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* Purpose: The aim was to conduct a systematic literature review and meta-anaylsis to analyze
the diagnostic accuracy of the external rotation stress test (ERST) for syndesmotic injuries.
* Methods: The systematic review was conducted according to the PRISMA-P guidelines
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(Prospero ID: CRD42021282457). Four common databases were searched from inception

to September 29, 2021. Eligible were any studies facilitating the ERST under fluoroscopy in
a defined state of syndesmotic instability. Syndesmotic ligament-specific rupture must have

» syndesmosis

» syndesmotic injury

been proven by MRI, arthroscopy, or controlled dissection (cadaver study). Two reviewers
independently conducted each step of the systematic literature review. The risk of bias was
assessed by the Quality Appraisal for Cadaveric Studies Score scale. The data analysis was

performed qualitatively and quantitatively.

* Results: Eight studies were eligible for a qualitative analysis, and six studies were eligible for
a quantitative analysis. All studies included were cadaver studies. The qualitative analysis
comprised 94 specimens and revealed considerable heterogeneity. Six studies allowed
for a quantitative analysis of the tibiofibular clear space (TFCS) and five studies for the
medial clear space (MCS) during the ERST. The quantitative analysis of the TFCS revealed
no significant differences between intact and any stage of syndesmotic injury. The MCS
was able to differentiate between intact and 2-ligament- (Z=2.04, P=0.02), 3-ligament-
(Z=3.2, P=0.001), and 3-ligament+deltoid ruptures (Z=3.35, P<0.001).

* Conclusion: The ERST is the only noninvasive test to assess syndesmotic instability and can
be conducted bilaterally. The uninjured contralateral side can serve as a baseline reference.

Based on the conducted quantitative analysis, the MCS seems to be able to differentiate
between stable (intact/1-ligament) and unstable (2-ligament/3-ligament) lesions.
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Introduction

Isolated injuries to the syndesmotic complex occur in
approximately 1-17% of all ankle sprains (1, 2) and in
up to 30% in high-impact sports (3). Furthermore, the
syndesmosis is injured in up to 13% of all ankle fractures
(4). However, assessing syndesmotic stability remains a
challenge.

The syndesmotic complex comprises three major
ligaments: the anterior inferior tibiofibular ligament
(AITFL), the interosseous membrane (IOM), and the
posterior inferior tibiofibular ligament (PiTFL). These
provide a three-point fixation of the fibula to the tibia (5).
Additionally, the deltoid ligament (DL) stabilizes the talus

medially and restrains its lateral shift (6). Syndesmotic
injuries are commonly classified by the Calder adaption
of the West Point Ankle Grading System (1, 7, 8). Whereas
Grade | (AiTFL sprain) and Grade IIA (AITFL rupture) lesions
are considered stable injuries, Grade 1IB (AiTFL, IOM
rupture or Deltoid rupture) and Grade Il (AITFL, IOM, PiTFL
rupture + Deltoid) lesions are unstable and necessitate
surgery (7). Calder et al. also took into consideration the
DL, which we do not aim to address in the current study.
Therefore, we refer to a Grade IlIA injury as an isolated
injury to the AiTFL, whereas a Grade IIB injury is defined as
an injury to the AiTFL and IOM.

Up to date, especially the differentiation between IIA
and 1B injuries remains clinically challenging. Although
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MRI is considered the noninvasive gold standard, it
remains a static examination, the visualization of the
IOM at the level of the syndesmotic complex is limited,
and its reported diagnostic accuracy varies (9, 10). As a
result, the MRI is limited in distinguishing Grade IIA from
Grade 1IB injuries. More recently, arthroscopy has been
promoted (7). However, arthroscopy is an invasive, highly
demanding technique, and the definition of instability
criteria is hindered due to considerable individual
anatomical variations (11).

The external rotation stress test (ERST) under
fluoroscopy is the most commonly used noninvasive,
dynamic examination (12). Despite an excellent
interobserver agreement (13), its diagnostic accuracy
has been questioned, as the definition of cut-off criteria
for the different radiographic parameters is limited due
to the individual anatomical variations (14). Due to the
noninvasive nature of the ERST, it can be conducted
bilaterally. This might be a still underestimated advantage
of this test. The contralateral, uninjured side could serve as
a patient-specific, intact reference standard. Conducting
the ERST bilaterally therefore does not rely on general cut-
off values, but on patient-specific, contralateral values.
This might increase its diagnostic accuracy and possibly
allows a differentiation of more subtle instability, i.e. a
differentiation between Grade IIA and IIB injuries.

The aim was to conduct a systematic literature review
and meta-analysis to analyze the diagnostic accuracy of
the ERST for syndesmotic injuries. The primary question of
interest was if the ERST could differentiate Grade IIA from
[IB injuries.

Materials and methods

The systematic review was conducted according to the
PRISMA guidelines (15). The study was apriori registered
at Prospero (CRD42021282457).

Search strategy
The review question was framed according to the PICOS
criteria (Table 1).

Medline (PubMed), Scopus, Central, and Embase
were searched from inception to September 29, 2021.

Table 1 PICOS criteria defining the inclusion and exclusion criteria.
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A gray literature search for conference proceedings was
performed in Scopus and EMBASE and a general search in
OpenGrey (16) (http://www.opengrey.eu). In addition, all
of the studies' references were hand-searched to identify
papers that may not have been found in the systematic
electronic search. The search strategy was built upon
the principal strategies of Injury AND Syndesmosis AND
Radiographs. The entire search strategy is presented in
Supplementary data 1 (see section on supplementary
materials given at the end of this article).

Study selection and data extraction

Each database was searched separately, and the resulting
datasets were exported to Endnote” (version 20.1; Fa.
Clarivate). Following the removal of duplicates, the final
datasetwas exportedto Covidence” (Melbourne, Australia).
The study selection was conducted independently by
two reviewers (F T S, V H). Disagreement was resolved
in discussion (S F B). First, a title/abstract screening was
conducted. In case of uncertainty, the paper was included
for full-text evaluation. Then the full-text screening was
performed.

Two reviewers (F T S, S F B) independently conducted
the data extraction. Disagreement was again resolved by
discussion (H P). The data extracted were level of evidence,
study details, and radiographic measurements in the
stressed state, separately per the injured syndesmotic
ligaments (AITFL, IOM, PiTFL, and/or DL). If applicable,
these parameters were also collected for the intact state
(biomechanical studies) or contralateral side (clinical
studies). The radiographic parameters were extracted as
mean + S.D. Depending on the data presented, authors
were contacted to provide additional information or data
values in a different format. If possible, data conversion
was performed according to the recommendations of the
Cochrane Handbook (17).

Risk of bias assessment

The level of evidence of each study was assessed
according to the recommendations of Wright et al. (18).
The methodological quality of the clinical studies was
assessed using the Quality Assessment of Diagnostic
Accuracy Studies (QUADS)-2 score (19). The risk of bias

Population

Adult patients/human/adult specimens with a defined/known instability of one or more ligaments of the syndesmotic complex, including

the deltoid ligament. Adult is defined as >18 years of age. Defined injury applies to cadaver studies in which one or more ligaments of the
syndesmotic complex have been dissected under direct visual control. Known injury is defined as a verified injury (MRI or arthroscopy) or
dissection to one or more ligaments of the syndesmotic complex in patients. Instability is defined as a complete lesion to the respective
syndesmotic ligament. For the IOM, at least the distal 5 cm must have been ruptured completely.

Intervention
parameter assessed in the stressed stated was eligible.

External rotation stress test under fluoroscopy conducted in a defined state of syndesmotic instability as outlined above. Any radiographic

Comparison If applicable (cadaver studies) intact syndesmotic complex
Outcomes Any radiographic parameter assessed during the external rotation stress test
Study

Eligible were any cadaver/biomechanical studies or clinical studies, regardless of the study design, with at least 10 patients in clinical studies.
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in the cadaveric studies was assessed using the Quality
Appraisal for Cadaveric Studies Score (QUACS) scale
facilitating a 13-item checklist (20). The QUACS scale is
highly reliable with a strong construct validity (20). Study
heterogeneity was assessed using the 12 test. Risk of bias
assessment was conducted by two reviewers (FT S, S F
B) independently and disagreement was resolved by
discussion (H P).

Data synthesis and statistics

The papers included were analyzed per the syndesmotic
ligaments ruptured/dissected, and the radiographic
parameters assessed during the ERST. Data interpretation
was performed as a qualitative and, if possible, a
quantitative synthesis.

The quantitative synthesis, i.e. a meta-analysis, was
conducted if three or more studies revealed sufficient
comparability, using Cochrane RevMan 5.4.1 (version 5.4.
The Cochrane Collaboration). Due to possible variations
in the exact measurement locations of the assessed
radiographic parameters, the differences between
different dissection stages were calculated and further
analyzed. By using the delta values, a possible interstudy
measurement bias could be reduced. Due to the observed
heterogeneity, a random effect model with mean
difference effect measure was performed for the meta-
analysis. Heterogeneity was assessed using the I? statistic
and rated according to the recommendations by Deeks
et al. (21): 1?=0-40%: not important heterogeneity,
I2=30-60%: moderate heterogeneity, 1°=50-90%:
substantial heterogeneity, and 12=75-100%: considerable
heterogeneity.

FOOT & ANKLE 7:10 673

Results

Figure 1 depicts the study selection process. After removal
of duplicates, 2226 studies were screened for title and
abstract and the remaining 258 for full text. Nine studies
met the eligibility criteria. Gosselin-Papadopoulos et al.
published two papers (22, 23). After contacting the
authors, it became apparent that both studies were based
on the same cadaver study. Therefore, these two studies
were considered as one study. Consequently, eight studies
were eligible for the qualitative (22, 23, 24, 25, 26, 27, 28,
29, 30) and six for the quantitative analysis (22, 23, 25,
27, 28, 29, 30). Their mean QUACS-2 score (20) was 68%
(range: 54-77%; Fig. 2).

Five study groups were contacted throughout the study
selection process (22, 23, 25, 27, 28, 29). Stoffel et al. (29)
presented their results in a graph. They were unable to
provide absolute data. Therefore, these were extracted
from the graph using a scaled y-axis in Photoshop. Three
studies (22, 23, 27) only reported differences between
the unstressed and stressed conditions, but the authors
provided the raw data. Out of these, one group verified
that the measurement was conducted on mortise views
(25). Finally, one study only reported the P-values (28).
The authors also provided the raw data.

Qualitative synthesis

The study characteristics of the eight eligible papers are
outlined in Fig. 2. Overall, only cadaveric studies met the
inclusion and exclusion criteria. The studies comprised a
total of 94 fresh-frozen cadaveric specimens. All studies
used around the knee amputates and conducted a varying
but sequential dissection of the syndesmotic complex.

Pubmed Embase Scopus CENTRAL
n=967 n=799 n=1549 n=117
Total

n=3432

Dublicats removed: n=1206

Title & Abstract screen
n=2226

: Excluded: n=1968

Full-text articles screen
n=258

Excluded: n=249;
Same data base n=2

Qualitative synthesis
n=8

Quantitative synthesis
n=6

Figure 1

PRISMA flow chart illustrating the study
selection process. n, number of studies.
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Study (year) Quality Study Participants Dissection stages (if Test assessed Radiographic Radiological parameters
assessment model applicable) view
[QUACS
Scale]
Xenos et al. 77% Cadaveric n=25 Baseline vs. ERST (5Nm) Mortise view, TFCS: A
(1995) (30) Above knee AiTFL vs. Lateral view
fresh-frozen AiTFL+2cm IOM vs.
specimens AiTFL+4cm IOM vs.
AiTFL+6cm IOM vs.
AiTFL+8cm IOM vs. -
AITFLHIOM+PITFL tlem ¢
Beumer et al. 54% Cadaveric n=10 Baseline vs. ERST (150N, AP RSA, AP RSA:
(2003) (24) Through AiTFL or PiTFL or ADL 7.5Nm) Lateral view Translation
knee fresh- vs. and Rotation
frozen AiTFL+ADL or PiTFL in various
specimens vs. planes [mm]
AiTFI+ADL+PiTFL
Lateral view:
Posterior
[mm]
Stoffel et al. 69% Cadaveric n=14 Baseline vs. ERST Mortise view MCS: D
(2009) (29) Above knee AITFL vs. (7.5Nm) TFCS: A
fresh-frozen AIiTFL+IOM LST (100N) TFO: B
specimens
Tem ¢
Femino et al. 69% Cadaveric n=6 Baseline vs. ERST + Mortise view Medial gutter,
(2013) (26) Through DL vs. varus/valgus RSA Syndesmosis
knee fresh- DL+AIiTFL+IOM+PiTFL | stress (n.s.)
frozen
specimens
Jiang et al. 69% Cadaveric n=11 Baseline vs. ERST Mortise view MCS: C
(2014) (27) Above knee DL vs. (7.5Nm) TFCS: A
fresh-frozen DL+AITFL vs. LST (100N)
specimens DL+AITFLAPIiTFL vs.
DL+AITFL+PiTFL+IOM
Tem (&
Feller et al. 69% Cadaveric n=10 Baseline vs. ERST (150N, Mortise, MCS: n.s.
(2017) (25) Above knee AiTFL vs. 7.5Nm) (Arthroscopic TFCS: n.s.
fresh-frozen AITFL+IOM vs. probing) TFO: n.s.
specimens AIiTFL+HIOM+PIiTFL vs.
AIiTFL+IOM+PiTFL+DL
Gosselin- 62% Cadaveric n=9 above Baseline vs. ERST (45N) Mortise, MCS: C
Papadopoulos knee fresh- AiTFL vs. LST (100N) (Direct TFCS: A
etal. (2018 / frozen AIiTFL+IOM vs. visualization)
2019) (22;23) specimens AiTFL+IOM+PiTFL
Tem (&
LaMothe et al. 77% Cadaveric n=9 Baseline vs. ERST Mortise view, MCS: E
(2018) (28) Above knee AITFL vs. (6.5Nm), Lateral view TFCS: A
fresh-frozen AiTFL+IOM vs. LST (80N),
specimens AITFL+IOM+PIiTFL vs. Sagittal
AITFL+IOM+PiTFL+DL | Stress Test
(80N) -
tlem ¢
N: Number of studies; Baseline: Intact syndesmotic complex; 4iTFL: Anterior inferior tibiofibular ligament; JOM: Interosseus membrane; PiTFL: Posterior
inferior tibiofibular ligament; DL: Deltoid ligament; ADL: Anterior portion of the Deltoid ligament; ERST: External rotation stress test; LST: Lateral stress
test / Hook test / Cotton test; RSA: Radiostereometric Analysis; MCS: Medial Clear Space, TFCS: Tibio-fibular Clear Space; TFO: Tibio-fibular Overlap; IR:
Internal rotation

Figure 2

Study characteristics. ADL, anterior portion of the deltoid ligament; AiTFL, anterior inferior tibiofibular ligament; baseline, intact
syndesmotic complex; DL, deltoid ligament; ERST, external rotation stress test; IOM, interosseus membrane; IR, internal rotation; LST,
lateral stress test/Hook test/Cotton test; MCS, medial clear space; N, number of studies; PiTFL, posterior inferior tibiofibular ligament;
RSA, radiostereometric analysis; TFCS, tibiofibular clear space; TFO, tibiofibular overlap.
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Seven studies performed an ERST (22, 23, 24, 25, 27, 28,
29, 30), and one study conducted an ERST and additionally
ERSTs with varus or valgus stress (26). Three studies (22,
23,27, 29) compared the ERST to a lateral stress test (LST),
and one study (28) compared the ERST to the LST and a
sagittal stress test. One study each compared the ERST to
either arthroscopic probing (25) or direct visualization (23).

Seven studies analyzed their radiographic parameters
on Mortise views (22, 23, 25, 26, 27, 28, 29, 30), and
two studies performed a radiostereometric analysis (24,
26). Seven studies assessed either the medial clear space
(MCS), tibiofibular clear space (TFCS), and/or tibiofibular
overlap (TFO) (22, 23, 25, 26, 27, 28, 29, 30).

Out of the six studies performing an ERST and clinical
relevant radiographic measurements on mortise views (22,
23, 25, 27, 28, 29, 30), five studies performed sequential
dissection from anterior to posterior, i.e. starting with the
AITFL (22, 23, 25, 28, 29, 30), and one study started with
the DL (27).

Table 2 summarizes the significant differences of the
ERST per the different dissection stages from anterior to
posterior compared to baseline measurements, separately
for the MCS, TFCS, and TFO. When looking at each study
individually, a considerable heterogeneity becomes
apparent. Per the differentiation between intact and Grade
[IB (AITFL+IOM) lesions, only one (29) out of four studies
(22, 23, 25, 28, 29) found a significant widening for the
MCS. For the TFCS, two (29, 30) out of five studies (22, 23,

FOOT & ANKLE 7:10 675

25, 28, 29, 30) and for the TFO, one (25) out of two (25,
29) found significant differences between intact state and
Grade IIB (AITFL+IOM) lesions.

Quantitative synthesis

As outlined in Table 2, five studies assessed the MCS (22,
23, 25, 27, 28, 29) and six studies assessed the TFCS (22,
23, 25, 27, 28, 29, 30) at some dissection stage during
the ERST. All studies were cadaver studies, facilitating
a similar setup, performing an ERST, and conducting
their measurements on Mortise views. Therefore, these
studies allowed for a meta-analysis of two radiographic
measurements (MCS and TFCS) during the ERST (Fig. 3).
Only two studies assessed the TFO, which did not allow
for a cumulative analysis.

For the MCS, the test for heterogeneity varied between
12 = 0-91%, indicating a considerable varying level of
heterogeneity. The cumulative analysis showed that the
MCS could not differentiate between intact and AIiTFL
lesions (Z=1.43, P=0.15) but between baseline and
AIiTFL+IOM lesions (Z=2.04, P=0.02), AITFL+1OM +PiTFL
lesions (Z=3.2, P=0.001), and AiTFL+IOM+PiTFL+DL
lesions (Z=3.35, P<0.001). Moreover, the MCS allowed
a differentiation between AITFL and AiTFL+IOM lesions
(Z=3.95, P<0.001). But, it did not allow to differentiate
AiTFL+IOM from AIiTFL+IOM+PiTFL lesions (Z=0.99,
P=0.32).

Table 2 Significant differences of the ERST per the different dissection stages.

Baseline vs single-ligament

Baseline vs double-

Baseline vs triple-ligament Baseline vs complete dissection

Reference (AITFL) ligament (AiTFL+I10M) (AITFL+I1OM+PiTFL) (AITFL+1OM +PiTFL+DL)
Xenos et al. (30)
MCS
TFCS Yes Yes Yes
TFO
Stoffel et al. (29)
MCS Yes Yes
TFCS No Yes
TFO No No Yes
Jiang et al. (27)
MCS Yes
TFCS Yes
TFO
Feller et al. (25)
MCS No No Yes Yes
TFCS Yes No No Yes
TFO No Yes Yes Yes
Gosselin-Papadopoulos et al.
(22, 23)
MCS No No No
TFCS No No No
TFO
LaMothe et al. (28)
MCS No No Yes Yes
TFCS No No Yes Yes
TFO

ADL, anterior portion of the deltoid ligament; AiTFL, anterior inferior tibiofibular ligament; baseline, intact syndesmotic complex; DL, deltoid ligament; ERST,
external rotation stress test; IOM, interosseus membrane; IR, internal rotation; LST, lateral stress test/Hook test/Cotton test; MCS, medial clear space; N, number of
studies; PiTFL, posterior inferior tibiofibular ligament; RSA, radiostereometric analysis; TFCS, tibiofibular clear space; TFO, tibiofibular overlap..
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Figure 3

Quantitative analysis of the ERST at different dissection stages of the syndesmotic complex. Xenos et al. 1995 (30); Stoffel et al. 2009
(29); Jiang et al. 2014 (27); Feller et al. 2017 (25); Gosselin-Papadopoulos et al. 2018/19 (22; 23); LaMothe et al. 2018 (28).

The meta-analysis for the TFCS showed a high degree
of heterogeneity, ranging between 90 and 98%. Although
the mean diastasis of the TFCS increased progressively
throughout the stepwise dissection process, it never
reached the level of significance in the herein-conducted
meta-analysis. The only significant increase for the TFCS was
found between AITFL and AiTF+I0OM (Z=2.02, P=0.04).

Discussion

Assessing syndesmotic instability remains one of the
major challenges in foot and ankle surgery. Especially the
differentiation between a stable Grade IIA (AiTFL rupture)
and an unstable Grade IIB (AIiTFL, IOM rupture) injury is
a matter of ongoing discussion (7, 31). The ERST remains
a standard procedure to assess syndesmotic instability.
Other than the hook test or arthroscopic probing, it is
noninvasive, can be conducted bilaterally, and is therefore
not only applicable in the OR but also in the outpatient
clinic. This is the first study to systematically assess the
ligament-specific diagnostic value of the ERST per the
different radiographic parameters.

The included studies” mean QUACS scale (20) was 68%
with a considerable heterogeneity (range: 54—77%; Fig.

2), indicating a moderate risk of bias. All studies sufficiently
outlined their purpose, applied methodology, and data
interpretation in the context of current evidence. Still, the
quantitative analysis of the individual studies revealed a
considerable heterogeneity in the diagnostic accuracy of
the ERST.

For  the qualitative  analysis,
an increasing agreement between the
studies with each additional dissection step
(AITFL < AITFL+10OM < AiTFL+I0OM+PiTFL < AiTFL+10OM +
PiTFL+DL). But only one (29) out of four studies assessing
the MCS (23, 25, 28, 29) and two (29, 30) out of five
studies using the TFCS (23, 25, 28, 29, 30) found a
significant increase between baseline and AITFL+IOM
(Grade 1IB) dissection.

Five studies (23, 25, 28, 29, 30) allowed for a pooled
analysis for the MCS and six studies for the TFCS. The
meta-analysis showed that the MCS was able to detect
a significant widening of 1.21 mm for the ERST between
intact and Grade IIB injuries (Z=2.04, P=0.02) but at a
significant heterogeneity (1> = 79%, P=0.003). When
comparing the Grade IlIA (rupture of the AiTFL) to Grade
[IB (rupture of the AITFL+IOM) lesions, the MCS also
increased significantly by 0.8 mm (Z=3.95, P<0.001)
but with no heterogeneity (12 = 0%, P=0.420). Especially,

there was
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when compared to the uninjured side, it appears plausible
that the MCS is capable of differentiating stable (i.e. Grade
I/IA) from unstable (Grade 1IB/IIl) injuries. Nevertheless,
the question remains whether an MCS difference of about
1 mm during the ERST is actually of clinical relevance.
Previous biomechanical studies have indicated that a lateral
shift of the talus by 1.0 mm results in a reduction of 40%
of the tibiotalar contact surface area (32, 33). Therefore, a
1 mm increase in lateral shift can be considered clinically
relevant.

The meta-analysis for the TFCS found no significant
differences between any dissection stage but only between
Grade A (rupture of the AITFL) and Grade IIB (rupture of
the AITFL+10M) lesions (Z=2.02, P=0.04). Consequently,
these findings must be considered inconclusive. One
reason for these inconclusive findings could be the high
level of heterogeneity observed between the included
studies (12= 90-98%, P<0.001). Consequently, it appears
reasonable to rather use the MCS than the TFCS to assess
syndesmotic instability based on the ERST.

The herein-conducted meta-analysis assessed the
difference between intact and ligament-specific dissection
stages using the ERST. No absolute values could be
defined as cut-off values. The definition of absolute cut-
off values in general is limited because of a considerable
brought natural morphologic- and gender variance.
Previous studies have reported MCS ranging from 2.0 to
4.7 mm (34) and TFCS values ranging from 2.3 to 4.8 mm
(34) for the intact stressed state on mortise views. This
heterogeneity also limits the definition of absolute cut-off
values for arthroscopic probing (11).

The comparison between intact and dissected stages
might appear artificial and not applicable in daily practice,
as the intact values are unknown. However, due to its
noninvasive nature, the ERST can easily be conducted
bilaterally. Thereby, the uninjured side can serve as a
patient-specific baseline reference. Using the contralateral
side as a baseline reference eliminates the above-
mentioned problems resulting from the great intersubject
variability. By using the contralateral side as a reference,
it appears reasonable that more subtle differences can be
identified. Based on the herein-conducted meta-analysis,
any increased widening of the MCS of more than 1T mm,
compared to the contralateral, uninjured side, should be
considered as an instability of the syndesmotic complex.
Figure 4 outlines an exemplary patient case. The bilateral
ERST was conducted in our outpatient clinic. Care has to
be taken to achieve true mortise views for both ankles and
to apply a similar external rotational force to both ankles.
In this case, the obvious side-to-side difference of the
MCS indicated a subtle, type IIB syndesmotic lesion. Per
the authors’ clinical routine, this patient was scheduled
for arthroscopically assisted syndesmotic stabilization.
Syndesmotic lesion and instability were verified during
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arthroscopy and the distal tibiofibular joint was stabilized
by a single dynamic suture device. In fracture cases, we
would first fix the bony lesions and then conduct a bilateral
ERST. In case of obvious MCS side-to-side differences, we
would extend the lateral incision disto-ventrally to directly
visualize the AITFL. We then perform another ERST under
direct visualization.

Despitethese promisingfindings, severallimitationshave
to be discussed. Most pronounced the abovementioned
heterogeneity observed in the meta-analysis. Possible
reasons could be the differences in torque applied for the
ERST and varying measurement locations. Regarding the
torque applied during the ERST, one study did not provide
any information (26), one study only stated the force (45
N) (22, 23), and the remaining studies applied between
5 and 7.5 Nm of rotational moment (24, 25, 27, 28, 29,
30). Gosselin-Papadopoulos et al. examined the force
used under ERST in clinical practice by three surgeons.
They found a mean force of 45 N to best reflect the daily
practice. They further compared 150N to 45N and found
no differences in the mean TFCS (23). Consequently, the
observed variety might only have a minor impact on the
results. A further source of heterogeneity was the varying
measurement locations for the MCS (Fig. 2). One study
did not specify the measurement location (25), one study
measured the perpendicular MCS (28), one study the
horizontal MCS (29), and two studies the oblique MCS
(22,23, 27). These different MCS measurement techniques

Unstressed Stressed

Injured side
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Figure 4

Exemplary patient case illustrating a subtle type IIB syndesmotic
injury by bilateral ERST.
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result in different measurement values (35, 36). Still, it
has been shown that both the perpendicular and oblique
MCS behave similarly during the ERST (35). Therefore,
these differences can be considered a systemic bias, which
most likely did not affect the overall outcome especially
as not the total values but the differences were used in
this study. A further limitation could be missing clinical
data. Still, the aim of this study was to include only highly
controlled studies. The subsequent strict inclusion criteria
were only met by cadaveric studies. Clinical studies were
excluded due to the lack of standardized comparators.
It could be argued that the lack of clinical studies was
compensated by a sufficient number of highly controlled
cadaver studies, six of which were even suitable for a meta-
analysis. Finally, the MCS has been shown vulnerable to
rotation (37, 38) and the actual foot position (35). Due
to the highly standardized setups of the cadaveric studies
included in this review, this might be of less importance.

Conclusion

Based on a systematic literature review and meta-analysis,
the assessment of the MCS was found more sensitive
than the TFCS using the ERST. During the ERST, the MCS
apparently allows for a differentiation between stable
Grade | (intact)/Grade IIA (AiTFL) and unstable Grade
[IB (AITFL, IOM)/Grade Il (AITFL, IOM, PiTFL) lesions.
The great advantage of the noninvasive ERST is that it
can be performed bilaterally. Thereby, the uninjured,
contralateral side can serve as an intact reference value.
Future studies should facilitate the bilateral ERST to detect
unstable Grade 1IB syndesmotic injuries and correlate
these to intraoperative arthroscopic findings.
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