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Abstract
Purpose Although the function of subjects with chronic ankle instability (CAI) has been examined, structural analysis by 
ultrasound scanning of the structures surrounding the ankle is limited. Before such structural comparisons between injured 
and uninjured people can be made it is important to investigate a reliable measurement protocol of structures possibly related 
to CAI. The aim of this study was to investigate the inter-intra examiner reliability of ultrasonic characteristics of selected 
structures in healthy subjects.
Methods Eleven healthy participants were assessed by an experienced sonographer and inexperienced certificated examiner.  
Ultrasound images were collected of the ATFL length and ankle muscles of gastrocnemius medialis (GM), tibialis anterior 
(TA) and peroneals. Thickness was measured for the muscles, whilst cross-sectional area (CSA) was measured for the 
peroneals. Inexperienced examiner repeated the measurements a week later.
Results Inter-examiner reliability was excellent for all structures  (ICC3,1 = 0.91–0.98). Intra-examiner reliability shows 
excellent agreement for all structures  (ICC3,1 = 0.92–0.98) except GM (good agreement)  (ICC3,1 = 0.82). LoA, relative to 
structure size, ranged from 1.38 to 6.88% for inter-reliability and from 0.07 to 5.79% for intra-reliability.
Conclusion This study shows a high level of inter-intra examiner reliability in measuring the structures possibly related to 
CAI. Future research has been planned to investigate the structural analysis in CAI by using applied MSUS protocol.
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Introduction

Lateral ankle sprain (LAS) is the most common ankle injury 
and following their first ankle-sprain, up to 34% of people 
experience at least 1 re-sprain within 3 years [1]. Up to 74% 
of people with a prior LAS experience repeated bouts of the 

joint “giving way” and mechanically laxity of injured liga-
ments and/or functionally neuromuscular control loss are 
among the potential risk factors for chronic ankle instability 
(CAI) [2, 3].

The Anterior Talofibular Ligament (ATFL) is the most 
frequently injured ligament during an LAS [2] and clini-
cal evaluation of the ATFL provides information on joint 
instability. This can be elicited using manual joint stress 
tests, which involve clinicians inducing passive movement 
of the individual’s ankle, taking it to the end of its range of 
motion to assess ligament integrity [4]. Indeed, it has been 
showed that these clinical tests are not reliable nor accurate 
enough to determine the extent of talocrural joint laxity [5, 
6]. Alternatively, stress radiographs measure the amount 
of talar movement relative to the tibia when the ankle is 
stressed in an anterior or inversion direction and allows for 
a more quantitative assessment [7]. However, stress radiog-
raphy involves ionizing radiation and a suitable facility is 
not always available [7].
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Musculoskeletal ultrasound scanning (MSUS) offers an 
alternative and can provide static and dynamic images of 
structures around the ankle [8]. Croy et al. [9] identified 
greater ATFL length in individuals with CAI compared to 
uninjured people, and MSUS has similarly been used to eval-
uate ligament laxity during the manual anterior drawer test 
and stress radiography [10, 11]. Joint stability has also been 
quantified using MSUS by measuring the distance between 
the bony landmarks of lateral malleolus and talus [9].

Muscular structure and neuromuscular functionality also 
contribute to ankle stability and previous studies showed that 
tibialis anterior (TA), gastrocnemius medialis (GM) and per-
oneal longus (PL) differ in those with CAI versus controls 
[12–14]. Analysis of ankle muscle architecture may help to 
explain these variations of neuromuscular functionality, such 
as muscle thickness and cross sectional area (CSA) which 
are associated with muscle force [15] and muscle weaken-
ing/atrophy or strengthening / hypertrophy [16]. The “gold 
standard” for measuring muscle is magnetic resonance imag-
ing (MRI) and computerized tomography but these are often 
inaccessible [17]. MSUS has been shown to be valid for 
assessing muscle CSA [18] and thickness [19] compared to 
data from MRI.

Additionally, several studies have failed to measure mus-
cle contributions to CAI in a way that reflects the different 
moment arms and activation patterns that different ankle 
muscle have, instead measuring the ankle plantar flexors as 
a whole rather than as separate muscles [19–22]. It follows 
that reliability of measures of the individual muscles has 
yet to be shown.

The purpose of the study was to investigate inter and 
intra-examiner reliability of MSUS of the selected structures 
around the ankle in uninjured subjects. This was a precursor 
to study on individuals who have experienced LAS.

Materials and methods

Data collection

A sample of eight females and three males (mean age 
of 30.50 ± 4.57  years, mean BMI of 23.09 ± 2.63) was 
recruited from a university students and staff population. 
Participants who were over 18 years old and had no self-
reported lower limb disorders or systemic disease affecting 
the musculoskeletal system (e.g. diabetes, rheumatoid 
arthritis) were included. Ethics approval was obtained 
from the University’s Research Ethics Panel (Reference no: 
HSR1617-106). Written informed consent was obtained 
from each participant before data collection.

Ultrasound scanning of participants was performed by 
an experienced sonographer with 5 years (RA) (examiner 1) 
and inexperienced certificated physiotherapist (BO) who had 

attended training in MSUS scanning of the foot and ankle 
over a six-week period (examiner 2).

Scanning protocol

Ultrasound images were collected by a portable Venue 
40 MSUS system (GE Healthcare, UK) with a 5–13 MHz 
wideband linear array probe. The scanning was performed 
independently in random order by each examiner within the 
same session for inter-examiner reliability, and inexperi-
enced examiner repeated the measurements a week later for 
the intra-examiner reliability. The researchers were blind to 
any prior measurements during scanning sessions.

Length of ATFL

The participant sat on the examination bed with extended 
legs and a neutral foot position with 0° of dorsiflexion/plan-
tar flexion which was maintained by holding in an ankle by a 
foot orthosis (AFO) during scanning (Fig. 1). The examiner 
placed the transducer locating its posterior edge over the 
distal lateral malleolus to image the ATFL between lateral 
malleolus and talus. ATFL measurement was taken from 
the origin at the anterolateral aspect of the lateral malleolus 
and ends at the peak of the talus representing the site where 
the talar neck meets the anterior border of the lateral talar 
articular surface [9]. In the second position, scanner main-
tained the ankle in maximum plantar flexion and inversion 
position by holding talus to be sure of extending the liga-
ment maximally during scanning and placed the transducer 
in the same way as the scanning of ATFL in the neutral 
position (Fig. 1). The US images of ATFL in two positions 
are shown in Fig. 1.

Thickness and CSA of peroneal muscles

Thickness and CSA of peroneal muscles were measured 
separately as PL and PB. Previously, MSUS imaging of 
peroneals were performed at 50% of the distance between 
fibula head and lateral malleolus, but the structural features 
of PL and PB was not observed independently [23]. Follow-
ing pilot testing of this study, we detected that PL was not 
sufficiently clear at 50% of the distance between fibula head 
and lateral malleolus and determined that 30% distance from 
the fibula head to lateral malleolus would be more appropri-
ate location for measures of CSA and thickness of peroneals 
separately. PL and PB CSA were measured with the trans-
ducer in transverse direction and the transducer placed in the 
longitudinal direction for thickness measurement. Provided 
that the line between PL and PB was clear, the image was 
saved for the thickness measurement (Fig. 2). Side and mid-
dle boundaries of muscle fibres in the image were used to 
save the imaging of Peroneals (Fig. 2).
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TA thickness

The scanning point of TA thickness was performed at 20% 
distance between the fibula head and lateral malleolus by 

using a tape similarly the protocol in [23] and with the probe 
positioned transversely. The probe was changed to a lon-
gitudinal position for measurement of thickness when the 
maximum achievable end point line of TA was imaged. The 

Fig. 1  Probe location and 
ultrasound images of Anterior 
Talofibular Ligament in neutral 
and stressed position

Fig. 2  Probe location and ultrasound images of Peroneus Longus and Peroneus Brevis
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thickness of TA was measured as the distance between the 
superficial and deep boundaries of muscle fibers in the mid-
dle of the image (Fig. 3)[23].

GM thickness

GM thickness was scanned at 1/3 of the distance from the 
tibial lateral condyle to the lateral malleolus, similar to [24], 
and the probe moved medially to the GM. At the area, the 
maximum achievable thickness of GM was searched after 
the probe was brought into the longitudinal position. The 
distance between superficial and deep boundaries of muscle 
fibers in the middle of the image was measured for the GM 
thickness (Fig. 4).

Data analysis

Each ultrasound image was measured by each examiner 
using ImageJ software (National Institute for Health, 
Bethesda, MD, USA). An average of three measurements 
was calculated for each assessment. Intraclass Correlation 
Coefficient (ICC) and Limits of Agreement (LoA) were used 

to analyze reliability. ICC values were interpreted according 
to the suggestion of Koo et al. [25]. In addition, Bland 
Altman analyses were showed as graphics.

Results

Inter-examiner reliability was excellent for all structures 
 (ICC3,1 = 0.91–0.98). LoA, relative to structure size, ranged 
from 1.38 to 6.88% for interreliability. PB thickness had 
the lowest ICC (0.91). The mean thickness measurements 
were 1.42  cm2 and 1.36  cm2 for examiner 1 and examiner 2, 
respectively (Table 1). The CSA of peroneals had the highest 
ICC (0.98) and the mean CSA measurements were 4.42  cm2 
and 4.26  cm2 for examiner 1 and examiner 2, respectively 
(Table 1). Bland Altman Analysis of inter- examiner reli-
ability was shown in Fig. 5.

Intra-examiner reliability shows excellent agreement 
for all structures  (ICC3,1 = 0.92–0.98) except GM which 
showed good agreement  (ICC3,1 = 0.82). LoA, relative to 
structure size, was 0.07–5.79% for selected structures. GM 
thickness had the lowest ICC (0.82) and the mean thickness 

Fig. 3  Probe location and 
ultrasound images of Tibialis 
Anterior

Fig. 4  Probe location and ultra-
sound images of Gastrocnemius 
Medialis
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measurements were 1.68  cm2 and 1.68  cm2 for test 1 and 
test 2, respectively (Table 2). The CSA of peroneals had 
the highest ICC (0.98) and the mean CSA measurements 
4.42  cm2 and 4.32  cm2 for test 1 and test 2, respectively 
(Table 2). Bland Altman Analysis of intra-examiner reli-
ability was shown in Fig. 6.

Discussion

This study showed high inter-examiner reliability when 
assessing selected ankle ligament and muscles using MSUS. 
For intra-examiner reliability there was lower reliability but 
still excellent agreement for all structures except GM thick-
ness, which equated to good rather than excellent agreement.

Clinical assessments such as the anterior drawer and talar 
tilt test [26] are largely subjective and objective measures 
such as ATFL length have been used to quantify ankle joint 
laxity or instability [4, 5]. The high level of inter and intra 
examiner reliability identified in this study, coupled with 
greater accessibility of MSUS and reliability of even novice 
examiners, suggests that MSUS of ATFL is reliable means 
of evaluating ankle ligaments for clinicians. The high levels 
of intra examiner reliability of ATFL length is a common 
thread in the literature [27] and this study indicates that 
reliability is not sensitive examiner experience (assuming 
minimum training has occurred, 6 weeks in this case).

There was lower agreement when the ankle was in its 
stressed position compared to the neutral position. This per-
haps reflects the subjective nature of defining “end of range 
of motion” and indeed Croy et al. [9] sought to address this 
by using a device to induce ankle motion. We used man-
ual manipulation of the ankle as this better reflects what 

is possible in a clinical setting and because devices are not 
easily available, nor validated as being suitable for inducing 
the correct motion (i.e. direction and range).

Peroneal muscles, specifically the activation of PL as a 
possible injury mechanism for LASs or the underlying cause 
of CAI [12, 28–32]. However, both higher and lower PL acti-
vation [12, 29–35] has been reported in CAI, albeit during 
various functional or sport-related tasks. Thus, a structural 
analysis of PL and PB may offer some additional insights 
where functional tasks do not. A low level of inter-examiner 
agreement (large LoA) was observed for the CSA measure-
ments (6.88% and 4.95%). Muscle boundaries between mus-
cles and location variability of PL compared to PB might be 
factors affecting this. However, CSA of PL and PB had high 
inter (ICC of 0.97 and 0.98) and intraexaminer agreement 
(ICC of 0.93 and 0.94). Our data might therefore vary from 
results employing different measurement locations than the 
protocol used by Crofts et al. [23].

We have observed excellent inter and good intra-examiner 
reliability for GM thickness. The result of intra-examiner 
measurement may be due to the difficulty in detection of 
the point of maximum GM thickness, due to its geometric 
nature. Earlier reliability tests of MSUS based measures of 
GM have included older adults [36], young children [37] 
and post stroke patients [38], or focused instead on the 
differences between resting and contracted GM [39]. Some 
research also focused only on the lower leg [40], posterior 
lower leg [22] or group of ankle flexors [19], and this is the 
first to report directly on only the GM.

Some of the limitations of the study were the inclusion 
uninjured rather than injured ankles, and subject and asses-
sor numbers. Others have advocated that pennation angle 
of muscle fibres may reflect muscle performance due to its 

Table 1  Interclass correlation coefficient and correlation analysis to show inter- examiner reliability

ICC3,1 > 0.8 were classed as good,  ICC3,1 > 0.9 as excellent
ATFL Anterior Talofibular Ligament, TA Tibialis Anterior, GM Gastrocnemius Medialis, PL Peroneus Longus, PB Peroneus Brevis, L Length, T 
Thickness, CSA Cross-Sectional Area, Values are mean ± SD in cm

Examiner 1
(mean ± SD)

Examiner 2
(mean ± SD)

ICC3,1 95% CI 95% LoA
(cm or  cm2)

LoA (% average 
structure size)

Correlation

Lower Upper Lower Upper

ATFL L (neutral) 1.89 ± 0.28 1.88 ± 0.25 0.96 0.86 0.99 – 0.15 0.23 2.12 0.939
ATFL L (stressed) 2.19 ± 0.26 2.12 ± 0.24 0.93 0.68 0.98 – 0.29 0.13 3.52 0.910
TA T 2.34 ± 0.45 2.42 ± 0.47 0.97 0.88 0.99 – 0.23 0.37 2.97 0.948
GM T 1.63 ± 0.20 1.68 ± 0.17 0.92 0.70 0.98 – 0.14 0.24 2.95 0.880
PL T 0.67 ± 0.17 0.68 ± 0.21 0.94 0.77 0.98 – 0.18 0.20 1.38 0.904
PB T 1.36 ± 0.24 1.42 ± 0.24 0.91 0.69 0.97 – 0.20 0.32 4.08 0.851
PL CSA 1.14 ± 0.36 1.22 ± 0.35 0.97 0.81 0.99 – 0.13 0.29 6.88 0.955
PB CSA 2.82 ± 0.75 2.96 ± 0.89 0.98 0.89 0.99 – 0.24 0.53 4.95 0.985
Peroneals CSA 4.26 ± 1.11 4.42 ± 1.24 0.98 0.93 0.99 – 0.37 0.69 3.66 0.980
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Fig. 5  Bland Altman Analysis of inter-examiner reliability, respectively: ATFL length in neutral and stressed position, Tibialis Anterior thick-
ness, Gastrocnemius Medialis thickness, Peroneus Longus (PL) and Brevis (PB) thickness, Cross Sectional Area (CSA) of PL, PB and Peroneals
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property of being inversely proportional to force and short-
ening speed [41] and this could be considered in future work 
to complement CSA and thickness.

Conclusion

This study indicated a high level of inter-intra examiner reli-
ability in measuring the structures possibly related to CAI 
in healthy subjects. These measures can be used in future 
work on injured ankles to study the potential contributions 
of structural damage and functional adaptations to CAI.

Table 2  Intraclass correlation coefficient and correlation analysis to show intra- examiner reliability

ICC3,1 > 0.8 were classed as good,  ICC3,1 > 0.9 as excellent
ATFL Anterior Talofibular Ligament, TA Tibialis Anterior, GM Gastrocnemius Medialis, PL Peroneus Longus, PB Peroneus Brevis, L Length, T 
Thickness, CSA Cross-Sectional Area, Values are mean ± SD in cm

Examiner 1
(mean ± SD)

Examiner 1
(mean ± SD)

ICC3,1 95% CI 95% LoA
(cm or  cm2)

LoA (% average 
structure size)

Correlation

Lower Upper Lower Upper

ATFL L (neutral) 1.88 ± 0.25 1.85 ± 0.24 0.96 0.87 0.99 – 0.13 0.15 0.68 0.967
ATFL L (stressed) 2.12 ± 0.24 2.11 ± 0.24 0.92 0.72 0.98 – 0.19 0.20 0.33 0.917
TA T 2.42 ± 0.47 2.33 ± 0.40 0.93 0.76 0.98 – 0.24 0.41 3.48 0.942
GM T 1.68 ± 0.17 1.68 ± 0.18 0.82 0.45 0.95 – 0.22 0.21 0.07 0.817
PL T 0.68 ± 0.21 0.72 ± 0.19 0.91 0.69 0.97 – 0.22 0.13 5.79 0.908
PB T 1.42 ± 0.24 1.42 ± 0.26 0.94 0.78 0.98 – 0.18 0.18 0.14 0.936
PL CSA 1.22 ± 0.35 1.21 ± 0.41 0.93 0.78 0.98 – 0.27 0.28 0.14 0.945
PB CSA 2.96 ± 0.89 2.87 ± 0.70 0.94 0.79 0.98 – 0.46 0.63 2.90 0.967
Peroneals CSA 4.42 ± 1.24 4.32 ± 1.12 0.98 0.94 0.99 – 0.32 0.52 2.21 0.988
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Fig. 6   Bland Altman Analysis of intra-examiner reliability, respectively: ATFL length in neutral and stressed position, Tibialis Anterior thick-
ness, Gastrocnemius Medialis thickness, Peroneus Longus (PL) and Brevis (PB) thickness, Cross Sectional Area (CSA) of PL, PB and Peroneals
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