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ARTICLE INFO ABSTRACT

Article history: Introduction: Acute ankle sprains account for 15-20% of sports-related
Received injuries among athletes, with prolonged instability leading to gait issues,
13 May 2025 altered ankle posture, and Achilles tendon mechanics, while the adjacent
Revised in revised form Kager’s fat pad (KFP) is prone to inflammation from trauma, infection,
17 August 2025 or tumors. To determine factors that affect the stiffness of KFP and
Accepted establish the median stiffness in healthy individuals using two-
28 November 2025 dimensional shear wave elastography (2D SWE). Methodology: A total
Published of sixty-one healthy volunteers were scanned using SWE to measure the
1 September 2026 right KFP. A single-layer gel was applied between the transducer and

the posterior aspect of the ankle skin surface with the subjects in a prone
position and extending their ankles. Longitudinal plane was obtained to
visualize the anatomical structures of the ankle joint, with a specific
focus on the right KFP. A 1 mm region of interest (ROI) was identified
within the KFP. No pressure was applied during SWE image acquisition
to avoid image artifact. Results: Chi-square test revealed no significant
associations between gender and stiffness. Spearman’s rho test revealed
no significant difference between BMI, age, and KFP stiffness, but
physical activity correlated significantly with stiffness (p(59) =0.773, p
<.001). Multiple linear regression reported that volunteers’ demography
) was not significant in predicting stiffness (p = 0.225). Inter-observer
Dor: . . analysis demonstrated excellent agreement, with an ICC of 0.948 (95%
10.24191/jchs.v11i2.13494 CI, 0.922-0.966, p < 0.001). Conclusion: SWE demonstrated excellent
reliability in assessing KFP stiffness. The findings provide a valuable
reference for future studies and clinical evaluations, particularly in the
context of ankle pathologies.
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1. INTRODUCTION

Acute ankle sprain is one of the most common musculoskeletal (MSK) injuries, particularly among
individuals participating in sports. Epidemiological studies have shown that ankle sprains account for
approximately 15-20% of all sports-related injuries [1]. A systematic review reported that ankle injuries are
among the most frequent sports injuries across various disciplines, especially in activities involving
jumping and rapid directional changes [2]. In the United States, the annual incidence of ankle sprains has
been estimated at 2.15 per 1000 person-years, representing a significant proportion of MSK injuries
requiring medical attention [3]. Additionally, about 40% of all traumatic ankle injuries occur during sports
participation, with an incidence of seven lateral ankle sprains per 1000 exposures in indoor sports [4].
Despite this high frequency, only around half of those affected seek medical treatment, and many later
develop chronic ankle instability [4]. Prolonged ankle instability after an acute sprain has been associated
with persistent gait disturbances, altered ankle posture, and changes in Achilles tendon mechanics. Because
of its close anatomical relationship with the Achilles tendon, the KFP moves synchronously with tendon
motion and may be involved in retrocalcaneal and hindfoot disorders [5—7]. Moreover, due to its anatomical
proximity, KFP can become inflamed or oedematous secondary to trauma, infection, or local tendon
pathology [8]. The distribution of loads surrounding the KFP may indirectly influence biomechanical
adjustments in the ankle, potentially leading to changes in the pad's density or appearance [9].

Imaging techniques, such as magnetic resonance imaging (MRI) and conventional ultrasound, are
employed for the diagnosis of MSK. MRI has several benefits in assessing ankle joint, produces
comprehensive, high-resolution images that make it easy to distinguish between different soft tissues, such
as muscle, fat, and tendons [5]. However, MRI has drawbacks, such as higher cost and longer scan duration,
which requires patients to remain still for long periods. Additionally, MRI is less accessible than ultrasound,
and its availability might be limited in certain settings compared to conventional ultrasound [10].
Conventional ultrasound is a cost-effective and high spatial resolution diagnostic tool that helps diagnose
MSK ankle disorders [11]. KFP, visualized via ultrasound, is normally presented as a well-defined, ovoid,
triangular and hypoechoic structure [12]. While conventional ultrasound is effective in identifying
morphological changes, the assessment is, however, subjective. According to Sunding et al. [13],
biomechanical properties of tissues such as stiffness have proven to be an indicator of early pathological
changes not yet visible structurally [13]. Hence, given the existing limitations of conventional ultrasound,
further exploration of supplementary techniques is necessary.

Shear wave elastography (SWE) is an advanced imaging modality that quantifies tissue elasticity
by producing and monitoring shear waves, which in turn evaluates tissue stiffness. This non-invasive
technique is frequently used to evaluate the mechanical characteristics of tissues in medical diagnostics
[14]. Diseased conditions alter the mechanical properties such as the stiffness of the tissue. Previous
investigators have studied SWE in human tendons, ligaments, and muscles, yielding promising outcomes
[15-16].

Despite the progress made in diagnostic imaging techniques, there is still a significant gap in our
knowledge about the normal biomechanical properties of KFP since conventional ultrasound does not
provide quantitative data on tissue stiffness, which can be critical in distinguishing between normal and
pathological conditions. Therefore, this study aims to determine factors that affect the stiffness of KFP and
establish the median stiffness in healthy individuals using 2D SWE.
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2. METHODOLOGY
2.1 Participants

A total of 61 healthy volunteers were recruited based on a sample size estimation conducted using g*power
version 3.1.9.7 [17]. The estimation was derived from data reported in a pilot study by Ibrahim et al. [18],
which found an effect size of 2.39. According to Cohen’s [1988] criteria, this effect size is considered
extremely large with a significant criterion of a = 0.05 and power = 0.90. The minimum sample size needed
with this effect size is 61. Volunteers were university students, lecturers, and administrative staff who were
recruited via open announcements throughout the university campus to guarantee broad involvement across
various demographics. Participants were selected on a voluntary basis and screened to meet the inclusion
criteria representing diverse age groups, BMI, and gender. Physical activity levels were defined based on
self-reported frequency of mild to moderate exercise per week and were considered during the screening
process. The study protocol was designed following the declaration of Helsinki and approval was obtained
from the research ethics committee (REC/08/2023 (PG/MR/282)). Written consent was obtained from all
participants prior to the commencement of the study, guaranteeing confidentiality and privacy adherence.
The inclusion criteria required participants with no history of ankle injuries, no prior ankle surgery, and no
systemic disease affecting the MSK system. Participants with sonographic evidence of any KFP
abnormality under grayscale ultrasound were excluded. Athletes were not considered for participation to
minimize potential confounding variables, as regular training and repetitive loading may lead to increased
stiffness in the KFP due to mechanical stress and MSK adaptations. Age groups were classified as 20-29,
30-39, and above 40 [19], and BMI groups as healthy weight, overweight, and obese.

2.2 SWE Image Acquisition

SWE was performed using ultrasound scanner (RS85, Samsung Medison Co., Seoul, Korea) equipped with
S-Shear wave software. A linear array transducer (LA2-9A, frequency range of 2.0 - 9.0 MHz) was used.
The subjects were asked to lie down in a prone position on the ultrasound table and extend their ankles in
neutral position. A single-layer gel was applied between the transducer and the posterior aspect of the right
ankle skin surface. Longitudinal plane was obtained to visualize the anatomical structures of the right ankle
joint, with a specific focus on the right KFP. A 1 mm ROI was positioned within the right KFP. No pressure
was applied to avoid image artifact. SWE readings were acquired once the reliability measurement index
(RMI) achieved > 0.4, indicating the reliability of shear-wave velocity (SWV). A minimum of 5 consecutive
measurements were obtained within the selected ROI in the KFP, in line with established SWE guidelines
to enhance measurement reliability, and maximum of 10 measurements. To ensure accuracy, the probe was
held steadily in place with consistent pressure and alignment throughout the measurements. The median
stiffness value, recorded in meters per second (m/s), was used to measure the stiffness of KFP (Figure 1).
All SWE image acquisitions were performed by the same sonographer (A. I. Aburabee. three years’
experience in SWE imaging) for the right ankle.

https://doi.org/10.24191/jchs.v11i2.13494 ©UITM Press, Universiti Teknologi MARA


https://doi.org/10.24191/jchs.v11i2.13494

208 Abdalmalek Ismail Aburabee et al./ Journal of Clinical and Health Sciences (2026) Vol. 11, No. 2

SiteAd
ROIR4
Mean : 2.19m/s
SD:0.10m/s -
Min : 2.00m/s
Max:2.38m/s
Diameter : 0.2cm
RMI:0.7
ROI R4"
Mean : 1.12m,
SD: 0.09m/s
Min : 0.97m/s
Max:1.37m/s
D' ameter: 0.2cm  _
D RMI:08

Ratio : 1.96
Fig.1 2D-shear wave elastography (2D-SWE) image of the right Kager’s fat pad (KFP), Achilles tendon (AT) (red
arrows) and Calcaneus bone (yellow arrows) in a longitudinal scanning plane. The region of interest (ROI) in the SWE
image is represented by the white circle, which is set to a size of 1 mm. This ROI is used to measure the stiffness of the
KFP within the selected area. A single layer of ultrasound gel was used for optimal contact. The color scale represents
tissue stiffness, with green indicating areas of lower stiffness and yellow indicating areas of higher stiffness, measured
in meters per second (m/s).

Source: Aburabee et al. (2026)

2.3 Inter-observer reliability

All subjects were re-scanned by a second observer (L.S.S, six years’ experience in SWE imaging) for the
right ankle on the same day. The second observer was blinded to the results and the number of
measurements performed by the first operator, to prevent any potential bias. This blinding was ensured by
specific protocol, e.g., the probe fixed in longitudinal position, 1 layer of ultrasound gel, 1 mm ROI, and
neutral position, making the measurement display or conducting the measurements independently. The time
interval between the first and second observer’s measurements was not strictly fixed but was kept within
the same imaging session to reduce potential variability due to physiological changes or measurement
conditions.

2.4 Statistical Analysis

Data analysis was performed using tests contained in SPSS version 28 (SPSS Inc, Chicago, Illinois, USA).
Continuous data was expressed as mean and standard deviation (SD). A Mann-Whitney U test was used to
assess the association between gender and stiffness in the KFP. The correlation between KFP stiffness and
demographic variables such as BMI, age, and physical activities were analyzed using Spearman correlation
coefficient to assess the effect of these variables on stiffness. The Kruskal-Wallis H test was used to
compare stiffness measurements across different BMI and age groups, followed by pairwise comparisons
to compare stiffness measurements across different BMI age groups. Multiple linear regression test was
used to investigate whether volunteers’ demographic and physical activity can predict the KFP stiffness.
An Inter-class Correlation Coefficient (ICC) was conducted to assess inter-observer agreement. Statistical
tests were performed on the data collected and significance levels were declared at p < 0.05.
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3. RESULTS

SWE was performed on the right KFP of 61 healthy volunteers (23 males and 38 females). All participants
in our study were right-leg dominant. The participants were grouped into various age categories (20-29,
30-39, and above 40) and BMI categories (healthy weight, overweight, and obese), with mean and (SD)
physical activity times per week across the three age groups being 1.36 (0.42), 1.52 (0.47), and 1.38 (0.39)
respectively. The demographic features of the volunteers are summarized in (Table 1)

Table 1. Demographic features of volunteers

Demographic N Role of participants Male (mean £ SD) Female (mean + SD)
Age groups

20-29 22 Students 21.66£1.15 22.10+1.41
30-39 19 Lecturer (10), students (9) 32.75+£2.22 36.00+1.15
Above 40 20 Lecturer (10), clerical 44.75+4.49 43.33£3.14

officer (10)

BMI groups

Healthy weight 38 21.04+2.96 21.13+2.20
Overweight 14 27.74+2.16 27.17+.1.56
Obese 9 35.95+5.74 33.21+2.86

Source: Aburabee et al. (2026)

3.1 Association between gender and KFP stiffness

The descriptive statistics revealed that males had a higher mean (SD) SWV of 13.38 (4.79) m/s for right
KFP stiffness compared to females, who had a mean (SD) of 11.20 (3.10) m/s. A Mann—Whitney U test
was performed to compare right KFP stiffness between genders. The results showed no statistically
significant difference between males and females (U =330.0, Z =-1.593, p = 0.111), indicating that gender
was not associated with right KFP stiffness in this cohort.

3.2 Correlation between BMI, age and physical activity with KFP stiffness

Spearman’s rho test indicated no significant correlation between BMI and KFP stiffness (p(59) = 0.033, p
= (0.800). No significant correlation was seen between age and stiffness of the KFP (p(59) = 0.207, p =
0.110). Additionally, physical activity levels were significantly correlated with stiffness measurements of
the KFP with (p(59) = 0.773, p < 0.001). Kruskal-Wallis test was used to compare the stiffness of KFP
between BMI and age groups. According to the results, the test indicated non-significant differences in
BMI among the healthy weight, overweight, and obese groups in the in the KFP (y* (2) =5.296, p = 0.437).
For the age groups a significant difference was seen in the KFP (¥ (2) = 8.573, p = 0.014) (Table 2). The
mean rank of age group was highest in the group of 30-39 with mean rank 39.08.
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Pairwise comparisons test was conducted to determine the differences between age groups of the KFP. The
test indicated a significant difference between the 20-29 and 30-39 age groups (p = 0.004) as presented in
(Figure 2). No significant differences were found between the 20-29 and above 40 age groups (p = 0.237)
or between the 30-39 and above 40 age groups (p = 0. 679) as shown in (Table 3).

Table 2. Kruskal-Wallis test used to compare the stiffness of KFP between BMI and age groups

SWE (m/s) Groups Mean rank Median stiffness m/s P-value
Right ankle stiffness BMI groups 0.437
Healthy weight 31.96 10.90
Overweight 22.15 13.10
Obese 38.85 15.30
Right ankle stiffness Age groups 0.014
20 to 29 years 22.93 10.20
30 to 39 years 39.08 14.07
Above 40 years 32.20 12.06

Source: Aburabee et al. (2026)

Table 3. Pairwise comparison of right ankle stiffness between age groups using the Bonferroni-adjusted Kruskal-
Wallis post hoc test

Sample 1-Sample 2 Test Statistic Std. Error Std. Test Statistic Significance
20-29/Above 40 -9.268 5.484 -1.690 0.091
20-29/30-39 -16.147 5.559 -2.905 0.004
Above 40/30-39 6.879 5.686 1.210 0.226

Source: Aburabee et al. (2026)
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Fig 1. Pairwise comparison of mean Kager’s fat pad (KFP) stiffness values (m/s) between the three age groups in the
KFP. The central line represents the median, the box represents the interquartile range (IQR), and the whiskers
indicate the minimum and maximum values within 1.5 times the IQR. Circles and asterisks denote outliers. The test
indicated a significant difference between the 20-29 and 30-39 age groups (p = 0.004).

Source: Aburabee et al. (2026)

3.3 Multiple linear regression between KFP stiffness and age, gender, BMI, and physical activities

Multiple linear regression analysis found that 11.8% of the variation in the stiffness of KFP was explained
by age, gender, BMI, and physical activities. Coefficients for age (0.883), gender (-1.758), BMI (0.016),
and physical activities (1.283) were calculated. However, these factors were not statistically significant in
predicting the stiffness of KFP (p = 0.128) (Table 4).

Table 4. Multiple linear regression analysis of factors associated with right ankle stiffness. The model includes age
group, BMI, physical activity, and gender as independent variables. The R? value (0.118) suggests that the model
explains 11.8% of the variance in stiffness, with an adjusted R? of 0.055

Coefficient

Unstandardized Standardized Correlations

Coefficients Coefficients
Model B Std. Error Beta t Sig. Partial Part
(Constant) 11.027 3.685 2.992 .004 185 177
Age group .883 .626 .188 1.411 .164 .025 .023
BMI .016 .089 .023 185 .854 158 150
Physical 1.283 1.072 155 1.197 236 -.220 =212
activity
Gender -1.758 1.042 -219 -1.687  .097 185 177

Source: Aburabee et al. (2026)
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3.4 Inter-observer reliability of SWV measurements

The ICC was calculated to investigate the agreement between two observers of the study and their
observatory measurements of KFP stiffness. The results of the ICC showed high reliability, the ICC was
0.948 (95% CI, 0.922 — 0.966) (p < 0.001), as well as the consistency in the KFP stiffness measurements
recorded by both observers.

4. DISCUSSION

The objective of this study was to investigate or identify factors that affect the stiffness of KFP, and to
establish the median stiffness in healthy individuals using 2D SWE. Our results showed physical activity
correlated significantly with stiffness. We also observed stiffness variations across different age groups,
with the middle-aged group exhibiting higher stiffness. Although ultrasound is operator dependent, yet the
ICC test revealed excellent reliability for SWE.

Ankle pain could result from KFP diseases or conditions affecting the fat pad within the ankle
joint. For instance, overuse and conditions like Achilles tendinopathy, Achilles paratenonitis, posterior
ankle impingement syndrome, and Haglund’s disease can cause inflammation of KFP [9]. Inflammation
of KGF has also been associated with systemic diseases like rheumatoid arthritis, gout, and fat pad atrophy
or hypertrophy. Several studies have applied 2D SWE in MSK imaging to quantitatively evaluate medium
stiffness with promising results [20-21]. To the best of our knowledge, and based on a review of the
literature, no study has employed SWE to assess the KFP. Therefore, determination of factors that affect
the stiffness of KFP, and establishing the median stiffness in healthy individuals using 2D SWE is
important.

Previous research has suggested that hormonal differences, muscle composition, and
biomechanical loading patterns can contribute to variations in tissue stiffness between men and women
[22]. Fat pad characteristics, in particular, are known to be influenced by hormonal regulation and fat
distribution, where estrogen promotes greater fat deposition in the hips, thighs, and gluteal regions, while
testosterone increases muscle mass and reduces fat accumulation [23].

Despite these physiological distinctions, our findings align with a number of other previous studies
reporting no significant gender-related differences in musculoskeletal stiffness under healthy conditions.
Gonzalez et al. [24] similarly observed no gender differences in Achilles tendon stiffness among
asymptomatic athletes using SWE. This suggests that when tissues such as the KFP and surrounding
structures are structurally intact and free from pathology, comparable mechanical loading during daily
activities may override subtle hormonal or physiological influences [9]. The absence of a significant
difference in right KFP stiffness between males and females, as confirmed by the Mann—Whitney U test,
supports the view that, in a healthy population, tissue stiffness reflects functional rather than sex-specific
adaptations.

The current study revealed that BMI too does not significantly impact KFP stiffness. According
to Malagelada et al. [25] KFP does not play a primary role in load bearing, instead its primary functions are
related to cushioning, shock absorption, and facilitating smooth movement of the Achilles tendon rather
than bearing weight. In this regard, our finding is consistent with a previous study that explored the
influence of BMI on the mechanical properties of periarticular structures. Giiriin et al. [26] reported no
statistically significant differences in knee medial collateral ligament (MCL) stiffness among patients with
varying BMI. Similar to KFP, the knee MCL is not primarily responsible for load bearing but instead
contributes to joint stability, specifically by providing resistance against stress at the knee joint due to
valgus or varus knee alignments. These findings suggest that, for structures not directly involved in weight-
bearing, BMI may have a limited effect on tissue stiffness measurements.
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The morphology of the MSK system, especially thickness and appearance, can be affected by age
due to changes in tissue composition, such as decreased elasticity and increased collagen cross-linking [27].
In our study, age has no significant correlation with KFP stiffness. This is consistent, with a study by Shang
et al. [28], investigating tibial nerve stiffness using SWE. They found no significant difference between
legs, gender, or different age groups.

However, our study showed that the stiffness of the right ankle KFP was significantly higher in
the 30-39 age group compared to the 20-29 age group. This could be attributed to the fact that many
participants in this age group were lecturers, whose work predominantly involved standing and walking,
leading to increased stiffness compared to the age group 20-29 who were mainly students [29]. The KFP
moves frequently as a person stands and walks since it has to adapt to the dynamic variations in the ankle
position and load-bearing activities. This motion improves flexibility and shock absorption by stabilizing
and cushioning the Achilles tendon [6]. Our findings showing increased KFP stiffness in the middle-aged
group are also consistent with those of Liu et al. [30], who reported that muscle stiffness responses to
passive stretching vary with age. Specifically, they observed that middle-aged individuals exhibited greater
stiffness compared to younger and older groups, suggesting age-related differences in tissue elasticity and
adaptive response to mechanical loading.

In the present study, all stiffness measurements were obtained from the right ankle, thereby
minimizing any potential influence of limb dominance. The middle-aged group 30-39 year demonstrated
slightly higher KFP stiffness compared to both the younger and older groups. This difference is unlikely to
be related to age or laterality but may instead reflect the influence of physical activity levels. Based on our
results, the 30-39-year age group exhibited the highest mean physical activity level among all age groups.

Tissue adaptation is affected by the frequency and length of activities. Depending on the particular
demands exerted on the tissue, regular activity over time can cause tissue hypertrophy possibly due to
adaptations in response to repetitive loading [31]. This study showed a strong positive correlation between
physical activity and KFP stiffness, indicating that as the frequency of physical activity increases, the
stiffness of KFP increases. According to Thomas et al. [32] the intensity, type, duration of exercise, or
individual physiological differences may have a more substantial impact on stiffness, implying that other
factors related to physical activity may indeed play a role in influencing stiffness measurements but not as
much as physical activity.

Age, gender, BMI, and physical activity combined only explained low percentage of the variation
in KFP stiffness, with no statistically significant predictors. This implies that additional factors that were
not considered in this model may have a greater influence on KFP stiffness in this dataset than these
variables. Nevertheless, the findings of this study are consistent with a previous study by Madsen et al.
[33], which stated that leg stiffness in relation to different factors was not statistically significant, which
could be due to the biomechanical features as more relevant factors.

The inter-observer reliability of SWE measurements showed high reliability, with an excellent
agreement between observers. This outcome was likely facilitated by the scanner SWE's RMI application,
a quality control parameter built into the 2-D SWE system. The repeatability measures rise with greater
RMI levels, helping operators determine which images were suitable for use in the SWE assessment and
filter out inaccurate SWE acquisitions [34]. Our results are consistent with those of Berrigan et al. [35] in
which they were using the same scanner to investigate the reliability of SWE in patella and Achilles tendon,
demonstrating very good inter-observer reliability.

4.1 Study Limitations

This study had several limitations. First, this study only measured unilateral KFP stiffness in the dominant
leg while the participant was in a prone position. Future research may include bilateral measurements to
ascertain if limb dominance affects KFP stiffness and examine the potential role of BMI on stiffness during
weight-bearing situations. Second, this study did not investigate the correlation between the intensity of the
physical activity with stiffness change. Future research should incorporate direct assessments of physical

activity levels to gain a deeper understanding of its impact on KFP characteristics. Lastly, this study did
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not account for diabetes mellitus (DM) and hypertension (HTN), both of which may alter the soft tissue
properties of the KFP. Future studies should consider excluding or stratifying participants with DM and
HTN to better understand their potential impact.

5. CONCLUSION

Despite these limitations, this study demonstrates that gender, BMI, and age have minimal influence on
KFP stiffness, although physical activity may play a role. The established median stiffness values provide
a useful reference for future research and clinical assessment of KFP in ankle pathologies.
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