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EFFETC OF COLD WRAPS ON MUSCLE RECOVERY2
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1. INTRODUCTION15

In various sports and activities, if the level of activity is greater than that normally encountered, it is16
common to have stiffness and soreness that begins after 1-2 days after exercise[1]. This soreness,17
called delayed onset muscle soreness or DOMS, is characterized by decreased range of motion of the18
joints[2], cellular inflammation[3], decreased muscle strength[4], and increased concentrations in the19
plasma of intramuscular constituents such as Myoglobin[3]. Balance has also been shown to be altered20
in people who have DOMS [5]. Because DOMS discourages exercise and following clinical therapeutic21
exercise programs [6], there have been numerous studies on the means of reducing DOMS. The22

Aims: Numerous studies have been conducted on the effects of cold on muscle soreness; however, few
agree on the "real" defined measureable benefits of cold after exercise.  The issue in need of clarity
appears to be consistency for the type of cold, duration of cold, temperature of cold, and how best to
assess the efficacy. Thus, the purpose of the study was to assess the effect of standardized cold wraps
applied immediately or 24 hours after exercise.
Study design: longitudinal study
Place and duration of study: Physical Fitness Laboratory, Department of Physical Therapy, School of
Allied Health Professions, Loma Linda University (LLU), California, U.S.A. between Mal r 2013 and May
2013.
Methodology: Three groups of 20 subjects' with an age range, 20-40 years conducted leg squats three 5
minute rounds to cause delayed onset muscle soreness; 3 minutes of rest separated the rounds.  One
group had cold wraps applied immediately and a second group had cold wraps applied 24 hours after
exercise.  A third group was the control group. The effect of cold was measured by visual analog pain
scales, muscle strength of the quadriceps muscles, knee range of motion, stiffness of the quadriceps,
Algometer to measure quadriceps soreness, and electrical resistance of the leg.
Result: One of the most significant outcomes was a reduction in soreness in the group that had cold
wraps applied immediately after exercise (p <0.01).Cold immediate helped reduce damage to the
quadriceps after heavy exercise. Cold was not just cool water but ice packs, a form of cooling capable in
a short time in reducing deep tissue temperatures.
Conclusion: Therefore, these data are encouraging in that they isolate the effect of cold from hydrostatic
pressure showing good results from cold packs post exercise.
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concept is if heat or cold can be applied to damaged muscle, it will reduce damage and allow less pain23
and loss of function [7, 8]. These modalities include heat, massage, diathermy, contrast baths, cold24
hydrotherapy, ultrasound and cold packs.25

Cryotherapy has been accepted as a means of reducing tissue damage and inflammation for many years26
and is usually used after sports related injuries [9, 10]. Cold is used commonly on athletic teams such27
as for rugby players [11]. However, research on the use of cold to reduce muscle micro trauma is sparse.28

The idea is that cold will reduce swelling and slow metabolism so that edema and injury is reduced[12].29
Cold also reduces pain and therefore has a duel role[13, 14]. However, the evidence is controversial.30
Some studies show no beneficial effects of contrast baths or cold water immersion immediately after31
exercise while others show a reduction in pain and preservation of muscle swelling[15].  Vaile, for32
example, determined that contrast baths were superior in reducing muscle soreness and preserving33
strength to hydrotherapy but details on how he measured DOMS was absent and therefore this study is34
unreliable[16].  Other studies show no effect[17].  This is not surprising since measures of deep tissue35
temperatures in the thigh show that contract baths change skin but not deep tissue temperature[18, 19].36
Higgins compared 2, 5 minute bouts of cold water immersion to contrast baths and found a reduction in37
pain. While this study was conducted with more rigor than previous studies, its measure of muscle38
strength was the ability to jump high- a measure that combines flexibility with strength and did not isolate39
the effect of exercise and cold application on either alone[7].40

In a recent study, contrast baths and cold hydrotherapy (10 degree C) were used on rugby players[8]. In41
this study, performance was increased in rugby games by 2-6% after cold hydrotherapy was used after42
exercise.  Here, contrast baths did cause a small increase in performance.43

In a study of squats used to induce muscle soreness, cold water hydrotherapy was used for 72 hours post44
exercise.  There was no change in analytes such as myoglobin compared to the control group.45
Perceived pain did improve as did recovery of isometric strength[20].  The authors however used46
immersion of the legs.  As they correctly stated, this causes, in itself, an increase in tissue hydrostatic47
pressure and may be responsible for reduced edema and swelling. They did not use a control group with48
room temperature water.49

In a study of the biceps, after muscle soreness was created, there was no effect of ice massage on50
muscle analytes such as myoglobin. The authors concluded that ice massage immediately and 24 and51
48 hours post exercise were ineffective[21].52

In another recent study, [12] cold water immersion was at 15 degree C and was administered in leg53
exercise after and at 24, 48 and 72 hours post exercise.  They found no effect of cold water immersion on54
the first bout of exercise but found benefit days later in the second bout.  They concluded that the use of55
cold water baths remains unclear.56

A major problem in these studies is that the cold water was at widely different temperatures and exposure57
was for different lengths of time while some used immersion, adding increased tissue pressure, while58
others used ice. The means of determining relief from DOMS were also variable and many studies simply59
self-reported the effectiveness of pain relief.  Therefore, in the present investigation, a more systematic60
study was accomplished to look at both self-reported and subjective measures of muscle soreness and61
stiffness with ice packs applied to the legs of subjects post exercise.62

63

64
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2. MATERIALS AND METHODS65

2.1 Subjects66

The subjects for this study were 60 healthy individuals between the ages of 20 and 40 years old, divided67
randomly into 3 groups of 20 subjects. The groups were 1) control, 2) ThermaCare cold packs68
immediately after exercise, and 3) ThermaCare cold packs applied 24 hours after exercise. All subjects69
had at least six weeks of physical inactivity in the upper body and their body mass index (BMI) was less70
than 40.  Subjects had no cardiovascular disease, hepatic disease, diabetes, lower limb neuropathies, or71
recent lower limb injuries. Subjects were not taking alpha or beta agonist/antagonists, any type of72
NSAID, Cox 2 inhibitors, calcium channel blockers, Pregabalins (Lyrica), or pain reducers. The73
demographics of the subjects are shown in Tables 1. All methods and procedures were approved by the74
Institutional Review Board of Loma Linda University and all subjects signed a statement of informed75
consent.76

77

Table1. Demographics of subject groups78

79

80

81

2.2. Measurement82

2.2.1. Muscle Strength Measurement83
84

Muscle strength was measured with a strain gauge transducer, which used four strain gauges placed on85
opposite sides of a steel bar. The bar was fixed to a chair base with a leather ankle strap that was placed86
just above the malleolus and measured force developed during extension by the quadriceps muscle with87
the knee bent at 90 degrees.  When the bar was bent, the strain gauges, arranged as a Wheatstone88
bridge, were deformed and an electrical output was provided to a BioPac (BioPac Systems, Goleta, CA)89
system DAC100 bioelectric amplifier module.  The signal was amplified 5,000 times and then digitized90
through a BioPac MP150 analog to digital converter at a resolution of 24 bits and a frequency of 1,00091
samples per second, and stored it digitally for later analysis.  Data analysis and storage were92
accomplished using the Acknowledge 4.1 software from BioPac Inc. (BioPac Systems, Goleta, CA).93
Muscle strength was determined on two occasions as a maximum isometric contraction, with each94
contraction lasting for three seconds in duration with at least one minute of rest separating the95
contractions.   The average of the two strength measurements was used in the data analysis as the96
subject’s maximum strength.97

Age (years)
Mean
(SD)

Height (Cm)
Mean
(SD)

Weight (Kg)
Mean
(SD)

BMI (Kg/m2)
Mean
(SD)

Control group 25.25
(2.99)

165.93
(5.99)

63.69
(10.35)

23.10
(3.53)

Cold immediately
exercise

25.45
(2.72)

174.38
(9.24)

67.18
(12.37)

21.96
(2.54)

Cold 24 hours after
exercise

26.10
(2.75)

170.28
(8.60)

74.10
(26.55

25.33
(7.75)
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98

99

2.2.2. Subjective Pain Measurement100
101

A 10 cm visual analog scale was used.  It had a horizontal line across a piece of paper 10 cm long.  One102
end was marked “pain free” and the other “very, very sore”.  The subject was asked to place a vertical103
slash across the line where appropriate.  The location of the slash was converted into a number, where 0104
indicated pain free and 10 indicated very, very sore. Only one visual analog pain scale was printed on a105
single sheet of paper.106

107

2.2.3. Ligament Elasticity108

Elasticity of the anterior cruciate ligament was measured by a kinematic knee device which is109
commercially produced and has been validated in numerous studies.   The device was the Medmetric110
KT2000 (Medmetric Corporation, San Diego, CA). The subject lay supine with the angle of the knee at111
25-30 degrees.  A strain gauge measured the force necessary to generate an anterior/posterior glide of112
the proximal end of tibia on the femoral condyles thus generating a force curve of elasticity of the anterior113
cruciate ligament (ACL).114

A foot positioning device and thigh strap was used to position the leg of the subject. Force was applied115
for the anterior cruciate ligament at 15, 20 and 30 lbs. (66.6, 88.8, 133.2 Newton’s, respectively). As116
force was applied, the force and measured displacement were plotted on an x-y plotter to record the117
ligament elasticity. The device has been well validated and published[22-24].118

119

2.2.4. Force to flex and extend the knee (FK)120
121

The force to flex and extend the knee was measured from 90 to 125 degrees.  The subject was in the122
seated position with the leg free to hang at an initial angle of 90 degrees with the foot off of the floor.    A123
linear actuator was connected through an ankle strap to passively move the knee through 35 degrees of124
flexion.  The force needed to move the knee was measured as a measure of the flexibility and elasticity of125
the quadriceps muscle and its tendons. The rate of movement was 45 degrees in 7.5 seconds.  The knee126
was flexed and then extended and the force was measured in each direction. Resistive strain gauges127
(350 ohms) were arranged as a Wheatstone bride.  The bridge output was amplified and conditioned with128
a DAC100 strain gauge amplifier with a gain of 500 (BioPac Systems, Goleta, CA).  The amplified output129
was digitized at 2000 Hertz with a resolution of 24 bits on an MP150 BioPac data acquisition system130
(BioPac Systems, Goleta, CA).  A goniometer measured the angle of the knee to calculate the force131
needed per degree moved.   The goniometer used a ruby bearing 360 degree 5000 ohm potentiometer.132
Its output was amplified and digitized by the BioPac system as described above.133

134

2.2.5. Measurement of skin resistance135
136

Electrical resistance was measured from a prototype device from Mettler Electronics (Anaheim, CA)137
called a Zone Finder. It supplied a constant 9 volts between two probes to measure the micro current in138
micro amps between the electrodes, generally measuring around 100 micro amps.  The two probes were139
tipped with cotton pads and mounted in housing where the distance between probes could be changed,140
and the force of each probe on the skin could be measured on two separate force gauges. Due to the141
angle of the probes, pressure caused the skin between the probes to stretch.  During each test, the cotton142
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pads on the probes were first soaked with 0.9% saline. Then they were placed onto the subject so that143
equal pressure was applied on each probe, as measured by each force gauge. Only then would the144
current be recorded. Also, the skin was first cleaned to minimize the effects of dirt, sweat, or anything145
else on the surface of the subject. Skin current was measured at 9 locations above the quadriceps in146
each leg and the data shown in the figures is the average of 18 measurements.147
2.2.6. Measurement of range of motion148

Range of motion of the knee was measured by a trained physical therapist with a digital goniometer.149
Measures were made of full active range of motion and the point during range of motion of the knee150
where pain was felt, if any, after the exercise.151

152

2.2.7. Measurement of pain threshold153

The minimum pressure that induces pain in tender and trigger points of tissue were measured with an154
Algometer (Wagner model FPX, Greenwich, CT).  The Algometer quantified the pressure it took over a155
defined surface to produce pain in the belly of the quadriceps muscle. It measured pressure with 10156
gram sensitivity and the location used was 40% of the distance from the top of the patella to the anterior157
superior spine of the hip.   The point was marked the first day with a marker so that measurements could158
be repeated. The surface area of the Algometer tip was 52.5 square mm.159

160

2.2.8. Exercise161
162

All subjects participated in the same exercise to induce DOMS in the lower body.  To provoke DOMS, the163
subjects accomplished squats as fast as they could for 5 minutes.  They repeated the exercise after 3164
minutes of rest two more times (total 3 rounds).  The depth of each squat was at 90° or below.165

166

2.2.9. Cold Therapy167

Cold was applied by placing 1 ThermaCare cold wrap on each leg centered over the quadriceps and lying168
longitudinally over the muscle. Packs were left on for 20 minutes and were at 0 degrees C.169

170

2.3. Procedures171
172

On each day, subjects entered the room and relaxed in a thermally neutral environment for 20 minutes.173
Measurements such as leg strength, range of motion, tissue resistance, analogue visual pain scales, ACL174
laxness, and force to move the leg were recorded.  These data were collected on a Monday, exercise175
was accomplished on Tuesday and then measurements were measured again on Wednesday, Thursday176
and Friday. The only difference between the groups was that one was the control and did not have cold177
applied; one had cold applied by ThermaCare cold wraps immediately after exercise and another group178
had ThermaCare cold wraps applied 24 hours post exercise. ThermaCare cold wraps were placed on179
the long axis of the quadriceps bilaterally for 20 minutes.180

181
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3. RESULTS AND DISCUSSIONS182

The results of the experiments are shown in Figures 1-7.183

3.1. Results184

3.1.1. Muscle strength185

As shown in Figure 1, there was a reduction in strength the day after the exercise in the control group.186
This significant reduction (P< .01) was 23.8% less than the resting (pre exercise) strength. Strength was187
still significantly lower in the cold immediate group compared to the resting data at 1, 2, and 3 days post188
exercise (P< .01).   For the group that had cold applied at 24 hours post exercise, there was a reduction189
in strength 1 day post exercise and 2 days post(P< .01)  but no reduction in strength that was significant190
(P = .09)  3 days post exercise.  The cold immediate group had the least reduction in muscle strength191
after exercise for the 3 groups.192
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Fig. 1.  The measured strength in the quadriceps muscles in the subjects before exercise (rest)197
and 1, 2 and 3 days post exercise.  Each point is the mean of 20 subjects +/- the standard198
deviation.199

200

3.2. Pain Scale201

The results of the pain scale determination are shown in Figure.2.  As can be seen in this figure, all202
subjects showed an increase in pain after the exercise.  The pain peaked by 2 days post exercise. The203
increase in pain in all groups was significantly higher than rest at days 12, and 3 post exercise (P = .02).204
The least pain was felt 1 day post exercise and was in the cold immediate group. Pain was significantly205
higher at 1 day post exercise in the cold 24 and control groups than the cold immediate group (P < .01).206
Pain was not different 1 day post exercise in the control and cold 24 groups.  But by the 2nd day post207
exercise, pain was significantly less than the control group in the cold 24 group (P<.01).208
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Fig.2. The measured visual analog pain scale of the subjects before exercise (rest) and 1, 2 and 3210
days post exercise.  Each point is the mean of 20 subjects +/- the standard deviation.211

212

213
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3.3. Knee flexion pain214

The knee was passively flexed through full range of motion and the point where, if any, pain was felt was215
recorded. The results are shown in Figure 3.  As can be seen here, there was pain felt on flexing the216
knee at less than full range of motion on the 1st, 2nd and third day post exercise for all three groups of217
subjects. The decreased range of motion at which pain was felt was significant comparing it to the218
resting data for all 3 groups at days 1 and 2 post exercise (P =.02).  But the reduction in the 2 groups219
using heat was only a few degrees whereas the reduction in the control group was over 10 degrees and220
was significantly more than the other 2 groups at days 1,2 and 3 post exercise (P =.03).221
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Fig. 3. The point during passive movement of the knee where pain was felt in the subjects before223
exercise (rest) and 1, 2 and 3 days post exercise.  Each point is the mean of 20 subjects +/- the224
standard deviation.225

226

3.4. Skin current227

Skin current for the average of the 18 sites above the quadriceps muscles is shown in Figure 4.   There228
were minor differences in the resting micro current from one subject to the other, perhaps due to229
differences in subcutaneous fat thicknesses.  Therefore, the current was expressed as a percent of the230
first day’s current as shown in this figure.   After the first day, the skin currents were significantly lower in231
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all 3 groups of subjects (P<.01). For the control group, skin current continues to drop for the next 2 days232
and was significantly lower each day (P<.01).  But for the other 2 cold groups, current was not233
significantly less than the resting data on days 2 and 3.234

Resting
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Fig. 4. The average skin current over the belly of the quadriceps muscles in the subjects before236
exercise (rest) and 1, 2 and 3 days post exercise.  Each point is the mean of 20 subjects +/- the237
standard deviation.238

239

3.5. Force to passively move the leg240

The force needed to flex the knee was measured from the knee at 90 to 125 degrees. Figure 5 shows241
the force measured at 110 degrees of flexion. This measuring point was used since the measurement242
was well after the start of movement (90 degrees) and when the inertia of the leg was brought into motion243
and when motion was at steady state.  At this point, there were some differences in the forces to move244
the leg depending on the leg length and girth of the leg from one individual to the next.  Therefore, in this245
figure, all of the data was normalized in terms of the force to flex the knee before the exercise in each246
subject.  There was no difference in the force to flex the leg one day after the exercise bout. In the group247
that had cold immediately after the exercise, force stayed constant over the next 2 days.  For the group248
that had no cold applied, force to move the leg increased significantly in the 2nd and third day (P<.01).249
For the group that had cold applied 24 hours after the exercise or cold immediately, there was no250
significant change in force at days 1, 2 and 3 days post exercise.251
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Figure 6 shows the hysteresis curve for the same measurement.  The force to flex the knee at the 110252
degree point and to allow it to extend to the 110 degree point is different.  This difference is called the253
hysteresis.   As shown in Figure 6, for the 2 groups that received cold, the hysteresis stayed constant254
over the 4 day period.  But for the control group, there was an increase in the difference between the255
force of flexion and extension that peaked on the 2nd day post exercise and was still significantly higher256
than rest at the last day of measurements (P<.01).257

258

259
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Fig. 5. The force required to passively move the quadriceps muscle with the knee at 110 degrees261
in the subjects before exercise (rest) and 1, 2 and 3 days post exercise.  Each point is the mean of262
20 subjects +/- the standard deviation.263
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Fig. 6. The force required to passively move the quadriceps muscle with the knee at 110 degrees265
during flexion minus extension force in the subjects before exercise (rest) and 1, 2 and 3 days266
post exercise.  Each point is the mean of 20 subjects +/- the standard deviation.267

268

269

3.6. Knee ligament laxness270

The movement of the tibia was measured at 3 levels of force.  The results for the highest force are shown271
in Figure 7. There were no significant differences between the 3 groups on any measuring day.  For all272
groups, there was less displacement of the tibia with the highest force applied on the KT2000 by the273
second day post exercise. The reduction in displacement of the tibia was significant (P<.01) at day 1 and274
2 compared to the resting data.275
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Fig. 7. The displacement of the tibia with a force of 133.2 newton applied to measure ACL laxity in277
the subjects before exercise (rest) and 1, 2 and 3 days post exercise.  Each point is the mean of 20278
subjects +/- the standard deviation.279

280

281

3.7. Discussion282

Cold has been used in Physical Therapy for thousands of years[25].  The premise has always been that283
cold reduces both pain and swelling in over exercised tissue [26, 27]. Certainly, there is ample data that284
cooling has physiological effects.  The cold receptors in the body that operate in the non-painful285
physiological temperature range are specialized ion channels called trpm8 (melastatin) channels[28, 29].286
When cooled, the TRpm8 receptor increase calcium permeability in sensory nerves[30].  They are287
sensitive to menthol, increasing calcium influx and sensitivity when exposed to menthol[25, 28]. Low288
doses of menthol produce a cooling sensation but high doses produce a burning sensation[31].289
Activation of the trpm8 receptors has been shown to reduce pain sensation and reflex pain activity[25].290
The reduction in pain probably occurs in the dorsal horn of the chord with the activation of glutamine291
release on pain pathways[25].  Glutamate is an inhibitory neurotransmitter that reduces transmission of292
pain from sensory afferent.   Pain can be gated away by activation in the dorsal horn of these inhibitory293
neurotransmitters[32].294
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Cold also can decrease inflammation and edema[33, 34]. However, studies have questioned the ability295
of brief cold treatment to penetrate deep into tissue[7, 35]. Further, using ice baths, tissue hydrostatic296
pressure increases and that in itself may reduce edema[7].  When these facts are added to the fact that297
quantitative measures of the benefit of cold are usually never made, it is hard to conclude that cool helps298
after over exertion.299

In the present investigation, we tried to take a more comprehensive evaluation of cold.  By using hard300
measures of the effect of cold on soreness such as muscle strength and range of motion as well as301
current flow through the quadriceps muscle and muscle and tendon elasticity, damage could be examined302
on a more quantitative basis and compared in cold and control groups.  Ice packs were used.  In other303
studies the temperature of the cold source varied from 15 degrees centigrade to 0 degrees centigrade.304
We used 20 minutes of exposure to an ice pack since previous studies have shown that this will lower305
muscle temperature[36].    The results seem fairly conclusive.  The analog visual pain scale showed the306
greatest soreness in the no ice group and the least soreness in the ice immediate group. This subjective307
data was paralleled by the resistive data through the quadriceps.   In a previous study, the validity of this308
measurement for tissue damage was shown as well as reliability.  The dc resistance of the tissue is309
uninfluenced by blood flow and very repeatable if electrodes are applied at constant pressure and310
separation distance[37]. The results here confirm less tissue damage in the cold groups compared to the311
control group.  The force needed to move the knee through range of motion offers more support.  Only in312
the control group did force increase showing damage to the muscle and/or its tendons. Further, the313
hysteresis in the movement curve is a measure of elastic energy storage in the muscle.  In the cold314
groups there was little change after exercise.  In the control group, hysteresis provided better evidence315
that some structural change had occurred in muscle in the control group such as might occur with soft316
tissue damage.  This caused the muscle to be stiffer if cold wasn’t used. ACL laxness was not different in317
any group of subjects pre and post exercise. Here there was less tibial displacement for a given force on318
the tibia after exercise showing swelling or damage to the ACL.  The cold and control groups were not319
different.  But since cold was not applied to the knee, it is not surprising.320

321

4. CONCLUSION322

From a subjective and objective standpoint, cold helped reduce damage to the quadriceps after heavy323
exercise.  Cold immediate was the most helpful.  The disparity between this and other studies may lie in324
the fact that data was not confused by immersing the leg, causing a reduction in edema by increased325
tissue hydrostatic pressure.  Further, cold was not just cool water but ice packs, a form of cooling capable326
in a short time in reducing deep tissue temperatures.  Therefore, these data are encouraging in that they327
isolate the effect of cold from hydrostatic pressure showing good results from cold packs post exercise.328
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