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INTRODUCTION
Acute ankle-foot joint sprains are one of the most 
common musculoskeletal injuries. This type of injury 
is particularly common among physically active young 
people, both in everyday life and in sports [1]. 85% of 
ankle-foot joint sprains involve the lateral collateral 
ligament complex. More than 65% of cases involve 
isolated anterior talo-fibular ligament injuries. Sudden 
inversion and internal rotation, combined with plantar 
flexion, place significant stress on the anterior talo-fibu-
lar ligament, leading to its rupture [2]. In 20% of cases, 
this type of injury requires emergency medical atten-
tion, but up to 64% of injured individuals do not seek 
medical attention at all [3]. Recent studies have shown 
that up to 70% of individuals who sustain an acute 
lateral ankle-foot joint sprain may develop symptoms 
of chronic ankle instability (CAI) within a short period 
of time after the initial injury [4]. 

To prevent these complications, high-quality di-
agnostics and subsequent selection of treatment 
tactics, which should be started quickly and in full, 
remain important. To date, limited evidence has been 
shown for many widely used special orthopedic tests 
for ankle-foot joint injuries [5]. Among non-invasive 
instrumental diagnostic methods, sonography, stress 
radiography, and magnetic resonance imaging are 
most often used. The results of stress radiographs are 
questioned because they are seriously affected by the 
radiography technique, the magnitude of the force ap-
plied during the examination, and the patient’s reaction 
to the examination [6]. Magnetic resonance imaging 
is the most accurate diagnostic method for assessing 
ankle-foot joint injuries, given its high resolution and 
accuracy. However, MRI does not show the dynamic 
function of the ligaments, and its use in acute trauma 
is considered inappropriate [7].
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ABSTRACT
Aim: To study changes in the length of the anterior talo-fibular ligament (ATFL) by measuring it before and during manual inversion loading in the presence 
of symptoms of chronic ankle-foot joint instability.
Materials and Methods: The study was conducted in patients of two age groups: 20-29 and 30-39 years. The length of the ligament was determined sono-
graphically in the neutral position and in the position of maximum inversion.
Results: According to the results of the study, the average length of the uninjured ATFL in men in the neutral position was 19.08±0.3 mm. With inversion 
loading, the length of the ligament increased to 19.65±0.3 mm. In women, the average length of the uninjured ATFL in the neutral position was 16.92±0.2 mm, 
with inversion loading - 17.37±0.2 mm. With joint instability, the average length of the ATFL on the side of the injury in the neutral position was 19.13±0.36 
mm, with inversion loading - 20.35±0.44 mm. The statistical difference in the length of the ATFL between the neutral position and inversion loading on the 
side of the injury was 1.25±0.04 mm (p<0.001).
Conclusions: The results of our study show that sonography with inversion loading is a highly sensitive, specific, and accurate imaging method that can be 
used to diagnose chronic ankle-foot joint instability.
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Today, sonography is becoming increasingly important 
in assessing the condition of the ligamentous apparatus 
of the joints, and the sensitivity of ultrasound in detecting 
injuries to the anterior calcaneal-fibular ligament is up to 
93% [8]. Dynamic examination in the form of stress tests 
makes it possible to sonographically assess the degree of 
joint instability, simultaneously determine the condition 
of the ligaments of the contralateral joint and conduct a 
comparative analysis [9]. Thus, in case of ankle-foot joint 
damage, ATFL ultrasound assessment is a highly reliable 
procedure due to the practicality of both dynamic and 
static assessment of the ligament condition [10].

AIM 
Study of changes in the length of the anterior talo-fib-
ular ligament by measuring it before and during man-
ual inversion loading in age groups most frequently 
exposed to its damage in the presence of symptoms 
of chronic ankle-foot joint instability. 

MATERIALS AND METHODS 

SELECTION OF PARTICIPANTS
The control group (CG) consisted of students of Ternopil 
National Medical University and Ternopil National Ped-

agogical University, who voluntarily participated in the 
study. The average length of the anterior talo-fibular 
ligament on both limbs in a neutral position and with 
inversion loading was studied. The average value of the 
length of the anterior talo-fibular ligament of the right 
and left ankle-foot joint in each position was recorded 
in the protocol. The average age was 22.63±0.11 years in 
men and 22.54±0.12 years in women. The experimental 
group (EG) initially included 59 patients with signs of 
chronic ankle-foot joint instability, who underwent 
examination in the clinic from 2019 to 2024. Of these, 
37 (62.72%) were men, 22 (39.28%) were women; the 
average age was 32.3±2.8 years. At the final stage of the 
study, 49 patients remained in the experimental group 
for one reason or another. In the process of studying the 
stability of the ankle-foot joint in the study groups, we 
used standard inclusion and exclusion criteria approved 
by the International Ankle Consortium.

RESEARCH METHODOLOGY
Sonography of the ligament was performed using a Sie-
mens Acuson S2000 ultrasound console with a high-fre-
quency broadband linear transducer with an operating 
frequency of 7–12 MHz, using standard acoustic gel.

Patient positioning. Measurements of the anterior 
talo-fibular ligament length in both groups were 

 

Fig. 1. Ankle-foot joint ultrasound device 
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performed in two positions (neutral and maximum 
inversion), three times per position in each patient, to 
obtain the average ligament length. 

In the first position, the subjects held the examined 
limb on the ankle-foot joint ultrasound device (Fig. 1) in 
a position of flexion in the knee joint at an angle of 45°, 
and the ankle-foot joint area hung freely in a position 
of plantar flexion to an angle of 20°. This position was 
defined as the neutral resting position and the baseline 
value for each subsequent measurement of the anterior 
talo-fibular ligament length [11].

 During the sonographic examination, the distance 
from the anterolateral edge of the lateral bone, corre-
sponding to the origin of the anterior talo-fibular lig-
ament, to the anterolateral angle of the lateral surface 
of the talus, corresponding to the anatomical site of its 
fixation, was measured. The length of the ligament was 
measured on a longitudinal ultrasound image using 
a Preset of the sonographic apparatus, which allowed 
measurements to be made with an accuracy of two 
decimal places. (Fig. 2. A, B).

In the second position (maximum inversion loading 
position): the limb was in a neutral position, the research-
er performed maximum inversion at the ankle-foot joint 
while holding the foot in a position of plantar flexion. 
The length of the anterior talo-fibular ligament in the 
inversion loading position was determined on the longi-
tudinal ultrasound image as a straight line between the 
above-described bony landmarks (Fig. 3. A, B.).

STATISTICAL ANALYSIS
Statistical analysis was performed using Statistica 8.0 soft-
ware. Results were presented as average values with 95% 
confidence interval. The Shapiro-Wilk test was used to 
confirm whether the data were normally distributed. When 
the data showed a normal distribution, the Student’s t-test 
was performed to compare continuous data. Otherwise, the 
Mann-Whitney U-test was performed. The chi-square test 
or Fisher’s exact test was used to compare categorical data. 
The Wilcoxon signed-rank test was performed to compare 
the ultrasound results for the right and left ankles.

 

 

Fig. 2. Length measurement of the anterior talo-fibular ligament (ATFL) in a neutral position 
during sonography in a control patient. А. Dimensions of the anterior talo-fibular ligament in a 
neutral position in a patient of the control group (A-B measurement points of the anterior talo-
fibular ligament. 1 - fibula; 2 - talus). B. Dimensions of the anterior talo-fibular ligament during 
inversion loading in a patient of the control group (A-B measurement points of the anterior talo-
fibular ligament. 1 - fibula; 2 - talus) 
Picture taken by the authors 
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by us indicate that there is no statistically significant 
difference between male patients of the control and 
experimental groups in terms of ATFL length in different 
states (p>0.05) (Table 1).

In women of the control group, the average length 
of the ATFL in the neutral position was 16.97±0.19 mm, 
and with inversion loading - 17.42±0.20 mm (p<0.001). 
The elongation of the ligament was 0.45±0.01 mm. In 
women of the experimental group, the average length 
of the ATFL in the neutral position was 16.99±0.22 mm, 
with inversion loading - 17.45±0.24 mm (p<0.001). The 
elongation of the ligament was 0.46±0.01 mm.

These data indicate that there is no statistically signif-
icant difference between female patients in the control 
and experimental groups in terms of ATFL length in 
different states (p>0.05) (Table 1).

In men of the CG and EG, the length of the ATFL in the 
neutral position and with inversion loading was greater 
than in women of the same groups at the level of sta-
tistical probability (p<0.001). The intraclass correlation 
coefficients for neutral and tense ligament lengths were 
0.85-0.9, indicating good reliability of the study results.

ETHICS
This work complies with the principles of the Declara-
tion of Helsinki.

RESULTS 
In the first stage of the research, sonographic measure-
ments of the length of the intact anterior talo-fibular 
ligament of the control group (age 20-29 years) were 
compared with the length of the ligament on the con-
tralateral side of the experimental group (age 30-39 
years) in a neutral position and with inversion loading 
in order to determine the effect of the patients’ age on 
changes in its length. 

In men of the control group, the average ATFL length 
in the neutral position was 19.11±0.32 mm, and with 
inversion loading - 19.68±0.33 mm (p<0.001). The elon-
gation of the ligament was 0.57±0.01 mm. In men of 
the experimental group, the average ATFL length in the 
neutral position was 19.00±0.40 mm, and with inversion 
loading - 19.61±0.33 mm (p<0.001). The elongation of 
the ligament was 0.56±0.01 mm. The data obtained 

 

 

Fig. 3. Anterior talo-fibular ligament of the experimental group patient with chronic ankle-foot 
joint instability during sonography. A. Dimensions of the anterior talo-fibular ligament in a 
neutral position in a patient of the experimental group with chronic ankle-foot joint instability 
(A-B measurement points of the anterior talo-fibular ligament. 1 - fibula; 2 - talus). B. 
Dimensions of the anterior talo-fibular ligament at maximum inversion loading in a patient of the 
experimental group with chronic instability of the ankle-foot joint (A-B measurement points of 
the anterior talo-fibular ligament. 1 - fibula; 2 - talus; 3 - free fluid in the joint cavity; 4 - place of 
detachment of the anterior talo-fibular ligament from the talus) 
Picture taken by the authors 
 

Fig. 3. Anterior talo-fibular ligament 
of the experimental group patient with 
chronic ankle-foot joint instability 
during sonography. A. Dimensions of 
the anterior talo-fibular ligament in 
a neutral position in a patient of the 
experimental group with chronic an-
kle-foot joint instability (A-B measure-
ment points of the anterior talo-fibular 
ligament. 1 - fibula; 2 - talus). B. 
Dimensions of the anterior talo-fibular 
ligament at maximum inversion load-
ing in a patient of the experimental 
group with chronic instability of the 
ankle-foot joint (A-B measurement 
points of the anterior talo-fibular 
ligament. 1 - fibula; 2 - talus; 3 - free 
fluid in the joint cavity; 4 - place of 
detachment of the anterior talo-fibular 
ligament from the talus)
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In the experimental group, the average values of the 
length of the anterior talo-fibular ligament in the neutral 
position on the contralateral side were 17.99±1.06 mm, 
and with maximum inversion - 18.53±1.12 mm (p<0.05). 
The change in the length of the ligament was 0.51±0.05 
mm. The average values of the ATFL length in the neutral 
position on the side of injury were 19.13±0.36 mm, with 
maximum inversion - 20.35±0.44 mm. The change in its 
length was 1.25±0.04 mm on average (p<0.001). 

DISCUSSION
This article is a continuation of the study of the condi-
tion of the lateral ligament complex of the ankle-foot 
joint when it is damaged in young people, which we 
have been conducting since 2019.

During physical examination, the standard tests used 
to detect lateral instability are the front box, talus, 

The generalized average length of the ATFL in the 
control group in the neutral position was 18.04±0.12 
mm, and at maximum inversion - 18.55±0.13 mm, 
the change in length was 0.51±0.007 mm. In the ex-
perimental group, these indicators were as follows: in 
the neutral position, the length of the ligament was 
17.99±0.18 mm, with inversion loading - 18.53±0.13 
mm, and the elongation was 0.51±0.006 mm. There is 
no statistical difference between the indicators of the 
control and experimental groups (p>0.05). This gives 
us reason to believe that the length of the intact ATFL 
in the neutral position and with inversion loading in 
both study groups does not change with age (Table 2).

In the second stage of the study, the length of the 
anterior talo-fibular ligament on the contralateral side 
and the side of the injury in the neutral position and 
at maximum inversion loading was compared in the 
experimental group (Table 3). 

Table 1. Length indicators of the intact ATFL in the neutral and inversion positions in patients of the study groups
Gender Men Women

Group
ATFL length 

neutral 
position, mm

ATFL length 
inversion 

loading, mm

ATFL 
elongation, 

mm

ATFL length 
neutral 

position, mm

ATFL length 
inversion 

loading, mm

ATFL 
elongation, 

mm

Р 
(m/w)

CG 19.11±0.32 19.68±0.33 0.57±0.01 16.97±0.19 17.42±0.20 0.45±0.01 <0.001

EG 19.00±0.40 19.61±0.33 0.56±0.01 16.99±0.22 17.45±0.24 0.46±0.01 <0.001

Statistical difference 
CG/EC >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

CG statistical 
difference (neutral 

position/inversions) <0.001 <0.001

EG statistical 
difference (neutral 

position/inversions) <0.001 <0.001

Source: compiled by the authors of this study

Table 2. Average length of intact ATFL in neutral position and with inversion loading in patients of the study groups

Position
Average length of the anterior talo-fibular ligament

Control group Experimental group Statistical difference CG/EG

Neutral position, mm 18.04±0.12 17.99±0.18 р>0.05

Inversion loading, mm 18.55±0.13 18.53±0.13 р>0.05

Length change, mm 0.51±0.007 0.51±0.006 р>0.05

Source: compiled by the authors of this study

Table 3. Average ATFL length indicators in neutral position and at maximum inversion loading in the experimental group
Side Contralateral side Damaged side Statistical difference contralateral/injured

Position Average length of the anterior talo-fibular ligament

Neutral position, mm 17.99±1.06 19.13±0.36 p<0.001

Inversion loading, mm 18.53±1.12 20.35±0.44 p<0.001

Length change, mm 0.51±0.05 1.25±0.04 p<0.001

Statistical difference between the positions p<0.05 p<0.001  

Source: compiled by the authors of this study
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In sonography, the average length of the ATFL of 
the non-tensioned ligament is 19.50 ± 1.81, and of the 
tensioned ligament is 21.08 ± 1.98 [19].

We showed a statistically significant difference com-
paring the changes in ATFL length in asymptomatic 
subjects 0.51±0.07 mm and patients with anterolateral 
instability 1.25±0.04 mm (p<0.001). The average change 
in ATFL length between neutral state and inversion 
loading in the symptomatic group was almost 2.5 
times greater compared to asymptomatic patients. In 
an ultrasound study, Cho J.H. et al found that the ATFL 
ratio (tension/rest) was 1.3±0.1 mm [20]. Similar results 
were obtained in the studies of Kamada K et al. [21]. 
Our results are consistent with the data of Kikumoto 
T. et al. who concluded that the change in ATFL length 
during inversion loading with plantar flexion of the foot 
was statistically significantly greater than in healthy 
individuals [22].

CONCLUSIONS
During the study, it was found that the length of the 
intact ATFL in a neutral position and under inversion 
loading in patients of the studied groups does not 
change with age.

The average values of the ATFL length in a neutral 
position on the side of the injury were 19.13±0.36 mm, 
with maximum inversion - 20.35±0.44 mm. The change 
in its length was on average 1.25±0.04 mm (p<0.001), 
which may indicate chronic instability of the ankle-foot 
joint.

Thus, inversion loading sonography is a highly sen-
sitive, specific, and accurate imaging method that can 
be used to diagnose chronic ankle-foot joint instability.

A potential limitation of this study was that there was 
some subjective assessment of the ATFL during the 
sonographic examination. We also did not determine 
the force applied during inversion loading. Future 
studies should aim to standardize testing methods and 
ligament length measurements to provide an objective 
definition of chronic ankle-foot joint instability.

and inversion stress test [12]. According to Beynon A., 
physical examination is limited by subjectivity and dif-
ficulties in recognizing the degree of ligament stability, 
as well as identifying the specific injured ligament [13]. 
Dynamic sonography has a high potential for detect-
ing ankle-foot joint ligament instability, but the value 
parameters of the change in length of the anterior ta-
lo-fibular ligament during inversion loading in patients 
with signs of chronic lateral instability in different age 
groups have not been fully determined. 

Our study methodology meets the current require-
ments for performing sonographic inversion loading. 
The internal rotation moment at plantar flexion to an 
angle of 30° is considered optimal for assessing increased 
translation of the ankle-foot joint with ATFL insufficiency, 
when using stress ultrasound examination [14].

The results of our study show that ATFL lengths in 
both neutral and inversion loading can be effectively 
measured using manual stress sonography. Thus, the 
average ATFL length in the neutral position in men of 
the control and experimental groups is 19.11±0.32 and 
19.00±0.40 mm, in women, respectively, 16.97±0.19 
- 16.99±0.22 mm. They are in the range of the stated 
values from 19.2 to 20.31±3.12 mm which were mea-
sured in bone-ligamentous preparations of cadaveric 
ankle-foot joints [15]. By measuring ATFL length on 50 
cadaveric joints, Khawaji B. et al. found that ATFL length 
ranged from 18.81 mm in dorsiflexion to 21.06 mm in 
plantar flexion [16].

In addition, the average length of the ATFL, both for 
men and women in our study, is consistent with the 
figures of Dong Y. et al. who reported that changes 
in the length of the ATFL in vivo in healthy ankle-foot 
joints range from 16 mm in the neutral position to 20.8 
mm during active plantar flexion of the ankle-foot joint 
and supination [17].

In MRI examinations, Szaro P. et al. indicate that the 
length of the ATFL can vary from 13-14 mm to 21-22 
mm and the values obtained depend on the method-
ology of the study and variations in the structure of the 
ligament bundles [18].
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