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Background: A high occurrence of knee injuries have been observed in women during the menstrual cycle (MC). As a result,
numerous studies have been conducted regarding knee ligament elasticity during the MC. Some researchers
believe that since estrogen receptor B exists in ligaments and tendons in the knee, estrogen may modulate to-
wards a state of laxity. However, increased tissue temperature also observed during the MC can predispose lig-
ament and tendon laxness. Therefore, the purpose of this study was to assess in women the relationship be-
tween Estradiol (E2) serum concentrations and tissue temperature during the MC and their combined effect
on knee laxity.

Material/Methods: Ten non-athletic young healthy females, 18 to 30 years of age participated in the study. E2 serum concentra-
tions, anterior cruciate ligament (ACL) elasticity, and force to flex the knee (FFK), knee flexion-extension hys-
teresis (KFEH) were assessed both at ambient temperature (22°C) and after 38°C warming. Testing was per-
formed multiple times during the participant’s MC, for one full MC.

Results: ACL elasticity was significantly higher (P<0.01) and FFK and KFEH were significantly lower (p<0.05) during ovu-
lation when E2 levels were highest. ACL elasticity was still higher during ovulation after warming to 38°C. But,
the effects of MC on FFK and KFEH were reduced by tissue warming.

Conclusions: ACL elasticity, FFK, and KFEH was affected not only by E2 but also tissue temperature. However, E2 had more
impact on ACL elasticity while tissue temperature had more impact on FFK and KFEH at 38°C warming.
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Background

In the adult population, numbers of knee injuries arise every
year during sports activities and exercise [1]. The most com-
mon injuries are ligament sprains, muscle strains, and contu-
sions [2]. In the annually recorded 150,000 injuries affecting
the knee, the Anterior Cruciate Ligament (ACL) injuries are the
most frequently occurring injury.

According to the Sports Medicine Media Guide for 2011, the
cost of ACL injuries has been estimated at half a billion dollar
annually. Additionally, people who have a history of ACL injury
are at a higher risk of potential arthritis later in their life and
will cost an additional millions of dollars (Sports medicine me-
dia guide, 2011). Previous studies have indicated that wom-
en have a 2 to 8 times higher risk factor of knee injuries than
men, specifically, involving the ACL [3-7]. There has been on-
going debate on why women are more susceptible.

The differences are commonly assumed to be caused by ana-
tomical, neuromuscular, behavior patterns, and hormonal influ-
ences that make women more susceptible to ACL injuries [7,8].
Recently investigators have examined the association between
female reproductive hormones and structure material and me-
chanical properties of the ACL. There has been a common the-
ory of the presence of 17-beta estradiol receptor in ACL for de-
cades. The constant changes in the levels of estrogen during
the menstrual cycle have been investigated to see if sex hor-
mones are related to ligament laxity [9-12]. Human tendon,
muscle, and ligament are composed of collagen fibers close-
ly packed together. Due to the decrease of collagen formation
and fibroblast proliferation with an increased estrogen serum
concentration, the decreased collagen synthesis causes liga-
ment looseness, weak muscle strength and tendon elasticity all
of which makes the ACL more susceptible to injuries [9,10,13].
Estradiol is the estrogens in women and is the most commonly
measured estrogen in young non-pregnant females [14]. Since
most ACL injuries occur in young healthy women, most inves-
tigators have used estradiol as the major estrogen biomarker.

However, there has been controversy on the result of ACL lax-
ity changes across the menstrual cycle. A systemic review on
the effects of the menstrual cycle on anterior knee laxity by
Zazulak et al. showed that only three of the nine studies re-
ported a significant difference on ACL laxity during the men-
strual cycle [5]. Although this study found limited evidence of
the correlation between ACL laxity and sex hormones, Zazulak
et al. claimed that cycle phases might have an effect on an-
terior knee laxity. These researchers suggested that future in-
vestigators should consider the limitation in present meth-
odologies that they had discovered [5]. They also point out
confounding variables that might affect anterior knee elastic-
ity during the menstrual cycle.

CLINICAL RESEARCH

Temperature is one of the factors that affects elasticity in
muscles [15], such that, an increase in tissue temperature by
doing a warm-up exercise will increase muscle and tendon
extensibility [16]. Normal core temperature is maintained be-
tween 36-37.5° C [17,18]. The core temperature shows a fluc-
tuation across the menstrual cycle; it is at a peak during the
middle luteal phases while in the early follicular and the ovu-
lation it is relatively low [19-21]. Skin temperature of the arms
and legs is commonly measured around 6°C below the core,
30-31.5°C since human legs and arms tissues are used as a
radiator to remove excess heat from the core [22,23]. Due to
the core temperature changes throughout the menstrual cy-
cle, skin temperature can also be altered because of the core
temperature changes. To increase core temperature, arm and
leg temperature is reduced at first to conserve heat. To lower
core temperature, arm and leg temperature increases to dis-
sipate heat [24]. Since, ligament, muscle, and tendon extensi-
bility will decrease and increase with decreased or increased
tissue temperature, it is of no surprise that the menstrual cy-
cle has dramatic effects on tissue extensibility. Although tis-
sue extensibility decreases with decreased tissue temperature,
many studies have reported that anterior knee laxity is great-
er in the ovulation phases where the core temperature is com-
paratively lower than other phases [25,26]. However, core tem-
perature increases after ovulation. To keep core temperature
lower at ovulation, the shell must be dissipating more heat
to keep the core cooler [20]. Therefore, shell must be warm-
er after ovulation. These findings may explain that anterior
knee laxity changes are a consequence of estrogen fluctua-
tions alone during the menstrual cycle. The reported change
may be temperature related to and not a direct effect of es-
tradiol. Thus, the aim of the present study is to examine the
relationship between estradiol serum concentration and ACL
elasticity, knee flexibility and how this relates to tissue temper-
ature in young healthy women with a regular menstrual cycle.

Material and Methods

Ten non-athletic young healthy females with a regular men-
strual cycle participated in this study. They were recruited by
word of mouth and selected by their self-reported menstru-
al cycle. Participants were 18 to 30 years of age with a body
mass index (BMI) between 15 and 30 who had a regular men-
strual cycle for at least one year (Table 1). Participants had
no history of pregnancy, neuropathy, myopathy or knee inju-
ry, and were not taking any medication that could alter sex
hormones. The study was approved by Institutional Review
Board of Loma Linda University and all participants signed an
informed consent.

Trained researchers measured all outcome variables through-
out the experiments. The outcome variables assessed were
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Table 1. Mean (SD) of general demographics (N=10).

Age (years) Height (cm)

Mean (SD) 24.7 (2.0) 164.6 (3.4)
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Weight (kg) BMI Cycle length (d)

57.1 (5.0)

21.0 (1.3) 29.5 (3.2)

SD - standard deviation.

ACL elasticity, force to flex the knee (FFK), knee flexion-exten-
sion hysteresis (KFEH), leg skin temperature, and estradiol se-
rum concentration.

Estradiol serum concentration

Two certified phlebotomists drew 4cc of venous blood sam-
ples from each participant’s antecubital area with 23-guage
needles to determine estradiol serum concentration. The se-
rum was separated from plasma by centrifuging the blood.
The centrifuge was set at 3000 rpm for 10 minutes (Beckman
Coulter Inc., Brea, CA). The serum was kept at a temperature
of —80°C. After all samples of serum were collected, Estradiol
serum concentration was assessed using the TOHSO Estradiol
ST AIA assay (Fisher Healthcare Inc. Houston, TX).

Leg skin temperature

Leg skin temperature was measured using the Forward Looking
Infrared 660 IR Camera (FLIR systems, Danderyd, Sweden). This
device was validated to accurately detect the temperature of
the skin [27]. To acquire best images, the readings were at a
perpendicular angle and at a distance of one meter away from
the skin. Dark colored rooms were preferred to minimize infra-
red interference so that test was performed in the room with
uniform Light Emitting Diode (LED) [28]. Baseline leg skin tem-
perature was taken before ACL laxity and quadriceps elasticity
measurements after stabilizing leg temperature in a neutral en-
vironment for 20 minutes and leg skin temperature was mea-
sured immediately when the heat pads at 38°C were removed.

Anterior ligament elasticity

Knee elasticity of ACL was measured by a KT-2000 knee ar-
thrometer (MEDmetric Corp, San Diego, California). This device
had been validated for over twenty years in both clinical and
research areas [29,30]. First, the knee was placed in a prede-
termined position while the participant lays supine. With the
knee at 90 degrees, a strain gauge was used to measure the
force necessary to generate an anterior glide of the proximal
end of the tibia on the femoral condyles. This generated a force
curve of elasticity in the anterior cruciate ligaments. The pro-
cess was accomplished by supporting both limbs with a firm,
comfortable platform placed proximal to the popliteal space.
This helped keep the patient’s knee flexion angle constant for
the duration of the test. Along with this device, a foot support
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Figure 1. Experimental setup for ADT measured the ACL
elasticity. The subject was positioned supine with their
knee flexed to 25 degrees.

accessory supplied with the Arthrometer®, positioned the feet
symmetrically allowing the leg position to be optimal for the
test while reducing external rotation of the tibia. For the most
comfortable position during the flexion angle test, knee flexion
angle was held at 25 degrees (Figure 1). A thigh strap, provid-
ed, controlled hip external rotation while offering support that
allows patients to be most relaxed. Force used for the experi-
ment was applied at 30 lbs (133N) of force. The output of ACL
elasticity was displaced on an X-Y plotter. A vernier caliper was
used to interpret anterior tibal displacement (ATD) graph. A sin-
gle trained investigator measured ACL laxity measures through-
out the study to minimize potential inter investigation variation.

Muscle and tendon flexibility

Muscle and tendon flexibility was measured by a continuous
passive motion device (CPM). Participants were asked to sit
on the edge of the table while the leg hung freely. The knee
was moved through 35 degrees of motion from 90 to 125 of
knee flexion by CPM. The FFK and KFEH measured the flex-
ibility of muscle and tendon. An electronic goniometer was
placed on lateral side of the thigh leg to measure the degrees
of knee flexion while passively moving the knee. The goniom-
eter used a ruby bearing 360 degree 5000 ohm potentiom-
eter (Figure 2). The output was digitized on BioPac MP 150
data collection system (BioPac System, Goleta, CA). The force
needed to move the leg at 115 degrees of knee flexion was
used to assess difference in FFK and KFEH.

The elastic hysteresis curve, which is the difference between
the FFK and force to extend the knee (FEK), was also measured
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Figure 2. Experimental setup for the FFK and KFEH measured
the flexibility of muscle and tendon. The subject was
positioned sit with their hip and knee flexed to 90
degrees.

by CPM (Figure 3). Potential elastic energy stored during the
loading (flexion) is greater than that of unloading (extension);
thus, flexing the knee requires greater force than extending
the knee [31]. A lower elastic hysteresis value indicates more
elasticity of the muscle and tendon.

Control of quadriceps and knee temperature

Quadriceps and knee temperature were controlled with Berg’s
polar care therapy heat exchange unit (Berg Inc. East Carlsbad,
CA). Water temperature of the bath was maintained 40°C by
a water bath. A heating water bath circulator (Fisher scientific
Inc. Pittsburgh, PA) was attached to the water bath to control
the water bath temperature. Since water temperature dropped
about 2°C from the water bath to the therapy pad. Water tem-
perature was kept at 40°C. This way each participant was giv-
en 38°C heat on their knee and quadriceps.

CLINICAL RESEARCH

Procedures

Participants signed an informed consent form prior to their
involvement. All tests were performed seven times depend-
ing on each participant’s menstrual phases throughout one
full menstrual cycle. Since the estradiol serum concentration
in blood and body temperature fluctuates during the day, the
tests were performed at the same time each experiment day.

On the first day, physical characteristics were measured in-
cluding height, weight, BMI, and self-reported menstrual cy-
cle. Upon arriving to the examination area, participants rest-
ed comfortably in a regulated ambient temperature of 25°C
for 20 minutes to stabilize their body temperature in a neutral
environment. First, 4cc of blood samples were taken to analyze
estradiol serum concentration before measuring leg skin tem-
perature. Next, ACL elasticity, FFK, and KFEH were measured.
After this, two 38°C heat pads were placed on each partici-
pant’s quadriceps and knee for 20 minutes to control their leg
temperature, skin temperatures, ACL elasticity, FFK, and KFEH
measurements were repeated.

Data analysis

Kolmogrov-Smirnov test was conducted to examine the dis-
tribution of estradiol serum concentration, leg skin temper-
ature, ACL elasticity, FFK, and KFEH. One-way repeated mea-
sures analysis of variance (ANOVA) was used to examine mean
estradiol serum concentration, leg skin temperature, ACL elas-
ticity, and the FFK at seven different phases in the menstrual
cycle at ambient temperature. LSD pairwise comparisons test
for multiple comparisons was used to compare means of vari-
ables between any two different testing phases. A mixed fac-
torial ANOVA was conducted to compare cycle phases with re-
spect to the effect of estradiol on ACL elasticity, FFK, and KFEH
at ambient temperature and 38°C warming. The level of sig-
nificance was set at p<.05.

Figure 3. The elastic hysteresis curve, which is
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Table 2. Summary of outcome variables in 7 different test phases during the menstrual cycle (N=10).

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Number of days 22 (08) 63 (1.38) 102 (1.28) 142 (2.2) 178 (27) 234 (24) 281 (32) <0.001
CEstradiol pg/ml 514 (90) 683 (143) 825 (17.6) 1758(459) 1039(263) 1303(388) 687 (17.0) <0001
fe”n‘:i;g:ure’ oc 318 (07) 314 (04) 317 (1.0) 315 (0.8) 31.9*(0.8) 31.8% (0.5) 31.8% (0.6)  0.39
Quadriceps skin 31.8 (09) 315 (0.5 318 (1.1) 316 (0.7) 32.1#(1.0) 31.9* (0.7) 319 (0.98) 0.29

temperature, °C

SD - standard deviation; M — menstruation; EF — early follicular; LF — late follicular; O — ovulation; EL — early luteal; ML — middle luteal;
LL - late luteal. # Significant changes from early follicular phase; * significant changes from ovulation phase.

Table 3. Summary of biomechanical variables in 7 different test phases during the menstrual cycle at ambient temperature and 38°C
warming (N=10).

Pre heat Post heat Pre heat Post heat Pre heat Post heat
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

M 5.1(1.5)*A 5.5(1.6)*» <0.01 126.0(35.4)*" 113.2(23.8) 0.04 344 (9.1)*A 284 (8.0) <0.01
"""" B 5405 5518 043 1239B42) 1120B13) 005 300 (87)° 269(104) 007
"""" IF 54(59%  56(L7) 024 1166B80) 1109(346) 001 289 (74 250 (92) 003 |
"""" 0 5907 6018 041 1112046 1090259 036 270 (60) 242 (B7) 044
"""" B 5406 5817 002 124G19) 1115312 <001 306 (72 255 (789 005
""" ML 57(07)h  58(16) 066 1152(184) 1089(302) 02 300 (70) 256 (53) 002
Cu s202¢ 54010 026 1221(77) 1120Q74) 002 309 (01) 249 (68) <001
pvalue® 003 03 02 082 006 o1

SD - standard deviation; M — menstruation; EF — early follicular; LF — late follicular; O — ovulation; EL — early luteal; ML — middle luteal;
LL - late luteal. " Significant changes from menstruation; # significant changes from early follicular phase; * significant changes from
ovulation phase; 2 p-values for the null hypothesis that there is a no difference between pre and post heat; ® p-values for the null
hypothesis that there is a no difference across 7 phases of the menstrual cycle.

Results

The distribution of estradiol serum concentration, leg skin
temperature, ACL elasticity, FFK, and KFEH was approximate-
ly normal (p>0.05). Mean and Standard Deviation (SD) of
number of days, estradiol serum concentration, and leg skin
temperature in seven different phases of the menstrual cy-
cle is listed in Table 2. The Participant’s phases were deter-
mined by their self-report and estradiol serum concentra-
tion. Mean (SD) of the Anterior Tibial Displacement (ATD),
FFK and KFEH at ambient temperature and 38°C warming in
seven different testing phases during the menstrual cycle
are shown in Table 3.

Estradiol serum concentration

As shown in Figure 4, estradiol concentrations significantly
changed throughout the menstrual cycle (p<0.001). The low-
est estradiol concentration was found during menstruation
(51.4+9.0 pg/ml) and the peak of estradiol concentration was
found during ovulation (175.8+45.9 pg/m|, Table 2).

Leg skin temperature

Results indicated that there were no significant differences in
knee and quadriceps skin temperatures during the menstrual
cycle at ambient temperature (p>0.05, Table 2). However, there
was a significant difference in knee skin temperature between
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Figure 4. Mean %SD of estradiol serum concentration measured
in 7 different phases during the menstrual cycle.
M — menstruation; EF — early follicular; LF - late
follicular; O — ovulation; EL — early luteal; ML — middle
luteal; LL — late luteal.

Figure 6. Mean +SD of the FFK measured in 7 different phases
during the menstrual cycle at ambient temperature
and 38°C warming. M — menstruation; EF — early
follicular; LF — late follicular; O — ovulation; EL — early
luteal; ML — middle luteal; LL — late luteal.
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Figure 5. Mean +SD of ATD measured in 7 different phases
during the menstrual cycle at ambient temperature
and 38°C warming. M — menstruation; EF — early
follicular; LF — late follicular; O — ovulation; EL — early
luteal; ML — middle luteal; LL — late luteal.

the early follicular and the early luteal phase (31.4+0.4°C vs.
31.940.8°C, p=0.01). The quadriceps skin temperature was
also significantly higher in the early luteal phase than early
follicular phases (32.3+1.0°C vs. 31.5+0.5°C, p=0. 04). Leg skin
temperature significantly increased and held at 38°C warming
when two heat pads were applied on the knee and quadriceps.

Anterior knee ligament elasticity

Anterior knee ligament elasticity was a measure of ATD. The
greatest ATD during ovulation occurred both at ambient tem-
perature and after 38°C warming (Figure 5). ATD during ovula-
tion was significantly higher than any other phase at ambient
temperature (p=.03). There was also a significant difference in
ATD between menstruation and ovulation as well as between

This work is licensed under a Creative Commons
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Figure 7. Mean +SD of KFEH measured across the 7 different
phases during the menstrual cycle at ambient
temperature and 38°C warming. M — menstruation;
EF — early follicular; LF — late follicular; O — ovulation;
EL — early luteal; ML — middle luteal; LL - late luteal.

early follicular and menstruation at 38°C warming (p<.05, Table
3). The greatest ATD was observed when estradiol peaks while
the opposite occurred with lower estradiol concentration across
the seven phases during the menstrual cycle. There were signifi-
cant differences in ADT between ambient temperature and 38°C
warming during menstruation and early luteal phases (Table 3).

Measurement of quadriceps muscle and tendon flexibility
Force to flex the knee (FFK)

The FFK decreased 15% from menstruation to ovulation at
ambient temperature (p=0.4, Table 3). However, no significant

changes in FFK across the menstrual phases at 38°C warming
were detected (p>0.05, Table 3). Also, a significant difference
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was found in the FFK in between the ambient temperature and
38°C warming all the phases except the ovulation and the mid-
dle luteal phase in which estradiol concentrations were rela-
tively higher than other phases (Table 3, Figure 6).

Knee flexion-extension hysteresis (KFEH)

Figure 4 shows the KFEH curve across the seven phases. As
shown in Figure 7, there were significant differences of KFEH
over the phases at ambient temperature. The KFEH increased
25% from ovulation to menstruation (26.0+6.0 N vs. 34.5+9.1
N, p<0. 01), 15% from ovulation to the early luteal (26.0+6.0
N vs. 30.63+7.23 N, p=0. 04), and 13% from ovulation to the
middle luteal phases (26.0+6.0 N vs. 29.97+6.98 N, p=0. 03).
However, there were no significant changes in the KFEH over the
phases at 38°C warming (p>0.05). The KFEH was significantly
higher at 38°C warming as compared to that at ambient tem-
perature in all phases except the ovulation (P<0. 05, Figure 6).

Discussion

ACL injury is more common in women compared to men who
participate in the same activities. Numerous studies have been
conducted on changes of knee ligament elasticity during the
menstrual cycle to examine the correlation between sex hor-
mones, which fluctuate over the menstrual cycle, and ACL laxi-
ty [32,33]. In spite of that, researchers are still debating on the
results of these studies because the study methods and pro-
cedures were vastly different. Increased tissue temperature
could be one factor that causes ligament and tendon laxness
(Jarosch, 2011). In this investigation, ACL elasticity, FFK, and
KFEH were measured during seven different phases of the men-
strual cycle at ambient temperature and after warming the leg
to 38°C in young healthy women with a regular menstrual cycle.

The most important finding of the present study was a signifi-
cantly greater ACL elasticity, less FFK, and KFEH during ovulation
where estradiol concentration peaks compared to the menstu-
ration where estradiol level is lowest during the menstrual cy-
cle. The relationship between sex hormones, especailly, estro-
gen and knee ligament elasticity as well as between estrogen
and musculotendinous stifnesss in young women with a regu-
lar mentrual cycle, has been demonstrated [12,34-36]. However,
this study is the first to examine the relationship between es-
tradiol serum concentration and knee elasticity and its relation-
ship to tissue temperature in young healthy women with a reg-
ular menstrual cycle. Greater ACL elasticity was found to occur
during ovulation. There are two factors that may cause this: 1)
estrogen and 2) tissue temperature. Heat is generally used to
increase the elasicity and flexibility of soft tissues (LaBella et
al,, 2011). Ligaments must have more elasticity with relative-
ly higher temperature since these are elastic stuctures. In this
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investigation, skin temperature was comparably lower during
ovulation than mesntruation and the early follicular phase. But
the only improtant temperature is the temperature of deep tis-
sue. There are very few papers on deep shell tissue tempera-
ture in deep tissues during the menstrual cycle [21]. These in-
vestigations found that muscle temperature was significantly
elevated during ovulation and the well documented increase
in core temperature. This is because heat has to be conserved
by skin to get increased body temperature. Heat goes through
the muscle and leaves the skin by radiation, convection, con-
duction, and evaporation. Skin needs to be cooler than the core
temperature to aid in heat loss or conserve heat [24]. Therefore,
to keep the body cool at ovulation, the shell needs to remove
more heat, hence muscle temperature increases at ovulation.

When the knee was heated to 38°C, there was still difference
in ACL elasticity at ovulation when compared to other phas-
es of the menstrual cycle. Therefore, while the temperature
change in deep tissues causes increased laxness, so must es-
tradiol. Both are synergistic at ovulation in increasing ACL elas-
ticity. However, previous studies examining ACL elasticity did
not control tissue temperature. Therefore, if it was a cool day,
the cool temperature of the shell would increase ACL stiffness
and its effect would be cancelled. Clothing and ambient tem-
perature become important to consider in studies and may be
the reason the results were so varied in different studies. No
previous study has even had subjects acclimatized to room
temperature before measuring measurements.

This study also measured the FFK and KFEH in knee felxion
and extension. These measures examined muscle and tendon
flexibility. Human muscles and tendons are soft tissues com-
posed of collagen fibers which may be also affected by estradi-
ol concentration and temperature as explained above. Results
of this sutdy showed a significantly lower FFK and KFEH at
ovulation compared to menstruation. This finding indicates
that less muscle and tendon stiffness are shown in the ovula-
tion than menstruation statge. In addition, this result may in-
fer that less muscle flexibility occurs with increased estradiol
concentration and lower skin temperature which may lead to
higher muscle tissue temperautre in young healthy women.
However, for the knee, the probable effect of estradiol is dif-
ferent. There was more energy storage at ovulation showing
increased laxity. When the leg was warmed to the core tem-
perature, this effect disappeared. This result implies that the
flexibility is more affected by temperature than estrogen; al-
though estrogen is responsible for the temperature fluctua-
tion. Thus, using heat would be beneficial on increasing knee
flexibility; the optimal time would be in the menstruation and
early follicular phase, where the less flexibility occurs.

Knee joint stiffness is a major risk factor for non-contact ACL
injuries [37]. It is so common for athletes to do warm-up
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stretching or use heat packs to decrease stiffness before exer-
cise for injury prevention [38]. Women have greater knee stiff-
ness due to estradiol and temperature effects during menstru-
ation. However, this investigation did not examine how knee
stiffness is related to injuries. Laxity may cause injuries or
may not. Myklebust et al. and Slatuterbeck et al. reported that
there are more ACL injuries during menstruation where less
ACL elasticity was found [39,40]. On the other hand, Wojtys
et al. claimed that more ACL injuries occur during ovulation
where greater ACL elasticity was found [41]. However, these
studies did not control environment or tissue temperature.
Temperature may be another factor that affects ACL injuries
but previous studies did not examine ACL elasticity under the
same condition such as controlling the effects of clothing or
environment temperature. If women play sports during ovu-
lation in a hot environment, both temperature and estrogen
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