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ABSTRACT

Sanz-López, F, Martı́nez-Amat, A, Hita-Contreras, F, Valero-

Campo, C, and Berzosa, C. Thermographic assessment of

eccentric overload training within three days of a running ses-

sion. J Strength Cond Res 30(2): 504–511, 2016—The aim

of this study was to analyze the changes in patellar and Achil-

les tendons between a group trained using eccentric overload

and an untrained group within 3 days of a running session. To

this end, infrared thermography (IRT) will be used. Twenty

healthy male subjects were divided into 2 groups. One group

performed a 6-week squat training in the flywheel before the

running session. During the running intervention, both groups

ran in 3 different days, for 1 hour each, at 80% maximal heart

rate. Before, just after, and after 10 minutes of the running

intervention, participants were assessed using IRT. Eccentri-

cally trained groups showed a statistically significant differ-

ence (analysis of variance, p = 0.0049) expressed as

a smaller bilateral increase in temperature in the patellar ten-

don just before the first running day (right side, 0.118 C; left

side, 0.298 C). On the other days of running and in the Achil-

les tendon groups, similar changes were observed: an

increase in the temperature after running and no significant

difference between contralateral limbs. Our results point at

eccentric overload training providing a better adaptation for

the first day of running. IRT is an easy-to-apply noninvasive

tool to analyze and compare the effects of performance on

tendon tissues.

KEY WORDS infrared thermography, patellar tendon, Achilles

tendon, flywheel device

INTRODUCTION

U
nderstanding which changes in the tissues are
caused by training is the best way to improve
performance and prevent injuries, especially in
sports (28) because injuries stop sports practi-

tioners to reach their maximum level of performance (4).
Detection and reduction of changes in tissues before the
development of clinical symptoms is an exceedingly useful
tool to avoid pathologies (6,19). This is especially relevant in
the case of overuse injuries. Runners are particularly vulner-
able to overuse injuries that develop, which approximately
59.4% develop (27), and among them, the knee is the most
commonly affected joint, with over 20% of the cases, accord-
ing to authors (32). One of the most common knee injuries
affects the patellar tendon (33). The second higher preva-
lence injuries in runners are Achilles tendon pathologies.

Eccentric contractions have been widely used in fields,
such as training, prevention, and treatment. Several studies
have looked into this kind of contraction (18,24), with good
results in all fields. Eccentric exercise has been chosen by
some authors, especially for treatment and prevention pur-
poses, for its ability to improve the state of tendons. For the
patellar tendon, squat movement combined with eccentric is
the “gold standard” exercise commonly used to cause bene-
ficial changes in the tissues. The protocol of Stanish et al.
(31) is the most widely used, with clear results in 12–15
weeks of treatment for patellar tendinosis injuries
(25,34,35). For the Achilles tendon, squat kinematics has
not proven to have a direct effect. Instead, the protocol
developed by Alfredson et al. (2) is widely used to improve
the state of the Achilles tendon. A number of studies have
used eccentric overload to achieve adaptations in tendon
and muscle in reduced time (1,26). Eccentric overload means
that the eccentric phase of the movement is performed with
higher loads and velocity than the concentric. Isoinertial
devices are used to increase the eccentric phase (23). There
exists some evidence that eccentric overload improves
strength and jumping performance (9,23), although it is
not totally clear which tissue adaptations are responsible
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for the improvements (18). There remains to be seen
whether the beneficial effects of eccentric overload training
may be applied to other sports, like running.

Infrared thermography (IRT) is a noninvasive and easy-to-
perform evaluation technique used in the detection of

subclinical changes (21). It has
proven to have good interexa-
miner reliability (36). It has
been used in several sports
and body areas (37) to detect
changes in temperature. The
behavior of body temperature
is considered pathological
when differences larger than
0.68 C appear between contra-
lateral areas (21). Another ben-
efit derived from this technique
is that it allows to focus mea-
surement on a concrete area of
the body, conventionally called
“region of interest” (ROI) (30).
In addition, it is a useful tool to
determine the degree of adap-
tation to the intensity of exer-
cise: temperature decreases in
anaerobic exercise but in-
creases in aerobic exercise
(10). After exercise, untrained
subjects experience a larger
increase in temperature than
well-trained athletes (5).

To our knowledge, no study
to date has used IRT to assess
the adaptations experienced by
the tissues of the patellar and
Achilles tendons before and
after 3 days of consecutive
running. In our study, we also
aim to compare the different
changes that eccentric over-
load training may cause before
and after the same running
effort. Based on previous stud-
ies, we hypothesized that adap-
tations in tendon tissues caused
by eccentric exercise will gen-
erate distinct behavior patterns
when compared with the tis-
sues of untrained participants.

METHODS

Experimental Approach to

the Problem

A controlled trial was con-
ducted from April to June

2014 to assess the effects of eccentric training on tendon
tissues (patellar and Achilles) when running. One group of
participants voluntarily performed a 6-week training pro-
gram with a flywheel (YoYo Squat). The eccentric overload
training was finished 1 week before the beginning of the

Figure 1. Flow chart of trial design. Eccentric overload group (ECC). Control group (CONT). Maximal heart rate
(HRmax).
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running intervention, to provide time enough to reach the
tissue adaptation of the training. All participants performed
a 1-hour running session for 3 consecutive days. The running
intervention was performed at 80% maximal heart rate,
which was controlled using a heart rate monitor. IRT
imaging was used to assess changes in the tendons.
Thermographic data were acquired just before, just after,
and 10 minutes after the running intervention. Participants
were not allowed to perform any other exercise during the
length of the study.

Subjects

In our study, 40 patellar tendons and 40 Achilles tendons from
20 male volunteers, with an age range between 18 and 25
years, from Universidad San Jorge (Spain) were analyzed (age
22.79 6 4.21 years, weight 72.57 6 6.73 kg, height 179.77 6
7.88 cm, body mass index 22.7 6 2.1, mean 6 SD). All

participants reported habitually performing sports activities
more than 3 d$wk21. None of the participants had performed
eccentric training before. Participants with a 2-year history of
lower limb pathologies were excluded. Not being able to
complete the eccentric training or the running intervention
was considered an exclusion criterion. The study was con-
ducted in adherence to the standards of the Declaration of
Helsinki (2008 version) and after the European Community’s
guidelines for Good Clinical Practice (111/3976/88 of July
1990) and also the Spanish legal framework for clinical
research on humans (Real Decreto 561/1993 on clinical tri-
als). The protocol was approved by CEICA (Ethics Commit-
tee of Clinical Research of Aragón, Spain) CP08/2014, and all
participants provided written informed consent before partici-
pating in the study.

Participants were divided into 2 groups: one control group
(CONT, n = 40 tendons, 10 subjects) and the other eccentric
overload group (ECC, n = 40 tendons, 10 subjects). Partic-
ipants in the ECC were those who voluntarily accepted to
perform the eccentric overload training before the running
intervention (Figure 1). This eccentric overload training was
performed with squat movements, to focus the load and
adaptations on the patellar tendon. The Achilles tendon of
the ECC was also measured, which would allow us to com-
pare the differences in the patellar tendon between the ECC
and CONTand to compare the differences with the Achilles
tendon in the CONT.

Procedures

Eccentric Overload Training. Participants in the ECC were
trained 2 d$wk21 during 6 weeks, using a YoYo Squat (YoYo
Technology AB, Stockholm, Sweden) and after the protocol
proposed by Norrbrand et al. (22). One previous session
took place to allow the participants to familiarize themselves

with the flywheel device and to
record a maximum number of
repetitions for each participant.
Each training session consisted
of 4 sets of 7 repetitions inter-
spersed by 2-minute between-
set rest periods. Every session
was preceded by a standardized
warm-up, which included 5 mi-
nutes of jogging and dynamic
stretches. After warming up,
subjects rested for 5 minutes
before starting the training ses-
sion. One 2.7-kg flywheel (0.07
kg$m2 moment inertia) was
used in the Yoyo Squat device
(Figure 2). Similarly, the con-
centric phase was performed
as fast as possible, whereas
the eccentric phase was exe-
cuted at a lower velocity (2

Figure 3. Examples of infrared thermography. A, Anterior view. B, Posterior view.

Figure 2. YoYo Squat. Eccentric phase of the movement finished when
the thighs were in parallel to the floor. Concentric phase was executed at
a higher velocity than eccentric phase.

Thermografic Evaluation After 3-days of Running

506 Journal of Strength and Conditioning Research
the TM

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/nsca-jscr by U
zfD

ro27B
/A

ryP
bgG

m
zC

i1gZ
S

hrr3P
xLJG

rH
Lru6O

D
S

aR
tx

dt398O
bgxQ

G
U

nZ
D

2hsU
nU

n4LF
07fY

xS
+

sIllLdbb8Z
LLC

gf4K
2Q

iuaN
JjR

C
iA

s7Z
P

uuV
Z

Y
P

qN
beV

ccnK
gm

vR
xhW

s90U
G

aW
A

D
M

Q
uz

S
hnG

7jIIH
pP

tH
9Y

Q
z3V

C
vsP

vukgY
U

uhku7bM
G

5sP
f5F

tA
IqP

T
aw

8sk2Q
=

 on 03/18/2023



seconds). Because of the squatting depth influencing the
acute and chronic responses (9), the range of motion
(ROM) was matched in each exercise (i.e., until the thighs
were in parallel to the floor). We ensured that all participants
faced the same percentage of load using a linear encoder
(SmartCoach Europe AB, Stockholm, Sweden). The whole
training was overseen by an experienced investigator.

Running Intervention. The CONT and ECC performed 3
running sessions on consecutive days. The procedure con-
sisted of 1 hour of running. Participants ran at 80% of their
maximal heart rate, calculated using the methods described
by Karvonen and Vuorimaa (12). Maximal heart rate was
measured using a Polar Heart Rate Monitor RS300X (Polar
Electro Ibérica, Barcelona, Spain). An investigator controlled
the intensity of the whole training. The running surface was
the same for all participants: the perimeter of a grass soccer
field. After 30 minutes of running, runners were instructed to
reverse the direction. Distance running for each participant
was measured. Participants did not perform any other phys-
ical activity on the day before and during the study.

Thermography Outcomes. IRT has shown to have good
interexaminer reliability, with an intraclass correlation coef-
ficient of 0.96 in knee and 0.99 in heel (36). Thermographic
evaluation was performed in the same room for all the
groups. Room temperature was checked to be always at
218 C, with 60% humidity. The average outside temperature
was 198 C for the CONTand 20.58 C for the ECC. During all
the thermographic measurements, participants remained in
their underwear and were not allowed to sit down.

The device used was a thermal infrared camera (FLIR
Thermacam E60; FLIR Systems, Boston, MA, USA). Images
in the frontal plane were taken from the anterior and
posterior sides. Baseline-1 images were obtained just before

the first running session. Baseline-2 images were obtained
immediately before the second running session, and
Baseline-3 images were obtained just before the third
running session. Just after finishing the running protocol, 3
images were taken and 3 more images were taken 10 minutes
later. This was repeated on each of the 3 days. During the
measurement process, participants remained in their under-
wear and were not allowed to sit down. All thermographic
images were taken with participants standing on a step to
avoid contact with the floor. The distance from the camera
to the subjects was 2.5 m. All limbs had to be visible on the
screen before the image could be taken (Figure 3). Temper-
ature means for patellar and Achilles tendon ROIs were
selected and analyzed with the software package provided
with the system (FLIRTools-Software; FLIR Systems). It
was assumed that the emissivity of the skin was 0.98 for all
subjects (15). The study was conducted according to the
guidelines of the American Academy of Thermography
(29). Images were obtained by one single investigator,
trained in the use of thermographic devices.

Statistical Analyses

Mean and SD were calculated for all thermographic images
on each day of the study. A Shapiro-Wilk test was performed
to assess the normality of the distribution. Differences in
Baseline-1 between ECC and CONT were compared using
Student’s t-test. Normally distributed data were analyzed
using analysis of variance. Post hoc paired analysis was per-
formed using Bonferroni’s adjustment. Nonnormalized data
(ECC right and left patellar tendons measured just after the
first day of running and ECC left Achilles tendon measured
10 minutes after the third day of running) were analyzed
using the Kruskal-Wallis test. Post hoc paired adjustment
was made using Dunn’s multiple comparison test. Signifi-
cance was set at p # 0.05. All analyses were conducted using

TABLE 1. Patellar tendon ROI. Mean (SD) in CONT and ECC for each outcome, over the 3 days of running.*

Running day Outcomes

CONT (n = 20), median (SD) ECC (n = 18), median (SD)

Right Left Right Left

1 Baseline-1 29.87 (0.75) 29.86 (0.71) 30.92 (0.82) 30.83 (0.85)
Just after running 30.98 (1.76) 30.78 (1.57) 31.03 (1.68) 31.12 (1.68)

10 min after running 31.54 (1.46) 31.17 (1.29) 31.73 (1.27)†z§ 31.65 (1.44)†z§
2 Baseline-2 30.2 (1.04) 30.13 (0.97) 30.85 (0.66) 30.76 (0.59)

Just after running 31.06 (1.97) 31.09 (1.87) 31.77 (1.02) 31.93 (1.01)
10 min after running 31.19 (1.6) 31.15 (1.47) 31.91 (0.79) 32.00 (0.99)

3 Baseline-3 30.01 (1.03) 30.04 (0.93) 30.8 (0.79) 30.74 (0.59)
Just after running 31.42 (1.65) 31.42 (1.56) 32.16 (1.27) 32.14 (1.35)

10 min after running 31.73 (1.82) 31.65 (1.68) 32.71 (0.91)†z§ 32.64 (0.82)†z§
*ROI = region of interest; CONT = control group; ECC = eccentric overload group.
†Significant differences relative to Baseline-1.
zSignificant differences relative to Baseline-2.
§Significant differences relative to Baseline-3.
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the GraphPad Prism V 5.0 statistical package (GraphPad
Software, Inc., La Jolla, CA, USA).

RESULTS

Only one of the participants failed to complete the eccentric
training. None of the remaining 19 participants was found to
have a history of lower limb injuries in the last 2 years. All
participants were currently asymptomatic and were not
taking any medication or interventions that may have had
a systemic effect. Average running distance along the 3 days
for the CONT was 10,664.33 (6475.64) and 9,885.33
(6465.97) m for the ECC, with no significant difference
(p = 0.094). Pairwise adjustment showed statistically signifi-
cant differences in Baseline-1 between ECC and CONT in
the patellar tendon. Also, in Baseline-1, statistically signifi-
cant differences were analyzed between ECC and CONT for
the Achilles tendon. No differences larger than 0.68 C were
found in comparison with the contralateral leg in each
assessment.

Patellar Tendon Thermography

The ECC measurements taken right after the running
intervention showed significantly different values (p =
0.0049). Pairwise adjustment did not show statistically sig-
nificant changes. The ECC measurements taken 10 minutes
after the running intervention showed statistically significant
values (p , 0.001). Pairwise adjustment showed statistically
significant changes for all baselines after the first and third
day of running (p # 0.05; Table 1).

The CONT did not show significant differences (p =
0.0927) in the measurements taken right after the running
intervention. Pairwise adjustment did not show statistically
significant changes. Significantly different values were found
in the CONT (p = 0.0032) in the measurements taken 10 mi-
nutes after the running intervention. Pairwise adjustment did
not show any statistically significant changes (Table 1). Im-
ages from both sides in the ECC, measured just after the
running intervention on day 1, showed the smaller values
of change of all the groups (Figure 4).

Achilles Tendon Thermography

The ECC measurements taken right after the running
intervention showed statistically significant values (p ,
0.001). Pairwise adjustment showed statistically significant
changes (p # 0.05) from Baseline-1 on the left side on days
2 and 3 of running. Pairwise adjustment also showed sta-
tistically significant changes (p # 0.05) from Baseline-2 and
Baseline-3 on both sides in all running sessions. The ECC
measurements taken 10 minutes after the running interven-
tion showed statistically significant changes (p , 0.001).
Pairwise adjustment showed statistically significant
changes comparing all baselines on the left side after the
first day of running (p # 0.05). Adjustment by pairs also
showed statistically significant changes (p # 0.05) from
Baseline-2 and Baseline-3 on both sides after the first day
of running. The same significant change was detected for
the right side on day 3 (Table 2).

Figure 4. Mean and SD. Right and left patellar tendon thermography. B = Baseline. Day 0 = Data obtained just after the running intervention.

Thermografic Evaluation After 3-days of Running
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Statistically significant variations (p , 0.001) were found
in the measurements of CONT taken right after the running
intervention. Pairwise adjustment showed statistically signif-
icant changes (p # 0.05) from Baseline-1 on both sides on
the first day of running. Statistically significant changes (p #

0.05) from Baseline-1 and Baseline-2 were also found on
both sides on days 2 and 3 of running. Significant changes
(p, 0.001) were found in the measurements of CONT taken
10 minutes after the running intervention. Pairwise adjust-
ment only showed statistically significant changes on the left
side on day 3 of running when compared with Baseline-1
(Table 2).

DISCUSSION

As far as we know, this research is the first to analyze the
effect of eccentric overload training on 3 consecutive days of
running. Its results show that the patellar tendon behaves
differently in participants trained with overload eccentric
exercise than in untrained participants after 3 consecutive
days of performing a 1-hour running session. The main
differences are found in the thermographic adaptation
experienced on the first day of running. Furthermore, our
study provides IRT data based on samples, whereas most
studies consulted presented isolated clinical cases. Our study
provides an innovative approach to the research of structural
changes because it aims at finding the effects of long-term
eccentric training on the short term and also after a 3-day
sports intervention.

IRT has proven to be an effective tool, and its use has
already been justified by several authors (10,30). In our study,
thermographic images of the patellar tendon did not show
any statistically different behavior between groups. Signifi-
cant changes between ECC and CONT baselines were
observed, with similar values of difference in all the steps,

including the Achilles tendon. Any contralateral change of
temperature over 0.68 C was recorded because it could be
a sign of pathological adaptations. After each day of running,
the temperature in both groups increased more than 0.78 C,
except for the ECC on the first day of running. Baseline
results are similar to those found by Zaproudina et al. (36),
who found average values in the knee to be approximately
29.18 C (60.8), the same as in our study. For the detection of
pathologies, several studies have concluded that any differ-
ence in temperature larger than 0.5–0.68 C between contra-
lateral limb areas can be considered a predisposing factor for
the development of injuries (21,30). Regarding changes in
temperature after exercise, Clark et al. (5) found an increase
in temperature that could be observed after performing
70 minutes of running. This was corroborated by Hilde-
brandt et al. (10) for aerobic exercise, in a study in which
they recorded a knee temperature increase of 0.78 C imme-
diately after aerobic exercise. These values are similar to our
data. However, the ECC did not exhibit comparable values
after their first day of running but a very small increase in the
temperature of the right and left patellar tendons, instead.
This could be associated with a lower level of metabolic
activity (10) or with the tendon being better adapted to
the load (3). It can be hypothesized that an increased cell
number of connective tissue in the tendon could be the
response of adaptation to the load (20).

For the Achilles tendon thermography, no significant
difference was observed in the contralateral limbs. Significant
changes could be perceived between ECC and CONT
baselines, with similar values of difference in all the steps,
including the patellar tendon. Similar temperature increases
without significant changes were observed in all groups. In
our study, higher values were observed than those found at
baseline, 25.38 C (62.1), by Zaproudina et al. (36). About the

TABLE 2. Achilles tendon ROI. Mean (SD) in CONT and ECC for each outcome, over the 3 days of running.*

Running day Outcomes

CONT (n = 20), median (SD) ECC (n = 18), median (SD)

Right Left Right Left

1 Baseline-1 29.50 (1.13) 29.45 (1.03) 31.50 (0.58) 31.23 (0.52)
Just after running 31.37 (0.85)†z§ 31.10 (1.05)†z§ 32.26 (0.85)z§ 32.21 (0.48)z§

10 min after running 31.10 (1.05) 31.02 (0.94) 32.60 (0.58)z§ 32.63 (0.57)†z§
2 Baseline-2 29.71 (0.79) 29.58 (0.78) 30.86 (0.61) 30.80 (0.61)

Just after running 31.30 (0.90)†z 31.25 (0.78)†z 32.34 (0.83)z§ 32.46 (0.85)†z§
10 min after running 30.60 (0.99) 30.50 (0.98) 32.06 (0.60) 32.13 (0.53)

3 Baseline-3 29.49 (1.71) 29.66 (1.05) 30.76 (0.62) 30.86 (0.74)
Just after running 32.11 (1.15)†z 31.97 (1.18)†z 32.56 (0.82)z§ 32.54 (0.67)†z§

10 min after running 31.09 (1.48) 31.15 (1.48)† 32.18 (0.58)z§ 32.19 (0.40)

*ROI = region of interest; CONT = control group; ECC = eccentric overload group.
†Significant differences relative to Baseline-1.
zSignificant differences relative to Baseline-2.
§Significant differences relative to Baseline-3.
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Achilles tendon, specifically, Alina (3) found variations of
0.98 C in the case of tendinopathy and of more than 28 C
if the affected tendon had also suffered alterations to the
bursa or adjacent tissues. A similar behavior of the Achilles
tendon in the ECC suggests that squat kinematics do not
have a clear effect on the Achilles tendon.

Based on the results observed in IRT, the ECC had an
improved initial adaptation to the running protocol. In the
remaining running days, no significant changes appeared.
Eccentric exercise has shown generally good results for the
treatment and prevention of patellar tendinosis injuries
(25,35). Painful eccentric decline single-leg exercises are
the most commonly used type (11). The duration of training
averages 12–15 weeks across studies (11,14), although
research dealing with eccentric overload shows that adapta-
tions in tendon and muscle happen in a shorter time than
that (1,26). Eccentric overload has also been applied to pop-
ulations such as the elderly (17) or chronic stroke patients
(7), seeking to minimize damage and increase force produc-
tion with a reduced energy cost. The mechanisms of the
beneficial effects of eccentric overload are not clear yet
(17). Higher loads and velocity in the eccentric phase of
the movement could increase levels of peritendinous type-I
collagen synthesis (16) in the tendon. In a number of studies
(13,22), muscular response after eccentric overload has
shown to improve the strength and performance of muscles.
Research carried out by Friedmann et al. (8) explains that
elevated intramuscular pressure because of the higher ten-
sion experienced during the eccentric phase probably im-
pedes the increase of blood flow. This may lead to
enhanced hypoxia, which in turn could induce different
adaptations in the gene expression patterns of tendons and
muscles. This might explain our results because a smaller
metabolic adaptation could be enough for the first day of
running, but not for a continued 3-day effort.

It can be concluded that eccentric overload training causes
particular adaptations in tendon tissues if these have been the
focus of the training movement. The changes generated helped
tolerate new effort in healthy participants but did not amount
to significant differences during the rest of the intervention.

PRACTICAL APPLICATIONS

From a practical point of view, it must be considered that
a 6-week eccentric overload program with flywheel devices
enhances the response of the patellar tendon tissues and
improves metabolic adaptation on the first day of running.
This study shows that, compared with a non-eccentrically
trained group of participants, eccentric overload training
provides positive changes related to IRT outcomes. This
study also indicates that this training may play an important
role in providing optimal adaptations of the patellar tendon
tissues in less time than other eccentric training programs
without an overload phase. Despite the beneficial effects of
the eccentric overload program, its effects could not be felt
on the second and third days of running, nor did they affect

the Achilles tendon. We recommend considering these
programs as a way to avoid training injuries and to improve
the quality of patellar tendon structures. Likewise, IRT is
a tool that should be used to assess, in a fast and easy way,
the effects of exercise.
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