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Background: Calcaneal apophysitis is the most common cause of heel pain in children and adolescents. However, the relation-
ship between skeletal maturity and heel pain in the specific youth cohort is unclear.

Purpose: To clarify the relationship between the maturity stages of the calcaneal apophysis and heel pain in youth baseball
players.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: A total of 336 youth male baseball players participated in this study. Ultrasound scanning of the calcaneal apophysis
was performed along the longitudinal line connecting the middle of the Achilles tendon, the middle of the calcaneus, and the sec-
ond toe, between the proximal calcaneal edge and the medial calcaneal tubercle. The authors classified the maturity of the cal-
caneal apophysis into 5 stages, from nonpresence of the apophysis (stage 1) to complete fusion (stage 5). The diagnosis of heel
pain was based on subjective report of feeling pain on the squeeze test. The relationship between the maturity stages and phys-
ical characteristics was investigated using 1-way analysis of variance or the Kruskal-Wallis test, and the relationship between the
maturity stages and heel pain was investigated using the chi-square test.

Results: Of the 336 players, 49 had heel pain, for a prevalence of 14.6%. Eighteen (5.4%) players had unilateral heel pain, and 31
(9.2%) players had bilateral heel pain. There were no significant differences in the maturity stages of the calcaneal apophysis
between the players with no heel pain and those with heel pain. However, no players had heel pain during stage 5, when the cal-
caneus had completed its maturation.

Conclusion: The prevalence of heel pain was 14.6% in Japanese youth male baseball players. There was no relationship between
the maturity stages of the calcaneal apophysis and heel pain. Heel pain that could be associated with calcaneal apophysitis did
not occur during stage 5, when maturation of the calcaneal apophysis was complete.
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Calcaneal apophysitis, also known as Sever disease, is the
most common cause of heel pain in children and adoles-
cents. Generally, this condition is believed to be caused
by repeated traction loading of the Achilles tendon and
plantar fascia, inserted in the calcaneus, and compression
loading against the calcaneal apophysis. The incidence of
calcaneal apophysitis is approximately 0.4% to 16.3% of
musculoskeletal injuries in children and adolescents and
is higher in children who participate in sports that include
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running and jumping, such as soccer, basketball, gymnastics,
and track and field.! Calcaneal apophysitis tends to occur in
boys aged 7 to 15 years, particularly in active boys aged 10 to
12 years, and in girls aged 5 to 13 years.??> However,
researchers have reported that calcaneal apophysitis occurs
more frequently during the prepeak height velocity period
(<88% of adult height) in youth soccer players.'®
Apophyseal overuse injuries in children and adolescents
occur during the skeletal immature period when the
apophysis is unfused.®'%1? Previous studies have shown
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‘ 367 male youth baseball players were recruited ‘

31 players excluded:
« 28 lacked data on physical characteristics
« 3 lacked ultrasound images

‘ 336 players participated in this study ‘

} }

}

287 players with no heel pain ‘ ‘ 18 players (5.4%) with unilateral heel pain ‘ ‘ 31 players (9.2%) with bilateral heel pain

Figure 1. Flowchart of exclusion criteria and the outcomes.

the relationship between skeletal maturity and lumbar
bone stress injury, which is thought to occur in the early
stage of lumbar spondylolysis, and Osgood-Schlatter dis-
ease.>172426:29 Tn particular, Tsutsui et al®® and Takei
et al?* showed that immature epiphyses were a risk factor
for bilateral lumbar bone stress injury and Osgood-
Schlatter disease, respectively. The relationship between
calcaneal apophysitis and skeletal maturity has been
reported using radiography.* Duong et al* reported that cal-
caneal apophysitis tended to occur at stage 2 (where stages
are indicated from O to 5), defined as when the apophysis
covers >50% of the metaphysis but does not extend to the
plantar edge. However, no studies have reported the rela-
tionship between skeletal maturity of the calcaneal apophy-
sis and calcaneal apophysitis in a specific youth cohort.

The aim of this study was to clarify the relationship
between the maturity stages of the calcaneal apophysis
and heel pain. Previous studies have evaluated the devel-
opment of the calcaneal apophysis using radiography, com-
puted tomography (CT), and magnetic resonance
imaging.>461621.22.27 Hawever, the maturity stages of
the tibial tuberosity have previously been evaluated using
ultrasonography based on the 4 maturity stages created by
Ehrenborg and Lagergren® (cartilaginous stage, apophy-
seal stage, epiphyseal stage, and bony stage) 17182429
Therefore, in this study, we used ultrasound to investigate
the maturity stages of the calcaneal apophysis.

METHODS
Study Design

The protocol for the current study was approved by the
ethics committee of our institution, and all participants
and their parents provided informed consent before meas-
urements were obtained. We followed the guidelines of the
STROBE (Strengthening the Reporting of Observational

Studies in Epidemiology) statement. This was a cross-
sectional study of Japanese youth male baseball players.
Based on a power analysis (SPSS Version 28; IBM), a mini-
mum sample size of 144 would have an assumed type 1 error
of 0.05 and statistical power of 0.80. The prevalence of each
group was set at 0.1 and 0.3 based on a previous study of
Osgood-Schlatter disease by Takei et al.?*

Participants

For this study, we recruited 367 youth male baseball play-
ers between January and March 2023. All participants
belonged to regional league baseball teams in Tokyo,
Japan, and practiced 2 days per week for 3 to 6 hours
per day on average. We focused on male baseball players
between the ages of 7 and 15 years because they are
more susceptible to developing calcaneal apophysitis. We
based the diagnosis of heel pain on the participant’s subjec-
tive report of feeling pain on the squeeze test.” The squeeze
test is the most common examination for diagnosing calca-
neal apophysitis (Sever disease) and is conducted by com-
pressing the medial and lateral aspects of the calcaneus.
Other diagnoses for lower limbs were not explored. Partici-
pants were asked to complete a questionnaire to obtain rel-
evant personal information (age, sex, height, and weight).

Of the 367 initially recruited participants, 31 were
excluded (28 for lack of information on physical character-
istics and 3 for lack of ultrasound images), leaving 336 par-
ticipants for analysis. Of the 336 players, 49 had heel pain,
for a prevalence of 14.6%. Of the 49 players with heel pain,
18 (5.4%) players had unilateral heel pain and 31 (9.2%)
players had bilateral heel pain (Figure 1).

Ultrasonography

Participants were asked to lie in the prone position with
the knee fully extended and ankle joint kept in the neutral
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position (Figure 2A). The skeletal maturity of the calcaneal
apophysis was examined using an ultrasound device
(Noblus; Hitachi) and the linear probe (L55, 7.5 MHz; Hita-
chi). An examiner (Y.H.), who is an experienced user of the
ultrasound device and specializes in sports medicine as
a graduate student, conducted the ultrasound measure-
ments in all participants. The calcaneal apophysis was
scanned along the longitudinal line connecting the middle
of the Achilles tendon, the middle of the calcaneus, and the
second toe (Figure 2, B and C), between the proximal calca-
neal edge and the medial calcaneal tubercle. We measured
the consecutive ultrasound images of the calcaneal apoph-
ysis, attaching 2 polypropylene strings to the linear probe
as a landmark. In addition, after attaching the electronic
angle meter (PT180; R&D Instrument Services) to the
probe and defining the probe angle at the measurement
starting point on the sagittal plane as the standard point
(0°), we recorded the probe angle from the standard point
on the sagittal plane at each image measurement (Figure
2A). During analysis, each image was trimmed based on
2 landmarks. After trimming, we created the calcaneal out-
line image by joining each image together based on the
probe angle at the measurement. The same examiner
(Y.H.) created all calcaneal outline images.

Maturity Stages of the Calcaneal Apophysis

We created 5 maturity stages of the calcaneal apophysis.
Stage 1 was characterized by the nonpresence of the apoph-
ysis (Figure 3). Stage 2 was characterized by the presence of
several small secondary ossification centers of the calcaneus
or the apophysis covering <50% of the metaphysis. Stage 3
was characterized by the apophysis covering >50% of the
metaphysis. Stage 4 was characterized by complete fusion
of the apophysis of the Achilles tendon side but incomplete
fusion of apophysis of the plantar fascia side. Stage 5 was
characterized by complete fusion of the apophysis.

In participants with a discrepancy in maturity stage
between the left and right sides (n = 32), we used the
side with the more advanced maturity stage. However, in
the group with unilateral heel pain, when clarifying the
relationship between maturity stages and heel pain, we
used the stage of the side with heel pain in the analysis
(2 participants in this group had a discrepancy in maturity
stage between the left and right sides).

Statistical Analysis

All statistical analyses were performed using SPSS soft-
ware (Version 28; IBM). The intrarater and interrater reli-
abilities were examined using quadratically weighted
kappa (k) coefficients. To assess the intrarater reliability
of the maturity stage classifications, the examiner (Y.H.)
reclassified a random 10% (65 images) of all ultrasound
images at least 1 month after the first evaluation. To
assess interrater reliability, another examiner (A.H.), an
experienced physical therapist, classified a random 10%
of all ultrasound images. The intrarater reliability was «
= 0.980, and the interrater reliability was k = 0.814; both
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Figure 2. (A) Participant position during ultrasound measure-
ment. (B and C) Probe position of the calcaneal apophysis at
the ultrasound measurement. The black solid line represents
the measurement section; the black dotted line represents
the longitudinal line for measurement.

indicated almost perfect agreement.!! Therefore, the
results of the first classification by the examiner (Y.H.)
who conducted the ultrasound measurements were used
in the analysis.

We investigated the relationship between the maturity
stages of the calcaneal apophysis and the physical charac-
teristics of the players using 1-way analysis of variance or
the Kruskal-Wallis test with a Dunn-Bonferroni post hoc
test. To compare the differences among the 3 study groups
(no heel pain, unilateral pain, and bilateral pain), we used
1-way analysis of variance or the Kruskal-Wallis test. We
investigated the relationship of heel pain to maturity stage
of the calcaneal apophysis and age using the chi-square
test. The level of significance was defined as P < .05.

RESULTS

Table 1 shows the physical characteristics of each maturity
stage. There was a significant difference in participant age,
height, and weight among the maturity stages (P < .001).
The results of the Dunn-Bonferroni post hoc test revealed
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Figure 3. The 5 maturity stages of the calcaneal apophysis as shown on sagittal plane ultrasound images. Stage 1: nonpresence
of the apophysis; stage 2: several small secondary ossification centers of calcaneus present or apophysis covering <50% of the
metaphysis; stage 3: apophysis covering >50% of the metaphysis; stage 4: complete fusion of the apophysis of the Achilles ten-
don side but incomplete fusion of the apophysis of the plantar fascia side (arrow); stage 5: complete fusion of the apophysis.

TABLE 1
Physical Characteristics of Players by Maturity Stage of the Calcaneal Apophysis®
Overall Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
(N = 336) (n=12) (n = 86) (n = 202) (n =32) (n=4)

Age, y

Median (IQR) 10.8 (9.6-12.0) 7.3 (7.2-8.4) 9.3 (8.7-9.9) 11.4 (10.3-12.1) 12.2 (11.8-12.5) 12.5 (12.3-14.8)

Range 7.0-15.5 7.0-9.7 7.3-11.1 8.0-12.8 10.7-15.3 12.3-15.5

Significant difference® — Stages 3, 4, 5 Stages 3, 4, 5 Stages 1, 2, 4 Stages 1, 2, 3 Stages 1, 2
Height, cm

Median (IQR) 142.0 (134.0-151.0) 121.9 (117.1-123.6) 132.0 (128.0-136.9) 145.0 (140.0-151.7) 160.0 (150.2-163.8) 163.4 (161.2-164.6)

Range 115.0-173.0 115.0-130.0 118.0-152.0 129.0-170.0 142.0-175.0 160.5-165.0

Significant difference® — Stages 2, 3,4, 5 Stages 1, 3,4, 5 Stages 1,2, 4,5 Stages 1, 2, 3 Stages 1,2, 3
Weight, kg

Median (IQR) 37.8 (30.6-45.0) 24.1 (21.2-27.0) 29.0 (26.0-32.0) 40.0 (35.4-45.4) 52.1 (46.5-58.8) 63.3 (60.6-73.0)

Range 20.0-77.5 20.3-30.0 20.0-51.0 24.5-75.0 38.0-77.5 60.5-75.5

Significant difference® — Stages 3, 4, 5 Stages 3, 4, 5 Stages 1, 2, 4 Stages 1, 2, 3 Stages 1, 2

“Dashes indicate not applicable. IQR, interquartile range.
*Kruskal-Wallis test.
“One-way analysis of variance.

significant differences between each maturity stage (Table
1).

Table 2 shows the physical characteristics of the 3 study
groups. There were no significant differences in any of the
physical characteristics among the groups. Figure 4 dis-
plays the percentage and number of players for each group
according to maturity stage. No players had unilateral heel
pain or bilateral heel pain during stage 5. There were no
significant differences in maturity stage or age between
the players with no heel pain and those with unilateral
heel pain (Table 3). In addition, maturity stage and age
were not significantly different between the no heel pain
group and bilateral group (Table 4).

DISCUSSION

In this study, we evaluated the relationship between the
maturity stages of the calcaneal apophysis and heel pain
using ultrasound, with high intrarater and interrater reli-
ability, and found that age and height were higher and

weight was heavier as the maturity of the calcaneal apoph-
ysis advanced. This indicates that the maturity stages of
the calcaneal apophysis we created may reflect skeletal
maturity. Moreover, none of the participants experienced
heel pain during stage 5, when the calcaneus had com-
pleted its maturation.

Of the 336 Japanese youth male baseball players
included in this study, 49 had unilateral or bilateral heel
pain, and the prevalence of heel pain was 14.6%. The inci-
dence of calcaneal apophysitis has been reported to be
between 0.4% and 16.3% of musculoskeletal injuries in
children and adolescents.’ The prevalence of heel pain in
our study is consistent with these data, although it could
not be diagnosed as calcaneal apophysitis. A previous
study showed that the incidence of calcaneal apophysitis
was higher in children playing sports that included run-
ning and jumping, such as soccer, basketball, gymnastics,
and track and field.'* The findings of our study suggest

YReferences 1, 3, 10, 14, 19, 20, 23, 26, 28.
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TABLE 2
Comparison of Physical Characteristics Between the 3 Groups®
Variable No Heel Pain (n = 287) Unilateral Heel Pain (n = 18) Bilateral Heel Pain (n = 31) P
Age, y 10.8 (9.5-12.0) 11.6 (9.5-11.9) 10.4 (9.8-11.3) 547°
Height, cm 142.3 (134.9-151.0) 141.8 (133.0-153.1) 141.0 (133.0-146.0) .518°¢
Weight, kg 38.0 (30.5-45.8) 39.5 (30.8-45.0) 35.9 (30.0-42.0) .639°

“Data are presented as median (interquartile range).
*Kruskal-Wallis test.
“One-way analysis of variance.

TABLE 3
Comparison of Maturity Stage and Participant Age Between Players With No Heel Pain Versus Unilateral Heel Pain®
Variable n Unilateral Heel Pain, n (%) RR (95% CI) P
Maturity stage
Stage 1 10 0 (0.0) — 421
The others 295 18 (6.1)
Stages 1, 2 89 5(5.6) 0.933 (0.343-2.541) .893
The others 216 13 (6.0)
Stages 1, 2, 3 273 17 (6.2) 1.993 (0.274-14.480) 481
The others 32 1@3.1)
Stages 1, 2, 3, 4 301 18 (6.0) — .614
The others 4 0 (0.0)
Age, y
<9.0 48 1(2.1) 0.315 (0.043-2.311) 221
>9.0 257 17 (6.6)
<10.0 100 7(7.0) 1.305 (0.521-3.264) 570
>10.0 205 11 (5.4)
<11.0 156 7 (4.5) 0.608 (0.242-1.526) .283
>11.0 149 11 (7.4)
<12.0 226 15 (6.6) 1.748 (0.520-5.878) .357
>12.0 79 3(3.8)

“RR, relative risk.
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n=12) (n =86) (n =202) (n=32) (n=4)

Figure 4. Percentage of participants in each study group according to maturity stage.
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TABLE 4
Comparison of Maturity Stage and Participant Age Between Players With No Heel Pain Versus Bilateral Heel Pain®
Variable n Bilateral Heel Pain, n (%) RR (95% CI) P
Maturity stage
Stage 1 12 2 (16.7) 1.759 (0.474-6.529) 410
The others 306 29 (9.5)
Stages 1, 2 93 9(9.7) 0.990 (0.474-2.068) 978
The others 225 22 (9.8)
Stages 1, 2, 3 284 28 (9.9) 1.117 (0.359-3.481) .847
The others 34 3(8.8)
Stages 1, 2, 3, 4 314 31 (9.9) — 508
The others 4 0 (0.0)
Age,y
<9.0 50 3 (6.0) 0.574 (0.182-1.817) .330
>9.0 268 28 (10.4)
<10.0 105 12 (11.4) 1.281 (0.647-2.539) 478
>10.0 213 19 (8.9)
<11.0 170 21 (12.4) 1.828 (0.890-3.756) .093
>11.0 148 10 (6.8)
<12.0 237 26 (11.0) 1.777 (0.706-4.474) .209
>12.0 81 5(6.2)

“RR, relative risk.

that calcaneal apophysitis is also more likely to occur in
youth baseball players.

In this study, the mean age of the participants in the
unilateral heel pain group was 11.6 years (interquartile
range [IQR], 9.5-11.9 years), whereas in the bilateral heel
pain group, it was 10.4 years (IQR, 9.8-11.3 years). The
time at which calcaneal apophysitis frequently occurs is
usually described using chronological age in the literature.
As calcaneal apophysitis occurs in boys aged 7 to 15 years
and is more likely to occur in active boys aged 10 to 12
years,?> the participants in the heel pain group in the cur-
rent study may have had calcaneal apophysitis.

Participant age was higher as the maturity stages
of the calcaneal apophysis advanced. In this study, the 4
stages of calcaneal apophysis maturity we defined using
ultrasound—stages 1, 2, 3, and 5—were similar to those in
a previous study in which the authors created 6 maturity
stages using radiography.’® Of the maturity stages of the
calcaneal apophysis defined similarly to the previous study,
the minimum age of each maturity stage, except for stage 1,
was 7.3 years in stage 2, 8.0 years in stage 3, and 12.3 years
in stage 5. In contrast, Nicholson et al'® reported that the
minimum age of boys was 7.9 years in stage 1, 10.0 years
in stage 2, and 13.9 years in stage 5, which corresponds to
stage 2, stage 3, and stage 5 in our study, respectively.
The study by Nicholson et al was a 10- to 15-year longitudi-
nal evaluation of 94 American children (49 girls and 45
boys) aged 3 to 18 years using radiography. The study
design, age range of the players, and race differed between
the current research and the study by Nicholson et al.
Despite differences in imaging equipment, it is possible
that Japanese boys may be earlier than Americans in the
maturation of the calcaneal apophysis. Moreover, in Japa-
nese boys, the maturation of the calcaneal apophysis may
be completed by approximately 12 years of age.

Of the maturity stages of the calcaneal apophysis we
created in this study, stage 4 was defined by complete
fusion of the apophysis of the Achilles tendon side
but incomplete fusion of the apophysis of the plantar
fascia side. In all study participants, at stage 4, the fusion
of the apophysis proximally (on the Achilles side)
always preceded distal (plantar fascia side) fusion. In con-
trast, a study by Blythe et al® using a CT device and an
11-stage maturity classification of the calcaneal apophy-
sis showed that the fusion of the calcaneal apophysis of
the Achilles tendon side occurred after the fusion of the
calcaneal apophysis of the plantar fascia side. In our
study, we created the maturity stages of the calcaneal
apophysis using ultrasound images scanned in a specific
cross section, whereas Blythe et al created the maturity
stages using CT images scanning multiple cross sections.
Therefore, the fusion process of the calcaneal apophysis
may differ depending on the imaging section of the
calcaneus.

We found no relationship between the maturity stages
of the calcaneal apophysis and heel pain in Japanese youth
male baseball players. In this study, heel pain that could
be associated with calcaneal apophysitis occurred during
stages 1 to 4, when the calcaneal apophysis is immature,
and it did not occur during stage 5, when maturation of
the calcaneal apophysis was complete. Calcaneal apophysi-
tis is cured by fusion of the apophysis with the calcaneal
metaphysis,'® which could be consistent with our results.
Calcaneal apophysis is subjected to traction, compression,
and impact loading from the ground, resulting in loads
from multiple directions compared with the tibial tuberos-
ity. The mechanism of heel pain in children and adoles-
cents is multifaceted, and it is possible that there was no
relationship between maturity stages of the calcaneal
apophysis and heel pain in this study.
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Limitations

This study has several limitations. First, we did not exam-
ine the reproducibility of scanning the calcaneal outline
image using ultrasound. All ultrasound images of calca-
neal outline were scanned by a single examiner. Therefore,
the reproducibility of scanning the calcaneal outline image
using ultrasound needs to be investigated. In addition, we
classified the maturity stages of the calcaneal apophysis
using ultrasound images that scanned a specific cross sec-
tion. The study by Blythe et al® using CT showed that the
medial calcaneal apophysis ossified before the lateral pro-
cess, and the lateral calcaneal apophysis started fusion
before the medial process. Therefore, the process of ossifica-
tion and fusion of the calcaneal apophysis may differ depend-
ing on the imaging section of the calcaneus. Finally, the
number of players per maturity stage was highly skewed.
Therefore, it may have been difficult to determine the statis-
tical significance of each of the different maturity groups.

CONCLUSION

The prevalence of heel pain was 14.6% in this study. There
was no relationship between maturity stages of the calca-
neal apophysis and heel pain. However, heel pain that
could be associated with calcaneal apophysitis occurred
during maturity stages 1 to 4, when the calcaneal apophy-
sis was immature, and it did not occur during stage 5,
when maturation of the calcaneal apophysis was complete.
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