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Abstract

Purpose: To provide return-to-performance outcomes after surgical
treatment for medial malleolus stress fractures in the elite athlete.
Additionally, to describe an individualised surgical approach in the
management of medial malleolus stress fractures.

Methods: Five athletes (six ankles) underwent surgical treatment for a
medial malleolus stress fracture. The surgical technique was based on the
extent of the fracture line in steps with first arthroscopic debridement of bony
spurs, microfracturing of the fracture line and screw fixation. Return-to-
performance data included time to return to sport-specific training, normal
training, first competitive activity, performance and the return-to-
performance rate.

Results: Patients returned to sport-specific training at a median of 10
weeks. They started normal training at 16 weeks postoperatively and
returned to their first competitive activity after 19 weeks. All patients had
bony spurs on the distal tibia which were arthroscopically debrided. One
patient received arthroscopic debridement of bony spurs alone. Four
patients received additional microfracturing of the fracture line and three
patients received screw fixation. All patients achieved clinical and
radiographic union on follow-up computed tomography scan at 3 months
postsurgery. At latest follow-up, no refractures nor hardware complications,
nor any other complications were observed.

Conclusion: Arthroscopic debridement of bony spurs, debridement and
microfracturing of the fracture line and screw fixation are all viable surgical
tools in the management of medial malleolus stress fractures in elite
athletes. The surgical approach containing these options should be tailored
to the individual athlete based on the fracture line in the sagittal plane. While
most athletes return to full competitive activity in 3—4 months, time to self-
reported return to full performance is often much longer.

Level of Evidence: Level IV.

Abbreviations: AiTFL, anterior inferior tibiofibular ligament; ATFL, anterior talofibular ligament; CLAI, chronic lateral ankle instability; CT, computed tomography;
IQR, interquartile range; MRI, magnetic resonance imaging; NWB, nonweight-bearing; ORIF, open reduction internal fixation; PWB, partial weight-bearing; ROM,
range of motion; WB, weight bearing.
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INTRODUCTION

Stress fractures, while uncommon in the general
population, are frequently seen in the athletic popula-
tion [3, 4]. Medial malleolus stress fractures are
devastating injuries to athletes and classified as high-
risk stress fractures due to a high risk of delayed union,
nonunion and progression to a complete fracture [5,
16]. While their aetiology is thought to be comparable
to other stress fractures, it is theorised that anterior
bony spurs of the distal tibia and/or talus and varus
alignment are risk factors for the development of medial
malleolus stress fractures [9, 12]. Medial malleolar
stress fractures are a rare cause of medial ankle pain,
occurring almost exclusively in elite athletes engaged
in repeated running and jumping sporting activities [14,
17]. The patient typically presents with a gradual onset
of medial ankle pain along with tenderness over the
medial malleolus [15]. However, a high index suspicion
of this injury must be present for the diagnosis due to its
rare nature and therefore this injury can easily be
missed or misdiagnosed. This results in the delay of
adequate treatment and can impede the return to
performance of an athlete. Conservative treatment has
shown to be a successful treatment option; however,
for the elite athlete, surgical intervention is often
preferred due to a higher union rate and quicker return
to previous sports activity [11, 12, 14]. Even though this
injury is most often seen in athletes, time to return to
performance is uncertain as no strict definitions and
criteria are used to assess return-to-performance
outcomes. This emphasises the need for more detailed
data on return to performance outcomes after surgical
treatment for such a rare injury.

Hence, this study presents a series of five athletes
with the aim of providing an overview of the clinical
course and return-to-sport process after surgical
treatment for a medial malleolus stress fracture in elite
athlete. Additionally, this study aims to provide a
description of an individualised approach for the
surgical treatment of medial malleolus stress fractures.

MATERIALS AND METHODS
Patient selection

Elite athletes, defined as competing professionally at a
national or international level of competition at the time
of injury, were identified through electronic patient
records. Elite athletes with a surgically treated medial
malleolus stress fracture were included in this study.

Athletes who suffered an injury unrelated to the surgery
during their rehabilitation were excluded.

Anatomy and radiological imaging

All patients received a computed tomography (CT) and
magnetic resonance imaging (MRI) scan prior to
surgery. A CT scan was the preferred imaging modality
in case of suspicion of a medial malleolus stress
fracture. It shows the characteristic osteophytes and
bony spurs alongside sclerosis of the anteromedial
distal tibia. Additionally, the representative vertical or
oblique fracture line, either complete or incomplete,
arising from the junction of the medial malleolus
and tibial plafond can be observed (Figure 1b,c).
Incomplete fractures were defined as a singular breach
in the cortex of the anteromedial tibial plafond.
Figure 1a also illustrates Harty's notch, an anatomic
variant and pseudodefect of the tibial plafond, which
has the same location as the medial malleolus stress
fractures. An MRI scan has the advantage of visualis-
ing the bone marrow activity in case of stress reactions,
while ruling out other and concomitant pathology.

FIGURE 1

Image showing the anatomy of the distal tibia,
including the medial malleolus and Harty's notch. (a)
Magnification of the bony anatomy with Harty's notch highlighted
(black arrows). (b) Computed tomography scan of a patient with a
medial malleolus stress fracture. (c) Arthroscopic image of a
medial malleolus stress fracture.
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Surgical technique

All surgeries were performed by an experienced orthopae-
dic surgeon, specialised in foot and ankle sports injuries
(G. M. M. J. K). The surgical technique consisted of
arthroscopic spur resection and debridement with or
without bone marrow stimulation and screw fixation. Ankle
arthroscopy was performed to visually assess the ankle
joint for other pathology and identify the fracture line or
bony spurs. Bony spurs, sclerotic bone and the fissure
were debrided until the visible cancellous bone was
observed. If the fracture line was visible after arthroscopic
spur resection and fracture line debridement, bone marrow
stimulation was performed. Using an arthroscopic micro-
fracture pick, small holes were made in the bone
surrounding the fissure until subchondral bleeding was
visualised. If the fracture line progressed further than 50%
of the medial malleolus in the sagittal plane, percutaneous
screw fixation was performed (Figure 2). Using fluoros-
copy, the entry point for the screw was localised, just
above the ankle joint. Subsequently, a stab incision was
made over the medial malleolus and a 3.5mm cortical
screw was placed perpendicularly to the fracture line under
fluoroscopy guidance (Figure 3). If necessary, a second
screw was placed to achieve sufficient compression over
the fracture. Finally, the ankle arthroscopy was used to
assess if fissure compression was achieved.

Postoperative rehabilitation protocol

Two different postoperative rehabilitation protocols
were used, depending on whether screw fixation was
performed. If no screw fixation was performed, a
nonimmobilisation protocol was followed in which
patients received a pressure bandage for 3 days and
used elbow crutches for 2 weeks. Immediately post-
surgery, they were encouraged to start range of motion
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(ROM) exercises of the ankle. In case of screw fixation,
an immobilisation protocol was used during which the
ankle was immobilised for 2 weeks in a nonweight-
bearing (NWB) cast, 2 weeks in a partial weight-
bearing cast and 2 weeks weight-bearing in a walking
boot. During the NWB cast, immobilisation patients
received thromboprophylaxis  with  rivaroxaban
10 mg once a day. Once patients received the walking
boot, they were encouraged to start training the ROM
of the ankle and regain ankle strength and stability.
When full ROM and sufficient strength and stability
were achieved, the focus was switched to regaining the
normal gait. At the time of clinical union, defined as no
palpable tenderness over the medial malleolus and
anteromedial corner of the distal tibia, patients were
allowed to increase their training volume.

Outcome measures

The primary outcome measure in this study was the time
to return to performance. Performance was defined as
self-reported preinjury level of sport. The return-to-sport
outcomes were defined according to definitions reported
in a 2016 consensus statement [1]. Outcomes included
return to training, return to sport and return to perform-
ance. These three milestones were further divided into
subcategories to provide a more nuanced and complete
overview of the return-to-sport process. Return to training
included time to return to sport-specific training, time to
return to normal training and time to return to unrestricted
training. Return to sport included time to return to first
competitive activity, time to first full competitive activity. All
time to event outcome measures were reported in weeks.
Additionally, union rate, refracture rate and postoperative
complications were included as clinical outcomes. In case
microfracturing or screw fixation was performed, patients
received a CT scan at 3 months postoperatively to assess

FIGURE 2 Axial view of computed tomography scans of the ankle with a medial malleolus stress fracture in various stages. (a) Stress
fracture confined to the anteromedial osteophyte; (b) stress fracture progressing beyond the anteromedial osteophyte; (c) stress fracture

encompassing 50% of the medial malleolus in the sagittal plane.
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FIGURE 3 Anterior—posterior and lateral radiograph of the ankle showing screw fixation of the fracture.

radiographic union while clinical union was assessed
during physical examination.

Data collection

Demographic data, injury characteristics, intraoperative
findings, clinical outcomes and return-to-performance
data were extracted from patient records and surgical
reports. Demographic information consisted of age,
gender, sport, level of participation and player position
of athlete characteristics (if applicable). Injury char-
acteristics included injury date, time from onset of
symptoms to presentation and laterality. To retrieve
return-to-performance data, the patients were sent a
questionnaire. To maximise response rate, a reminder
was sent after 1 and 2 weeks.

Statistical analysis

Descriptive statistics were used to report population
characteristics. Due to the small sample size, continu-
ous variables were reported as median with the
corresponding interquartile ranges (IQRs). Categorical
variables were reported as frequencies with accompa-
nying percentages. All statistical analysis in this study
was conducted using SPSS 27.0 (IBM)

RESULTS

The present study included five athletes with a median
age of 20 (IQR: 17-25) years (Table 1). The median
follow-up was 4 (IQR: 3-6) years. At the latest follow-
up, no refractures nor complications were observed.

Median duration of symptoms until the presentation
was 30 days (IQR: 14-70). One athlete had a bilateral
medial malleolus stress fracture. All athletes had bony
spurs on the distal tibia which were arthroscopically
resected and debrided. One of the athletes (case 5)
received arthroscopic resection and debridement of
bony spurs alone as the stress fracture did not extend
further than the osteophyte. Four athletes underwent
microfracturing and in three athletes additional screw
fixation of the fracture was performed. Four out of the
five athletes returned to performance (Table 1). Ath-
letes returned to sport-specific training at a median of
10 (IQR: 10-13) weeks. They started normal training at
16 (IQR: 13—-23) weeks postoperatively and returned to
their first competitive activity after 19 (IQR: 15-33)
weeks. They returned to full competitive activity at a
median of 22 (IQR: 18-49) weeks.

DISCUSSION

The most important finding of this study was that an
individualised surgical approach containing arthro-
scopic spur debridement with optional microfracturing
of the fracture line and screw fixation showed good
return-to-sport outcomes in elite athletes. All patients
returned to their respective sports and are still
competing competitively to this date. Additionally, at a
median follow-up of 4 years, no refractures or hardware
complications had occurred.

Return to sport

To our knowledge, this is the first study reporting a
comprehensive return-to-performance timeframe with
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defined outcomes after surgical treatment for medial
malleolus stress fractures in elite athletes. Return-to-
sport outcomes have been reported, however, the
definitions of these outcomes varied. This study shows
that being able to play full matches is not similar to self-
reported full performance. In a previous study, profes-
sional football players returned to full activities after
3.7 months and returned to professional football
4 months after surgery [12]. However, no clear
definitions for these outcomes were provided. The
two professional football players with a unilateral
medial malleolus stress fracture in our study returned
to normal training within 14 and 18 weeks, respectively.
They played their first match after 18 and 19 weeks,
respectively. The figure skater in the present study did
not return to performance as she suffered an unrelated
ankle injury during rehabilitation which required surgi-
cal treatment and chose to discontinue her professional
career. The professional football player with a bilateral
medial malleolus stress fracture returned to sport-
specific training after 14 weeks, however, his return to
full competitive activity, occurring at 47 weeks post-
surgery, was longer compared to the unilateral cases.

Surgical technique

Open reduction internal fixation (ORIF) is the most
common approach for the surgical treatment of medial
malleolus stress fractures with some variations regard-
ing the number of screws used [8]. An ORIF with three
screws and the addition of concentrated bone marrow
aspirate provided excellent results in a population of
professional soccer players [12]. The present study used
a percutaneous screw fixation technique with either one
or two screws and achieved union in all cases with no
observed refractures. Drilling of the fracture line has
been previously reported to be successful as to
stimulate bone healing to achieve union in patients with
delayed healing of medial malleolus stress fractures
[13]. In our study, microfracturing was performed in all
cases with a visible fracture following arthroscopic spur
debridement to stimulate bone healing. One patient
received arthroscopic spur debridement and microfrac-
turing without screw fixation.

Contributing factors

Various potential factors contributing to the develop-
ment of medial malleolus stress fractures have been
discussed in the literature. These included chronic
anteromedial ankle impingement, lower limb varus
alignment and chronic lateral ankle instability (CLAI)
[9, 10, 12]. Chronic ankle impingement was observed
in all athletes in the current study, while three athletes
had a history of recurrent ankle sprains.

PREINJURY COMPETITIVE ACTIVITY

CLAlI, chronic anteromedial ankle impingement and
lower limb varus malalignment complement the injury
development as the anteromedial talar edge can
repeatedly collide with the anteromedial bony spur of
the distal tibia during high-load supination and/or
dorsiflexion of the ankle causing sclerotic bone forma-
tion as a defence mechanism of the bone. If a certain
threshold is passed, a stress reaction occurs starting in
the bony spur. Submaximal loading of the bone over
time leads to microfractures which cannot heal due to
imbalances in bone resorption and formation with
further unrestricted activity [19]. This stress reaction
in the sclerotic bone can then potentially be overloaded
and progress further into the healthy bone of the medial
malleolus [5].

Interestingly, all the football players in this study
trained and played matches on artificial turf which is
thought to have a higher peak torque and rotational
stiffness compared to natural grass [18]. Friction forces
between the turf and foot are then potentially
increased, which increases the chance of injuries [7].
The ankle ROM, particularly dorsiflexion, is another
potential contributing factor of this stress fracture as the
ankle joint endures more of the load and reaction
forces from the ground with limited dorsiflexion. The
second case of this study is an example of various
contributing factors coming together. The athlete had
chronic anteromedial ankle impingement, varus mala-
lignment, a limited ankle dorsiflexion and he suffered
the injury during his first season on artificial turf.

Medial malleolus stress fractures are typically
located at the junction of the medial malleolus and
the distal tibia. While radiological imaging is advised to
confirm diagnosis, the literature is not consistent in the
imaging modalities used. Use of CT and MRI scans
have both been reported and in the current study,
patients routinely received both a CT and MRI scan.
When evaluating a medial malleolus stress fracture on
CT or MRI, it is important to differentiate a stress
reaction or beginning stress fracture with the normal
image of the Harty's notch. The Harty's notch is an
anatomic variant present in up to 45% of cases, also
known as a pseudodefect of the tibial plafond [2, 6].
Remarkably, the Harty's notch and the stress fractures
found in this study lie in the same location (Figure 1).
However, no previous studies have reported a correla-
tion between Harty's notch and a medial malleolus
stress fracture, and none of the patients in the current
study had a Harty's notch.

The main limitation of the present study was the
small sample size and the retrospective design which
is, therefore, subject to the known limitations. Due to
the small sample size, it was not possible to compare
the results between the different surgical approaches.
Additionally, measuring return to performance as a self-
reported outcome measure is limited by its subjective
nature as this outcome can be influenced by other
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factors and cannot be objectively compared to other
patients. The present study finds its strength in the
method of return to sport data collection and the strict
definition used regarding the return to performance
outcome terms. This is the first study to describe the
return-to-performance process in detail after surgical
treatment for medial malleolus stress fractures in elite
athletes.

CONCLUSION

Arthroscopic debridement of bony spurs, debridement
and microfracturing of the fracture line and screw
fixation are all viable surgical tools in the management
of medial malleolus stress fractures in elite athletes.
The surgical approach containing these options should
be tailored to the individual athlete based on the
fracture line in the sagittal plane. While most athletes
return to full competitive activity in 3—4 months, time to
self-reported return to full performance is often much
longer.
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