans of a trimalleolar ankle fracture with a AP lag screw fixation of the
posterior malleolus.

Figure 2
AP, lateral ankle views and CT scans of a trimalleolar ankle fracture with a PA lag screw fixation of the
posterior malleolus.
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Figure 3
Radiographs of the posterior malleolus fixing with a buttress plate and two lag screws
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