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SUMMARY
Objective. Calf strain occurs frequently in tennis players and has been termed “tennis 
leg”.  To date, there is a lack of information showing how injury history, age, gender, or 
level of play, may predispose tennis players to injury (1, 2). The purpose of this study 
was to investigate the elastographic properties of the gastrocnemius-soleus complex 
in a group of club-level tennis players. We hypothesized that elastographic properties 
of the gastrocnemius-complex are affected by age and sport specificity (tennis only vs 
multi-sport).
Methods. Participants were recruited through contact personnel of a local tennis club. 
At the club’s annual summer tournament, each participant voluntarily consented and 
completed a survey to obtain information about age, level of play, length of play, partic-
ipation in other sports, relevant injuries, and relevant surgeries. Participants under-
went ultrasonography that included visualization of the medial gastrocnemius muscu-
lotendinous junction, soleus muscle, and Achilles tendons, bilaterally. Shear wave 
speed (SWS) was gathered from ultrasonography for all tissues to provide a compara-
tive standard unit of measurement. The data was analyzed with a mixed effects model.
Results. 20 participants with mean age 33.5 years old (range, 14-61) were evaluated. 
There was a statistically significant trend in medial gastrocnemius SWS depending on 
age, participation in sports other than tennis, and two different metrics for skill level 
(highest level of competitive play and USTA NTRP rating). There was a statistically 
significant trend between Achilles tendon SWS and highest level of competitive play.  
Results showed no significant trends for any of the tissues and serving hand, whether 
the ultrasound was conducted before or after a match, or for any of the four metrics 
for tennis experience (times playing tennis per week, overall tennis experience, years 
playing > 3 times per week, and whether a player had > 10 or < 10 years of experience). 
No statistically significant trends were observed for the soleus muscle when compared 
to any of the demographics.
Conclusions. Age, exclusively playing tennis as opposed to other sports, and two metrics 
of skill level (highest level of competitive play and USTA NTRP rating) significantly 
affected gastrocnemius SWS.  Highest level of competitive play was the only metric 
found to affect Achilles tendon SWS.  Soleus SWS exhibited no significant changes 
with any of the variables, despite following similar trends with gastrocnemius SWS.
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INTRODUCTION
Tennis elbow, or lateral epicondylitis, is a well-known activ-
ity-related injury, but less discussed is tennis leg, or calf-
strain. Like lateral epicondylitis, calf strain commonly occurs 
in tennis players, but also occurs in people who do not play 
tennis (1, 3). It was first described by Powell in 1883 as a 
tissue rupture at the distal and medial musculotendinous 
junction where the AT meets the gastrocnemius muscle (4). 
“Tennis leg” has been commonly described among tennis 
players and is most often seen in people between ages of 
30-45. Risk factors that predispose this population to calf 
strain are unknown. Clinical presentation commonly involves 
a middle-aged patient who has acute activity-related pain in 
the medial portion of their calf, accompanied by a “popping” 
sound when stretching their gastrocnemius muscle through 
dorsiflexion of their foot (5). There are various stages of inju-
ry severity, ranging from minor structural injury to complete 
tear of the muscle from the tendon (6). Treatment is largely 
conservative, consisting of “RICE,” or rest, ice, compression, 
and elevation, to promote tissue healing (5). 
Ultrasound is an effective method of quantifying the elasto-
graphic properties of various tissue types and has  previously 
been used in muscle and tendon studies of athletes such as 
volleyball players and distance runners, where cross-section-
al area, elongation, and force were obtained and analyzed (7, 
8). In this study, ultrasound has been used to identify elas-
tographic differences of the gastrocnemius-soleus complex 
across tennis players according to age, gender, level of play, 
and length of play. While it is observed that the injury occurs 
more often in middle-aged tennis players than younger 
tennis players or their non-tennis-playing counterparts, little 
is known about specific risk factors related to calf strain.
The objective of this study is to evaluate the elastographic 
properties of the Achilles tendon in club-level tennis play-
ers. We hypothesized that elastographic properties of the 
gastrocnemius-complex are affected by age and sport speci-
ficity (tennis only vs multi-sport).

METHODS
This study was ethically conducted according to the interna-
tional standards described in (9). It was performed as a pilot 
study with a level of evidence of V. It was conducted at an 
academic medical center and approved by the Institution-
al Review Board according to Protocol for Human Subject 
Research (9). Once approval was obtained, permission from 
a local tennis club was granted to recruit participants and 
collect ultrasound data during the first two consecutive days 
during their 2019 Summer Tennis Tournament.
If they were willing to participate, the tennis players were 
first screened according to the inclusion and exclusion crite-

ria. Inclusion criteria were competitive male and female 
tennis players with minimum age of 14 and under the age of 
65. Exclusion criteria were previous injury or surgery to the 
lower extremity. Once consent was obtained, each partic-
ipant completed a survey pertaining to participant age, 
gender, level of play, length of play, participation in other 
sports, relevant injuries, and relevant surgeries. While in an 
unloaded plantarflexion position, participants underwent 
ultrasonography of their medial muscle-tendon junction of 
the Achilles tendon and gastrocnemius, bilaterally, either 
before or after partaking in their tennis match. This set-up 
is shown in figure 1. Excellent interobserver correlation, 
at several locations of the Achilles tendon, including the 
muscle-tendon junction, has been reported when the lower 
leg is in the unloaded plantar flexion position (10).
A Verasonic ultrasound system (Verasonic Inc., Redmond, 
WA, USA) with a L7-4 transducer (center frequency = 5.2080 
MHz, and beam width = 4-7 MHz) was used. A custom-
ized supersonic shear wave elastography (SWE) method was 
used to measure shear modulus within lower leg muscles 
(11). The technique was validated using calibrated homo-
geneous elasticity phantom having various shear modulus 
values (Model 040GSE, CIRS, Norfolk, Virginia, USA) as 
well as other musculoskeletal tissues with the intraday and 
day-to-day reliability of 0.72 (95% Confidence Interval (CI) 
= 0.59-0.83) and (0.95 with 95% CI = 0.88-0.98), respective-
ly (12). The ROI size of 7.39 mm × 7.39 mm was selected for 
the measurement of lower leg shear modulus in the gastroc-
nemius and soleus muscles, while the ROI height for the 
Achilles tendon measurements was adjusted to include just 
the tendon (ROI size = Tendon thickness × 7.39 mm) (13).
After data collection, ultrasound data was analyzed to iden-
tify the elastographic properties of the Achilles tendon-gas-
trocnemius junction. Shear wave speed (SWS) was the 
primary measurement used to compare tissue properties 
between all three tissues. SWS was used to analyze muscle 
in addition to tendon to keep analysis consistent, instead of 
comparing tendon SWS to muscle shear modulus.
The analyzed data was subject to statistical analysis using a 
mixed effects model to identify any significant differences 
in Achilles tendon-gastrocnemius junction properties based 
on age, gender, level of play, and length of play. The effect of 
age on SWS was also analyzed by dividing the participants 
into two groups: young (under 35 years old) or older (35 
years old or older). All tests were two-sided, with p-values < 
0.05 being considered statistically significant.

RESULTS
Twenty participants with a mean age 33.5 years (range, 
14-61 years old) participated in this study. Table I depicts 
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SWS values obtained for all participants and illustrates each 
participant’s tennis profile, including duration of experi-
ence, highest level of play, other sports played, and whether 
ultrasound scan occurred before or after a match. Table II 
organizes this data and states the highest, lowest, and aver-
age values for tissue SWS. Table III shows a summary of 
the significant and non-significant associations between the 
variables tested against gastrocnemius, soleus, and Achilles 
tendon SWS.

Age
There was a significant negative correlation between age 
and gastrocnemius SWS (p = 0.047).  As age increased, 
gastrocnemius SWS decreased.  Gastrocnemius SWS was 
also significantly different for participants older than 35 
compared to those younger than 35 (p = 0.039). Subjects 
in the older group exhibited a lower average gastrocnemius 
SWS (2.14 and 1.81 m/s for the right and left legs, respec-
tively) compared to the younger group (2.38 and 2.33 m/s 
for the right and left legs, respectively).
There were no significant positive or negative correlations 
when age was compared to soleus SWS (p = 0.361) or 
Achilles SWS (p = 0.127).  There were also no significant 
differences for soleus SWS (p = 0.11) or Achilles SWS (p = 
0.744) when participants over 35 years old were compared 
to participants under 35 years old.  The data pertaining to 
age can be seen in figure 2.

Tennis experience
There was no significant positive or negative trend between 
the number of years that an athlete played tennis and gastroc-
nemius SWS (p = 0.747), soleus SWS (p = 0.257), or Achil-
les tendon SWS (p = 0.241). We also found no significant 
difference between SWS of tennis players with greater than 
or equal to 10 years of experience compared to those with 
less than 10 years of experience for the gastrocnemius (p = 
0.380), soleus (p = 0.287), or Achilles tendon (p = 0.311).
There was no significant positive or negative trend between 
the frequency of tennis play per week and gastrocnemius 
SWS (p = 0.248), soleus SWS (p = 0.725), or Achilles 
tendon SWS (p = 0.363). When comparing players’ cumu-
lative number of years of playing greater than 3 times per 
week to tissue SWS, no significant trend was observed for 
gastrocnemius (p = 0.810), soleus (p = 0.280), or Achilles 
tendon (p = 0.968)

Effect of match timing
Match timing had no significant effect on elastograph-
ic properties of the gastrocnemius (p = 0.446), soleus (p = 
0.834), or Achilles tendon (p = 0.663).

Other sports
There was a significant difference between gastrocnemius 
SWS of the right leg versus the left leg depending on wheth-

Figure 1. The physical setup of data collection and the image that the ultrasound probe generated.  As shown on the left, the ultra-
sound probe was placed on the posterior lower extremity at the musculotendinous junction comprised by the Achilles tendon, medi-
al gastrocnemius (MG), and soleus. These three structures are shown in the ultrasound image on the right. Shear wave speed (SWS) 
is depicted by the color gradient, ranging from 0-5 meters per second (m/s). A scale in millimeters (mm) is given for size reference.
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Table II. Organized demographics of participants. 

  Highest Lowest Average    

Age 61 14 33.6 Male 17

Total years 35 4 15.9 Female 3

Years > 3 times/week 26 0 9.1 Recreational 5

Gastrocnemius SWS 3.84 1.28 2.29 High School 4

Soleus SWS 5.70 1.34 2.66 D3 college 8

Achilles SWS 36.60 1.69 10.06 D2 college 3

Table II gives an organized picture of the demographics that were collected. The average age was 33.6 years old, and the average number of years that a 
participant played tennis was 15.9 years. The average SWS values for each tissue are also shown.

Table III. Summary of data. 

    Gastrocnemius SWS Soleus SWS Achilles tendon SWS
    p value (sig = p < 0.05) p value (sig = p < 0.05) p value (sig = p < 0.05)

Age Age correlation by side Right 0.231 Left 0.096 R 0.478 L 0.184 R 0.732 L 0.300

Age correlation - overall 0.047        

> 35 yo vs. < 35 yo 0.039 0.101 0.744

Tennis 
Experience

Times playing 
tennis / week

R 0.203 L 0.700 R 0.988 L 0.701 R 0.651 L 0.374

Tennis experience 
correlation

0.7469 0.2566 0.2407

Years playing > 3 
times per week

0.8104 0.2798 0.968

Experience > 10 years vs. 
< 10 years

0.3798 0.2867 0.3108

Before / after game 0.586 0.434 0.177

Other sports: R vs. L SWS 0.039 0.834 0.663

Serving hand 0.137 0.1866 0.8430

Skill Level Level of competitive play 0.0062  0.9245 0.0093

USTA NTRP Rating 0.0183 0.8829 0.2802

Table III summarizes the data that was analyzed for all three tissues compared to each demographic. Gastrocnemius SWS was significantly correlated with age 
and was significantly different for age > 35 years old vs. age < 35 years old, whether or not other sports were played, and both skill level metrics. Soleus SWS 
was not found to significantly correlate with any demographics. Achilles tendon SWS was significantly different compared to the level of competitive play.

er tennis players played other sports (p = 0.039).  For tennis 
players who did not play other sports, gastrocnemius SWS 
ranged from (1.54-3.84) in the right leg and (1.38-2.87) in 
the left leg. For tennis players who did play other sports, 
gastrocnemius SWS ranged from (1.68-3.24) in the right 
leg and (1.28-2.89) in the left leg. These trends can be seen 
in figure 3.
No significant difference was identified between soleus SWS 
(p = 0.834) or Achilles tendon SWS (p = 0.663) of the right 
versus left leg between participants who played only tennis 
when compared to multi-sport participants.

Serving hand
There was no significant trend between serving handedness 
and SWS of a player’s right leg compared to their left leg for 
any tissue analyzed; gastrocnemius (p = 0.137), soleus (p = 
0.187), or Achilles tendon (p = 0.843).

Skill level
Interestingly, a tennis player’s highest level of competitive 
play had a significant trend with gastrocnemius SWS (p = 
0.006) and Achilles tendon SWS (p = 0.010), but not with 
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soleus SWS (p = 0.925). Gastrocnemius SWS ranged from 
(1.38-2.89) for recreational tennis players, and (1.74-3.84) 
for college tennis players. Achilles tendon SWS ranged from 
(1.69-13.35) for recreational tennis players, and (4.64-36.6) 
for college tennis players.

Figure 2. Left and right gastrocnemius SWS compared to age. Gastrocnemius SWS was significantly correlated with age (p = 0.047) 
and was significantly different for participants above 35 years old compared to those less than 35 years old (p = 0.039). There was 
no significant difference in gastrocnemius SWS between legs (right leg p = 0.231; left leg p = 0.096).  However, gastrocnemius 
SWS was significantly different in participants older than 35 years old compared to those younger than 35 years old (p = 0.039).

Figure 3. Left and right gastrocnemius SWS compared to 
whether the subject played another sport or tennis exclusive-
ly. Gastrocnemius SWS was significantly different between 
legs if the participant did not play other sports, but not if the 
participant did play other sports (p = 0.039). For participants 
who played other sports, the average gastrocnemius SWS 
was 2.32 m/s for the right and 2.28 m/s for the left. For partic-
ipants who did not play other sports, gastrocnemius SWS was 
2.57 m/s for the right and 1.96 m/s for the left.

A tennis player’s USTA NTRP rating also significantly 
correlated with gastrocnemius SWS (p = 0.180), but not for 
soleus SWS (p = 0.883) or Achilles tendon SWS (p = 0.280).

DISCUSSION
This study quantified tissue characteristics in tennis play-
ers of varying tennis backgrounds to identify differences in 
elastographic properties between demographics. SWE was 
carried out on healthy tennis participants of an annual local 
tennis tournament either before or after match play. The 
gastrocnemius muscle was the only tissue that was found 
to have significant correlations with multiple variables. 
Achilles tendon SWS was found to be significantly different 
based on a player’s skill level metrics.  Soleus SWS was not 
found to have significant associations with any of the demo-
graphics, despite following a similar pattern seen in gastroc-
nemius SWS. SWE proved to be an effective technique to 
measure elastographic properties of the medial gastrocne-
mius musculotendinous junction.  
Compared to the other tissues of the medial gastrocnemius 
musculotendinous junction, the gastrocnemius was most 
significantly affected by the metrics that were studied. This 
suggests that the gastrocnemius muscle is more likely to 
be affected by age and by movements performed in tennis 
compared to the soleus muscle or the Achilles tendon. 
Gastrocnemius SWS was also significantly affected by both 
metrics that measured a tennis player’s skill level: highest 
level of competitive play and USTA NTRP rating. The high 
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involvement of the gastrocnemius was also seen in a study 
by Delgado (14), where ultrasonography was used to iden-
tify the precise etiology of 141 patients’ tennis leg symp-
toms (14). Of the cases they analyzed, 66% were caused by 
rupture of the medial gastrocnemius, 21% by joint involve-
ment of the medial gastrocnemius and soleus, and only 
0.7% were due to rupture of the soleus alone. 
Our data shows that as age increased, gastrocnemius SWS 
significantly decreased. Additionally, gastrocnemius SWS 
was significantly lower in participants over 35 years old 
compared to those under 35 years of age, indicating that 
older aged players exhibited significantly less gastrocne-
mius tissue stiffness compared to younger tennis players. 
A similar result was observed by Yoshida (15), whereby 
SWE of the medial gastrocnemius musculotendinous junc-
tion resulted in greater elastic moduli in younger partic-
ipants compared to older participants (15). Their partici-
pants were not specifically tennis players, so the observed 
negative correlation between gastrocnemius SWS and age 
is seen in populations other than tennis players. This nega-
tive correlation between age and gastrocnemius SWS can 
potentially be a factor related to injury. Calf strain occurs 
more frequently in older athletes compared to their young-
er counterparts (16). From a biomechanical point of view, 
tissues with lower mechanical strength are more likely to 
fail when loaded, which may explain the higher incidence 
of gastrocnemius tears compared to the Achilles tendon 
or soleus muscle. However, this contradicts convention-
al wisdom that considers musculotendinous stiffness a risk 
factor for musculoskeletal injury (17, 18). Younger individ-
uals tend to exhibit lower joint stiffness and muscle tight-
ness (19, 20). However, joint stiffness and muscle tightness 
are the result of the interaction of muscle with connective 
tissues such as tendons and ligaments. Aging affects each of 
those tissues differently, with tendons and ligaments exhib-
iting higher stiffness in older individuals (21). Therefore, it 
is possible that although muscle properties (shear modulus 
or SWS) decrease with age, joint stiffness and muscle tight-
ness increase due to the stiffening of tendons and ligaments. 
Additionally, a review article from Murphy (17) reveals that 
many characteristics that are generally thought of as risk 
factors actually are not significantly correlated to risk (17).
Our study demonstrated a positive association between each 
of the two skill level metrics and gastrocnemius SWS, but 
not between any of the four tennis experience metrics and 
gastrocnemius SWS.  Achilles tendon SWS also exhibited 
an increasing trend with a player’s highest level of compet-
itive play.  It is counterintuitive that gastrocnemius stiffness 
would significantly increase with increasing skill level, but 
lack a significant relationship when compared to experience; 
it is likely that players competing at a high skill level had to 

gain significant experience in the sport to reach that level and 
may not currently be playing as much tennis as they had in 
the past.  Furthermore, extended low level tennis experience 
does not require these tissues to undergo the same changes 
as engagement at a high level of intensity. This is in accor-
dance with studies investigating the relationship between 
muscle strength and elastic properties. Lima (22) used elas-
tography to compare elastic properties of the gastrocnemius 
and soleus muscles to force generated by them (22). They 
concluded that elasticity of these muscles does not correlate 
to force. According to their conclusions, the demographic 
factors that we found to significantly correlate with increased 
stiffness do not relate to the force that can be generated by 
those tissues. Tennis involves eccentric, concentric, and 
isometric contractions; for example, Rafael (23) found that 
there is significant isometric contraction of the serratus ante-
rior during tennis serve, forehand, and backhand swings 
(23). Gatz (24) found a significant difference in stiffness of 
the Achilles after a rehabilitation program limited to eccen-
tric exercises, compared to a program that included eccen-
tric and isometric movements (24). In their study, eccentric 
exercises yielded stiffer Achilles SWS measurements after a 
12-week rehabilitation program for Achilles strain, while a 
combination of eccentric and isometric maneuvers did not 
produce significant changes in tissue stiffness. Tennis players 
who exhibit demographics that correlate with stiffer gastroc-
nemius tissue could consider incorporating isometric move-
ments in their routines to mitigate further tissue stiffening. 
However, more research correlating isometric exercise, calf 
muscle stiffness, and calf strain needs to be conducted to 
study the efficacy of such exercise. 
To our knowledge, there have been no other studies that 
analyzed structural tissue changes in comparison to the skill 
level of tennis players. However, a study conducted by Agresta 
(25) investigated how a runner’s “stride-to-stride fluctuations” 
can adapt to changing demands based on the runner’s length 
of experience in the sport (25). They found that increased 
experience allowed runners to modify gait more skillfully in 
response to changing demands. Experience alone was enough 
to correlate with significant changes in a runner’s stride. In 
contrast, our study found that experience alone was not suffi-
cient to elicit significant changes in tissue stiffness.

Limitations
The multiple comparison issue arises when looking at multi-
ple variables simultaneously, which could result in false 
positives. The multiple effects model was chosen to carry 
out data analysis to combat this phenomenon. The small 
sample size of the study is itself a limitation, but this does 
not affect the significance of the results due to the method of 
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analysis being the mixed effects model. Further, all subjects 
were of male gender, which keeps the sample homogenous. 
It is a good representation of the male tennis population 
because of the wide age range of participants.

CONCLUSIONS
In conclusion, SWE was used to measure elastographic 
properties of the tissues comprising the medial musculo-
tendinous junction of the Achilles tendon in tennis players. 
Age, exclusively playing tennis as opposed to other sports, 
and two metrics of skill level (highest level of competitive 
play and USTA NTRP rating) significantly affected gastroc-
nemius SWS. Highest level of competitive play was the only 
metric found to affect Achilles tendon SWS. Soleus SWS 
exhibited no significant changes with any of the variables, 
despite following similar trends seen with gastrocnemius 
SWS. The results suggest that the gastrocnemius muscle is 
disproportionately involved in the movements conducted in 
tennis compared to the other tissues comprising the medial 
Achilles musculotendinous junction.  

The negative correlation between age and SWS highlights 
the ambiguous, inconsistent relationship between tissue 
stiffness and vulnerability to injury, as other researchers have 
shown.  Future studies could analyze a larger cohort of indi-
viduals for greater statistical power or analyze an all-female 
sample to compare how the results could differ by gender.
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