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Achilles Tendon Length Is Not Related to 100-m Sprint Time
in Sprinters
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Mitsuo Otsuka, Akinori Nagano, and Tadao Isaka
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This study examined the relationship between Achilles tendon (AT) length and 100-m sprint time in sprinters. The AT lengths at
3 different portions of the triceps surae muscle in 48 well-trained sprinters were measured using magnetic resonance imaging. The
3 AT lengths were calculated as the distance from the calcaneal tuberosity to the muscle—tendon junction of the soleus,
gastrocnemius medialis, and gastrocnemius lateralis, respectively. The absolute 3 AT lengths did not correlate significantly with
personal best 100-m sprint time ( = —.023 to .064, all Ps >.05). Furthermore, to minimize the differences in the leg length among
participants, the 3 AT lengths were normalized to the shank length, and the relative 3 AT lengths did not correlate significantly
with personal best 100-m sprint time (r=.023 to .102, all Ps>.05). Additionally, no significant correlations were observed
between the absolute and relative (normalized to body mass) cross-sectional areas of the AT and personal best 100-m sprint time
(r=.012 and .084, respectively, both Ps > .05). These findings suggest that the AT morphological variables, including the length,
may not be related to superior 100-m sprint time in sprinters.
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Superior sprint performance is achieved using gross torques of
the lower limb joints' potentially by increasing peak vertical ground
reaction force.>3 The Achilles tendon (AT) plays an important role
in storing and returning elastic energy during the stance phase of
human locomotion, including sprinting.* Thus, the favorable AT
morphology may increase in the ankle plantar flexor torque and peak
vertical ground reaction force and may help achieve superior sprint
performance.*> Using magnetic resonance imagining (MRI), we
and others previously reported a positive correlation between
longer AT length and better running performance in endurance
runners.®’ Furthermore, one study by Monte and Zamparo®
determined that longer AT correlated with better sprint perfor-
mances, assessed using personal best 100-m sprint time and sprint
variables during a 20-m sprint in sprinters. The longer AT may be
an important morphological factor in achieving superior perfor-
mance in sprinters, similar to endurance runners, which may be
due to an increase in the plantar flexor torque and peak vertical
ground reaction force. Although the study of Monte and Zamparo®
measured the AT length using ultrasonography (US), MRI is more
appropriate for measuring morphological variables,”'° including
the AT length.%7 Additionally, although they measured only the
AT length of the gastrocnemius medialis (GMat), the AT length
can be measured from 3 different portions of the triceps surae,
including the soleus (SOL4t) and gastrocnemius lateralis (GLAt).”
Therefore, the impact of the AT length on sprint performance has not
been fully understood.

The plantar flexor torque is a major source of torques required
for body support and propulsion during the stance phase while
sprinting.! However, previous studies determined that although the
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plantar flexor torque was increased by changing velocity from
walking to running, it remained unchanged when altering velocity
from running to sprinting.'"!2 Thus, the plantar flexor torque may
not play an important role in increasing peak vertical ground
reaction force and achieving superior sprint performance during
100-m sprinting; in particular, a longer AT is not required for better
sprint performance. Based on this background, we hypothesized
that the AT length might not be related to sprint performance in
sprinters. To test this hypothesis, using MRI, we examined the
relationships between 3 AT lengths of the triceps surae and 100-m
sprint time in sprinters.

Methods

Participants

Forty-eight well-trained male sprinters (age, 20.7 [1.9] y) partici-
pated in this study. To determine the required sample size of this
study, we used 2 effect sizes (0.614 and 0.495, respectively, for
the knee extensor moment arm and forefoot bone length) of the
relationships between the morphological variables and personal
best 100-m sprint time in sprinters on our previous studies.!3!4 The
a and f levels employed 0.05 and 0.2 (80% power), respectively.
The calculated necessary number of subjects was 18 to 29 (ie, 29);
thus, we considered that the number of participants recruited in this
study was sufficient for ensuring statistical power and sensitivity.
The participants were involved in regular sprint training at least
5 times per week and had regular competition. Their personal best
time of a 100-m race within the past 1 year before the measurement of
this study ranged from 10.22 to 11.86 seconds (mean, 11.12 [0.43] s).
All participants were informed of the experimental procedures and
provided written consent to participate in this study. This study was
approved by the ethics committee of Ritsumeikan University (BKC-
IRB-2016-047).
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MRI

The MRI measurement was performed using a 1.5-T magnetic
resonance system (Signa HDxt; GE Medical Systems, Milwaukee,
WI). To measure cross-sectional area (CSA) and 3 lengths of the
AT, participants were placed in a supine position on the scanner
bed, with both legs fully extended and both ankles set at the neutral
position (ie, 0°).

Representative sagittal and axial images for calculating 3
lengths and CSA of the AT on MRI are shown in Figure 1. With
regard to the AT length measurement, 3D isotopic T;-weighted
MRI scans of the lower leg were acquired with 8-channel coil.
Sagittal scans were obtained in success slices with a repetition time
of 10.4 milliseconds, echo time of 3.3 milliseconds, slice thickness
of 1 mm, field of view of 38 cm, and matrix size of 288 x 288 pixels.
The AT lengths at 3 individuals muscles of the triceps surae were
calculated as the distances from the calcaneal tuberosity to the
muscle—tendon junction of the SOL (ie, SOL A1), GM (ie, GMaT),
and GL (ie, GLAT), respectively, as in our previous study.” To
minimize differences in the leg length among participants, the AT
lengths for each muscles were normalized to the shank length.”-!>
The shank length was measured using a tape measure and defined as
the distance from the proximal head of the fibula to the tip of the
lateral malleolus.”-!> In addition to the absolute AT lengths, the
relative AT lengths were used for the analysis of this study.

With regard to the AT CSA measurement, axial 7j-weighted
MRI scans of the lower leg were acquired with 8-channel coil.
Axial scans were obtained in successive slices with an interdistance
of 5 mm from the muscle—tendon junction of the SOL to the
calcaneal tuberosity with a repetition time of 600 milliseconds,
echo time of 7.7 milliseconds, slice thickness of 5 mm, field of view
of 380 mm, and matrix size of 512 x 256 pixels. The CSA of the
AT was calculated as an average of 10, 20, and 30 mm above the
distal insertion of the AT, as in our previous study.” To minimize
differences in body size among participants, the AT CSA was
normalized to body weight to the two-third power.”-1%17 In addition
to the absolute AT CSA, the relative AT CSA was used for the
analysis of this study.

Sagittal image
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The analyses for measuring the lengths and CSA of the AT
were conducted using image analysis software (OsiriX version 5.6;
OsiriX Foundation, Geneva, Switzerland). Each measurement was
performed twice, and the mean of the 2 measurements was used
for the analysis of this study. With regard to the 3 AT lengths,
coefficient of variations (CVs) of 2 measurements for the 3 AT
lengths in all participants were 0.9% (0.7%) for SOLAt, 0.3%
(0.3%) for GMt, and 0.4% (0.2%) for GLAT, respectively. In-
traclass correlation coefficients (ICC) of 2 measurements for each
AT length were .999 (95% confidence interval [CI], .995-.999) for
SOLAT, -999 (95% CI, .998-.999) for GMT, and .999 (95% CI,
.997-.999) for GL s, respectively. With regard to the AT CSA, CV
of 2 measurements for the AT CSA (ie, mean AT CSA) in all
participants was 0.5% (0.5%). ICC of 2 measurements for the AT
CSA was .999 (95% CI, .998-.999).

To further assess the reproducibility of the AT morphological
variable measurements obtained in the present study, in a prelimi-
nary study, we measured 3 lengths and CSA of the AT on 2 separate
days in 15 healthy young men (age, 21.9 [1.1] y; body height, 170.6
[4.1] cm; body weight, 64.5 [7.6] kg). ICCs of the 3 AT lengths and
CSA on the 2 days were .985 (95% CI, .957 .995) for SOLAT, .984
(95% CI, .953-.994) for GMT, -991 (95% CI, .973 .997) for GLAT,
and .984 (95% CI, .953-.995) for AT CSA, respectively.

Statistical Analysis

All data are presented as mean (SD). Relationships between the
AT morphological variables and personal best 100-m sprint time
were assessed using a Pearson’s product-moment correlation.
Statistical significance level was defined at P <.05. All statistical
analyses were conducted using SPSS (version 19.0; IBM Corp,
Armonk, NY).

Results

Mean values of physical characteristics and AT morphological
variables in sprinters are listed in Table 1. There were no significant

Axial images

GMy

Figure 1 — Representative sagittal and axial magnetic resonance image scans for calculating 3 lengths and CSA of the AT. Both sagittal and axial
images were used to measure 3 lengths of the AT. The 3 AT lengths were calculated as the distances from the calcaneal tuberosity to the muscle—tendon
junction of the SOL, GM, and GL. An axial image for the AT CSA was at 30 cm above the distal insertion of the AT. Axial images were used to measure
the AT CSA. The AT CSA was calculated as the average of 10, 20, and 30 mm above the distal insertion of the AT. AT indicates Achilles tendon; CSA,
cross-sectional area; GL, gastrocnemius lateralis; GM, gastrocnemius medialis; SOL, soleus.
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Table 1 Physical Characteristics and AT
Morphological Variables in Sprinters
Mean (SD) Range

Body height, cm 175.6 (4.9) 165.4-184.3
Body weight, kg 66.6 (5.1) 56.5-77.8
Body mass index, kg/m2 21.6 (1.2) 19.4-25.1
SL, cm 359 (1.4) 33.4-38.6
AT length

SOL T length, cm 7.5 (1.2) 5.4-10.5

GMr length, cm 20.5 (2.0) 16.3-25.8

GL T length, cm 21.3 (1.9) 16.7-26.0
Relative AT length

Relative SOL st length, % of SL 20.9 (3.0) 14.7-27.9

Relative GMur length, % of SL 57.2 (5.6) 46.0-71.5

Relative GL At length, % of SL 59.4 (5.4) 46.2-73.4
AT CSA, mm? 106.4 (19.6) 75.0-154.2
Relative AT CSA, mm*/kg*”? 6.5 (1.3) 4.5-9.4

Abbreviations: AT, Achilles tendon; CSA, cross-sectional area; GL, gastrocne-
mius lateralis; GM, gastrocnemius medialis, SL, shank length; SOL, soleus. Note:
Values are presented as mean (SD). Relative AT lengths of the triceps surae were
normalized to the SL. The AT CSA was calculated as an average of 10, 20, and
30 mm above the distal insertion of the AT. Relative AT CSA was normalized to
body weight to the two-third power.

Table 2 Correlation Coefficients Between AT
Morphological Variables and Personal Best 100-m
Sprint Time in Sprinters

r (lower limit to upper limit) P value

AT length
SOLT length .064 (-.212 to .331) .678
GM,r length -.023 (-.294 to .252) .883
GLt length .048 (-.228 to .317) 749
Relative AT length
Relative SOLAt length .102 (-.176 to .365) .500
Relative GMt length .096 (-.182 to .359) .878
Relative GLaT length .023 (—.252 to .294) 515
AT CSA .012 (—.262 to .284) 936
Relative AT CSA .084 (-.193 to .349) 584

Abbreviations: AT, Achilles tendon; CSA, cross-sectional area; GL, gastrocne-
mius lateralis; GM, gastrocnemius medialis; SOL, soleus.

correlations between 3 AT lengths and AT CSA (r=.038 for
SOLAT, r=.122 for GMar, r=.157 for GLArt; all Ps>.05).

Correlation coefficients between AT morphological variables
and personal best 100-m sprint time in sprinters are summarized in
Table 2. The absolute 3 AT lengths did not correlate significantly
with personal best 100-m sprint time (r =.064 for SOL AT, r =—.023
for GM T, r=.048 for GLaT; all Ps > .05). Similarly, no significant
correlations were observed between the relative 3 AT lengths and
personal best 100-m sprint time (r=.102 for SOLAr, r=.096 for
GM T, r=.023 for GLAT; all Ps >.05). Additionally, there were no
significant correlations between the absolute and relative AT CSAs
and personal best 100-m sprint time (r=.012 and .084, respec-
tively, both Ps>.05).

Discussion

One study by Monte and Zamparo® reported that the absolute
length of the GM 5 correlated with sprint performances, including
personal best 100-m sprint time. By contrast, the primary finding of
the present study was that the absolute and relative AT lengths
at 3 different portions of the triceps surae muscle did not correlate
with personal best 100-m time in sprinters. Our finding could not
corroborate the result of the study by Monte and Zamparo.® A
possible reason for this discrepancy is that we recruited sprinters
who had a mean personal best 100-m sprint time of 11.12 (0.43)
seconds (range, 10.22-11.86 s), whereas Monte and Zamparo®
recruited sprinters who had a mean personal best 100-m sprint time
of 10.66 (0.51) seconds (range, 10.02—11.44 s). Thus, our parti-
cipants were slower than that of the sprinters who participated in
Monte and Zamparo’s study.® This may explain the discrepancy
between the findings of the present and previous studies. Never-
theless, in an additional analysis conducted in the present study,
we could not find positive correlations between longer absolute
and relative GMr and GLAt and better personal best 100-m
sprint time in high-level sprinters (n=16; r=-.099 to —.281; all
Ps>.05), as defined by having a personal best 100-m sprint time
faster than 11 seconds (mean, 10.60 [0.20] s) based on previous
studies.'®!° Furthermore, a significant correlation between shorter
relative SOL 1 and better personal best 100-m sprint time was
observed (r=.574, P=.020). A trend against such a significance
was also observed between absolute SOL o1 and personal best 100-
m sprint time (r=.490, P=.054). These findings indicate that
longer AT may not be associated with better 100-m sprint time in
sprinters. Therefore, the discrepancy between the findings of the
present study and those of Monte and Zamparo’s study® could not
be clearly explained by the difference in personal best 100-m sprint
time between sprinters recruited in these studies. Taken together,
after measuring 3 AT lengths of the triceps surae, we suggest that
the AT length may not be related to achieving superior 100-m
sprint time in sprinters.

This study measured the AT length using MRI, whereas Monte
and Zamparo® measured it using US. MRI is known to be more
appropriate for measuring morphological variables than US.%10
The US-measured AT length had high reliability, as determined by
Monte and Zamparo® and other previous studies.?%-2> Nevertheless,
the reliability of the AT length measurement appears to be higher
for MRI than US. Indeed, CVs of 2 measurements for all 3 AT
lengths in the present study were lower than 1% (eg, 0.3% for
GM 1), whereas the CV of 2 measurements for the GMt in
Monte and Zamparo’s study® was 4%. Additionally, in the present
study, we examined the reproducibility of 3 AT length measure-
ments on 2 separate days and determined excellent ICCs (—.994)
for these AT lengths.?® The day-to-day ICCs of the present study
were higher than that of previous studies using US.?%-22 However,
Monte and Zamparo® did not examine the day-to-day reliability for
the GM 1. Furthermore, prior to the present study, we calculated
the required sample size using a priori analysis to determine the
relationship between the morphological variable and the personal
best 100-m sprint time in sprinters and found it to be =29 partici-
pants; thus, the number of participants recruited in the present study
(n=48) was sufficient for ensuring statistical power and sensitivity.
By contrast, Monte and Zamparo® did not calculate the effective
sample size, and the number of participants recruited in their study
(n = 18) was lower than that calculated in our study. Therefore, these
factors may at least partially explain the discrepancy between the
findings of the present and previous studies.
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Another primary finding of this study was that the AT CSA
did not correlate with personal best 100-m sprint time in sprinters.
The AT CSA is known to be larger in endurance runners than
in untrained participants!®-2423; thus, the larger AT is a specific
morphology of endurance runners. Nevertheless, our previous
study determined that the AT CSA did not correlate with running
performance in endurance runners.” Additionally, in another study,
we determined that although the AT CSA was larger in endurance
runners than in untrained participants, it did not differ between
sprinters and untrained participants'®; thus, the AT size may not be
an important morphological factor of sprinters. However, Monte
and Zamparo® reported that the US-measured AT CSA correlated
with personal best 100-m sprint time in sprinters. The results of
the CSA in addition to length of the AT measured using MRI in
the present study could not corroborate the US-measured results
obtained by Monte and Zamparo’s study.® Previous studies re-
ported the lack of correlation between US- and MRI-measured AT
CSAs.2527 Therefore, the discrepancy between the findings of the
present study and those of Monte and Zamparo’s study® may be
attributed to the difference in apparatuses (ie, MRI vs US) used in
these studies. Taken together, we suggest that the AT morphological
variables, such as the length and CSA, may not be important factors in
achieving superior 100-m sprint time in sprinters.

Previous studies reported that mechanical properties (eg, higher
stiffness) of the AT correlated with isometric plantar flexor tor-
que.'®28 The increases in the length and CSA of the AT appears to
affect its mechanical properties because of increased AT volume??;
thus, longer and larger AT may be useful in enhancing plantar flexor
torque, which may contribute to greater peak vertical ground reaction
force and better sprint performance in sprinters. Nevertheless, Kubo
et al.'® reported that although the AT stiffness correlated with
isometric plantar flexor torque in untrained participants, this rela-
tionship was absent in sprinters. Furthermore, they determined no
correlation between AT stiffness and personal best 100-m sprint time
in sprinters.'® Therefore, morphological and mechanical variables
of the AT may not be required for superior 100-m sprint time in
sprinters. Previous studies determined that the plantar flexor torque
was increased by changing velocity from walking to running,
whereas it remained unchanged when altering velocity from running
to sprinting.!12 Furthermore, although the relative contribution of
the plantar flexor torque during sprinting may be higher than that of
the knee joint torque, this contribution may be lower than that of the
hip joint torque.'-!!-123% Therefore, an increase in the plantar flexor
torque depending on the AT morphological and mechanical variables
may have a little effect on achieving superior 100-m sprint perfor-
mance in sprinters. In summary, the findings of the present study may
indicate the low contributions of the AT variables and plantar flexor
torque during superior 100-m sprinting.

The present study had several limitations. First, we recruited
only Japanese male sprinters, and, therefore, it remains unclear
whether our findings can be generalized to other racial and ethnic
groups or to female sprinters. In particular, the discrepancy
between the findings of the present study and those of Monte
and Zamparo’s study® could be attributed to the different race of the
sprinters recruited in these studies (ie, Japanese vs European).
Additionally, the length and CSA of the AT in Japanese may be
shorter and larger, respectively, than in other races!’; thus, the
genetic factor may have affected to the assessment of the relation-
ships between the AT morphological variables and 100-m sprint
performance. Further studies are needed to determine the relation-
ship between the AT morphological variables and 100-m sprint
performance in sprinters of different races and sex. Second,
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although we used only the personal best 100-m sprint time, as a
parameter of sprint performance, it inevitably includes various
sprinting phases.!'33! Monte and Zamparo? reported that the length
and CSA of the AT correlated with sprint velocity during a 20-m
sprint. Considering their findings, these AT morphological vari-
ables may play important roles in achieving superior performance
during block start and/or acceleration phases. Previous studies
reported that a better block clearance performance was related
to higher sprint velocity during the initial phase in a 100-m
sprinting.31-33 The plantar flexor torque may contribute to the block
clearance performance more than other lower limb joint torques.3*3>
Additionally, the plantar flexor torque may be the greatest source of
positive work during the stance phase of maximum acceleration
sprinting among all lower limb joint torques.3® Further studies are
needed to examine the relationships between the AT morphological
variables and biomechanical variables (ie, plantar flexor torque)
during some phases, especially the block start and acceleration phases,
while a 100-m sprinting. Third, we examined only the relationship
between the AT morphological variables and 100-m sprint time, and,
therefore, it remains unknown whether our findings can be applied
to 200- and 400-m sprint times. In particular, our previous studies
determined the same favorable morphological variables contributing
to 100- and 400-m sprint performance.'3437-38 In a recent study, we
determined that a higher ratio of the tibia length relative to the femoral
length may be a specific favorable morphology of superior sprint
performance in 400 m, but not in 100-m specialized sprinters
potentially by achieving long sprinting economically.*® Because
the AT plays an important role in using elastic energy during the
stance phase of human locomotion, the longer and/or larger AT may
contribute to energy saving during 400-m sprinting. Further studies
are needed to determine the relationships of the AT morphological
variables with sprint performance longer than 100 m in sprinters.
In conclusion, we determined that with the 3 AT length
measurements of the triceps surae muscle, the AT length did not
correlate with personal best 100-m sprint time. Furthermore, we
found no correlation between the AT CSA and the personal best
100-m sprint time. These findings suggest that the AT morpholog-
ical variables, such as the length and CSA, may not be related
to superior 100-m sprint time in male sprinters. We previously
reported a positive correlation between longer AT (ie, GMat) and
better running performance in endurance runners.” Therefore, we
could find a difference in morphological factors contributing to
superior performance between sprinters and endurance runners.
In the clinical setting, our studies may help understand an optimal
body structure for successful sprinters and endurance runners.
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