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Abstract
Background: Fixation of posterior malleolar (PM) fragments remains a controversial topic in ankle
fracture management. Our objective was to examine the incidence of severe adverse events (AEs)
associated with surgical management of patients with ankle fractures involving the posterior malleolus
before increased use of direct PM fragment �xation.

Methods: This is a retrospective cohort study including patients from a level III trauma center in the
Capital region of Denmark. Adult patients (age >18 years) with ankle fractures involving a PM fragment
treated surgically with a minimum of 18 months follow-up were included. The main outcome
measurements were adverse events (graded using the Orthopaedic Surgical Adverse Events Severity
(OrthoSAVES) System) requiring revision in the �rst 12 months after surgery.

Results: In 75 out of 421 included patients (17.8%), PM fragments were surgically �xed. During the �rst
twelve months after surgery, 34 patients (8.1% (95% CI [5.9–11.1%])) experienced AEs requiring revision.
17 patients (4%) were revised due to deep infection, 10 patients (2.4%) due to malpositioned implants,
and 3 patients (0.7%) due to postoperative loss of reduction. Additional causes of revision were
impingement of intraarticular fragment, non-union, postoperative joint dislocation, and postoperative
vascular insu�ciency leading to transmetatarsal amputation.

Conclusions: The incidence of AEs requiring revision within the �rst twelve months after surgery was
8.1%, and the overall risk of severe AEs seemed unacceptably high. If direct PM fragment �xation can
decrease the risk of severe AEs, then a change of practice could be justi�ed. Further prospective studies
are needed to establish generalizability, safety and e�cacy before direct PM fragment �xation can be
recommended in clinical guidelines.

Background
The last decade has seen a signi�cant increase in publications that recommend direct �xation of
posterior malleolar (PM) fragments in ankle fractures [1]. Direct surgical �xation of PM fragments is
achieved with a plate or posterior-to-anterior bi-cortical screws. It requires adequate exposure of the
posterior distal tibial rim, the posterior malleolus, to allow anatomical reduction and direct fragment
�xation [2]. Various surgical techniques have been described, but the most utilized approach for direct
�xation of PM fragments is the posterolateral approach [3]. A recent comprehensive review of the
available literature establishes recommendations for surgical treatment of ankle fractures involving the
posterior malleolus. These seem to support the trend towards increased direct PM fragment �xation [4].
The paper “In defence of the posterior malleolus” criticizes the increased utilization of direct PM fragment
�xation in the last decade as there is no peer-reviewed level I evidence describing e�cacy, safety, and
generalizability [5]. The author concludes that guidelines should not be changed based on the current
literature [5].
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In 2016, guidelines were changed in our setting. The change in practice implied that all patients with
unstable ankle fractures were assessed with a preoperative computed tomography (CT) scan. Ankle
fractures involving PM fragments with posterior subluxation or syndesmotic instability were treated with
direct PM fragment �xation. Before this change in practice, our department had no guidelines on surgical
technique for managing this fracture type. Consequently, in many cases, only lateral and medial surgical
�xation was performed, and any subsequent syndesmotic instability was typically addressed with trans-
syndesmotic screw �xation.

The purpose of this retrospective cohort study was to estimate the risk of severe adverse events (AEs)
associated with surgical management of patients with ankle fractures involving the posterior malleolus
before increased use of direct PM fragment �xation in our setting. We wanted to ascertain whether the
incidence of AEs was unacceptably high before changing practice in this subgroup of patients. To assess
risk of severe AEs, we estimate the incidence of AEs with functionally signi�cant adverse effects on
outcome that required revision in the �rst 12 months after surgery, using standardized AE reporting [6–8].
Based on data from the Danish fracture database, we hypothesized that the incidence of AEs requiring
revision within the �rst 12 months after surgery would be approximately 10% [9].

Methods
Permission to assess patient information was granted by the Danish Health Authority (j.nr 3-3013-765/1).
Approval from the data protection agency was obtained prior to the conduction of this single centre
retrospective cohort study (j.nr.: 2012-58-0004). The reporting conforms with the “Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)” checklist [10]. The target population was
adult patients (age > 18 years) with unstable ankle fractures involving the posterior malleolus, assessed
using the stability-based classi�cation system [11]. According to this classi�cation unstable fractures
were “(1) any ankle fracture-dislocation, (2) any bimalleolar or trimalleolar ankle fracture, (3) any isolated
malleolar fracture with lateralization of the talus resulting in tibiotalar malalignment” [11].

Patients were retrospectively sampled from electronic records of surgically treated patients with ankle
fractures from June 2011 to May 2016 at a single centre — an academic level III trauma centre serving
540,000 people. The source population was identi�ed by querying the surgical database. The diagnostic
codes used to identify the source population and the inclusion/exclusion criteria in this study are
presented in Fig. 1.

Standardized adverse events reporting
The Orthopaedic Surgical Adverse Events Severity (OrthoSAVES) System aims to standardize the AE
terminology and the grading of AEs in orthopaedic patients [6–8,12]. The different OrthoSAVES grades
are de�ned in Table 1 [7]. AEs with functionally signi�cant adverse effect on outcome, either temporary
(less than 6 months grade III) or prolonged (more than 6 months grade IV, V and VI) are of interest in this
study. The OrthoSAVES categories are presented in the appendix.
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Primary Outcome
Incidence of functionally signi�cant AEs (grade III or higher in the OrthoSAVES system) that require
revision within the �rst 12 months after surgical �xation, reported as a binary variable.

Exploratory Outcome
Different categories of AEs that require revision within the �rst 12 months, reported as categorical
variables.

All AEs in the cohort, categorized and graded using the OrthoSAVES system

Incidence of implant-removal procedures due to implant-related discomfort, performed more than 6
months after initial surgery, reported as a binary variable. Routine isolated syndesmotic screw
removal procedures were not categorized as an implant-removal procedure.

Data Management
Radiographs and surgical records were retrospectively reviewed by two authors simultaneously. Data
were entered and managed in SPSS (IBM Corp. IBM SPSS Statistics for Windows, Version 25.0. Armonk.
NY. IBM Corp. 2017). De�nitions of baseline variables are described in Table 2. The senior author re-
reviewed all included patients. Registered AEs were categorized and graded by two authors independently,
using the OrthoSAVES system. Discrepancies were discussed and co-authors were consulted if
consensus could not be reached. Missing values were checked and collected, if possible. Extreme values
were proofed and corrected, if applicable. The source population and therefore the sample size was
restricted, as described above. All eligible patients were included.

Bias
Transfer bias due to loss to follow-up was deemed minimal regarding the study’s primary outcome as
patient data in Denmark can be followed across health and administrative systems through a 10-digit
person identi�cation number. Severe AEs and surgical revision procedures are almost exclusively
performed in public centres and revision performed in other centres could be included in this study.
Computed tomography scans were not available in all included cases, which could instill a
misclassi�cation bias. PM fragments can be missed on radiographs and the size and morphology of the
PMFs cannot be ascertained [13,14]. Information bias in general was addressed by having two
independent authors score adverse events using standardized AE reporting. Patients treated with initial
external �xation were excluded as only AEs after primary surgical �xation were of interest in this study.
This could instill a selection bias as the most severe cases could have been treated with initial external
�xation.

Statistical method description
The primary outcome was recorded as a binary variable and is presented descriptively as a proportion.
The con�dence interval was estimated using the Wald method [15]. Exploratory outcomes were recorded
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as categorical data and presented descriptively with frequencies and proportions. Quantitative data were
presented with means and standard deviations or median and range. Data were analysed using SPSS
(IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp).

Results
We reviewed 1161 patients for eligibility; 421 patients were included in the study population, as shown in
Fig. 1. Baseline demographics and fracture classi�cations are presented in Table 2. The different surgical
�xation techniques are shown in Table 3.

Overall, PM fragments were surgically �xed in 75 patients in the cohort (17.8%). Thus, PM fragments
were left un�xed in 346 patients; 43 patients (10% of the cohort) were treated with direct PM fragment
�xation. The remaining 32 patients were treated with indirect PM fragment �xation using anterior-to-
posterior screw �xation. In 238 patients (56.6%), only lateral and/or medial �xation was performed.
Syndesmotic �xation was required in 117 patients (27.8%). Computed tomography scans were available
in 114 patients (27%) and therefore the different PM fragment types in the cohort could not be classi�ed.

Adverse events requiring revision in the �rst 12 months
after surgery
During the �rst 12 months after surgery, 34 patients (8.1% (95%CI [5.9–11.1%])) required revision due to
functionally signi�cant AEs. Deep wound infection accounted for 17 of the revised cases (4% of the total
cohort), and 10 patients (2.4% of the cohort) had malpositioned implants requiring revision.
Postoperative loss of reduction requiring revision occurred in 3 patients. One additional patient was
revised due to impingement of an unaddressed intercalated fragment. One patient had non-union
requiring revision and one patient had preoperative vascular insu�ciency, which accelerated in the �rst
months after surgery, with ulceration of the foot and required trans-metatarsal amputation. One patient,
with an open fracture, had postoperative loss of reduction and joint dislocation requiring revision.

All observed AEs in the cohort are presented in Table 4. There were 5 additional patients (1.2%) with AEs
graded III or higher revised more than twelve months after surgery: 3 patients underwent arthroscopic
interventions due to pain, one patient had late deep infection, and one had CT-veri�ed non-union.
Functionally signi�cant AEs not requiring revision were experienced by 10 patients (2.4% of the cohort),
and 21 patients (5%) had wound-related AEs managed with oral antibiotics or debridement in the
outpatient clinic (graded II).

In 96 patients (22.8%), implants were removed due to implant-related discomfort.

Discussion
A recent critical review by Rammelt and Bartoníček of the management of ankle fractures involving the
posterior malleolus establishes the following treatment recommendations [4]:
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“CT scanning is essential for detecting the exact 3-dimensional fracture anatomy, classi�cation, and
treatment planning in posterior malleolar fractures

Operative treatment should be considered for posterior malleolar fragments with displacement(≥ 
2mm), involvement of the �bular notch of the distal part of the tibia (incisura), the presence of an
intra-articular step-off (≥ 2 mm), or a depressed intercalary fragment

Fixation of a displaced posterior malleolar fragment restores the integrity of the posterior inferior
tibio�bular syndesmosis and signi�cantly reduces the need for additional syndesmotic stabilization

Anatomic reduction of posterior malleolar fragments restores the tibial incisura and thus facilitates
reduction of the distal part of the �bula

Direct open reduction and �xation of posterior malleolar fragments via posterolateral and
posteromedial approaches is biomechanically more stable and provides a more accurate reduction
than indirect reduction and anterior-to-posterior screw �xation

Screw �xation of the posterior malleolus should precede intramedullary nailing in concomitant
posterior malleolar and distal tibial shaft fractures

Relevant malalignment should be corrected as early as possible upon detection in order to avoid joint
incongruity, chronic syndesmotic instability, and posttraumatic ankle arthritis” [4]

The �rst six recommendations are all described as grade B recommendations according to Wright [16].
The last recommendation is classi�ed as grade C. If guidelines based on these recommendations are
introduced, the incidence of direct �xation of PM fragments will certainly increase. The trend toward
direct PM fragment �xation without peer-reviewed level I evidence of e�cacy, safety, and generalizability
has been criticized [5]. In our setting, the rate of severe AEs in this subgroup was considered high based
on registry data and observational studies.

Was the incidence of adverse events that required revision
unacceptably high?
Severe AEs requiring revision within the �rst twelve months after surgery were experienced by 34 patients
(8.1% (95%CI [5,9–11,1%])) in this cohort; 30 of these cases (88%) were due to AEs that could arguably be
classi�ed as potentially avoidable, for example, deep infection, malpositioning of implants requiring
revision, and postoperative loss of reduction. Overall, 50 patients (11.9%) experienced AEs that, according
to the OrthoSAVES system, were classi�ed as AEs with adverse effect on outcome (graded III or higher). A
revision rate within the �rst year after surgery of approximately 8% and an overall severe AEs rate of more
than 10% seems unacceptably high.

To our knowledge, the present study is one of the largest cohorts assessing AEs after surgical treatment
of ankle fractures involving the posterior malleolus. The results need to be interpreted in light of the
inherent limitations of the retrospective design. We aimed to address misclassi�cation bias and
interobserver inconsistencies by including only well-de�ned variables and by having multiple observers
complete data capture, perform radiographic assessments and classify AEs. We believe the use of
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standardized AE reporting with the OrthoSAVES system is a strength of this study. The sample size of
421 patients is adequate to estimate the incidence of AEs with acceptable external validity and the
inclusion of consecutive patients decreases selection bias. Of the reviewed patients, 29 were treated with
initial external �xation and were excluded from the study. Almost all these patients had ankle fractures
with PM fragments, which could pose a selection bias, as these were either very severely unstable injuries
and/or open fractures. If included, patients treated with initial external �xation would probably further
increase the incidence of AEs.

The AE reporting terminology in orthopaedic clinical studies is highly variable and inconsistent [8,17]. AEs
reported in the different clinical studies of ankle fractures cannot be analysed and compared adequately
[8]. Reported incidences of AEs vary substantially in the literature. A systematic review of outcome after
surgical treatment of ankle fractures with PM fragments reported deep infection in less than 1% of 768
included patients, but secondary surgery was required in 13% of cases [18]. McHale et al. retrospectively
reviewed 75 patients with posterior malleolar fractures and reported AEs in 25.3% of cases. PM fragment
�xation was performed in 33% of included cases, predominantly using indirect techniques [19]. Tornetta
et al. followed 72 patients treated with direct PM fragment �xation and found no deep infections or loss
of reduction requiring revision [20]. Shi et al. assigned 116 patients to either direct or indirect PM
fragment �xation and reported no severe AEs requiring revision in either group [21]. Little et al. reported
deep infection in 4.4% of 112 patients treated with direct PM fragment �xation via a posterolateral
approach and a revision rate of 12.5%. However, this revision rate included implant removal procedures
[22].

Implications for the future management of ankle fractures
involving posterior malleolar fragments
If open direct �xation through a posterior approach can decrease the rate of potentially avoidable AEs,
such as deep infection and implant-related AEs requiring revision, then a change of guidelines based on
the recommendations described above seems justi�ed.

In this historical cohort, 27% of patients were assessed with a preoperative CT scan and thus PM
fragment morphology could not be ascertained in most cases. Previous CT studies have reported most
PM fragments to extend into the �bular incisura [4]. Bartoníček reported 92% of PM fragments to be
intraincisural in a consecutive CT series [23]. The critical review, discussed above, recommends anatomic
reduction of intraincisural PM fragments to restore articular anatomy in the incisura [4]. Additionally,
fragmentation is frequently seen when assessing PM fragments with preoperative CT scans [24–26].
Sultan et al. reported intercalary fragments in 43% of 247 patients with posterior malleolar fractures [27].
Based on these �ndings, we hypothesize that the frequency of PM fragment �xation found in this study
(17.8%) would signi�cantly increase if the aforementioned recommendations were implemented as
standard care in clinical practice.

One of the most prevalent indications for early revision in ankle fractures is malreduction of the
syndesmosis after trans-syndesmotic screw �xation [28]. As direct PM fragment �xation reinserts the
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posterior inferior tibio-�bular ligament, it has been shown that the need for additional trans-syndesmotic
�xation can be decreased [29–31]. One in 4 patients in this cohort (117 (27.8%)) were treated with trans-
syndesmotic �xation, 12 of whom were revised in the �rst year after surgery. In 7 cases (7/117 (1.7% of
the total cohort)) revision was required due to malpositioning of the trans-syndesmotic �xation or loss of
tibiotalar alignment. The author of “In defence of the posterior malleolus” argues that it is only a
“minority of fractures” that require syndesmotic �xation when PM fragment �xation is not readily
performed [5]. In this study, syndesmotic �xation was performed in 27.8% of cases. It seems to be a
considerable proportion of patients with ankle fractures involving the posterior malleolus that require
syndesmotic �xation when PM fragment �xation is performed only in selected cases. It remains to be
established whether syndesmotic stabilization through direct PM fragment �xation represents a clinical
advantage over trans-syndesmotic �xation in patients who present with this common fracture.

Conclusions
Prior to the increased use of direct PM fragment �xation, the rate of AEs needing revision within the �rst
12 months after surgery was 8% (95%CI [6–11%])). The overall incidence of severe AEs was unacceptably
high, possibly justifying a change of practice. If direct PM fragment �xation is able to decrease the risk of
potentially avoidable AEs, such as deep infection, implant malpositioning requiring revision, and
postoperative loss of reduction, such a change is warranted. It is, therefore, important to further study AEs
and functional outcome associated with direct fragment �xation to establish generalizability, safety and
e�cacy before clinical guidelines are changed.
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Figure 1

Study Population. 110th revision of the International Statistical Classi�cation of Diseases and Related
Health Problems: S82.3 Fracture of lower end of tibia; S82.4 Fracture of �bula alone; S82.5 Fracture of
medial malleolus; S82.6 Fracture of lateral malleolus; S82.7 Multiple fractures of lower leg; S82.8
Fractures of other parts of lower leg; S82.9 Fracture of lower leg, part unspeci�ed.
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Figure 2

Postoperative radiograph, at 2 and 4 weeks, showing postoperative implant/instrumentation-related loss
of reduction, resulting in joint instability and dislocation.
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