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A B S T R A C T

Importance: Ligamentous ankle lesions are among the most frequent sports injuries. One of the key intrinsic
stabilizers of the ankle joint is the incisura fibularis (IF), as it interlocks the distal tibia and fibula. Despite an
abundant amount of studies related to ligamentous ankle injuries, scant attention has been given to the specific
role of the IF morphology.
Objective:We systematically reviewed all literature focused on the relation between ligamentous ankle lesions and
IF morphology.
Evidence review: A systematic literature search was conducted on PubMed, Embase, and Web of Science according
to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines and registered on
the International Prospective Register of Systematic Reviews (PROSPERO) database (CRD42021282862). In
general, search terms were related to ankle and syndesmosis trauma/instability in combination with morphology
parameters of the IF. Studies categorizable as original research (randomized controlled trial or observational)
were included. Studies concerning degenerative ankle disease and cadavers were excluded.
Findings: Thirteen studies were confirmed eligible and consisted of a prospective cohort (n ¼ 1), retrospective
comparative (n ¼ 10), and observational (n ¼ 2) study design. Several studies have found an increased number of
ankle ligament injuries and a higher incidence of chronic ankle instability in association with a shallow IF depth.
In addition, statistically significant differences in incisura height and angle were also noted: a shorter incisura and
more obtuse angle were more present in patients with ankle ligament injuries.
Conclusion and relevance: Most studies found distinct characteristics of the IF morphology associated with liga-
mentous ankle lesions, potentially due to lower osseous resistance against tibiofibular displacement. However, not
all studies could identify this association and presented a heterogeneous methodological quality. Therefore,
further prospective studies are warranted to clarify the relationship between the IF morphology and ligamentous
ankle injuries.
Lever of evidence: Level III, systematic review.
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What is already known?

� The incisura fibularis is a key anatomical structure in providing intrinsic stability to the ankle joint.

What are the new findings?

� This review suggests that distinct morphological aspects of the incisura fibularis are associated with ligamentous ankle lesions.
� A more shallow incisura fibularis is the main morphological parameter that could be more frequently identified in lateral ligament injuries and
isolated as well as fracture-associated syndesmotic ligament injuries.
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INTRODUCTION

Ligamentous ankle lesions comprise injury to one or more of the
ligaments that surround and stabilize the ankle mortise [1–3]. They are
one of the most frequent sports injuries [4–7] and account for more than
1,000,000 emergency department visits annually in the United States
[8]. Because of their complexity in the amount of associated lesions,
ankle injuries can impose an important return to play challenge [9].
Ankle sprains can be categorized as a low/lateral or a high/syndesmotic
ankle sprain [10]. The most common ankle sprain is a lateral ankle sprain
(LAS), as they encompass 80% of all ankle sprains [11]. A LAS is defined
as an injury to the lateral ligamentous complex: anterior talofibular
(ATFL), calcaneofibular, and posterior talofibular ligament [12]. A
forceful inversion and plantar flexion of the ankle is the most common
mechanism of injury in LAS [13–16]. A high ankle sprain, also called a
syndesmotic ankle sprain, is a type of sprain that involves ligaments
stabilizing the distal tibiofibular joint (DTFJ) [17–19]. Syndesmotic
ankle sprains can contribute approximately up to 18% of all ankle sprains
[20]. They involve injury to one of the following distal tibiofibular lig-
aments: anterior-inferior tibiofibular, interosseous, posterior-inferior
tibiofibular, and transverse tibiofibular ligament [21–23]. The most
common mechanism of injury is dorsiflexion, external rotation, and
pronation [21,24–27]. Injuries to the syndesmotic ligaments can also be
associated with ankle fractures [28,29]. These can occur in up to 25% of
ankle fractures and often need addition surgical fixation [30–32].

Within the ligamentous ankle complex, the incisura fibularis (IF), also
called the fibular incisura or fibular notch, constitutes an important
component of the DTFJ [33]. It is well known that the ankle joint requires
adequate stability to resist high loads when maintaining mortise con-
gruency during functional activities [34]. The concave osseous
morphology of the IF provides intrinsic stability by interlocking the distal
tibia and fibula [11]. The morphology of the IF can be classified into
C-shape, 1-shape, and Г-shape (Fig. 1). Several recent reports have sug-
gested that the type and extent of ligamentous ankle injuries might
Fig. 1. Classification the incisura fibularis morphology:
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depend, among other factors, on the morphology of the IF [11,35]. With
the broad availability of modern imaging technologies, such as computed
tomography (CT) scan or magnetic resonance imaging (MRI), it is
possible to conduct a more detailed evaluation of the IF morphology.
Despite these recent advances, myriad research has been conducted on
the role of the ligaments in providing extrinsic ankle stability. On con-
trary, scant attention has been given to the osseous morphology of the IF,
as intrinsic stabilizer (Fig. 2). Moreover, recent systematic reviews on
intrinsic factors in the setting of ligamentous ankle injuries did not focus
specifically on the morphology of the IF [36–38].

Therefore, the aim of this study is to perform a systematic review of
all studies that investigated the role of the IF morphology in lateral ankle
ligament injuries as well as isolated and fracture-associated syndesmotic
ligament injuries. We hypothesized that certain IF morphologies, i.e., a
shallow IF, could contribute to a higher incidence or severity of injury to
the ankle ligaments.

METHODS

Search methodology

A systematic literature review was performed in accordance with the
“Preferred Reporting Items for Systematic reviews and Meta-Analysis”
(PRISMA) guidelines. The Database of Abstracts of Reviews of Effects, the
Cochrane Database of Systematic Reviews, and International Prospective
Register of Systematic Reviews (PROSPERO) could not identify previ-
ously performed reviews investigating the role of the IF in ligamentous
ankle lesions. This review was registered in the PROSPERO database
(CRD42021282862). A literature search was carried out on three major
databases: PubMed, Embase, and Web of Science. The following key-
words were used: “ankle syndesmosis,” “syndesmotic stability,” “ankle
trauma,” “ankle injury,” “ankle sprain,” “ankle fracture,” “tibiofibular,”
“fibular notch,” “fibular incisura,” “incisura fibularis,” “morphometric
analysis,” and “ligamentous ankle lesions.” The keywords were internally
C-shape (left), 1-shape (middle) and Г-shape (right).
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validated by four of the co-authors (R.V., L.S., W.H., and A.B.). Inclusion
criteria consisted of studies (1) published between January 1, 2000, and
March 31, 2024, (2) available as full text in English, (3) categorizable as
randomized controlled trials or observational studies (cohort, case-
–control, and case series), and (4) concerning adults with ankle injury
(sprain, fracture, instability) and contain sufficiently relevant imaging.
Articles concerning children and adolescent (<18 years), degenerative
ankle disease (i.e. arthritis), and cadaveric studies were excluded.
Database screening was closed on March 31, 2024. The rationale for
including studies starting from 2,000 until closure of database screening
was based on the quality of the MRI scans. Before 2,000, MRI of the foot
and ankle was mainly suited to assess larger structures, such as the
tibialis posterior tendon, and more challenging for smaller structures,
such as the ankle ligaments. Only articles in the English language were
included to avoid misinterpretations. Titles and abstracts were reviewed
to verify inclusion criteria and relevance. If all inclusion criteria were
present and the article seemed relevant or if this remained unclear, the
articles were fully read. All studies were screened for eligibility by two
independent reviewers (L.W. and R.V.) who reviewed titles, abstracts,
and full text. Any disagreements were resolved by discussion, and a third
reviewer was consulted (A.B.). Additional literature was obtained
through searching references in the manuscripts (snowball method). The
citation manager Endnote 21 (Clarivate, London, UK) was used during
the entire literature study.

Quality appraisal

The quality evaluation instrument developed by Hawker et al. [30]
was used for the assessment of methodological quality. This instrument
3

evaluates nine items: abstract and title, introduction and aims, methods
and data, sampling method, data analysis, ethics and bias, results,
generalizability, and implications for practice (Table 1). Quality assess-
ment was performed by a single reviewer (L.W.) to avoid mean scores
within these nine items. Each item is scored ranging from one (very poor)
to four (good), resulting in an aggregate maximum score of 36 and
minimum score of 9. Scores for high-quality studies range between 30
and 36, scores between 24 and 29 indicate average quality, and scores
lower than 24 indicate poor quality.

RESULTS

Study selection and analysis

The results of the search process are summarized in a PRISMA flow
diagram (Fig. 3) [40]. After screening, the search in PubMed yielded 1,
276, in Embase yielded 515, and in Web of Science yielded 587 articles.
After removing duplicates (n¼ 2,123), 249 articles were screened on title
and abstract. A total of 205 articles were excluded for not being relevant
to the topic. The remaining 43 articles were assessed based on full text.
Through the snowballing method of screening the reference lists of
relevant articles, 17 additional articles complying with the inclusion
criteria could be identified and were added. These articles were then
assessed based on the full text. After full-text screening, 13 articles were
subjected to a risk bias analysis and quality assessment. Because of the
heterogeneity in terms of study design and comparator data, it was not
possible to conduct a meta-analysis of the included source studies.
Therefore, a systematic narrative review, with information presented in
text and tables, summarized the characteristics and findings of the
Fig. 2. Origin of the study rationale: two patients
presented with both an anterior and posterior tibio-
fibular ligament injury (arrows; A, B). The first patient
presented with a shallow ‘1’ shape of the incisura
fibularis (C) and the second patient demonstrated a
deep ‘C’ shape of the incisura fibularis (D). Despite
similar type of syndesmotic ankle ligament injuries
(A, B), the patient with a shallow ‘1’ shape (C)
required a longer rehabilitation compared to the pa-
tient with a deep ‘C’ shape of the incisura fibularis
(D).



Table 1
Quality evaluation tool developed by Hawker et al. [39].

Items Questions

1 Abstract and title Was there a clear description of the research?
2 Introduction and objective Was there a good background and a clear description of the purpose of the study?
3 Method and data Is the method suitable and clearly explained?
4 Sampling method Was the sampling method suitable to meet the purpose of study?
5 Data analysis Was the description of the data analysis sufficiently detailed?
6 Ethics and bias Were the ethical issues raised and were they approved provided that they were relevant?

Is the relationship between researchers and participants described adequately?
7 Results Is there a clear description of the results?
8 Generalization Can the findings of this study generalize to a larger population?
9 Implications for practice How important are these findings to the policy and the practice?

This table is used to evaluate the nine items and the associated questions. With each item/each question are four criteria with a corresponding score (1–4). This score is
used to judge the methodological quality of the articles. The criteria and scores are not shown in this table.
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selected source studies. The narrative synthesis explored the findings
both within and between the studies, in line with the guidance from the
Centre for Reviews and Dissemination [41].

Role of the IF in lateral ankle ligament injuries

A The study of Liu et al. [42] performed CT imaging of the ankle joint
and prospectively looked at the incidence of LAS and recurrence of LAS
(Table 2). Three groups of IF shapes were defined (“C”-shape, “1”-shape,
and “Г”-shape) based on the obtained measurements of the CT, which
were compared to each other (Table 3). Of the 300 participants, 56% (n
¼ 168) had a “C”-shape, 25% (n¼ 76) had a “1”-shape, and 19% (n¼ 56)
had a “Г”-shape. In the study, 27 participants suffered a recurrent LAS, of
Records identified from: 
    PubMed (n = 1276) 
    Embase (n = 515) 
    Web of Science (n = 587) 

    Total (n=2378) 

Records removed before 
screening: 

Duplicate records 
removed  (n = 2123) 

Records excluded 
(n = 205) 

Reports sought for retrieval 
(n = 43) 

Reports not retrieved 
(n = 1) 

Records screened on title 
and abstract 
(n = 249) 

Reports assessed for 
eligibility (full-text) 
(n = 42) 

Reports excluded: 27 
Not relevant (n = 13) 
Cadaveric (n = 12) 
Malreduction (n = 4) 

Studies included in review 
(n = 13) 

Identification of studies via databases and registers 
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Fig. 3. Review stages based on PRISMA
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which seven had a “C”-shape, 13 had “1”-shape, and 3 had “Г”-shape. The
“1” shape of the IF was overrepresented and showed the highest risk of
the three shapes in the incidence of LAS (p < 0.05). In addition, there
were four participants with an ATFL injury with avulsed bone fragments
in the “1”-shape group, and none were observed in the “C” or “Г”-shapes
[42]. Liu et al. [42] also looked at the range of movement (ROM) based
on the IF shape. The “1”-shape had a statistically significant increase in
lateral displacement along with ankle inversion or eversion of more than
20� (p < 0.01). The “1”-shape also had a statistically significant increase
in lateral displacement along with ankle dorsiflexion of more than 20� (p
< 0.01) [42].

Ataoglu et al. [11] compared the measurements of the IF between
patients with and without instability. It was found that instability was
Records identified from: 
    Citation searching (n = 17) 

Reports assessed for 
eligibility 
(n = 17) 

Reports excluded: 17 
Not relevant (n = 16) 
Cadaveric (n = 1) 

Identification of studies via other methods 

Reports sought for retrieval 
(n = 17) Reports not retrieved (n = 0) 

flow diagram. From Page et al. [40].



Table 2
Overview of the study characteristics included in the systematic review.

Number Author Year Country Sample size Study population Design Method

1 Ataoglu et al. 2020 Turkey 100 Fifty patients with arthroscopically proven ankle
instability þ 50 without instability

Retrospective comparative MRI section 1 cm proximal to the tibiotalar joint; distal
tibiofibular joint anterior facet length (a), posterior facet
length (b), angle between the anterior and posterior
facets (c), fibular notch depth (d), tibia thickness (e),
and fibula thickness (f) was measured.

2 Boszczyk et al. 2019 Poland 150 Seventy-five patients who sustained a high fibular
fracture with syndesmosis disruption þ 75 patients with
unrelated foot problems

Retrospective comparative The CT examinations of 75 patients with a high fibular
fracture and a control group of 75 patients with
unrelated foot problems were compared. The depth,
fibular engagement, and rotational orientation of the
tibial incisura were analyzed.

3 Chen et al. 2023 China 360 One hundred and eighty patients with high ankle sprains
(HAS) were included in this study as the experimental
group. Another 180 normal individuals were set as the
control group

Retrospective comparative The 180 patients with HAS were divided into four
groups according to gender and incisura fibularis (IF)
depth, with deep concave IF �4 mm and shallow/flat IF
depth <4 mm. The IF morphological indicators,
tibiofibular distance (TFD), and ankle mortise indices
were measured and compared between the control
group and the HAS group.

4 Ebraheim et al. 2003 USA 7 Seven patients with a type B Weber fibular fracture
associated with deltoid ligament disruption and
diastasis of the inferior tibiofibular joint

Observational All the measurements were taken 1 cm above the tibial
plafond. The first three measurements were taken on the
mortise view and the other three were taken on the AP
view.

5 Hagemeijer et al. 2019 USA 36 Twelve patients with unilateral syndesmotic instability
þ 24 without unilateral syndesmotic instability

Retrospective comparative The patients and controls underwent preoperative
bilateral ankle weightbearing CT. For each
weightbearing CT, a series of seven axial plane
tibiofibular joint measurements, including one angular
measurement, were used to evaluate parameters of the
syndesmotic anatomy at a level 1 cm above the tibial
plafond.

6 Huysse et al. 2021 Belgium 40 Fifteen patients with an unstable high ankle sprain and
25 control subjects

Retrospective comparative The obtained CT images were converted to 3D models,
and the following radiographic parameters of the
incisura fibularis were determined using 3D
measurements: incisura width, incisura depth, incisura
height, incisura angle, incisura width-depth ratio, and
incisura-tibia ratio.

7 Kobayashi et al. 2014 Japan 17 Seventeen males with unilateral chronic ankle
instability

Observational Geometric bone models of the tibia and fibula were
created from non–weight-bearing CT images, and
anatomical coordinate systems were embedded in the
tibia model. Bilateral tibiae were superimposed using a
best-fit algorithm that moved the tibia to the position of
best congruity, and the amount of side-to-side difference
in position of the fibulae was measured.

8 Lee et al. 2015 South Korea 674 Two hundred seventy-four patients with lateral
malleolar fracture and 400 patients with lateral ankle
sprain

Retrospective comparative Ankle radiographs were examined for seven measures:
distal tibial articular surface angle, bimalleolar tilt,
medial malleolar relative length, lateral malleolar
relative length, medial malleolar slip angle, anterior
inclination of tibia, and fibular position. Measurements
were compared between the two groups.

9 Liu et al. 2017 China 300 Three hundred young physical training soldiers Prospective cohort All 300 young physical training soldiers, with normal
ankles, underwent CT scans by a single medical imaging
technician for measuring the shapes of the DTFS. Right/
left ankle was selected at random. All participants were
asked to attend the clinic to check immediately after
ankle injury during a 3-year study period.

10 Mavi et al. 2002 Turkey 18 Eighteen patients with a control group of 75 volunteers
without history of trauma of the ankle syndesmosis

Retrospective comparative Eighteen limbs (nine right, nine left) were examined for
the fibular incisura of the tibia by MRI. These

(continued on next page)
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more frequent in: shorter anterior facet (p < 0.001) and thinner tibia
width (p < 0.001), smaller anterior/posterior facet length ratio (p <

0.016), and tibia/fibula width ratio (p < 0.020; Fig. 4). Instability was
not notably more frequent based on the posterior facet length (p ¼
0.466), IF depth (IFD; p ¼ 0.840), fibula width (p ¼ 0.887), or facetal
angle (p¼ 0.146). Yaka et al. found that the anterior-posterior facet angle
was lower in patients with an ATFL rupture compared with patients with
an intact ATFL (respectively, 123.9� � 10� [range 100.3� 0.138�], 95%
CI: 121.58–126.22 vs 129.7� � 7.8� [range 112�–141.4�], 95% CI:
127.89–131.51; p ¼ 0.014). Yaka et al. [43] also found a higher fibular
notch version in patients with ATFL rupture, indicating an more retro-
verted IF (respectively, 16.6� � 4.85�, 95% CI: 14.79–18.42 vs 12.4� �
5.04�, 95% CI: 10.88–14.40; p ¼ 0.002). Kobayashi et al. [44] found that
the fibula was statistically significantly more laterally positioned in an
ankle with chronic ankle instability (CAI) compared with the contralat-
eral healthy ankle. There was also a slight difference in external fibular
rotation of 0.07� � 2.61�. No statistically significant difference was
observed in anteroposterior fibular position (FP) [44]. Lee et al. [45]
observed statistically significant differences between the ankle with LAS
and the contralateral healthy ankle. The distal tibial articular surface was
more anterosuperiorly tilted (p ¼ 0.023), and the fibula showed a more
posterior location (p < 0.001) [45]. Mavi et al. [46] found, in women
with recurrent ankle sprains, a deeper IF (4.0 mm� 1.1 vs 2.9 mm� 0.8;
p < 0.05). This deeper IF was also noted in men, but no statistically
significant difference was seen (4.2 mm � 0.6 vs 3.6 mm � 1.0) [46].

Role of the IF in syndesmotic ankle ligament injuries

Isolated syndesmotic ligament injuries
Ebraheim et al. [47] found a shallow IF, mean 2.7 mm (range 2.0–4.0

mm), in patients with a syndesmotic ankle sprain. Hagemeijer et al. [48]
found that in patients with unilateral syndesmotic injuries, there was no
difference between the injured ankle and the contralateral ankle in IFD
(3.5 mm� 1.0 vs 3.3 mm� 1.3; p¼ 0.63), θfib (fibular rotation) (10.3� �
5.5 vs 8.4� � 7.0; p¼ 0.12), and fibular sagittal plane position (1.7 mm�
1.1 vs 1.9 mm � 1.1; p ¼ 0.36). Huysse et al. [35] found statistically
significant differences in IFD, IF height, and IF angle between patients
with a syndesmotic sprain and a control group. The IF was more shallow
in patients with a syndesmotic sprain (3.83 mm � 1.07 vs 4.76 mm �
1.09; p¼ 0.015). The IF height was shorter in patients with a syndesmotic
sprain (31.99 mm� 3.20 vs 36.10� 5.27; p¼ 0.02). The IF angle is more
obtuse in patients with a syndesmotic sprain (143.15� � 8.34 vs 137.21�

� 7.91; p ¼ 0.047). No statistically significant differences were found for
the IF width, IF width/depth ratio, and incisura width/tibia width ratio
(p > 0.05) [35]. Chen et al. [49] looked at the severity and functional
outcome of a syndesmotic ankle sprain. They found that in male patients
with a syndesmotic sprain, IFD was negatively correlated with posterior
tibiofibular distance (pTFD; �0.634, p < 0.05), middle tibiofibular dis-
tance (mTFD; �0.434, p < 0.05), and anterior tibiofibular distance
(aTFD; �0.414, p < 0.05). This was also noted in women (aTFD �0.535,
mTFD �0.481, and pTFD �0.724, all <0.05), indicating less severe
syndesmotic sprains based on the CTmeasurements. They also found that
patients with a shallow IF had statistically significantly lower American
Orthopedic Foot and Ankle Society Score scores compared to patients
with a deep concave type IF (respectively, in men: 91.21 � 4.02 vs 93.30
� 3.52; p ¼ 0.002; in women: 90.44 � 3.89 vs 92.70 � 3.54; p < 0.001).

Fracture-associated syndesmotic ligament injuries
Boszczyk et al. [33] used CT imaging to compare the bony anatomy of

the syndesmosis in patients with a high fibular fracture with syndesmosis
disruption and a healthy control group. A statistically significant differ-
ence was found between the groups in IFD, fibular engagement, and the
orientation angle of the incisura. The mean IFD was statistically signifi-
cantly more shallow in the injury group compared with the control (3.3
mm � 1.3 vs 4.0 mm � 1.2; p ¼ 0.02). The fibular engagement was
statistically significantly lower in the injury compared with the control



Table 3
Overview of the study outcomes and key findings.

Number Author Year Purpose Key findings

1 Ataoglu et al. 2020 Radiologically investigate the
relationship between bony
variations of the distal tibiofibular
joint and arthroscopically proven
ankle instability.

� Instability was more frequent in: shorter a (anterior facet; p < 0.001) and
thinner e (tibia thickness; p < 0.001), smaller a/b (anterior/posterior facet
length; p < 0.016), and e/f ratio (tibia/fibula thickness; p < 0.020).

� Negative correlation between the values of a, e, and instability (r¼�0.348,
p < 0.001, and r ¼ �0.328, p ¼ 0.001; respectively).

� This study demonstrated that the presence of narrow anterior facet and
thinner tibia were strongly correlated with lateral ankle instability.

� There was no statistically significant difference in posterior facet length (b),
angle between anterior and posterior facets (c), fibular notch depth (d) and
fibula thickness (f).

2 Boszczyk et al. 2019 Compare the bony anatomy of the
syndesmosis in patients who
sustained a high fibular fracture
with syndesmosis disruption and
that of the noninjured population.

� Using the median values of the control group as cutoff, there were 71%
shallow, 71% disengaged, and 77% retroverted syndesmoses in the injury
group.

� The incisura depth ranged 1.2–6.9 mm (mean 4.0, median 4.0 mm, SD 1.2
mm) for the control group (group A) and 0–6.3 mm (mean 3.3, median 3.3
mm, SD 1.3 mm) for the injured population (group B). Using the mean of
group A (4.0 mm), there were 22 (29%) deep and 53 (71%) shallow
syndesmoses in group B. A comparison between the groups showed
statistically significant differences (p ¼ 0.002).

� The fibular engagement ranged from �2.0 to 3.8 mm (mean 0.7, median
0.7 mm, SD 1.2 mm) for group A and �3.9 to 2.7 mm (mean �0.6, median
�0.8, standard deviation 1.7 mm) for group B. Using the mean of group A
(0.7 mm), there were 22 (29%) engaged and 53 (71%) disengaged
syndesmoses in group B. A comparison between the groups showed
statistically significant differences (p < 0.0001).

� The orientation angle of the incisura ranged from �1 to 25� (mean 8.2�,
median 8.0�, standard deviation 4.1�) for group A and �2 to 27� (mean
11.3�, median 12.0�, standard deviation 4.6�) for group B. Using the mean
of group A (8.2�), there were 58 (77%) retroverted and 17 (23%)
anteverted incisurae in group B. A comparison between the groups showed
statistically significant differences (p < 0.0001).

� Patients with a shallow, disengaged, and retroverted bony configuration of
the syndesmosis are overrepresented among patients with syndesmosis
disruption.

3 Chen et al. 2023 Explore the impact of different
types of fibular notch on the
severity of HAS and to estimate
the prognosis of patients with HAS
while excluding anatomical
differences caused by gender.

� The tibiofibular distance of HAS patients was statistically significantly
larger than that of normal people

� The IF depth was negatively correlated with tibiofibular distance, and the
American Orthopaedic Foot and Ankle Score score of patients with shallow
flat type was statistically significantly lower than that of patients with deep
concave type after treatment (p < 0.05).

� The results suggested that shallow IF may be related to more severe distal
tibiofibular ligament injury and widening of ankle mortise, leading to poor
prognosis.

� In males with shallow flat type, the measurements of anterior tibiofibular
distance (aTFD), middle tibiofibular distance (mTFD), posterior tibiofibular
distance (pTFD), front ankle mortise width (fAMW), middle ankle mortise
width (mAMW), posterior ankle mortise width (pAMW), and depth of ankle
mortise (DOAM) in HAS group were statistically significantly larger than
those in normal group (p < 0.05).

� In female patients with shallow flat type, the measurements of aTFD, mTFD,
pTFD, fAMW, mAMW, pAMW, and DOAM were found to be statistically
significantly larger than those in normal group (p < 0.05)

4 Ebraheim et al. 2003 Report on patients with low
fibular fractures associated with
deltoid ligament injury and
syndesmotic disruption.

� In all patients, the axial CT section showed that the syndesmosis was
disrupted, and the incisura fibularis was shallow.

� The average depth of the incisura fibularis in this study was 2.7 mm (range
2–4 mm).

� Difficult to detect the syndesmosis disruption on the initial assessment of
the AP and mortise radiographs obtained preoperatively. However, the
syndesmotic disruption was easily recognizable on the axial CT scan.

� A tear of the interosseous membrane might have contributed to the
instability of the syndesmosis.

5 Hagemeijer et al. 2019 Evaluate both distal tibiofibular
articulations using weightbearing
CT scan in patients with known
syndesmotic instability,
thereafter, comparing findings
between the injured and uninjured
sides. Additionally define the
range of normal measurement
variation among patients without
syndesmotic injury.

� Among those with unilateral syndesmotic instability, values differed
between the injured and uninjured sides of the patients in four of the seven
measurements performed including the syndesmotic area (mean � SD;
uninjured 118.7 � 37.7 vs injured 164.8 � 46.8; p < 0.001), direct anterior
(mean � SD; uninjured 6.0 � 2.1 vs injured 8.4 � 2.4; p < 0.001), middle
(mean � SD; uninjured 4.6 � 1.4 vs injured 6.0 � 1.4; p < 0.001), and
posterior differences (mean � SD; uninjured 9.14 � 2.1 vs injured 11.6 �
3.0; p < 0.001).

� Fibular rotation (mean� SD; uninjured 10.3� 5.5 vs injured 8.4 � 7.0; p¼
0.12), fibular sagittal plane position (mean � SD; uninjured 1.7 � 1.1 vs
injured 1.9 � 1.1; p ¼ 0.36) and incisura depth (mean � SD; uninjured 3.5
� 1.0 vs injured 3.3 � 1.3; p ¼ 0.63) were not statistically significantly
different between the two ankles.

(continued on next page)
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Table 3 (continued )

Number Author Year Purpose Key findings

� In the control population without ankle injury, no differences were
identified between any of the bilateral measurements (p value range,
0.172–0.961).

6 Huysse et al. 2021 Compare the morphometry of the
incisura fibularis between patients
with HAS and a control group
using three-dimensional
radiographic techniques.

� The mean incisura depth (M ¼ 4.76 mm, SD ¼ 1.09 mm), incisura height
(M¼ 36.10 mm, SD¼ 5.27 mm), and incisura angle of the control group (M
¼ 137.21�, SD¼ 7.91�) differed statistically significantly from patients with
a HAS (resp., M ¼ 3.83 mm, SD ¼ 1.07 mm, p ¼ 0.015; M ¼ 31.99 mm, SD
¼ 3.20 mm, p ¼ 0.02; M ¼ 143.15�, SD ¼ 8.34�, p ¼ 0.047).

� The incisura width (mean� SD; 25.1� 2.7 mm), incisura width-depth ratio
(5.5 � 1), and incisura-tibia ratio (0.6 � 0.1) of the control group
demonstrated no statistically significant difference compared to the inci-
sura width (23.7� 2.1 mm; p¼ 0.11), incisura width-depth ratio (6.7� 2.1;
p ¼ 0.07), and incisura-tibia ratio (0.6 � 0.2; p ¼ 0.27) of the patients with
HAS.

� A shallower and shorter fibular incisura was detected in patients with HAS.
This distinct morphology could have repercussion on the intrinsic or
osseous stability of the DTFJ.

7 Kobayashi et al. 2014 Determine whether abnormal
fibular alignment is present in
individuals with chronic ankle
instability (CAI) using 3D analysis
of CT-based bone models.

� The fibula of the ankles with CAI was statistically significantly more
laterally positioned than that of the healthy ankles at all three reference
points: the mean (95% CI) at the most prominent point of the lateral
malleolus, 5 cm proximal to the lateral malleolus, and 10 cm proximal to the
lateral malleolus was 0.60 mm (0.04, 1.16), 0.57 mm (0.15, 0.98), and 0.68
mm (0.09, 1.27), respectively.

� There was no statistically significant difference in anteroposterior position
between the healthy ankles and those with CAI.

8 Lee et al. 2015 Compare the radiographic indices
representing anatomical
structures of the ankle between a
lateral malleolar fracture and a
lateral ankle sprain in terms of
bony constraints.

� Bimalleolar tilt showed more varus orientation (104.7� � 3.3 vs 103.8� �
2.9; p ¼ 0.001) and medial malleolar slip angle (112.8� � 7.4 vs 110.6� �
7.2; p < 0.001) showed a greater obtuse angle of the medial malleolar
articular surface in the fracture group compared to the sprain group.

� AI showed more anterosuperiorly tilted distal tibial articular surface (82.0�

� 3.1 vs 81.0� � 3.1; p ¼ 0.023), and fibular position showed more a
posteriorly located fibula in the sprain group compared with the fracture
group (0.64 � 0.088 vs 0.58 � 0.098; p < 0.001).

� Fibular position showed the highest discriminant validity between the
fracture and sprain groups.

� Distal tibial articular surface angle, medial malleolar relative length, and
lateral malleolar relative length showed no statistically significant
difference

9 Liu et al. 2017 Investigate associations between
shape of the distal tibiofibular
syndesmosis and risk of recurrent
lateral ankle sprains.

� The shapes of the distal tibiofibular syndesmosis were organized into three
distinct types based on the morphology of incisura fibularis: “C” shape
(56%), “1” shape (25%), and “Г” shape (19%).

� Thirty-nine participants suffered ankle sprain, and 23 cases experienced
recurrent lateral ankle sprains. Of the 23 recurrent lateral ankle sprains,
seven participants of the incisura fibularis were the “C” shape, 13
participants were the “1” shape, and three participants were the “Г” shape.

� The “1” shape of the incisura fibularis showed highest risk in the three
shapes in incident recurrent lateral ankle sprains (p < 0.05).

� When the ROM of ankle plantar flexion was regularly increased, the
displacement of each shape type in the x and y axes was gradually
increased, but the displacement in the z axis showed no statistically
significant change. The “1” shape showed the widest range of displacement
but was not statistically significantly different from the “C” and “Г” shapes
(0.05 < p < 0.1).

� When the ROM of ankle dorsiflexion was regularly increased, the
displacement of each shape type in the x and y axes was gradually
increased, but the displacement in the z axis showed no statistically
significant change. The “1” shape exhibited statistically significantly
increased displacement in the y axis, during ankle dorsiflexion was 20�,
compared with the “C” and “Г” shapes (p < 0.01).

� When the ROM of ankle inversion was regularly increased, the
displacement of each shape type in the x, y and z axes was gradually
increased. Comparing with the “C” and “Г” shapes, the “1” shape had a
statistically significantly increased displacement in the y axis, along with
the range of motion (ROM) of ankle inversion on the position more than 20�

(p < 0.01).
� When the ROM of the ankle eversion was regularly increased, the

displacement of each shape type in the y and z axes was gradually increased,
but the displacement in the x axis was gradually decreased. Comparing with
the “C” and “Г” shapes, the “1” shape had a statistically significantly
increased displacement in the y axis, when the ankle eversion was 20� (p <
0.01).

� There were four participants with ATFL injury with avulsed bone fragments
in the ‘1’ shape group, none in the ‘C’ or ‘Г’ group. A widening of the ankle
mortise with ankle motion was seen in the ‘1’ shape group, and people with
this shape may have more risk of recurrent lateral ankle sprains and ATFL
injury with avulsed bone fragments.

(continued on next page)

L. Wittouck et al. Journal of ISAKOS 10 (2025) 100361

8



Table 3 (continued )

Number Author Year Purpose Key findings

10 Mavi et al. 2002 Investigate the relationship of the
distal tibia and fibula in the area of
the syndesmosis of adult patients
who had recurrent ankle sprains
(type I and II) on magnetic
resonance image.

� The measurements of the length of the anterior and posterior facets, depth
of the fibular incisura of the tibia, and the distance between anterior margin
of the tibia and anterior margin of the fibula in the patient group were
visibly different from the measurements of the control group.

� The following was observed in the group of recurrent ankle sprains
compared to the control group: longer anterior (11.4 mm � 1.3 vs 10.4 mm
� 1.4; p < 0.05) and posterior tubercles (11.5 mm � 1.3 vs 10.4 mm � 1.4;
p < 0.05) and a more anteriorly positioned fibula (11.8 mm � 1.4 vs 14.3
mm � 3.5; p < 0.05) in men and a deeper fibular incisura (4.0 mm � 1.1 vs
2.9 mm � 0.8; p < 0.05) in women compared with the control group.

� In recurrent sprained ankles, the depth of incisura fibularis was deeper than
the control group.

� In the patients group, 90% of men and 50% of women showed a deep (>4
mm) fibular incisura. In the control group, 54.6% of men and 29.6% of
women showed a deep fibular incisura.

11 Yaka et al. 2023 Describe the fibular notch version
(FNV) and evaluate the
relationship between ATFL
rupture and FNV, anterior facet
length (AFL), posterior facet
length (PFL), anterior-posterior
facet angle, and notch depth (ND).

� When both groups of patients were compared, the anterior-posterior facet
angle (APFA) value of patients with ATFL rupture was statistically signifi-
cantly lower than those with intact (p ¼ 0.014). The mean APFA value of
patients with ruptured ATFL was 123.9� � 10� (range 100.3�

–0.138�) (95%
CI: 121.58–126.22), while the mean APFA value of patients with intact
ATFL was 129.7� � 7.8� (range 112�

–141.4�) (95% CI: 127.89–131.51).
� The FNV value of patients with ruptured ATFL was statistically significantly

higher than those who were healthy (p ¼ 0.002, power: 0.99, effect size:
0.79). The mean FNV value of patients with ruptured ATFL was 16.6� �
4.85� (10.7�–25.5�; 95% CI: 14.79–18.42), while the mean FNV value of
patients with intact ATFL was 12.4� � 5.04� (0.7�–19.0�; 95% CI:
10.88–14.40).

� There was no statistically significant difference between the two groups in
terms of AFL (p ¼ 0.31, for ruptured ATFL 95% CI:8.9–9.7, for intact ATFL
95% CI: 8.88–9.92), PFL (p ¼ 0.289, for ruptured ATFL 95%
CI:13.08–14.12, for intact ATFL 95% CI: 13.67–14.93), and ND (p ¼ 0.105,
for ruptured ATFL 95% CI: 4.37–4.87, for intact ATFL 95% CI: 3.99–4.55).

12 Yeung et al. 2015 Explore the diagnostic accuracy of
CT measurements in predicting
syndesmosis instability of injured
ankle, with correlation to
operative findings.

� Of the 123 patients, 39 (31.7%) were operatively diagnosed with
syndesmosis instability.

� The axial CT measurements were statistically significantly higher in ankles
diagnosed with syndesmosis instability than the group without (maxTFD
mean 7.2 � 2.96 mm vs. 4.6 � 1.4 mm, aTFD mean 4.9 � 3.7 mm vs. 1.8 �
1.4 mm, mTFD mean 5.3 � 2.4 mm vs. 3.2 � 1.6 mm, pTFD mean 5.3 � 1.8
mm vs. 4.1 � 1.3 mm, p < 0.05).

� Their respective cutoff values with best sensitivity and specificity were
calculated; the aTFD (AUC 0.798) and maxTFD (AUC 0.794) achieved the
highest diagnostic accuracy. The optimal cutoff levels were aTFD ¼ 4 mm
(sensitivity, 56.4%; specificity, 91.7%) and maxTFD ¼ 5.65 mm
(sensitivity, 74.4%; specificity, 79.8%).

13 Yüce et al. 2024 Examine the relationship between
incisura morphology and posterior
malleolar avulsion injury.

� There was a statistically significant difference between the groups in terms
of PFL (group 1 12.30 � 1.60 vs group 2 13.63 � 1.70, p ¼ 0.005) and
incisura width (group 1 23.96 � 2.81 vs group 2 22.40 � 2.51, p ¼ 0.051).

� There were no statistically significant differences in the distribution of
gender, fracture side, incisura type, fibula type, and incisura version
between the groups.

� The groups did not statistically significantly differ in terms of incisura
depth, AFL, interfacet angle and age values.

AP ¼ anterior-posterior; ATFL ¼ anterior talofibular ligament; CI ¼ confidence interval; CT ¼ computed tomography; DTFJ ¼ distal tibiofibular joint; DTFS ¼ distal
tibiofibular syndesmosis; HAS ¼ high ankle sprains; IF ¼ incisura fibularis; MRI ¼ magnetic resonance imaging; SD ¼ standard deviation.

Fig. 4. Measurements of the incisura fibularis (schematic): (A) length of anterior facet; (B) length of posterior facet; (C) angle between the anterior and posterior facet;
(D) incisura fibularis depth; (E) tibia width; (F) fibula width.
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(�0.6 mm � 1.7 vs 0.7 mm � 1.2; p < 0.001). The orientation angle of
the incisura was statistically significantly more obtuse than the control
(11.3� � 4.6 vs 8.2� � 4.1; p < 0.001). An overrepresentation of shallow,
retroverted, and disengaged IF types was found in patients with a
fracture-associated syndesmotic sprain [33].

Yüce et al. [50] found a statistically significant difference between a
group of patients with an associated posterior malleolar avulsion fracture
(group 1) and a group of patients with an isolated syndesmotic ankle
sprain (group 2). In terms of posterior facet length, a shorter posterior
facet was noted in the fracture-associated group (group 1 12.30� 1.60 vs
group 2 13.63� 1.70, p¼ 0.005). In terms of incisura width, a broader IF
was seen in the fracture-associated group (group 1 23.96� 2.81 vs group
2 22.40 � 2.51, p ¼ 0.051).

Lee et al. [45] showed statistically significant differences in the
radiographic indices of bimalleolar tilt (BT; p ¼ 0.001), medial malleolar
slip angle (MMSA; p< 0.001), anterior inclination of tibia (AI; p¼ 0.023),
and FP (p< 0.001) between the lateral malleolar fracture and LAS groups.
FP showed the highest discriminant validity between the fracture and
sprain groups. Multiple regression analysis showed that BT, medial mal-
leolar relative length, MMSA, and FP were statistically significantly
affected by the group difference after adjusting for the effects of age and
sex. On the contrary, the effect of group difference on AI was not statis-
tically significant after adjusting for the age and sex effects [45].

Quality appraisal

The mean Hawker score of the included studies was 28.8 out of 36
(range ¼ 24–31; Table 4).

DISCUSSION

The principal finding of this systematic review demonstrated an as-
sociation between ligamentous ankle injuries and variation of the IF
morphology in the majority of the identified reports. This might suggest
that the bony anatomy of the IF could contribute to the stability of the
ankle in conjunction with ligaments, tendons, and muscles. However, the
identified studies presented a heterogeneous methodological quality and
not all studies were unanimous on the association between IF
morphology and ligament injuries in the ankle joints.

Role of the IF in lateral ankle ligament injuries

Regarding lateral ankle ligament lesions, Liu et al. [42] found that a
shallow IF, with a “1”-shape morphology, showed the highest risk of LAS
compared with a more deep “C”-shape or “Г”-shape (Fig. 5). Liu et al.
[42] also found avulsion fractures in the shallow “1”-shape in patients
with a LAS, while these were absent in the other IF morphologies. These
avulsion fractures are clinically important as they increase the risk of CAI
[51]. The increase in LAS in a “1”- shape was explained by Liu et al. [42]
using ROM measurements categorized by IF morphology. A shallow IF
Table 4
Quality assessment of the selected articles.

Criteria Ataoglu
et al.

Boszczyk
et al.

Chen
et al.

Ebraheim
et al.

Hagemeijer
et al.

Abstract and title 4 4 4 2 3
Introduction and purpose 3 3 3 3 3
Method and data 4 3 3 2 3
Sampling method 3 3 3 3 3
Data analysis 4 4 4 2 3
Ethics and bias 2 3 3 3 3
Results 3 3 3 3 3
Generalization 3 4 4 3 3
Implications for practice 3 3 3 3 3
Total 29 30 30 24 27
Quality level Medium High High Medium Medium

Quality level: high: 30–36, medium: 24–29, low: <24.

10
causes a widening of the ankle mortise and more lateral displacement of
the fibula with ankle inversion, eversion, or dorsiflexion, resulting in
higher forces on the ligaments, most notably the ATFL [42]. This
widening of the ankle mortise is further supported by Kobayashi et al.
[44] who found that the fibula was more laterally positioned and
externally rotated in a shallow IF.

Lee et al. [45] also observed a more posteriorly positioned fibula in
LAS. They hypothesized that a more posteriorly positioned fibula allows
for a wider anterolateral space of the ankle joint, which provides space
for the talus to subluxate anterolaterally during an ankle sprain [45].
Inversely, a more anteriorly positioned fibula narrows this space,
resulting in a transfer of force from the subluxed talus to the distal part of
the fibula, possibly causing an associated fracture [45]. The study of
Ataoglu et al. [11] observed that a shorter anterior facet length, a smaller
anterior/posterior facet ratio and a thinner tibia correlated with more
instability in patients with LASs (Fig. 5). A possible explanation for this
increase in instability is that the anterior facet plays an important role in
the bony congruence counteracting anterior displacement of the fibula
[11]. The decrease of bony stabilization and the thinner fibula result in a
higher possibility of anterior displacement of the fibula and a tendency of
the ankle to remain inverted [11]. This could cause a higher load and
forces being put on the ligaments and increasing the risk of injury to the
ATFL [11]. This hypothesis is supported by the fact that Mavi et al. [46]
found a more anteriorly positioned fibula in patients with recurrent ankle
sprains. A notable finding in the study by Ataoglu et al. [11] is that,
although patients with LAS instability had a thinner tibia, there was no
evidence of a reduced IFD or an increase in the angle between the
anterior and posterior facet, which would typically indicate a more
shallow IF. The studies of Ataoglu et al. [11] and Mavi et al. [46] could
not find convincing evidence regarding the involvement of IFD in LAS.
However, as aforementioned, they did find several other morphological
differences in the IF for patients with LAS.
Role of the IF in syndesmotic ankle ligament injuries

Regarding isolated syndesmotic ligament injuries, in syndesmotic
sprains without associated fracture, Huysse et al. [35] and Ebraheim
et al. [47] found a more shallow IF. When looking at a potential expla-
nation for the increase in syndesmotic ankle sprains in patients with a
shallow IF, Taşer et al. [52] proposed that as the IF becomes more
shallow, the angle between the anterior and posterior facet becomes
more obtuse. This results in a decrease of the vertical tibiofibular overlap
and consequently less stability [52]. Furthermore, Huysse et al. [35]
measured morphology factors of the IF itself, which might accentuate the
above theory of Taşer et al. [52]. A shorter IF height and more obtuse
angle between the facets were seen in patients with syndesmotic ankle
sprains compared to a control group, further decreasing the vertical
tibiofibular overlap [35]. Conversely, Hagemeijer et al. [48] compared
the injured ankle to the uninjured contralateral ankle and did not find
any difference in IFD. However, a trend could be observed that the
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Lee
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Fig. 5. Difference between a deep (middle) and shallow (right) morphology of the incisura fibularis in the ankle syndesmosis. (A) Patient with a lateral ankle sprain;
(B) patient with a syndesmotic ankle sprain.
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obtained IFD of both ankles in patients with a syndesmotic sprain were
shallow when compared to different studies, indicating a possible asso-
ciation between IFD and syndesmotic ankle sprains [48].

Regarding fracture-associated syndesmotic ankle lesions, Boszczyk
et al. [33] and Ebraheim et al. [47] found a more shallow IF and in pa-
tients with fracture-associated syndesmotic ankle lesions. Boszczyk et al.
[33] additionally found that the IF itself was more retroverted. The exact
role of this retroversion of the IF in syndesmotic ankle sprains is still
unknown as this was the only study measuring this parameter. It could be
hypothesized that the retroversion of the IF itself impacts the position of
the fibula, causing it to be more posteriorly located, resulting in more
stress on the ligaments stabilizing the ankle joint [33]. On the contrary,
Yeung et al. [53] did not find distinct IF morphology in patient with
stable versus unstable fracture-associated syndesmotic lesions. However,
the majority of patients with unstable fracture-associated syndesmotic
lesions presented a more shallow IF.

Limitations

This study encountered several limitations. First, in common with
other systematic reviews, some papers may not have been identified with
the search criteria which we used. This could be attributed to the initial
search terms or exclusion of papers not written in English. However,
additional screening of the references was performed to improve this
process. Second, only a relatively small number and heterogenous group
of studies was found to be eligible for this systematic review. There were
considerable variations in the reported radiographic and morphological
outcomes, which were reported. This did not allow us to perform a meta-
analysis or overall effect size analysis. Finally, a control group is para-
mount to obtain optimal statistical evidence with further analysis of the
data and counteract the influence of confounding factors. Ideally, the
control group is matched as best as possible, consists of a sufficient size,
and excludes any pathology, in particular of the ankle or foot [54–57]. In
practice, the control group is often limited and consists of patients
receiving a CT scan for other ankle or foot pathology, which is presumed
to have minimal effect on the researched pathology [53,58–62].

Clinical implication

A potential clinical implication could concern a sport patient popu-
lation in which IF morphology could be determined to identify those
11
athletes that potentially have less bony resistance against lateral or
syndesmotic ankle sprains. These athletes might benefit from additional
preventive proprioception exercises of the ankle joint. It could also be of
interest to determine whether a more shallow IF predisposes these pop-
ulation to recurrence of ankle sprains.
Research implication

Prospective long-term comparative studies are indicated to further
investigate the involvement of the IF in ankle ligament injuries as well as
differentiation between unstable or stable injuries, e.g., in case of ankle
syndesmotic injury, to determine whether or not a shallow IF increases
the need for surgical stabilization. These studies should also contain a
fixed set of standardized measurements that determine the IF
morphology and include a matched control group.

CONCLUSION

The majority of the identified studies found a distinct morphology of
the IF in association with ligamentous ankle injuries. This review sug-
gests that a more shallow IF was the main morphological parameter that
could be more frequently identified in patients with lateral ligament
injuries and isolated and fracture-associated syndesmotic ankle ligament
injuries compared with control populations. This might be attributed to a
diminished bony congruence and disengagement of the fibula, resulting
in an increased strain on the ligaments stabilizing the ankle joint. How-
ever, it should be taken into account that a substantial number of studies
presented a heterogeneous methodological quality, and not all studies
were unanimous on the association between IF morphology and ligament
injuries in the ankle joints. Therefore, further research is still required to
strengthen these findings and assess the potential implementation in the
assessment of patients with complex ligamentous ankle injuries.

CRediT authorship contribution statement

Louise Wittouck: Formal analysis. Ruben Vermeir: Formal analysis.
Matthias Peiffer: Conceptualization. Wouter Huysse: Conceptualiza-
tion. Lauren Pringels: Conceptualization. Nicol�o Martinelli: Concep-
tualization. Emmanuel Audenaert: Conceptualization. Arne Burssens:
Formal analysis, Conceptualization.



L. Wittouck et al. Journal of ISAKOS 10 (2025) 100361
Funding

Matthias Peiffer was financially supported by a PhD grant from the
Research Foundation Flanders (FWO #1120220N). Emmanuel Aude-
naert was financially supported by a senior research fellowship from the
Research Foundation Flanders. Arne Burssens was supported by a junior
research project from the Research Foundation Flanders project
(#G0C7323N).
Declaration of competing interest

The authors declare that they have no conflict of interest related to
this study.

Acknowledgements

The authors thank medical illustrator Myrthe Boymans from Mixed
Art Myrthe Boymans for the drawings in Figs. 3–5.

References

[1] Dalmau-Pastor M, Malagelada F, Calder J, Manzanares MC, Vega J. The lateral
ankle ligaments are interconnected: the medial connecting fibres between the
anterior talofibular, calcaneofibular and posterior talofibular ligaments. Knee Surg
Sports Traumatol Arthrosc 2020;28(1):34–9. https://doi.org/10.1007/s00167-019-
05794-8.

[2] Lubberts B, Guss D, Vopat BG, et al. The arthroscopic syndesmotic assessment tool
can differentiate between stable and unstable ankle syndesmoses. Knee Surg Sports
Traumatol Arthrosc 2020;28(1):193–201. https://doi.org/10.1007/s00167-018-
5229-3.

[3] Michels F, Pereira H, Calder J, et al. Searching for consensus in the approach to
patients with chronic lateral ankle instability: ask the expert. Knee Surg Sports
Traumatol Arthrosc 2018;26(7):2095–102. https://doi.org/10.1007/s00167-017-
4556-0.

[4] Jungmann PM, Lange T, Wenning M, Baumann FA, Bamberg F, Jung M. Ankle
sprains in athletes: current epidemiological, clinical and imaging trends. Open
Access J Sports Med 2023;14:29–46. https://doi.org/10.2147/oajsm.S397634.

[5] Hong CC, Calder J. The burden of the "Simple ankle sprains": a review of the
epidemiology and long-term impact. Foot Ankle Clin 2023;28(2):187–200. https://
doi.org/10.1016/j.fcl.2022.12.002.

[6] Doherty C, Delahunt E, Caulfield B, Hertel J, Ryan J, Bleakley C. The incidence and
prevalence of ankle sprain injury: a systematic review and meta-analysis of
prospective epidemiological studies. Sports Med 2014;44(1):123–40. https://
doi.org/10.1007/s40279-013-0102-5.

[7] Waterman BR, Owens BD, Davey S, Zacchilli MA, Belmont Jr PJ. The epidemiology
of ankle sprains in the United States. J Bone Joint Surg Am 2010;92(13):2279–84.
https://doi.org/10.2106/jbjs.I.01537.

[8] Shah S, Thomas AC, Noone JM, Blanchette CM, Wikstrom EA. Incidence and cost of
ankle sprains in United States emergency departments. Sports Health 2016;8(6):
547–52. https://doi.org/10.1177/1941738116659639.

[9] Hunt KJ, Fuld RS, Sutphin BS, Pereira H, D'Hooghe P. Return to sport following
lateral ankle ligament repair is under-reported: a systematic review. J ISAKOS 2017;
2(5):234–40. https://doi.org/10.1136/jisakos-2016-000064.

[10] D'Hooghe P, Alkhelaifi K, Abdelatif N, Kaux JF. From “low” to “high” athletic ankle
sprains: a comprehensive review. Operat Tech Orthop 2018;28(2):54–60. https://
doi.org/10.1053/j.oto.2018.01.002.

[11] Ataoglu MB, Tokgoz MA, Kokturk A, Ergisi Y, Hatipoglu MY, Kanatli U. Radiologic
evaluation of the effect of distal tibiofibular joint anatomy on arthroscopically
proven ankle instability. Foot Ankle Int 2020;41(2):223–8. https://doi.org/
10.1177/1071100719884555.

[12] Hertel J. Functional instability following lateral ankle sprain. Sports Med 2000;
29(5):361–71. https://doi.org/10.2165/00007256-200029050-00005.

[13] Vuurberg G, Hoorntje A, Wink LM, et al. Diagnosis, treatment and prevention of
ankle sprains: update of an evidence-based clinical guideline. Br J Sports Med 2018;
52(15):956. https://doi.org/10.1136/bjsports-2017-098106.

[14] Dubin JC, Comeau D, McClelland RI, Dubin RA, Ferrel E. Lateral and syndesmotic
ankle sprain injuries: a narrative literature review. J Chiropr Med 2011;10(3):
204–19. https://doi.org/10.1016/j.jcm.2011.02.001.

[15] Hubbard TJ, Wikstrom EA. Ankle sprain: pathophysiology, predisposing factors,
and management strategies. Open Access J Sports Med 2010;1:115–22. https://
doi.org/10.2147/oajsm.s9060.

[16] Wikstrom EA, Hubbard-Turner T, McKeon PO. Understanding and treating lateral
ankle sprains and their consequences. Sports Med 2013;43(6):385–93. https://
doi.org/10.1007/s40279-013-0043-z.

[17] Baltes TPA, Al Sayrafi O, Arn�aiz J, et al. Acute clinical evaluation for syndesmosis
injury has high diagnostic value. Knee Surg Sports Traumatol Arthrosc 2022;
30(11):3871–80. https://doi.org/10.1007/s00167-022-06989-2.

[18] Kromka JJ, Chambers MC, Popchak A, Irrgang J, Hogan MV. In a small
retrospective cohort of patients with syndesmotic injury, only athletes benefited
12
from placement of a suture button device: a pilot study. Journal of ISAKOS 2019;
4(1):21–5. https://doi.org/10.1136/jisakos-2018-000234.

[19] Hunt KJ, Bartolomei J, Challa SC, et al. Significant variations in surgical construct
and return to sport protocols with syndesmotic injuries: an ISAKOS global
perspective. J isakos 2022;7(1):13–8. https://doi.org/10.1016/
j.jisako.2021.10.005.

[20] Porter DA, Jaggers RR, Barnes AF, Rund AM. Optimal management of ankle
syndesmosis injuries. Open Access J Sports Med 2014;5:173–82. https://doi.org/
10.2147/oajsm.S41564.

[21] McCollum GA, van den Bekerom MP, Kerkhoffs GM, Calder JD, van Dijk CN.
Syndesmosis and deltoid ligament injuries in the athlete. Knee Surg Sports
Traumatol Arthrosc 2013;21(6):1328–37. https://doi.org/10.1007/s00167-012-
2205-1.

[22] D'Hooghe P, Chambers MC, Hogan MV, et al. Determining the force required in
arthroscopic evaluation to assess the stability of syndesmotic ankle injury: a
cadaveric study. J ISAKOS 2019;4(2):100–4. https://doi.org/10.1136/jisakos-
2017-000183.

[23] D'Hooghe P, Grassi A, Alkhelaifi K, et al. Return to play after surgery for isolated
unstable syndesmotic ankle injuries (West Point grade IIB and III) in 110 male
professional football players: a retrospective cohort study. Br J Sports Med 2020;
54(19):1168–73. https://doi.org/10.1136/bjsports-2018-100298.

[24] Press CM, Gupta A, Hutchinson MR. Management of ankle syndesmosis injuries in
the athlete. Curr Sports Med Rep 2009;8(5).

[25] Waterman BR, Belmont PJ, Cameron KL, DeBerardino TM, Owens BD.
Epidemiology of ankle sprain at the United States military academy. Am J Sports
Med 2010;38(4):797–803. https://doi.org/10.1177/0363546509350757.

[26] Burssens A, Kr€ahenbühl N, Weinberg MM, Lenz AL, Saltzman CL, Barg A.
Comparison of external torque to axial loading in detecting 3-dimensional
displacement of syndesmotic ankle injuries. Foot Ankle Int 2020;41(10):1256–68.
https://doi.org/10.1177/1071100720936596.

[27] Peiffer M, Dhont T, Cuigniez F, et al. Application of external torque enhances the
detection of subtle syndesmotic ankle instability in a weight-bearing CT. Knee Surg
Sports Traumatol Arthrosc 2023;31(11):4886–94. https://doi.org/10.1007/
s00167-023-07536-3.

[28] Spindler FT, B€ocker W, Polzer H, Baumbach SF. A 3-ligament syndesmotic injury is
at higher risk for malreduction than a 2-ligament injury: a CT-based analysis. Foot
Ankle Int 2024:10711007241238227. https://doi.org/10.1177/
10711007241238227.

[29] Baumbach SF, Spindler FT, B€ocker W, Polzer H. Syndesmotic malreduction
prevention, assessment, and treatment. Foot Ankle Clin 2023. https://doi.org/
10.1016/j.fcl.2023.10.002.

[30] Rammelt S, Zwipp H, Grass R. Injuries to the distal tibiofibular syndesmosis: an
evidence-based approach to acute and chronic lesions. Foot Ankle Clin 2008;13(4).
https://doi.org/10.1016/j.fcl.2008.08.001. 611-33, vii-viii.

[31] Franke J, von Recum J, Suda AJ, Grützner PA, Wendl K. Intraoperative three-
dimensional imaging in the treatment of acute unstable syndesmotic injuries.
J Bone Joint Surg Am 2012;94(15):1386–90. https://doi.org/10.2106/
jbjs.K.01122.

[32] D'Hooghe P, York PJ, Kaux JF, Hunt KJ. Fixation techniques in lower extremity
syndesmotic injuries. Foot Ankle Int 2017;38(11):1278–88. https://doi.org/
10.1177/1071100717735639.

[33] Boszczyk A, Kwapisz S, Krümmel M, Grass R, Rammelt S. Anatomy of the tibial
incisura as a risk factor for syndesmotic injury. Foot Ankle Surg 2019;25(1):51–8.
https://doi.org/10.1016/j.fas.2017.08.003.

[34] Norkus SA, Floyd RT. The anatomy and mechanisms of syndesmotic ankle sprains.
J Athl Train 2001;36(1):68–73.

[35] Huysse W, Burssens A, Peiffer M, et al. Morphometric analysis of the incisura
fibularis in patients with unstable high ankle sprains. Skeletal Radiol 2021;50(6):
1141–50. https://doi.org/10.1007/s00256-020-03649-9.

[36] Dolan P, Kenny I, Glynn L, et al. Risk factors for acute ankle sprains in field-based,
team contact sports: a systematic review of prospective etiological studies. Phys
Sportsmed 2023;51(6):517–30. https://doi.org/10.1080/
00913847.2022.2093618.

[37] Mason J, Kniewasser C, Hollander K, Zech A. Intrinsic risk factors for ankle sprain
differ between male and female athletes: a systematic review and meta-analysis.
Sports Med Open 2022;8(1):139. https://doi.org/10.1186/s40798-022-00530-y.

[38] Kobayashi T, Tanaka M, Shida M. Intrinsic risk factors of lateral ankle sprain: a
systematic review and meta-analysis. Sports Health 2016;8(2):190–3. https://
doi.org/10.1177/1941738115623775.

[39] Hawker S, Payne S, Kerr C, Hardey M, Powell J. Appraising the evidence: reviewing
disparate data systematically. Qual Health Res 2002;12(9):1284–99. https://
doi.org/10.1177/1049732302238251.

[40] Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. Int J Surg 2021;88:105906. https://
doi.org/10.1016/j.ijsu.2021.105906.

[41] Dissemination U. Undertaking systematic reviews of research on effectiveness:
CRD's guidance for carrying out or commissioning reviews. 2001.

[42] Liu Q, Lin B, Guo Z, Ding Z, Lian K, Lin D. Shapes of distal tibiofibular syndesmosis
are associated with risk of recurrent lateral ankle sprains. Sci Rep 2017;7(1):6244.
https://doi.org/10.1038/s41598-017-06602-4.

[43] Yaka H, €Ozer M, Türkmen F, Demirel A, Kanatli U. The relationship between fibular
notch anatomy and ATFL rupture. J Foot Ankle Surg 2023;62(4):666–70. https://
doi.org/10.1053/j.jfas.2023.02.004.

[44] Kobayashi T, Suzuki E, Yamazaki N, et al. Fibular malalignment in individuals with
chronic ankle instability. J Orthop Sports Phys Ther 2014;44(11):872–8. https://
doi.org/10.2519/jospt.2014.5217.

https://doi.org/10.1007/s00167-019-05794-8
https://doi.org/10.1007/s00167-019-05794-8
https://doi.org/10.1007/s00167-018-5229-3
https://doi.org/10.1007/s00167-018-5229-3
https://doi.org/10.1007/s00167-017-4556-0
https://doi.org/10.1007/s00167-017-4556-0
https://doi.org/10.2147/oajsm.S397634
https://doi.org/10.1016/j.fcl.2022.12.002
https://doi.org/10.1016/j.fcl.2022.12.002
https://doi.org/10.1007/s40279-013-0102-5
https://doi.org/10.1007/s40279-013-0102-5
https://doi.org/10.2106/jbjs.I.01537
https://doi.org/10.1177/1941738116659639
https://doi.org/10.1136/jisakos-2016-000064
https://doi.org/10.1053/j.oto.2018.01.002
https://doi.org/10.1053/j.oto.2018.01.002
https://doi.org/10.1177/1071100719884555
https://doi.org/10.1177/1071100719884555
https://doi.org/10.2165/00007256-200029050-00005
https://doi.org/10.1136/bjsports-2017-098106
https://doi.org/10.1016/j.jcm.2011.02.001
https://doi.org/10.2147/oajsm.s9060
https://doi.org/10.2147/oajsm.s9060
https://doi.org/10.1007/s40279-013-0043-z
https://doi.org/10.1007/s40279-013-0043-z
https://doi.org/10.1007/s00167-022-06989-2
https://doi.org/10.1136/jisakos-2018-000234
https://doi.org/10.1016/j.jisako.2021.10.005
https://doi.org/10.1016/j.jisako.2021.10.005
https://doi.org/10.2147/oajsm.S41564
https://doi.org/10.2147/oajsm.S41564
https://doi.org/10.1007/s00167-012-2205-1
https://doi.org/10.1007/s00167-012-2205-1
https://doi.org/10.1136/jisakos-2017-000183
https://doi.org/10.1136/jisakos-2017-000183
https://doi.org/10.1136/bjsports-2018-100298
http://refhub.elsevier.com/S2059-7754(24)00208-6/sref24
http://refhub.elsevier.com/S2059-7754(24)00208-6/sref24
https://doi.org/10.1177/0363546509350757
https://doi.org/10.1177/1071100720936596
https://doi.org/10.1007/s00167-023-07536-3
https://doi.org/10.1007/s00167-023-07536-3
https://doi.org/10.1177/10711007241238227
https://doi.org/10.1177/10711007241238227
https://doi.org/10.1016/j.fcl.2023.10.002
https://doi.org/10.1016/j.fcl.2023.10.002
https://doi.org/10.1016/j.fcl.2008.08.001
https://doi.org/10.2106/jbjs.K.01122
https://doi.org/10.2106/jbjs.K.01122
https://doi.org/10.1177/1071100717735639
https://doi.org/10.1177/1071100717735639
https://doi.org/10.1016/j.fas.2017.08.003
http://refhub.elsevier.com/S2059-7754(24)00208-6/sref34
http://refhub.elsevier.com/S2059-7754(24)00208-6/sref34
http://refhub.elsevier.com/S2059-7754(24)00208-6/sref34
https://doi.org/10.1007/s00256-020-03649-9
https://doi.org/10.1080/00913847.2022.2093618
https://doi.org/10.1080/00913847.2022.2093618
https://doi.org/10.1186/s40798-022-00530-y
https://doi.org/10.1177/1941738115623775
https://doi.org/10.1177/1941738115623775
https://doi.org/10.1177/1049732302238251
https://doi.org/10.1177/1049732302238251
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.1016/j.ijsu.2021.105906
http://refhub.elsevier.com/S2059-7754(24)00208-6/sref40
http://refhub.elsevier.com/S2059-7754(24)00208-6/sref40
https://doi.org/10.1038/s41598-017-06602-4
https://doi.org/10.1053/j.jfas.2023.02.004
https://doi.org/10.1053/j.jfas.2023.02.004
https://doi.org/10.2519/jospt.2014.5217
https://doi.org/10.2519/jospt.2014.5217


L. Wittouck et al. Journal of ISAKOS 10 (2025) 100361
[45] Lee KM, Chung CY, Sung KH, et al. Anatomical predisposition of the ankle joint
for lateral sprain or lateral malleolar fracture evaluated by radiographic
measurements. Foot Ankle Int 2015;36(1):64–9. https://doi.org/10.1177/
1071100714551019.

[46] Mavi A, Yildirim H, Gunes H, Pestamalci T, Gumusburan E. The fibular incisura of
the tibia with recurrent sprained ankle on magnetic resonance imaging. Saudi Med
J 2002;23(7):845–9.

[47] Ebraheim NA, Elgafy H, Padanilam T. Syndesmotic disruption in low fibular
fractures associated with deltoid ligament injury. Clin Orthop Relat Res 2003;(409):
260–7. https://doi.org/10.1097/01.blo.0000052935.71325.30.

[48] Hagemeijer NC, Chang SH, Abdelaziz ME, Casey JC, Waryasz GR, Guss D. Range of
normal and abnormal syndesmotic measurements using weightbearing CT. Foot
Ankle Int 2019;40(12):1430–7. https://doi.org/10.1177/1071100719866831.

[49] Chen J, Peng X, Yang Y, et al. In different gender groups, what is the impact of the
fibular notch on the severity of high ankle sprain: a retrospective study of 360 cases.
Orthop Surg 2023;15(10):2557–65. https://doi.org/10.1111/os.13833.

[50] Yüce A, Erkurt N, Yerli M, SaygılıMS, €Ozkan CB. Morphology of fibular incisura is a
deciding factor between posterior malleolus avulsion fracture or syndesmotic
ligament injury in ankle fractures. J Foot Ankle Surg 2024;63(1):18–21. https://
doi.org/10.1053/j.jfas.2023.08.003.

[51] Schlickewei C, Kr€ahenbühl N, Rolvien T, et al. Surgical outcome of avulsion
fractures of the distal fibula: a systematic literature review. Arch Orthop Trauma
Surg 2021. https://doi.org/10.1007/s00402-021-04256-6.
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