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Syndesmotic instability can be assessed 
by measuring the distance between the tibia 
and the fibula using an ultrasound 
without stress: a cadaver study
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Abstract 

Background:  Ultrasound examinations for syndesmosis injury might be useful for the quantitative evaluation of 
syndesmotic instability. The purpose of this study was to evaluate the efficacy of ultrasound assessment by measuring 
the tibiofibular distance of syndesmosis injuries in various ligament-injured models and stress load conditions.

Methods:  Five normal ankles from Thiel-embalmed cadavers were used. Ultrasound assessment was performed by 
placing a probe in parallel with the ligament running just above the anterior inferior tibiofibular ligament (AITFL). The 
distance between the anterior border of the tibia and the fibula was measured in the intact condition. Next, Bassett’s 
ligament was cut arthroscopically to reduce damage to soft tissues as much as possible and measurement was per-
formed in the same way. After that, the AITFL, interosseous membrane (IOM), deltoid ligament, and posterior inferior 
tibiofibular ligament (PITFL) were macroscopically cut and measured in that order. Ankle positions were without stress 
(natural plantar flexion without applying stress to the ankle joint), dorsiflexion stress, inversion stress, and external 
rotation stress. All stress to the ankle joint was carried out manually to the maximum extent.

Results:  As with the without-stress condition, significant increases in tibiofibular distances after AITFL dissection 
were seen compared with the intact state under all stress conditions (intact: 4.9 ± 1.0 mm without stress, 5.6 ± 1.2 mm 
with dorsiflexion, 5.9 ± 1.0 mm with inversion, and 6.7 ± 1.3 mm with external rotation; AITFL dissection: 6.7 ± 1.5 mm 
without stress, 7.3 ± 1.2 mm with dorsiflexion, 7.5 ± 1.4 mm with inversion, and 8.7 ± 1.6 mm with external rotation). 
AITFL dissection with external rotation stress significantly increased the tibiofibular distance compared to without 
stress.

Conclusion:  Changes in tibiofibular distance with the severity of syndesmosis injury were measured by ultrasound 
using cadavers. No significant change was seen with Bassett’s ligament injury, but tibiofibular distance increased 
significantly with injuries of equal to or greater severity than AITFL injury. Results were similar not only for external 
rotation stress, but also for dorsiflexion stress and inversion stress, and even in unloaded states, significant tibiofibular 
widening was confirmed with injuries of equal to or greater severity than AITFL injury.
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Introduction
Syndesmosis injuries mainly occur simultaneously with 
ankle fractures, but sometimes occur without fractures. 
Independent syndesmosis injuries have been reported 
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to occur in 17–74% of ankle injuries, representing con-
siderable variation between reports [1–3]. This might be 
attributable to the low diagnostic rate. Previous studies 
have reported a diagnostic rate of 63–71% with plain radi-
ography and 54–67% with manual stress tests [4, 5]. In 
addition, manual stress tests are often difficult to perform 
due to swelling and pain in the affected region during the 
acute phase after injury. If syndesmosis injury remains 
undiagnosed, chronic pain or instability can result and 
lead to osteoarthritis of the ankle [6, 7]. Improvements in 
the diagnostic rate are therefore necessary.

Ultrasound (US) shows the following advantages: easy 
to perform in outpatient and bedside settings; minimal 
invasiveness without radiation exposure; possibility of 
dynamic evaluation; assistance with injection; and quan-
titative evaluation. Given these benefits, this modality has 
been popular in the field of orthopedics in recent years. 
Regarding US for the ankle joint, although some reports 
have described the use of US for the anterior talofibular 
ligament (ATFL) of the ankle joint, few have reported 
on its use in syndesmosis injuries [8–10]. Hagemeijer 
et  al. showed syndesmosis motion under stress condi-
tion by US [11]. But this study was only for healthy par-
ticipants without ankle injuries. Lee et  al. reported that 
US examination showed high sensitivity and specificity 
for syndesmosis injury [12]. However, that investigation 
only used US for qualitative diagnosis of anterior infe-
rior tibiofibular ligament (AITFL) injury, and evaluation 
of the syndesmotic instability was not performed. Since 
quantitative evaluations can be performed with US, syn-
desmotic instability could be evaluated by measuring the 
distance between the tibia and fibula. Evaluation under 
loading with external rotation stress has been reported, 
but results under other stresses remain unknown [13]. 
In addition, applying stress loads to acute syndesmosis 
injuries remains unsafe because of the invasiveness to 
patients.

The aim of this study was to evaluate the efficacy of 
US assessment for diagnosing syndesmosis injuries in 
various ligament injuries and under different stress load 
conditions. The hypothesis for this study was that syn-
desmotic instability can be assessed by measuring the 
distance between the tibia and fibula using US without 
stress.

Materials and methods
This study was approved by the ethics committee of our 
institution. Five normal ankles from Thiel-embalmed 
cadavers (2 male, 3 female) that had been donated 
to the department of anatomy of our university were 
used. Mean age at time of death was 82.4  years (range, 
73–92 years). After embalming the cadavers with Thiel’s 
method [14], the whole body was stored with the entire 

legs. Cadavers with obvious deformity of the ankles or 
past surgical history involving the ankles were excluded. 
After all ligament transection and testing, a macroscopic 
check was performed to ensure that no degenerative 
changes were apparent in the ankle joint.

All US assessments were performed by two orthope-
dic surgeons. All experiments were performed once by 
each surgeon. A SONOIMAGE HS 1 system (Konica 
Minolta Japan Inc., Tokyo, Japan) with an L18-4 linear 
probe at 10 MHz in B-mode was used for US assessment. 
In US assessments, the AITFL was visualized by placing 
a probe in parallel with the ligament running just above 
the AITFL at first (Fig. 1). Next, the distance between the 
anterior border of the tibia and the fibula was measured 
in that position (Fig. 2).

Following the assessments with the ankles in the intact 
condition, a series of similar assessments with the syn-
desmosis injury models began with a sectioned Bassett’s 
ligament (as the accessory anteroinferior tibiofibular liga-
ment [15]), followed by a sectioned AITFL, then with a 
sectioned interosseous membrane (IOM) distal 15  cm 
ligament, and finally with the deltoid ligament and poste-
rior inferior tibiofibular ligament (PITFL) both sectioned. 
We created a model of serious injuries from minor inju-
ries in stages [16]. Serious syndesmosis injuries are often 
associated with deltoid ligament injuries [17]. In addi-
tion, the frequency of PITFL rupture was extremely low 
[18]. So, we cut the ligaments in this order. Bassett’s liga-
ment was cut arthroscopically to reduce damage to soft 
tissues as much as possible, and the other ligaments were 
cut macroscopically in separate small incisions from the 
arthroscopic portal using a knife. A 2.7-mm, 30°, oblique 

Fig. 1  Placement of the ultrasound probe in parallel with the 
ligament running just above the AITFL, 30 degrees from the ankle 
joint
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arthroscope was inserted via the antero-medial portal, 
and a shaver was inserted via the antero-lateral portal. All 
specimens had Bassett’s ligament and were cut by shaver.

The specimen was not cut, and whole body was posi-
tioned supine. Ankle positions were natural plantar flex-
ion without applying stress to the ankle joint (without 
stress), dorsiflexion stress, inversion stress, and exter-
nal rotation stress position. All stress to the ankle joint 
was carried out manually to the maximum extent. The 
maximum extent depended on the competence of each 
surgeon. Stress tests and ultrasound scanning were per-
formed by the same surgeon at the same time. This repro-
duced the actual clinical situation.

Data analysis
Measurements were made by the same two orthopedic 
surgeons and mean values were used for analysis. We 
performed this measurement method in advance in the 
8 feet of 4 healthy volunteers. Intraobserver reliability 
was evaluated using the intraclass correlation coefficient 
(ICC) between two readings, and the ICC for interob-
server reliability was determined by comparing meas-
urements by the two orthopedic surgeons. All data were 
analyzed using statistical software (EZR; Saitama Medical 
Center, Jichi Medical University, Saitama, Japan), which 
is a graphical user interface for R (The R Foundation for 
Statistical Computing, version 2.13.0). First, the normal-
ity of all outcome data was confirmed using the Shapiro–
Wilk test. Since all outcome data were in accordance with 
normal distributions, one-way repeated-measures analy-
sis of variance was used for comparisons across each 
group. Post-hoc analyses for differences among parame-
ters were checked using Dunnett’s test. Values of P < 0.05 
were considered significant.

Results
Measurement accuracy of US assessment
Intraobserver ICC was 0.97 (95% CI: 0.90–0.99) and 
interobserver ICC was 0.85 (95% CI: 0.71–0.92) in the 
assessments of healthy volunteers.

Tibiofibular distance without stress
Tibiofibular distances in natural plantar flexion with-
out stress are shown in Table 1. Although no significant 
increase was seen with dissection of Bassett’s ligament, 
tibiofibular distances were significantly larger after 
AITFL dissection compared with the intact state.

Tibiofibular distance with stress
Tibiofibular distances under dorsiflexion stress, inversion 
stress, and external rotation stress are shown in Tables 2, 
3, and 4, respectively. As in the without-stress condition, 
no significant increase was seen with dissection of Bas-
sett’s ligament and significant increases were seen after 

Fig. 2  Distance between the anterior border of the tibia and the fibula was measured

Table 1  Tibiofibular distances in natural plantar flexion without 
stress

AITFL anterior inferior tibiofibular ligament, IOM interosseous membrane, PITFL 
posterior inferior tibiofibular ligament, SD standard deviation
* Significant difference compared with the intact model (P < 0.05)

Tibiofibular distance

Ligament sectioned (mean ± SD, mm) P

Intact 4.9 ± 1.0 -

Bassett’s 5.5 ± 1.5 0.796

AITFL 6.7 ± 1.5 0.022*

IOM 7.4 ± 1.1 0.001*

Deltoid 7.5 ± 0.7  < 0.001*

PITFL 8.4 ± 1.4  < 0.001*
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AITFL dissection compared with the intact state under 
all stress conditions.

Discussion
This study investigated tibiofibular distance using US in 
cadaveric models. The results showed that although no 
significant increases were seen with dissection of Bas-
sett’s ligament, tibiofibular distances were significantly 
larger after AITFL dissection compared with the intact 

state in any stress or without stress conditions. We got 
these results without stress condition, invasive loading 
appears avoidable in cases of acute injury, and diagnosis 
can be reached by comparison of both ankles in condi-
tions without stress. These were as we hypothesized.

Diagnostic imaging of syndesmosis injury is often 
performed by magnetic resonance imaging (MRI). MRI 
can firmly evaluate signal changes associated with dam-
age to the AITFL and interosseous membrane [19]. MRI 
is also useful because of the ability to diagnose diasta-
sis and subluxation of the tibiofibular joint [19]. On the 
other hand, false positives can be seen for AITFL injury 
due to mismatch between AITFL runs and MRI slices 
[20]. Computed tomography (CT) is used for evaluating 
widening between the tibia and fibula in greater detail. 
CT is useful for identifying subluxation of the tibiofibu-
lar joint and evaluating reduction after treatment. Since 
syndesmosis injury is often accompanied by fractures, 
fracture evaluation can be performed at the same time. 
The positional relationship of the fibula to the tibia var-
ies by individual, and even in a normal ankle joint, false 
widening may be misestimated if the distance is large. CT 
images should be evaluated with the inclusion of both 
feet in the same image [21]. In recent years, CT imaging 
under loaded conditions has become possible [22]. Since 
the fibula moves physiologically depending on the load, 
weight-bearing CT offers more realistic evaluated and 
greater reliability. In cases where surgery is necessary, 
arthroscopy allows evaluation of the widening of the tibi-
ofibular joint [23]. However, this evaluation is limited to 
surgical cases, and not all cases are targeted because it is 
an invasive technique with related risks.

The application of US to syndesmosis injuries has 
been reported as useful in athletes [24]. This modality 
allows evaluation of dynamic movements of the fibula, 
and physiological fibular movements can be evaluated 
by US even in the normal ankle [11]. As for the evalu-
ation of syndesmosis instability, a method of measur-
ing tibiofibular distance by US has been reported (as 
applied in this study) [13]. In that cadaveric experi-
ment, distance between the tibia and fibula was quan-
titatively evaluated by adding external rotation stress. 
In our study, we modeled more detailed injury condi-
tions involving structures such as Bassett’s ligament 
and interosseous membranes, in addition to states 
without stress and under external rotation stress. Tib-
iofibular distance was measured by US with the addi-
tion of dorsiflexion and inversion stress. Since the 
diastasis between the tibia and fibula was found to 
be significantly increased with injuries of equal to or 
greater severity than AITFL injury without external 
rotation stress, invasive loading appears avoidable in 
cases of acute injury, and diagnosis can be reached by 

Table 2  Tibiofibular distances under dorsiflexion stress

AITFL anterior inferior tibiofibular ligament, IOM interosseous membrane, PITFL 
posterior inferior tibiofibular ligament, SD, standard deviation
* Significant difference compared with the intact model (P < 0.05)

Tibiofibular distance

Ligaments sectioned (mean ± SD, mm) P

Intact 5.6 ± 1.2 -

Bassett’s 5.9 ± 1.4 0.991

AITFL 7.3 ± 1.2 0.028*

IOM 8.3 ± 1.0  < 0.001*

Deltoid 8.6 ± 0.9  < 0.001*

PITFL 9.6 ± 1.2  < 0.001*

Table 3  Tibiofibular distances under inversion stress

AITFL anterior inferior tibiofibular ligament, IOM interosseous membrane, PITFL 
posterior inferior tibiofibular ligament, SD standard deviation
* Significant difference compared with the intact model (P < 0.05)

Tibiofibular distance

Ligaments sectioned (mean ± SD, mm) P

Intact 5.9 ± 1.0 -

Bassett’s 6.4 ± 1.5 0.827

AITFL 7.5 ± 1.4 0.031*

IOM 8.9 ± 1.0  < 0.001*

Deltoid 8.7 ± 0.8  < 0.001*

PITFL 9.6 ± 1.2  < 0.001*

Table 4  Tibiofibular distances under external rotation stress

AITFL anterior inferior tibiofibular ligament, IOM interosseous membrane, PITFL 
posterior inferior tibiofibular ligament, SD standard deviation
* Significant difference compared with the intact model (P < 0.05)

Tibiofibular distance

Ligaments sectioned (mean ± SD, mm) P

Intact 6.7 ± 1.3 -

Bassett’s 7.1 ± 1.7 0.956

AITFL 8.7 ± 1.6 0.015*

IOM 9.5 ± 0.9  < 0.001*

Deltoid 9.5 ± 0.9  < 0.001*

PITFL 9.9 ± 1.1  < 0.001*
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comparison of both ankles in conditions without stress. 
Since external rotation stress significantly increases the 
tibiofibular distance compared to the condition with-
out stress, measurement of diastasis by ultrasound may 
be better with the addition of external rotation stress in 
chronic cases.

Syndesmosis injury is not easy to diagnose and thera-
peutic effects can be difficult to judge. Multiple MRI 
scans after treatment has the problem of excessive medi-
cal costs, while radiation exposure is a problem for CT. 
US has no such problems and is easily used as a diag-
nostic tool. Adding the same external rotation stress 
is difficult when comparing situations before and after 
treatment in clinical settings. However, since diastasis 
was found to change with AITFL injury by US with or 
without stress, measurement of the tibiofibular distance 
by US under conditions without loading may be an effec-
tive method of evaluation.

This study has the following limitations. First, meas-
urements were made in cadavers. Since measurements 
in injury models were made by cutting ligaments with a 
blade, numerical values may differ from those in actual 
injured patients. In addition, since Thiel-embalmed 
cadavers were used, the joints may have shown laxity 
or hardening compared to physiological conditions. 
Second, the number of specimens and measurements 
was small. Although the study was conducted using 
an evaluation method with a high ICC, reliability and 
validity would both be enhanced by performing more 
evaluations. Third, all stress conditions were applied 
manually. The lack of constant loads may have affected 
the results. By applying a larger load, a significant dif-
ference may have been created compared to the intact 
state even under conditions other than external rota-
tion stress. However, applying a constant load is diffi-
cult in actual clinical settings, and measurement result 
under load applied manually while using the US probe 
were considered more realistic. Despite these limita-
tions, this study showed changes in tibiofibular dis-
tance according to the severity of syndesmosis injury 
by US measurement. As a result of examining not only 
external rotation stress, but also unloaded conditions, 
we were able to identify an increase in the distance 
between the tibia and fibula in AITFL injury. The pre-
sent results will be clinically applicable to the diagnosis 
of syndesmosis injuries, and judgment of both severity 
and therapeutic efficacy.

Conclusion
The tibiofibular distance changes with the severity 
of syndesmosis injury as measured by US in cadav-
ers. No significant change was seen with Bassett’s liga-
ment injury, but tibiofibular distance was significantly 

increased with injuries of equal to or greater severity 
than AITFL injury. The result was the same not only for 
external rotation stress, but also for dorsiflexion stress 
and inversion stress, and even in the state without load, 
significant tibiofibular widening was confirmed with 
injuries of equal to or greater severity than AITFL injury.
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