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Can virtual touch tissue imaging quantification be a reliable
method to detect anterior talofibular ligament type | injury at the
acute, subacute, and chronic stages?
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Background: Anterior talofibular ligament (ATFL) injury affects ankle joint stability. To date, very
few studies have examined tissue stiffness changes inside injured ligaments. Virtual touch tissue imaging
quantification (VTIQ) allows for the non-invasive quantitative measurement of tissue stiffness. The present
study aimed to examine the efficacy of VTIQ as a method for detecting ligament injury.

Methods: A total of 206 patients diagnosed with unilateral ATFL type I injury (81 acute cases, 69 subacute
cases, and 56 chronic cases) were reviewed retrospectively. Shear wave velocity (SWV) values were collected
from both the injured and non-affected sides of the ATFL using a virtual touch tissue imaging quantification
technique (ACUSON Oxana 2, Siemens Medical Solutions USA, Inc.).

Results: The average SWV of injured ATFL was 4.09+1.15 m/s in the acute group, 5.60+1.39 m/s in the
subacute group, and 7.74=1.44 m/s in the chronic group (P<0.001). The SWV values of the ATFL on the non-
affected side were almost identical (acute 7.50£1.12 m/s, subacute 7.53+1.06 m/s, and chronic 7.61+1.30 m/s;
P>0.05). The injured ATFL had a significantly lower SWV value than the non-affected ATFL in the acute
and subacute groups (P<0.001); however, there was no significant difference in the chronic group (P>0.05).
Concerning the validity of SWV as a predictor of acute and subacute ATFL injury, the receiver operator
characteristics curve analysis showed that the best cut-off point for SWV was 6.165 m/s, with 84.3%
sensitivity, 88.5% specificity, and an area under the curve of 0.93 (95% CI, 0.90-0.95).

Conclusions: VTIQ is a reliable sonographic method for detecting acute and subacute ATFL type I injury.
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Introduction

As one of the most important joints in the human body, the
ankle joint is responsible for supporting body weight and
maintaining the motion stability of the foot-shank complex.
However, when an ankle sprain occurs, the above joint
properties can be strongly affected by structural damage,
such as ligament injuries. An ankle sprain is a very common
injury (1-3) and often involves the periarticular ligaments,
including the anterior talofibular ligament (ATFL), which
is one of the most vulnerable ligaments (4). However,
ATFL injuries are often unrecognized and underrated (5).
ATFL injuries can be classified into the following 3 types (6):
type I, ligament presents with an interstitial tear, without
macroscopic disruption; type II, partial tear; and type III,
complete tear. Due to its mild clinical symptoms, type I is
the most neglected injury. An injured ATFL may increase
ligament laxity (7,8), which has a close relationship with
recurrent ankle sprains and chronic ankle instability
(CAI) (9-11). The latter can lead to more troublesome
complications, such as post-traumatic osteoarthritis (12),
and adversely affect patients’ quality of life. Thus,
researchers need to investigate specific tissue changes within
injured ATFLs and attempt to identify which of these
changes are related to ligament laxity.

To date, the vast majority of studies have focused on
ATFL morphological changes (13-16), including changes
to ligament thickness, length, width, continuity, and cross-
sectional area. Several studies have explored the possible
correlation between ATFL structural changes and ankle
joint stability. Some investigators (14) have found that
injured ATFLs were longer and thicker than healthy
ATFLs. Other researchers (16) have shown that chronic
ankle sprain patients have a significantly greater ATFL area
than control subjects. However, to date, there has been little
research on ligament stiffness.

Virtual touch tissue imaging quantification (VTIQ) is
a non-invasive ultrasonic palpation method used to take
quantitative measurements of tissue stiffness. For decades,
VTIQ has been well established in the diagnostics of several
fine structures, such as the skin (17), tendons (18,19),
and nerves (20). In this study, we sought to examine the
efficacy of using the VTIQ technique as a method for
differentiating between injured and non-affected ATFLs
from the viewpoint of tissue stiffness. In this study, patients
with ATFL type I injury were selected as research subjects,
and differences between injured and non-affected ATFL
stiffness at different injury phases were specifically analyzed.
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Methods
Patients

The study was conducted following the Declaration
of Helsinki (as revised in 2013). The Medical Ethics
Committee approved this study of The Second Affiliated
Hospital of Wenzhou Medical University (approval number:
2019-03), and individual consent for this retrospective
analysis was waived. We retrospectively reviewed patients
who visited our hospital from October 2018 to October
2020 and identified patients who had undergone ankle
ultrasonography and magnetic resonance imaging (MRI) at
the time of their visit. Patients’ medical records and imaging
data were retrieved from the hospital database server using
the search term “ATFL type I injury”.

To be eligible to participate in the study, patients had
to meet the following inclusion criteria: (I) have ankle
ultrasonography and MRI results showing a unilateral
ATFL type I injury. An ATFL presented with stretching and
interstitial tearing on MRI was classified as a type I injury (21).
An experienced musculoskeletal radiologist made the
MRI interpretations and diagnoses; (II) have failed to seek
medical attention or accept treatment promptly. Conversely,
patients were excluded from the study if they met any of
the following exclusion criteria: (I) had a systemic disease
that had an impact on the physiological characteristics of
the ligament, including rheumatoid arthritis, systemic lupus
erythematosus, diabetes mellitus, or gouty arthritis; (IT) had
a neuromuscular disease, including peripheral neuropathy,
syringomyelia, or amyotrophic lateral sclerosis; and/or (III)
had incomplete clinical data.

In total, 206 patients were reviewed retrospectively in
the study (7able I). The patients were categorized into
one of the 3 following groups based on the time since the
last ankle sprain: (I) the acute injury group, within 3 days
(median time: 2 days) (81 cases); (II) the subacute injury
group, between 3 and 30 days (median time: 19 days)
(69 cases); and (I1I) the chronic injury group, more than 30
days (median time: 120 days) (56 cases).

Ultrasound examination procedure

An ankle ultrasound examination was performed using
ACUSON Oxana? ultrasonic diagnostic apparatus (Siemens
Medical Solutions USA, Inc. 685 East Middlefield Road.
Mountain View, CA 94043, USA) equipped with a VTIQ
mode and a 914 linear array transducer (7-9 MHz).

During the examinations, each patient was instructed to
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Table 1 Characteristics of acute, subacute, and chronic ATFL type I injury cases

Variable Acute ATFL injury Subacute ATFL injury ~ Chronic ATFL injury .Sta.ti_stical
group (n=81) group (n=69) group (n=56) significance

Injured side (left/right) 36/45 27/42 31/25 P=0.187
Sex (male/female) 32/49 33/36 26/30 P=0.548
Age (years) 32.88+11.11 33.08+10.86 33.14+£10.95 P=0.995
BMI (kg/m?) 20.55+1.42 20.00+1.51 20.96+1.64 P=0.639
SWV of the injured ATFL (m/s) 4.09+1.15 (4.23) 5.60+1.39 (5.73) 7.74+1.44 (7.97) P<0.001

SWV of the non-affected ATFL (m/s) 7.50+1.12 (7.59) 7.53+1.06 (7.41) 7.61+1.30 (7.67) P=0.850

Injured side and sex are presented as numbers. SWV is presented as mean + standard deviation (median). Other data are expressed as
mean + standard deviation. ATFL, anterior talofibular ligament; BMI, body mass index; SWV, shear wave velocity.

rest on the flat surface of the examination table in a seated
position and flex their hip to 45 degrees and their knee to
90 degrees to produce an ankle internal rotation of about 25
degrees (22) (Figure 14). In this ankle position, the ATFL
was stretched moderately to observe its continuity and
echogenicity better. The ultrasound probe was placed on the
surface of the lateral malleolus, with one end on the fibular
malleolus and the other end on the talus (Figure 1B). The
probe was adjusted to ensure it was as parallel as possible
to the long axis of the ATFL. During the VTIQ imaging,
considerable care was taken to avoid applying pressure to
the ligament. Following image stabilization, a shear wave
velocity (SWV) measurement was taken using a region of
interest (ROI) of 1 mm x1 mm. The ROI was placed in
the central region of the ATFL (Figure 1C). 3 ROIs were
sampled per image. For each ATFL, 6 different images
were acquired. The average value was selected for statistical
analysis. An experienced musculoskeletal ultrasonography
technician took all the ATFL SWV measurements.

Statistical analysis

Before statistical testing, a Shapiro-Wilk test was performed
to test the variables for normality. Continuous values with
normal distribution were presented as mean * standard
deviation (SD). We compared the SWV values of the injured
ATFLs among the acute, subacute, and chronic groups
and the non-affected ATFLs, using a one-way analysis of
variance followed by a Fisher’s least significant difference
(LSD) post-hoc test. Next, the SWV values of the injured
ATFLs were compared to those of the non-affected ATFLs
in each group using an independent samples #-test. The
validity of the ATFL SWV in the diagnosis of ATFL type I
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injury was estimated by the receiver operator characteristics
(ROC) curve, cut-off values, sensitivity, specificity, and area
under the curve (AUC) with a 95% confidence interval
(CI). The categorical data were compared using a Chi-
square test. A P value less than 0.05 indicated a statistically
significant difference. All the above-mentioned statistical
analyses were performed using SPSS (IBM, Chicago, IL,
USA), version 22.0. The power calculation was performed
using PASS (NCSS, LLC. Kaysville, Utah, USA) version
15.0.5.

Results

The average SWV of the injured ATFL was 4.09+1.15 m/s
in the acute ATFL injury group, 5.60£1.39 m/s in the
subacute ATFL injury group, and 7.74+1.44 m/s in the
chronic ATFL injury group (F=132.237; P<0.001; Power
=100.00%). The acute injury group had significantly
lower ATFL. SWV than the subacute injury group (LSD-t
=-6.726; P<0.001) and the chronic injury group (LSD-t
=-16.260; P<0.001). The ATFL SWYV of the subacute injury
group was significantly lower than that of the chronic injury
group (LSD-t =-8.919; P<0.001) (Figure 2). There were
no significant differences in the SWV values of the non-
affected ATFLs among the acute, subacute, and chronic
ATFL injury groups (F=0.162; P=0.850; Power =7.33%).
The average SWV of the injured ATFL was significantly
lower than that of the non-affected ATFL in the acute
ATFL injury group (4.09£1.15 vs. 7.50£1.12 m/s; t=—18.997;
P<0.001; Power =100.00%). Similarly, the average SWV
of the injured ATFL was significantly lower than that of
the non-affected ATFL in the subacute ATFL injury group
(5.60£1.39 vs. 7.53£1.06 m/s; t=—8.557, P<0.001; Power
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Figure 1 Patient position during the examination and the
schematic diagram for ATFL. SWV measurement using the VITIQ
technique. (A) Patients were instructed to flex the feet internal
rotation to 25 degrees. Angles were measured using a ruler. (B) An
ultrasound probe was placed on the surface of the lateral malleolus,
with one end on the fibular malleolus and the other on the talus. (C)
SWV of ATFL was measured using the VTIQ technique with an
ROI of 1 mm x1 mm. The ROI was placed in the central region of
ATFL. Red lines mark the outline of the ATFL. T: tibia; F: fibula.
ATFL, anterior talofibular ligament; SWV, shear wave velocity;
VTIQ, virtual touch tissue imaging quantification; ROI, region of

interest.

=100.00%). However, for the chronic ATFL injury group,
there was no significant difference in the SWV values
between injured and non-affected ATFLs (7.74+1.44 vs.
7.6121.30 m/s; t=0.522; P=0.603; Power =12.59%).
Concerning the validity of the ATFL. SWV as a predictor
of acute and subacute ATFL type I injury, the ROC curve
analysis showed that the best cut-off point for the SWV was
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Figure 2 Injured ATFL in each group. ATFL SWV was measured
using the VTIQ technique. (A) Injured ATFL in the acute group;
the measured SWV was 2.53-3.88 m/s. (B) Injured ATFL in the
subacute group; the measured SWV was 6.87-7.74 m/s. (C) Injured
ATFL in the chronic group; the measured SWV was 5.82-8.21 m/s.
T: tibia; F: fibula. ATFL, anterior talofibular ligament; SWV, shear

wave velocity; VTIQ, virtual touch tissue imaging quantification.

6.165 m/s, with 84.3% sensitivity, 88.5% specificity, and an
AUC 0f 0.93 (95% CI, 0.90-0.95) (Figure 3).

Discussion

The ATFL, the calcaneofibular ligament, and the posterior
talofibular ligament form the lateral ankle ligament
complex. It is a flat, quadrilateral ligament composed of 2
or 3 bands or may be fasciculated (23). Compared with the
other 2 ligaments, the structure of the ATFL is relatively
weak (4). The ATFL extends from the anterior margin of
the fibular malleolus, running forward and medially, forms
a tent-like structure over the talus, and then attaches to
the front of the lateral articular facet and the neck of the

Quant Imaging Med Surg 2021;11(10):4334-4341 | http://dx.doi.org/10.21037/qims-21-203



4338

ROC curve

1.0 1

2
2 051
K7
5 AUC =0.93
n
— SWV of ATFL
--- Reference line
0.0 == T T
0.0 0.5 1.0

1-Specificity

Figure 3 The ROC curve of ATFL SWV for detecting acute
and subacute ATFL type I injury with sensitivity as the vertical
coordinate and 1-specificity as the horizontal coordinate. The
best cut-off point for SWV was 6.165 m/s, with 84.3% sensitivity,
88.5% specificity, and an AUC of 0.93 (95% CI, 0.90-0.95).
ROC, receiver operator characteristics; ATFL, anterior talofibular
ligament; SWV, shear wave velocity; AUC, area under the curve;

CI, confidence interval.

talus (24). Due to its structure and attachment position, the
ATFL plays an important role in restricting the internal
rotation of the talus (25). However, at the same time,
the ATFL is vulnerable to injury in excessive ankle joint
varus (26). An abnormal ATFL is thought to contribute to
ligament laxity and CAI (7). Thus, it is necessary to evaluate
the ATFL in patients with an ankle sprain. An accurate
and timely diagnosis could provide a good foundation for a
patient’s future treatment.

Currently, many diagnostic methods are available for
detecting ATFL injury. Several of these methods, including
stress radiography, MRI, ultrasonography, arthrography,
and arthroscopy, are quite mature and have already been
widely used in clinical practice (27,28). The majority of
these methods focus on the external morphological changes
of the injured ATFL. However, some of the methods have
limitations. For example, while arthroscopy is used as the
reference standard, it is invasive and operator-dependent (29),
and while MRI has high specificity for diagnosing ATFL
injury, its requirements for body position are relatively
strict (30). Thus, we decided to examine the injury from
the perspective of tissue changes inside an injured ligament.
The VTIQ technique was applied in this study, which
allows for quantitative measurements of tissue stiffness in a
non-invasive manner.

"To date, very few studies appear to have been conducted
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on ATFL stiffness. Hotfiel et al. (31) assessed ATFL stiffness
in healthy athletes using a virtual touch tissue quantification
(VTQ) technique and found that the average ATFL. SWV
was about 1.79+0.20 m/s for all participants, 1.72+0.36 m/
s for females, and 1.85+0.31 m/s for males (31). Conversely,
this work showed that the average SWV of the non-affected
ATFL was 7.50+1.12 m/s in the acute group, 7.53+1.06 m/
s in the subacute group, and 7.61x1.30 m/s in the chronic
group. There could be several reasons for the differences
between the present study results and those of Hotfiel ez /.
First, and presumably, the most important, the differences
may be related to the different techniques used in each
study. VTQ has a fixed-size ROI of 6 mm x5 mm, which
may be too large for ATFL measurements. The surrounding
soft tissues of the ATFL within the ROI might obscure the
stiffness of the ligament, resulting in an underestimate of
the SWV value of the ATFL.

Conversely, VTIQ has a manually adjustable ROI,
whose minimum achievable size is 1 mm x1 mm; thus, it
is especially accurate for small structures and allows for
targeted multi-point measurements. Additionally, the
results obtained using the VTIQ technique may be more
reflective of actual ATFL stiffness. Second, the range of
measurement of the VTIQ (0.5-10 m/s) is broader than
that of the VT'Q, which ensures that the SWV value in the
ROI is not too high to be measured (32). Third, different
ankle positions may also affect the results. In Hotfiel ez al.’s
study, the patient’s ankle was placed in a neutral position,
while in the present study, the internal rotation of the ankle
joint was performed. Compared to the neutral position,
additional stretch stress is loaded onto the ATFL in the
stretch position, and this stress could cause some changes in
ATFL stiffness.

In the present study, the acute injury group had a
significantly lower ATFL SWV (4.09+1.15 m/s) than that of
the subacute injury group (5.60+1.39 m/s) and the chronic
injury group (7.74=1.44 m/s). The ATFL SWV in the
subacute injury group was significantly lower than that of
the chronic injury group. These results indicate that the
stiffness of injured ATFLs varies at different stages. The
varied stiffness of the ligament observed in this study may
be associated with pathological changes in different disease
courses. Following an acute trauma, the inflammatory
process sets in, and a variety of inflammatory mediators
are released at the injured site, resulting in ankle pain and
swelling (33). These acute-phase responses will be weaker
in the subacute phase and gradually subside in the chronic
phase in the absence of a new-onset trauma. Given this, we
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suggest that ligament stiffness can be accurately evaluated
using the VTIQ technique, which could in part reflect the
pathological condition of the injured ATFL.

In addition, our study showed that injured ATFLs had
significantly lower SWV values than those of non-affected
ATFLs in the acute and subacute groups; however, no
significant difference was found for the chronic group.
Our view that the stiffness differences between the injured
and non-affected ATFLs are associated with pathological
changes in the ligament after injury. This finding supports
a similar trend found in previous studies. Notably,
Rosskopf er al. (34) found that the mean total SWV of the
supraspinatus muscle in patients with the symptomatic
shoulder was lower than that in healthy volunteers. Hou
et al. (35) found that the SWV of the deltoid muscle was
lower in painful shoulders than in asymptomatic shoulders.
VTIQ can identify the stiffness differences between
injured and non-affected ATFLs in the acute and subacute
phases. Concerning a chronic injury, possibly because of
the subsidence of tissue edema, the injured ligament tissue
gradually recovers to the original dense state.

Consequently, the stiffness difference between injured
and non-affected ATFLs cannot be assessed using the
VTIQ technique. Further, it is also possible that stiffness
differences between injured and non-affected ATFLs in
the chronic group do exist. However, due to the small
sample size, the power may have been too low to detect this
difference in the present study. In this respect, we believe
that before drawing a reliable conclusion for the chronic
ATFL type I injury, studies with a larger sample size need
to be conducted in the future. However, taken together, our
results suggest that VITQ can be used to identify acute and
subacute ATFL type I injury.

This study also tested the validity of the ATFL. SWV as
a predictor of acute and subacute ATFL type I injury. The
results obtained from ROC analysis showed that ATFL
SWV had high sensitivity and specificity, which further
indicates that the VITQ technique is a reliable method for
diagnosing ATFL injury.

The current study had several limitations. First, it was
a single-center study, and the case numbers were relatively
small, especially those for the chronic ATFL type I
injury cases. More patients need to be included in future
research. Second, as this study undertook a retrospective
analysis and one examiner collected the data, we could not
calculate the inter-observer variability. Third, the effect of
the ankle position on the VTIQ results was unable to be
assessed. Future prospective studies need to provide a more
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comprehensive and reliable basis for the application of
VTIQ.

Conclusions

In conclusion, the VTIQ technique can be used as an
additional diagnostic tool for identifying acute and subacute
ATFL type I injury and represents a new approach for
tracking the development of a ligament injury. However,
further research needs to be undertaken on chronic ATFL

type I injury.
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