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Abstract
Objective We aim to present a novel imaging technique utilizing weight-bearing CT with syndesmotic stress to identify 
subtle, unstable syndesmotic injuries. We illustrate this with a case presentation of such an injury in an elite athlete that 
ultimately required operative fixation.
Materials and methods In order to perform an augmented stress weightbearing CT, the patient is in the standing position, feet 
facing forward, and with weight distributed equally. The patient is then coached to internally rotate the shin and knee. This 
places an external rotational moment on the TFS due to the planted foot and ankle. The augmented stress images undergo 
3D reconstruction and post-processing to render coronal and sagittal images. These are subsequently compared to standard, 
conventional weightbearing CT images performed without the external rotation stress.
Results We illustrate this technique by presenting a case in which a 21-year-old collegiate athlete sustained a Grade II 
syndesmotic injury, diagnosed by MRI and clinical exam without evidence of instability by standard weightbearing CT 
or weightbearing radiographs. After undergoing the augmented stress weightbearing CT, the instability was noted. This 
prompted subsequent operative fixation and ultimately return to sport.
Conclusion We propose this technique for diagnosing unrecognized, subtle dynamically unstable syndesmosis injuries where 
clinical suspicion persists despite negative imaging, particularly in the elite athlete.
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Introduction

Tibiofibular syndesmotic injuries occur in association with 
fractures or in isolation. In athletes, these injuries are often 
referred to as “high ankle sprains” and make up nearly 18% 
of all ankle injuries [1, 2]. Syndesmotic injuries have notori-
ously been difficult to diagnose and treat appropriately and 
are associated with a prolonged return to sport, particularly 
when diagnosis is missed entirely or not managed effectively 
[1]. The Westpoint Grading System classifies syndesmotic 
injuries into Grades I, II, and III with further subdivision of 
Grade II into IIa and IIb (Table 1) [1, 3]. Isolated syndes-
motic injuries are classically treated surgically when they 
are deemed “unstable” (West Point Grade IIb and III) as it 

has been shown to shorten return to play times in high level 
athletes [2–4].

Dynamic instability of the syndesmosis in the high-level 
athlete is difficult to diagnose, requiring a high index of 
suspicion and surgical stabilization to prevent late adverse 
sequelae, such as recurrent ankle pain, anterolateral soft 
tissue impingement, local synovitis, and chronic instabil-
ity of distal syndesmosis [1, 5]. The literature is clear that 
Grade III injuries are best treated surgically, and Grade I 
injuries can be treated effectively with nonoperative treat-
ment [6]. The gray area exists in differentiating type IIa 
and IIb injuries (stable and unstable syndesmotic injuries, 
respectively) [6]. In a Level 2 prospective study, Lui et al. 
demonstrated intraoperative stress radiographs missed half 
of all unstable syndesmotic injuries identified on arthros-
copy that required surgery [7]. Diagnostic arthroscopy has 
become the gold standard in diagnosing unstable syndes-
mosis injuries as one is able to capture the dynamic nature 
of instability that occurs in the coronal, sagittal, and rota-
tional planes [8–11]. CT images have been shown to identify 
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syndesmosis diastasis of 2 mm or greater and has proven 
superior to standard stress radiographs [8, 12]. MRI, how-
ever, is the benchmark imaging modality, with the ability to 
detect syndesmotic injuries with 90% sensitivity and 94.8% 
specificity [8, 13].

Both CT and MRI have been helpful in identifying syn-
desmotic injuries but are static, non-weight bearing imag-
ing modalities that cannot demonstrate dynamic instability, 
which may miss the unstable nature of some injuries. In 
addition, there is an increasing interest across the literature 
in utilizing weight-bearing CT to aid in diagnosing foot and 
ankle pathology due to its ability to identify instability and 
malalignment not otherwise seen in the offloaded foot [14, 
15].

We aim to present a novel imaging technique utilizing 
weight-bearing CT with syndesmotic stress to identify sub-
tle, unstable syndesmotic injuries. We illustrate this with a 
case presentation of such an injury in an elite athlete that 
ultimately required operative fixation.

Materials and methods

Cone beam weight bearing computed tomography (WBCT) 
is a well-described imaging modality for evaluation of foot 
and ankle injuries. This modality not only allows for ana-
tomic characterization of an injury or pathology; physi-
ologic anatomy can be depicted in 3 dimensions, which is 
a significant advantage in many applications. Furthermore, 
the isotropic sampling permits anatomic multiplanar refor-
matted images in the plane that best depicts the syndes-
mosis joint. We have found it highly beneficial to teach 
our CT technologists about syndesmosis injuries and the 
importance of augmented physiologic stress applied across 
the ankle joint (in addition to the standard WBCT) to better 
demonstrate instability or motion, particularly at the tibi-
ofibular syndesmosis.

To perform an augmented stress weight bearing CT, 
the patient is positioned in the WBCT scanner and initial 
images are acquired in the standing weight bearing position 

with feet directed forward and weight distributed equally 
(Fig. 1). The handrails should only be used to steady the 
patient, preventing motion degraded images. A second 
image acquisition is then performed (augmented stress), 
where the patient is coached to firmly plant both feet on 
the ground and internally rotate the shin and knee. This 
places an external rotational moment on the TFS due to 
the planted foot and ankle (Fig. 2). It is important that the 
patient distributes weight as evenly as possible between 
the feet, so the affected side is stressed sufficiently. At the 
same time, the patient is instructed to limit the weight to 
the affected foot by their own perceived pain, offloading 
excess stress to the contralateral foot at the point it becomes 
uncomfortable. Again, the handrails are used to steady the 

Table 1  Westpoint grading 
system for syndesmotic injuries

Westpoint grading system for syndesmotic injuries

Grade I
  ○ Indicates stable injury without complete disruption of AITFL (AITFL sprain)

Grade II
  ○ IIA – stable syndesmosis with complete disruption of AITFL
  ○ IIB – unstable syndesmosis with complete disruption of AITFL

Grade III
  ○ Complete disruption of all syndesmotic ligaments and frank diastasis; gross instability

Fig. 1  Weight bearing CT positioning. The patient stands in the 
WBCT with feet positioned straight ahead and weight distributed 
equally. Handrails are available to steady the patient only but not to 
remove weight
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patient to prevent image motion. The WBCT images and 
augmented stress images are acquired at 0.6 mm slice 
thickness in the axial plane and undergo 3D reconstruction 
and post-processing to render coronal and sagittal images, 
which are crucial for analysis.

Results

Our case is of a 21-year-old male collegiate football player, 
wide receiver, that sustained an eversion injury to his left 
ankle during game play. He subsequently was unable to 
bear weight, with pain anteriorly over the distal tibiofibular 
joint. Pain was reproduced with dorsiflexion and eversion 
stress; however, he had a negative “squeeze test” on exami-
nation. Initial weight-bearing radiographs were negative 
(Fig. 3). Because of his equivocal examination, the patient 
was referred for advanced imaging. An MRI was obtained 
which demonstrated a syndesmotic injury; however, due 
to the static non weightbearing nature of this imaging 
modality, instability of this injury could not be determined 
(Fig. 4). Due to this finding, weight-bearing CT stress 
examination of the syndesmosis was obtained and found 
to have 8 mm widening of the tibiofibular syndesmosis, 

Fig. 2  Augmented stress weight bearing CT positioning. The patient 
is coached to internally rotate shins and knees while keeping both feet 
firmly planted on the ground, causing an external rotation moment at 
the syndesmosis. Ensure the patient is distributing weight as evenly 
as possible between the feet so that the affected side is stressed suf-
ficiently. The handrails are used to steady the patient only

Fig. 3  Case 1 standing bilateral ankle AP radiographs. Initial 
weightbearing radiographs of the bilateral ankles demonstrates 
symmetry of the syndesmosis without evidence of instability or 
syndesmotic injury when visualizing the tibiofibular clear space as 
well as tibiofibular overlap

Fig. 4  Case 1 MRI ankle. Axial fat-suppressed proton density-
weighted MRI of the injured ankle at the level of the distal syndes-
motic ligaments demonstrates AITFL tear (solid arrow), concerning 
for syndesmosis injury. Stability of the injury cannot be assessed with 
this static image
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4 mm increased when compared to his contralateral, unin-
jured ankle (Fig. 5a). This was also compared with a neutral 
WBCT without stress that did not illustrate the unstable 
nature of the injury (Fig. 5b). The coronal images also 
demonstrate increased uncovering of the talus underneath 
the tibial plafond on the weightbearing CT augmented 
stress (Fig. 6a) vs. the relative symmetric mortise seen on 
the coronal images of the non-stressed weightbearing CT 
scan (Fig. 6b). The significant asymmetry seen on weight 
bearing CT stress compared to neutral weight bearing CT 
emphasizes the importance of stress view imaging of the 
syndesmosis to diagnose subtle instability. Furthermore, 
three-dimensional stress images such as a CT scan evalu-
ate rotational instability versus two-dimension stress x-rays, 
which is important especially with injury isolated to the 
AITFL in high-level athletes.

Due to the severity of his injury as well as the inability 

to return to sports, the patient elected to undergo surgical 
fixation. Surgery included ankle arthroscopy with extensive 
debridement and open reduction internal fixation of syn-
desmosis. Diagnostic arthroscopy confirmed widening of 
the syndesmosis with easy access of a 3.5-mm arthroscopic 
syndesmosis probe in the syndesmosis (Fig. 7). An exten-
sive arthroscopic debridement was initially performed. A 
tightrope button construct was used to fixate the syndesmo-
sis. Intra-operative fluoroscopy and arthroscopy confirmed 
appropriate reduction of the syndesmosis (Figs. 8 and 9).

Postoperatively, the patient recovered well and under-
went an expedient postoperative syndesmotic protocol. 
In summary, the patient was placed in a postoperative 
well-padded posterior splint and made non-weight-bear-
ing to protect the healing tissue. He then was progressed 

Fig. 5  Augmented stress 
weightbearing (a) and neutral 
weightbearing (b) 0.6 mm 
axial cut CT images of bilateral 
ankles. Augmented stress 
weightbearing CT scan meas-
urements taken 1 cm proximal 
to the ankle joint demonstrates 
asymmetric anterior syn-
desmotic widening of 4 mm 
greater than the contralateral 
uninjured ankle. This contrasts 
with the neutral weightbear-
ing CT scan (b) that does 
not demonstrate significant 
widening of the syndesmosis, 
suggesting the importance of 
weightbearing stress view CT 
to determine subtle instability 
of the syndesmosis
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from toe-touch to full weight bearing in a tall walking 
boot between weeks 2 and 6. Between weeks 6 and 8, he 
was transitioned into a regular shoe and lace-up ankle 
brace to work on ankle strength, range of motion, and 
proprioceptive exercises. Plyometric and return to sport 
exercises were then progressed between 3 and 4 months 
postoperatively. We had the patient complete a func-
tional test before their 4-month follow-up visit, and he 
was cleared to return to play at that time.

Discussion

Tibiofibular syndesmotic injuries have historically been 
detected with standard radiographs, stress radiographs, 
standard CT, and MRI [5, 8, 16]. In cases where injury 
and stability are not obvious by these diagnostic studies, 
more subtle injuries may be frequently missed leading to 
increased morbidity, chronic instability, and increased return 
to play times [1–4, 17]. Chronic instability is associated 
with increased rates of inferior clinical results, altered joint 

Fig. 6  Augmented stress weightbearing (a) and neutral weightbearing 
(b) coronal CT images of bilateral ankles. Augmented stress weight 
bearing coronal view CT scan (a) demonstrates uncoverage of the 
talar dome, indicative of significant instability of the syndesmosis 
compared to the neutral weight bearing coronal view CT scan (b)

Fig. 7  Arthroscopic view of syndesmotic injury. At the time of sur-
gery, a diagnostic arthroscopy was performed demonstrating syndes-
motic injury (a). Viewing from the medial portal, with the camera 
looking towards the syndesmosis, a 3.5 mm syndesmotic probe is eas-
ily placed into the syndesmosis, confirming syndesmotic injury (b)
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mechanics, heterotopic ossification of the syndesmosis, and, 
ultimately, post-traumatic arthritis [5].

An interest in the use of weight-bearing CT in the 
recognition of subtle injuries of the lower extrem-
ity has been increasing. Cone-beam technology with 

improved designs utilizing flexible gantry movements 
has allowed weight-bearing CT to gain traction within 
the last decade [14]. The foot and ankle community 
has long understood the value of weight bearing imag-
ing as the offloaded lower extremity does not appreci-
ate dynamic instability or malalignment nearly as well 
as the foot and ankle that is bearing weight [15]. The 
addition of an augmented stress on weight-bearing CT 
can allow further identification of instability of the 
syndesmosis. Our novel imaging technique utilizing 
weight-bearing CT with syndesmotic stress aims at 
capturing the dynamic instability of Grade II syndes-
motic injuries that ultimately will require surgical sta-
bilization of the syndesmosis. This case demonstrates 
an instance in which a clearly disrupted AITFL, seen 
on MRI, was found stable to stress radiographs and 
standard, neutral WBCT. When given an augmented 
stress, the WBCT was able to clearly capture the unsta-
ble nature of the syndesmosis that was not yet realized 
by conventional imaging techniques.

This case study of a novel technique does have 
apparent limitations that warrant future investigation. 
Most notably, this study has a narrow indication with 
emphasis on diagnosing subtle injuries in elite athletes, 
in whom the syndesmosis will experience significant 
stress. The technique demonstrated in this paper does 
add variability in how much stress a patient may tol-
erate and thus, compliance with the maneuver. This 
will limit standardization of this technique for future 
study. In addition, this is an imaging technique that 
we illustrated with a single patient, at a single institu-
tion, with a single surgeon. Its generalizability and the 

Fig. 8  Intraoperative fluor-
oscopy. Anteroposterior (a) 
and lateral (b) Intraoperative 
fluoroscopic imaging confirmed 
appropriate placement and 
reduction of syndesmosis with 
tightrope fixation

Fig. 9  Intraoperative arthro-
scopic evaluation of syndesmo-
sis after reduction. Depicted is 
arthroscopic viewing from the 
medial portal with the camera 
pointing towards the syndesmo-
sis. Probing of the syndesmosis 
after reduction and fixation of 
the syndesmosis demonstrates 
closure of the syndesmosis 
without the ability for the 3.5-
mm syndesmotic probe to enter 
the syndesmosis



1227Skeletal Radiology (2023) 52:1221–1227 

1 3

clinical efficacy in capturing these injuries have yet to 
be determined.

We propose this technique for diagnosing otherwise 
unrecognized, subtle dynamically unstable syndesmosis 
injuries where clinical suspicion persists despite negative 
imaging, particularly in the elite athlete.
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