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Abstract
To clarify the factors that contribute to the development of heel pain in 
young individuals, this study investigated the relationship of heel thickness 
and flexibility with physical demographics among Japanese elementary 
and junior high school students. A total of 69 heels were included as 
participants in this study. The measurement items were age, height, 
weight, rohrer index, heel fat pad thickness and flexibility. The heel fat 
pad thickness and flexibility was measured using an ultrasound probe and 
Softgram (Shinko Denshi co.,ltd.). The heel fat pad thickness 
measurements were distance from the skin to the calcaneus was 
measured by applying the ultrasound probe both without (hereafter 
referred to as "non-pressure thickness") and with manually applied 
pressure to the measurement point (hereafter referred to as “pressure 
thickness”) . The heel fat pad flexibility evaluation consisted of 
subtracting non-pressure thickness by pressure thickness (thickness of 
change difference), and computing for the value when the thickness of 
change difference is divided by the non-pressure thickness and 
multiplied by 100 (thickness of change rate).  In addition to this, heel fat 
pad flexibility evaluation consisted of measuring using the softness 
sensor Softgram. Multiple regression analysis showed that weight and 
age were predictors of non-pressure thickness. On the other hand, 
pressure thickness was weight was a predictor of pressure thickness. In 
the relationship between heel fat pad flexibility and demographic data, 
the Softgram measurements showed a significantly fair correlation with 
age and significantly moderate correlations with height and weight. 
Multiple regression analysis further showed that body weight was a 
predictor of Softgram measurements. This results suggest that heel fat 
pad thickness and flexibility in elementary and junior high school 
students became thicker and stiffer, respectively, with increasing age, 
height and weight. Notably, both thickness and flexibility were 
particularly related to body weight.
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Introduction
The heel fat pad, which is made of fibrous adipose tissue, is designed to 

protect the lower limb by dispersing shock to the lower limb during loading 
[1,2]. Although its thickness has been reported to be related to heel pain, there 
has been no uniform consensus on whether heel pain occurs when the heel fat 
pad becomes thicker or thinner [1, 3-5]. Generally, the thickness of the heel 
fat pad increases with age until approximately 50 years of age and becomes 
thinner thereafter [6, 7]. However, few studies have reported detailed age-
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group data with regard to heel pain and heel pad thickness, 
especially in younger age groups. One example of heel pain 
in young individuals is Sever's disease, which afflicts many 
athletes [8, 9]. Sever's disease is reported to occur most often 
in individuals aged 5-11 years with calcaneal apophysitis, 
specifically affecting those who play sports or move their 
heels a lot. Moreover, this disease is directly related to 
calcaneal impact and muscle tendon overuse [10]. Therefore, 
examining the relationship between heel fat pad thickness 
and heel pain in young people may be useful in the prevention 
and treatment of heel pain.

Aside from its thickness, heel fat pad flexibility is also 
related to heel pain. According to a report by researchers. 
[4, 11-13], patients with heel pain had less flexible heels. 
However, it should be noted that reports on heel flexibility 
were only based on older patients. In other words, the 
flexibility of the heel fat pad has not be known in young 
subjects. To clarify the factors that cause heel pain in young 
individuals, we believe that it is important to investigate how 
heel thickness and flexibility affect heel pain. Therefore, this 
study was designed to investigate the relationship between 
heel thickness and flexibility and physical demographics 
(e.g., age, body size, height, and weight) of young individuals 
in Japanese elementary and junior high schools. Specifically, 
thickness was measured using an ultrasound device, and 
flexibility was assessed by evaluating the difference between 
normal measurement and constant pressure application 
using Softgram (Shinko Denshi Co., Ltd., Tokyo, Japan), a 
compression test measurement device [14-16].

Materials and Methods
Participants

A total of 38 healthy junior gymnasts with 76 heels were 
included as participants in this study (Table 1). The exclusion 
criteria were as follows: history of foot surgery, foot injury 
at the start of the study, and congenital malformations of 
the foot. This study adhered to the ethical standards of the 
Declaration of Helsinki and was approved by the Ethics 
Committee of Shijonawate-gakuen University (No. 20-9). 
All participants and their guardians gave their consent before 
participating.

Measurement of heel fat pad thickness
Thickness was measured using a Cprobe-5L ultrasound 

probe (Sonostar Technologies Co., Limited, China), and data 
were recorded in millimeters on an iPad (Apple 2017). One 
examiner performed the measurement. Measurements were 
taken using a modified version of Daniel et al.'s measurement 
method [1], with a measured intraclass correlation if 0.95 
(0.90-0.97) in the seated with their foot at 90° to the tibia 
position. In this study, the seated position was modified to 
the prone position, , and the position of the ankle joint is the 
same as in previous studies. Then, the examiner checked for 
maximum heel bulge on the plantar surface of the foot and 
placed the ultrasound probe just perpendicular to the plantar 
surface (Fig. 1). 

The distance from the skin to the calcaneus was measured 
by applying the ultrasound probe both without (hereafter 
referred to as "non-pressure thickness") (Fig. 2) and with 
manually applied pressure to the measurement point (hereafter 
referred to as “pressure thickness”) (Fig. 3). Measurements 
were taken three times each at random on the left and right 
sides, and the average value was recorded. Using the study 
data, the relationship of non-pressure and pressure thickness 
with demographic data (age, height, weight, and Laurel 
index) was investigated. Multiple regression analysis was 
also performed with non-pressure and pressure thickness as 
dependent variables and demographic data as independent 
variables.

Measurement of heel fat pad flexibility
Flexibility evaluation consisted of measuring using the 

softness sensor Softgram, subtracting non-pressure thickness 
by pressure thickness (thickness of change difference), 
and computing for the value when the thickness of change 
difference is divided by the non-pressure thickness and 
multiplied by 100 (thickness of change rate). The Softgram 
is a device that measures flexibility by measuring through 

Sex N Male: 10 Female: 28

Age years 11.3 ± 2 (7-14)

Height cm 137.3 ± 11.2 (118.5-156.5)

Weight kg 32 ± 7.6 (19.8-49.9)

Rohrer index kg/m3 121.8 ± 9.6 (104.5-145.3)

Table 1: Characteristics of the Study Subjects

Figure 1: The Position of the Limb When Using the Ultrasound 
System to Measure Heel Fat Pad Thickness. The examiner checks 
the area of maximum heel bulge on the plantar surface of the foot 
and places the ultrasound probe just perpendicular to
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spherical indentation and damped oscillation when the 
tip of the sensor is pressed against the measurement site  
[14-16]. Sawai et al. reported less than 5% variation in soft 
gram measurements. [17]. Subjects in this study underwent an 
examination in the prone position with the knee flexed at 90° 
and the ankle joint in the mid-range (Fig. 3). The skin surface 
of the heel was wiped thoroughly with alcohol cotton, and 

the Softgram was applied perpendicularly to the maximum 
bulge of the heel for measurement, which was performed 
three times each at random on the left and right. The average 
value was used as the study data. For the thickness of change 
rate, higher numerical values were interpreted to be softer. 
Using the study data, the relationships of measured Softgram 
values, thickness of change difference, and thickness of 
change rate with demographic data were investigated. 
Furthermore, variables that showed a strong relationship with 
the demographic data were further investigated as dependent 
variables.

Statistical analyses
The Shapiro-Wilk test was first performed to assess 

normality. Based on these results, the unpaired t-test 
or Mann-Whitney test was used for between-group 
comparisons. Pearson's correlation coefficient or Spearman's 
rank correlation coefficient was used to examine correlations. 
Multiple regression analysis was also performed using the 
stepwise method. The sample size was calculated using the 
G*power 3.1.9 software (Heine University, Dusseldorf, 
Germany), resulting in a minimum sample size of 34 heels 
with an alpha level of 0.05, a power analysis of 0.80, and 
an estimated effect size of 0.50. Correlation analysis results 
were then classified as follows: 0.00-0.20 (poor correlation), 
0.21-0.40 (fair correlation), 0.41-0.60 (moderate correlation), 
0.61-0.80 (strong correlation), and 0.81-1.00 (very strong 
correlation). Statistical analysis was performed using the 
IBM SPSS Statistics for Windows, version 20.0 software 
(IBM Corp., NY, USA), and statistical significance was set 
at p < 0.05. 

Results
From the 76 heels included in the study, seven heels 

developed pain, leading to the analysis of only 69 heels 
(Table 2).

In the relationship between heel fat pad thickness and 
demographic data, non-pressure thickness showed a very 

calcaneum calcaneum 

Figure 2: Measurement for Non-pressure and Pressure Thickness. (A) The distance from the skin to the calcaneus is measured by applying 
the ultrasound probe without applying pressure to the measurement point. (B) The distance from the skin to the calcaneus is measured by 
applying the ultrasound probe with maximum pressure at the measurement point. the plantar surface. (A) Non-pressure thickness. (B) Pressure 
thickness.

Figure 3: The Softgram is used to Measure the Heel Fat Pad. 
Measurements are taken by applying Softgram perpendicularly to 
the maximum bulge of the heel.
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Sex heel Male: 20 Female: 49

Age years 11.1 ± 2

Height cm 136.2 ± 11

Weight kg 31.5 ± 7.6

Rohrer index kg/m3 122.6 ± 9.6

Non-pressure thickness mm 11.6 ± 2.3

Pressure thickness mm 5 ± 1.4

Softgram kPa 124.8 ± 49.6

Thickness of change difference mm 6.6 ± 1.6

Thickness of change rate % 57.3 ± 7.9

Table 2: Demographic Data of the Study Participants

Age Height Weight Rohrer 
index

Non-
pressure 
thickness

Pressure 
thickness Softgram

Thickness 
of change 
difference

Thickness 
of change 

rate
Age .851** .869** 0.062 .826** .631** .397** .602** -0.174

0 0 -0.614 0 0 -0.001 0 -0.154

Height .851** .956** -0.204 .781** .619** .442** .530** -0.146

0 0 -0.092 0 0 0 0 -0.232

Weight .869** .956** 0.14 .800** .661** .412** .528** -0.178

0 0 -0.251 0 0 0 0 -0.144

Laurel index 0.062 -0.204 0.14 0.154 0.217 0.021 0.027 -0.152

-0.614 -0.092 -0.251 -0.208 -0.073 -0.867 -0.825 -0.211

Non-pressure 
thickness .826** .781** .800** 0.154 .709** .381** .778** -0.116

0 0 0 -0.208 0 -0.001 0 -0.341

Pressure 
thickness .631** .619** .661** 0.217 .709** .315** 0.172 -.732**

0 0 0 -0.073 0 -0.008 -0.159 0

Softgram 
measurements .397** .442** .412** 0.021 .381** .315** .299* -0.145

-0.001 0 0 -0.867 -0.001 -0.008 -0.012 -0.235
Thickness of 
change difference .602** .530** .528** 0.027 .778** 0.172 .299* .505**

0 0 0 -0.825 0 -0.159 -0.012 0

Thickness of 
change rate -0.174 -0.146 -0.178 -0.152 -0.116 -.732** -0.145 .505**

-0.154 -0.232 -0.144 -0.211 -0.341 0 -0.235 0

Table 3: Correlation Coefficients of the Measurement Items

Table 4: Results of Multiple Regression Analysis for Non-pressure Thickness

Unstandardized 
coefficients Standardized 

coefficients (β) p
95% confidence interval

(β) Lower Upper VIF
Constant 2.422 0.01 0.598 4.247

Weight 0.177 0.581 0 0.097 0.256 3.635

Age 0.324 0.279 0.037 0.021 0.627 3.635

VIF: Variance Inflation Factor
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strongly significant correlation (r = 0.826) with age and 
a strongly significant correlation (r = 0.781 and r = 0.800, 
respectively) with height and weight. Meanwhile, pressure 
thickness showed a strongly significant correlation (r = 0.631, 
r = 0.619, and r = 0.661, respectively) with age, height, and 
weight (Table 3). Multiple regression analysis showed that 
the predictive equation for non-pressure thickness was 2.422 
+ 0.177 body weight + 0.324 age, indicating that weight and
age were predictors of non-pressure thickness (F: 73.523, R2:
0.681, p < 0.01) (Table 4). On the other hand, the predictive
equation for pressure thickness was 1.040 + 0.125 body
weight, indicating that weight was a predictor of pressure
thickness (F: 51.115, R2: 0.424, p < 0.01) (Table 5). The
Laurel index was not significantly correlated with any of the
items (Table 3).

In the relationship between heel fat pad flexibility and 
demographic data, the Softgram measurements showed a fair 
significantly correlation with age (r = 0.397) and a moderate 
significantly correlations with height and weight (r = 0.442 
and r = 0.412, respectively) (Table 3). Multiple regression 
analysis further showed that the predictive equation for 
Softgram measurements was 27.003 + 3.104 body weight, 
indicating that body weight was a predictor of Softgram 
measurements (F: 19.698, R2: 0.216, p < 0.01) (Table 6).

Lastly, thickness of change difference showed a 
moderate significantly correlations (r = 0.602, r = 0.530, and 

r = 0.528, respectively) with age, height, and weight and a 
strongly significant correlation (r = 0.778) with non-pressure 
thickness. Multiple regression analysis further showed that 
the predictive equation for thickness of change difference 
was 2.693 + 0.124 body weight, indicating that weight was 
a predictor of thickness of change difference (F: 39.267, 
R2: 0.360, p < 0.01) (Table 7). In contrast, no significant 
correlations were observed for thickness of change rate.

Discussion
This study investigated the relationship of heel thickness 

and flexibility with physical demographics (e.g., age, body 
size, height, and weight) among Japanese elementary and 
junior high school students. Results showed that heel fat pad 
thickness became thicker with increasing body weight and 
age and that flexibility became stiffer with increasing body 
weight.

The heel fat pad thickness of healthy adults is reported to 
be in the range of 12-28 mm [18-23], and the mean values in 
Japanese individuals aged 6-14 years are reported to be 12.7 
mm for male individuals and 12.1 mm for female individuals 
[7]. In this study, the mean values measured were 12.1 mm 
for males individuals and 11.6 mm for female individuals, 
which were similar to the values reported in previous reports 
[7, 18-23]. Heel fat pad thickness in young individuals has 
been shown to increase with increasing weight and age in this 

Unstandardized 
coefficients Standardized 

coefficients (β) p
95% confidence interval

(β) Lower Upper VIF

Constant 1.04 0.07 -0.089 2.169

Weight 0.125 0.658 0 0.09 0.16 1

VIF: Variance Inflation Factor

Table 5: Results of multiple regression analysis for pressure thickness

Table 6: Results of Multiple Regression Analysis for Softgram Measurements

Unstandardized 
coefficients Standardized 

coefficients (β) p
95% confidence interval

(β) Lower Upper VIF

Constant 27.003 . 238 -18.233 72.24

Weight 3.104 . 477 0 1.708 4.5 1

VIF: Variance Inflation Factor

Unstandardized 
coefficients Standardized 

coefficients (β) p
95% confidence interval

(β) Lower Upper VIF

Constant 2.693 0 1.408 3.977

Weight 0.124 0.608 0 0.085 0.164 1

VIF: Variance Inflation Factor

Table 7: Results of Multiple Regression Analysis for Thickness of Change Difference
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studies. Maemichi et al. [7] reported that heel fat pad thickness 
increased from 1-5 to 30-44 years of age, whereas it decreased 
from 30-44 to 80-96 years of age. Furthermore, they reported 
that weight and height were well-correlated with the heel fat 
pads in male individuals. A study by Tas et al. [24] including 
subjects aged 19-50 years of age showed a good correlation (r 
= 0.68, p < .001) with body weight and a moderate correlation 
(r = 0.42, p = -.001) with height, suggesting that the heel fat 
pad becomes thicker with increasing age, height, and weight 
up to a certain point in middle age. 

Considering the results of this study, heel fat pad thickness 
in young individuals was dependent on age, height, and weight, 
since it adapts to protect impact from the heel, especially with 
increased age and weight. However, no correlation was found 
between heel fat pad thickness and the Laurel index. Tas et al. 
[24] also reported a moderate correlation between heel fat pad
thickness and body mass index (BMI) in 87 participants. On
the other hand, a comparison of men and women with similar
BMI showed that men had significantly thicker heel fat pads
than women [25]. As conflicting findings suggested that a
consistent opinion on BMI has not been reached, multiple
regression analysis was conducted with age, height, weight,
and BMI as explanatory variables. As a result, weight and
age were significant for non-pressure thickness, and weight
was significant for pressure thickness. Therefore, weight was
considered to be the main factor for heel fat pad thickening.

For heel fat pad flexibility, Softgram measurements 
showed that the heel fat pad became stiffer with increasing age, 
height, and weight. More importantly, weight was extracted 
as a significant factor for heel fat pad flexibility. Ozdemir et 
al. [4] examined 67 heels of individuals aged 23-73 years and 
reported that an increase in the heel fat thickness pad due 
to aging and weight gain decreased heel fat pad flexibility. 
Similarly, Belhan et al. [5] reported a decrease in elasticity 
with the increasing thickness of the heel fat pad. In addition, 
this study showed that this relationship between flexibility 
and thickness remained true in younger individuals, wherein 
the heel fat pad was estimated to absorb 20-25% of the contact 
force applied to the heel during walking [26]. Furthermore, 
Jørgensen [27] reported that running doubles the pressure 
on the heel fat pad. Thus, when heel fat pad flexibility is 
reduced due to degeneration or inflammation in older adults, 
heel pain is often accompanied with greater impact [4,11-13]. 
In growing subjects such as those included in this study, the 
phenomenon of decreasing flexibility with thickening heel 
fat pad may be attributed to the process of growth. However, 
this study did not investigate this relationship with pain. In 
the future, it might be beneficial to examine the relationship 
between decreased flexibility and heel pain in young adults.

Thickness of change difference and thickness of change 
rate were measured as indirect indices to evaluate the quality 
of the heel fat pad. Normally, if the thickness of change 

difference is large, a high flexibility is inferred. However, 
this only holds true when the heel fat pad thickness is 
approximately the same, and one can assume that a thicker 
heel fat pad is associated with a larger thickness of change 
difference. In this study, the correlation coefficient between 
thickness of change difference and non-pressure thickness 
was 0.778, which indicated a good correlation. Therefore, 
it was considered appropriate to evaluate the heel fat pad 
flexibility by the thickness of change rate. In previous studies, 
a similar evaluation of flexibility was performed using the 
heel pad compressibility index [28, 29]. 

This index was calculated with the help of radiography 
by dividing the thickness of the heel fat pad during loading 
by the thickness of the heel fat pad during non-loading. In 
this study, there was no significant correlation between the 
thickness of change rate and values measured by Softgram. 
This is because the thickness of change rate is the compression 
rate of the entire heel fat pad, whereas Softgram measures the 
flexibility of the depth up to 5 mm. It is therefore possible that 
measurements were evaluated from different perspectives. 
For example, the heel fat pad consists of two layers—the 
microchamber and macrochamber layers. The thickness of 
the microchamber layer increases from 15-29 years of age 
and does not change thereafter, whereas the macrochamber 
layer increases from 30-44 years of age [7]. In this study, 
the average thickness of the microchamber layer from the 
surface layer was 2.2 mm in subjects aged 6-14 years, and the 
average thickness of the macrochamber layer was reported to 
be 9.9-10.5 mm. Given this, the structure of the heel fat pad 
can be considered to be different inside, which was not well 
captured due to the tissue changes within 5 mm. Thus, it is 
possible that the values shown by Softgram did not correlate 
with the thickness of change rate. In the future, it is important 
to verify these findings by examining how the Softgram 
values and thickness of change rate are related.

Despite these findings, there are certain limitations in this 
study. First, the results may vary with different ages due to the 
limited age range of the subjects. Moreover, the possibility of 
errors in Softgram measurements due to various reasons (e.g., 
skin thickening) has not been investigated. This error is also 
true for ultrasound measurements. Finally, the pooling of left 
and right limbs is problematic, and it is unclear if or how the 
regression models.

Conclusion
To clarify the factors that cause heel pain in young 

individuals, we investigated the relationship of heel fat pad 
thickness and flexibility with the physical demographics (e.g., 
age, body size, height, and weight) of young individuals in 
Japanese elementary and junior high schools. Results showed 
that heel fat pad thickness and flexibility in elementary 
and junior high school students became thicker and stiffer, 
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respectively, with increasing age, height and weight. Notably, 
both thickness and flexibility were particularly related to 
body weight. 
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