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Changes in Forearm Blood Flow During
Single and Intermittent Cold Application
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Study Design: Two-factor repeated measures design.
Objectives: To compare the effects of a 20-minute cold application to the effects of a 20minute cold application followed by 20 additional minutes of intermittent cold on forearm
blood flow over a 60-minute period.
Background: The appropriate duration of cold application as a therapeutic modality
following soft tissue trauma is an important clinical question because the goal of using this
modality is to limit edema, decrease pain, and produce effective muscle relaxation without
causing cold-induced reactive vasodilatation or nerve damage.
Methods and Measures: Thirteen subjects (mean age, 21.46 4.01 years) volunteered to
participate in this study. A bilateral tetrapolar impedance plethysmograph was used with
venous occlusion to measure changes in local limb blood volume at the forearm for a
period of 60 minutes under 2 conditions: Condition 1: Prolonged intermittent cold
application (20 minutes ice application; 10 minutes off; 10 minutes ice on; 10 minutes off;
10 minutes ice on); Condition 2: Cold followed by application of a room-temperature pack
of equal weight to the ice bag (20-minute ice application; 10 minutes off; 10 minute roomtemperature pack on; 10 minutes off; 10-minute room-temperature pack on).
Results: A significantly lower blood flow was noted during the last 10 minutes of Condition
1 compared with Condition 2.
Conclusions: The findings of this study indicate that blood flow is reduced when a
prolonged intermittent cold application (Condition 1) is used compared to a single cold
application (Condition 2). ) Orthop Sports Phys Ther 1999;29:177-180.

he use of cold as a
therapeutic modality
to decrease the local
inflammatory reaction
following a soft tissue
injury has been widely accepted.
Cold causes vasoconstriction and
decreases the permeability of local
blood vessels, reducing swelling
and raising the pain threshold.
Although this modality appears
to be effective, confusion exists
with regard to the pathophysiologic response and specific protocol
for the duration of cold therapy
application. S t ~ d i e s ~ . ~have
.~J~J~
shown that local vasodilatation
may follow initial vasoconstriction
as a result of prolonged cold a p
plication. It was subsequently recommended that ice application
should be restricted to 20 minutes
Key Words: cryotherapy, plethysmography, rehabilitation
to avoid the risk of cold-induced
vas~dilatation.~~~J~
Recent evid e n ~ ehowever,
,~~
does not s u p
port the occurrence of cold-induced vasodilatation.
Lehman and Delateurls have
shown that prolonged cold application is necessary to bring about
effective muscle relaxation that is
essential in the subacute phase of
injury rehabilitation. However,
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by not using ice for more than 30 minutes and by
guarding superficial nerves in the area. McMasterZ0."
suggested that cold should be applied for at least 20
minutes with a preferred duration of 30 minutes, but
warned that too long an application may be deleterious. This evidence raises the question of whether or
not a protocol of prolonged cold application is beneficial in the treatment of soft tissue injuries without
predisposing the tissue to cold-induced vasodilatation. Although several different cryotherapy application protocols are currently used in the clinical setting, the protocol developed for the present study
was designed to examine the vasodilation response,
based on anecdotal observations of common cryotherapy treatments.
The purpose of this study was to compare the effects of a 20-minute cold application to the effects of
a 20-minute cold application followed by 20 additional minutes of intermittent cold on local blood flow
over a 60-minute period.

METHODS
Subjects
Thirteen college students (9 men, 4 women, mean
age = 21.46 2 4.01 years) volunteered to participate
in this study. Subjects were excluded from the study
if they showed hypersensitivity to cold or had cardiac
or pulmonary problems, Raynaud's phenomenon,
anesthetic skin, or uncovered open wounds. Before
participation in the study, the procedure was explained verbally to each subject. All subjects signed
informed consent approved by the Biomedical Institution Review Board at the University of Pittsburgh.

subject was tested. The cold modality used in this
study was a 45% ice bag measured to the nearest
gram (Fisher Scientific, Inc., Model 711). The first
procedure consisted of prolonged intermittent cold
application with the following schedule: 20 minutes
of continuous ice application; 10 minutes ice off; 10
minutes ice on; 10 minutes ice off; and 10 minutes
ice on. The second procedure involved cold application followed by application of a 45% room-temperature pack with the following schedule: 20 minute of
continuous ice application; 10 minutes off; 10 minutes room-temperature pack on; 10 minutes off; and
10 minutes room-temperature pack on. The first procedure was selected on the basis of anecdotal observations of cryotherapy treatments used in the clinical
settings. Each treatment procedure lasted 60 minutes. Subjects were asked to lie in a supine position
with their forearm extended and fully supinated. The
arm of each subject was cleaned with isopropyl alcohol prior to electrode placement. Circurnferential
Mylar electrodes were placed 1 cm and 10 cm proximal to the radial styloid process of the wrist. Skinfold
thickness was measured at a point midway between
the 2 electrodes, and a pneumatic cuff was secured
on the left upper arm. Subjects were asked to rest
quietly for a period of 20 minutes, during which a
baseline blood flow was established followed immediately by either of the 2 treatment procedures. A decrease in the volume of blood flow was determined
by an increase in impedance. The percent change in
impedance has a direct linear relationship with percent change in blood volume when measured with a
bilateral impedance plethysmograph using a 100-kHz
current frequency. Impedance was recorded every 5
minutes during the 60-minute duration of treatments
1 and 2.

Instrumentation and Blood Flow Measures
We collected data using a bilateral impedance plethysmograph (BIP-750, Electrodiagnostic Instruments, Burbank, Calif), which is a safe and noninvasive method of detecting changes in blood flow.
Plethysmography uses 1-rnA sinusoidal current at a
frequency of 100 kHz that is not perceived by the
subject. The bilateral impedance plethysmograph,
which measures impedance to current, detects decreases in blood flow as measured by an increase in
impedance. A direct linear relationship between the
percent change in impedance and percent change in
blood volume with an impedance plethysmograph using a 100-kHz current frequency has been previously
demonstrated.'

Procedure
Subjects reported for testing on Day 1 and 24
hours later on Day 2. The order of the treatment
procedure was randomized, and the left arm of each

Statistical Design and Analysis
A 2-factor analysis of variance (ANOVA) with repeated measures (treatment by time) was used to detect significant main and interaction effects. An alpha level of .05 was used for all tests for statistical
significance. We performed a test of parallelism to
identify how blood flow changed across any 2 successive times between the 2 conditions (Treatment 1
and Treatment 2) .26

RESULTS
The percent blood volume at the end of each 5
minute interval for each treatment procedure is displayed in Figure 1. The value at time 0 represents
the first measured value 5 minutes into the cryotherapy procedure. The results from this study demonstrated a significant time main effect (Flel, = 18.46,
P < .05) as blood flow decreased during both conditions (Table 1). A significant treatment by time interJ Orthop Sports Phys Ther-Volume 29. Number 3. March 1999
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TABLE 1. Two-factor ANOVA summary table (treatment bv time).
Source

df

MS

Treatment
Error
Time
Error
Treatment X Time
Error

1
12
12
144
12
144

0.169
0.121
0.049
0.026
0.057
0.0166

F Value
1.401

PValue
.259

18.46

.001

3.44

.001

ing the entire 20 minutes of ice application. During
this time, no significant vasodilatation was observed.
The results from our study showed that cold applicaTime (min)
tion for 10 minutes following the initial 20-minute
procedure
significantly reduced blood flow when
FIGURE. Intermittent ice application compared to single ice application
compared to the control condition. Further, the reon forearm blood flow over 60 minutes (mean 2 SE).
duction in blood flow was shown to be greater than
35 minutes following the initial ice period when
compared to the control treatment. As such, the preaction was also detected (F,,,,, = 3.44, P < .05).
vention of reactive vasodilation was achieved with the
Specifically, significant group by time interactions
were detected at 35 vs. 40 minutes, 50 vs. 55 minutes, intermittent ice protocol.
Deep tissue cooling is another cryotherapy issue
and 55 vs. 60 minutes, as the intermittent cold condithat has generated investigation. Lehman and Delation produced a greater reduction in blood flow
teurls have shown that at least 10 minutes is required
than the control condition (Table 2).
to cool the muscle of a thin person, whereas 30 minutes may be necessary to derive the same effect in a
DISCUSSION
more obese person. They therefore suggestedI8that
the longer duration of cooling should be used to
The results of the present study show that blood
produce effective muscle relaxation. This premise is
flow decreases significantly following 20 minutes of
based
on the fact that once the muscle is cooled to a
cold application and that intermittent ice application
desired
level, the effects usually last long enough to
every 10 minutes maintains this decrease for as long
be
of
therapeutic
value. Following local cooling, the
as 35 additional minutes. The apparently greater retemperature
of
the
skin and subcutaneous tissue deduction in blood flow during the initial 20-minute
creases
sharply,
then
more gradually, and finally placryotherapy treatment of the intermittent condition
teaus.4J7Je.24.25
Following
removal of the source of
was an unexpected finding in this study (Figure). As
cold,
tissue
temperature
increases
sharply, similar to
described previously, this particular protocol was perthe
initial
decrease
but
to
a
lesser
degree. Deep tisformed 24 hours before administration of the second
sue
temperatures,
however,
do
not
begin decreasing
protocol (control). Although the notion of a reflex
until
minutes
after
cold
a
p
p
l
i
c
a
t i ~ nthey
~ ~ ~occur
~~~~;
compensatory mechanism following an initial cryomuch
more
gradually
and
to
a
lesser
magnitude
than
therapy exposure may seem argumentative at best, a
the
subcutaneous
t
e
m
~
e
r
a
t
u
r
e
Tissue
.
~
depth
also
possible explanation of such a finding may lie in this
determines the duration to which this temperature
premise. Cryotherapy produces its effects by causing
decrease
is sustained. The return of tissue temperavasoconstriction and a decrease in cell permeabiliture
to
initial
baseline levels is related to 2 factors:
ty.l4s2lThese immediate effects help to limit the prithe
amount
of
heat removed from the body and the
mary edema caused by the initial injury. By limiting
amount
of
heat
available to rewarm to area. Rewarmthe primary edema and by decreasing the metabolic
ing
of
the
fingers
occurs more quickly than the ankle
requirement of the injured site as well as that of suror
forearm.
Studies
have shown that more than 2
rounding tissue, secondary hypoxic injury is preventhours
is
required
to
rewarm the forearm and ankle.I6
ed."J5 Cold also decreases the rate of impulse transDelayed
rewarming
following
cooling may be due to
mission along motor and sensory peripheral nerve fithe
diminished
blood
flow
that
accompanies the tisbers, thereby raising the threshold for painn-l3 and
decreasing muscle spasm.26Cold may also act directly
on the muscle spindles, lowering s p a s t i ~ i t y . ~ J ~ . ~ ~TABLE
. ~ ~ 2. Significant treatment by time interactions.
Research has suggested that the duration of ice a p
Variables
F Value
P Value
plication in the treatment of injuries be limited to 20
Time 35 vs. 40
14.49
.002
minutes to avoid cold-induced vasodilatation and
Time 50 vs. 55
10.60
.007
nerve i n j ~ r i e s . ~ .Weston
~ J ~ J ~et alZ9demonstrated a
Ttme 55 vs. 60
30.25
.001
decrease in blood flow below baseline measures durJ Onhop Sporu Phys Ther-Volume 29. Number 3. March 1999
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amination of Lewis cold induced vasodilation of finger
plication procedure can be used t o sustain a reducand ankle. Athl Train. 1980;15:238-250.
tion in blood flow f o r up t o 1 hour. M ~ M a s t e r ~ ~ - ~ '17. Knight KL, Carmody LW. Rewarming of the ankle and
suggested that cold should be applied for at least 20
forearm following 30 minute ice water immersion. Proceedings of the 35th National Athletic Trainers Associaminutes, with an optimal duration o f 30 minutes. Altion Annual Meeting, Nashville, Tenn, June, 1984.
though this premise has been accepted in many ther18. Lehman LF, Delateur BJ. Cryotherapy. In: Lehman IF, ed.
apeutic settings, the claim is n o t supported by docuTherapeutic Heat and Cold. 3rd ed. Baltimore: Williams
mented evidence. Our results support the use o f a n
and Wilkins; 1982:563-602.
intermittent cryotherapy procedure up t o 1 h o u r if
19. Leppold OCJ, Nicholls JG, Redfearn JWT. A study of the
afferent discharge produced by cooling a mammalian
the desired effect is t o sustain a reduction in blood
muscle spindle. J Physiol. l96O;l 53:218-231.
flow without inducing reactive vasodilation.
20. McMaster WC. Cryotherapy. Physic Sports Med. 1982;lO:
112-119.
21. McMaster WC. A literary review on ice therapy in injuries. Am ] Sports Med. 1977:5;124-126.
REFERENCES
22. Michalski WJ, Seguin JJ. The effect of muscle cooling and
1. Anderson FA. lmpedence plethysmography in the diagstretch on muscle spindle secondary endings in cat. ]
nosis of arterial and venous disease. Ann Biomed Eng.
Physiol. 1975;253:341-356.
1984;12:79-102.
23. Ottoson D. The effects of temperature on isolated muscle
2. Behnke RS. Cold therapy. Athl Train. l974;9:178-179.
spindle. ] Physiol. 1965;180:636-648.
3. Bierman W, Friedlander M. The penetrative effect of cold. 24. Petajan JH, Daube JR. Effects of cooling the arm and
Arch Phys Ther. 1940;21:585-592.
hand. ] Appl Physiol. 1965;20:1271-1274.
4. Bugaj R. The cooling, analgesic and rewarming effects of 25. Petajan JH, Watts IV. Effects of cooling on triceps surae
ice massage on localized skin. Phys Ther. 1975;55:11reflex. ] Am Phys Med. 1962;41:240-251.
19.
26. Portney LG, Watkins MP. Foundations of Clinical Re5. Chu DA, Lutt CJ.The rationale of ice therapy. I Natl Athl
search: Applications to practice. East Norwalk, Conn: A p
Train Assoc. 1969;4:8-9.
pleton & Lange; 1993:380-382.
6. Clarke R, Hellon R, Lind A. Vascular reactions of human 27. Ruciniski TJ, Hooker DN, Prentice WE, Shields ON, Cote
forearm to cold. Clin Sci. 1958;17:165-177.
Murray DJ. The effects of intermittent compression on
7. Collin K, Storey M, Peterson K. Peroneal nerve palsy after
edema in postacute ankle sprains. I Orthop Sport Phys
cryotherapy. Phys Sports Med. 1986;14:105-108.
Ther. 1962;14: 65-69.
8. Drez D, Faust DC, Evan JP. Cryotherapy and nerve palsy. 28. Waylouis GW. The physiologic effects of ice massage.
Am 1 Sports Med. 1981;9:256-257.
Arch Phys Med Rehabil. 1967;48:3742.
9. Eldred E, Lindsley DE, Buchwald JS. The effects of cooling 29. Weston M, Taber C, Casagranda L, Cornwall M. Changes
on mammalian muscle spindles. Exp Neurol. 1960;2:
in local blood volume during cold gel pack application
144-1 57.
to traumatized ankle. J Orthop Sports Phys Ther. 1994;19:
10. Fox R, Wyatt H. Cold induced vasodilation in various ar197-1 99.
eas of the body surface of man. ] Physiol. 1962;162:28930. Wolf SL, Letbetter WD, Basmajian JV. Effects of a specific
cutaneous cold stimulus on single motor unit activity of
297.
medial gastrocnemius muscle in man. Am ] Phys Med.
11. Click EN, Lucas M. Ice therapy. Ann Phys Med. 1969;lO:
1976;55:177-183.
70-75.

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on July 12, 2021. For personal use only. No other uses without permission.
Copyright © 1999 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

sue c o ~ l i n g . 'Our
~ results suggest that blood flow increases 35 minutes following a 20-minute application
t o the forearm (blood flow approaches baseline values) and that intermittent ice application retards the
rebound o r increase in blood flow.

J Orthop Sports Phys Ther .Volume 29. Number 3. March 1999

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on July 12, 2021. For personal use only. No other uses without permission.
Copyright © 1999 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

This article has been cited by:
1. Patrik Kutilek, Aleksei Karavaev, Jan Hejda, Vaclav Krivanek, Jan Hyb, Simona Hájková, Petr Volf. Control System and User
Interface of Cooling Module for Braces 286-293. [Crossref]
2. Brady M. Smith, David O. Draper, Robert D. Hyldahl, Justin H. Rigby. 2020. Effects of Ice Massage Prior to an Iontophoresis
Treatment Using Dexamethasone Sodium Phosphate. Journal of Sport Rehabilitation 1-7. [Crossref]
3. , , . 2018. Reliability and Validity of Near-Infrared Spectroscopy Mitochondrial Capacity Measurement in Skeletal Muscle. Journal
of Functional Morphology and Kinesiology 3:2, 19. [Crossref]
4. C. S. Lima, Diulian Muniz Medeiros, L. R. Prado, M. O. Borges, N. M. Nogueira, R. Radaelli, R. S. Pinto. 2017. Local
cryotherapy is ineffective in accelerating recovery from exercise-induced muscle damage on biceps brachii. Sport Sciences for Health
13:2, 287-293. [Crossref]
5. Kameljit K. Kalsi, Scott T. Chiesa, Steven J. Trangmar, Leena Ali, Makrand D. Lotlikar, José González-Alonso. 2017.
Mechanisms for the control of local tissue blood flow during thermal interventions: influence of temperature-dependent ATP
release from human blood and endothelial cells. Experimental Physiology 102:2, 228-244. [Crossref]
6. K. Galloway. Cryotherapy and Moist Heat 54-59. [Crossref]
7. Sevda Korkut Bayındır, Gülsüm Nihal Çürük, Abdurrahman Oguzhan. 2017. Effect of Ice Bag Application to Femoral Region
on Pain in Patients Undergoing Percutaneous Coronary Intervention. Pain Research and Management 2017, 1-7. [Crossref]
8. Elżbieta Łastowiecka-Moras, Joanna Bugajska, Ireneusz Jurczak. 2016. Changes in the peripheral blood flow in legs in response to
the cold: own studies using plethysmography. International Journal of Occupational Safety and Ergonomics 22:4, 501-507. [Crossref]
9. Jakub Grzegorz Adamczyk, Ilona Krasowska, Dariusz Boguszewski, Peter Reaburn. 2016. The use of thermal imaging to assess
the effectiveness of ice massage and cold-water immersion as methods for supporting post-exercise recovery. Journal of Thermal
Biology 60, 20-25. [Crossref]
10. Bruno Freire, Jeam Geremia, Bruno Manfredini Baroni, Marco Aurélio Vaz. 2016. Effects of cryotherapy methods on circulatory,
metabolic, inflammatory and neural properties: a systematic review. Fisioterapia em Movimento 29:2, 389-398. [Crossref]
11. Sepideh Khoshnevis, Natalie K. Craik, R. Matthew Brothers, Kenneth R. Diller. 2016. Cryotherapy-Induced Persistent
Vasoconstriction After Cutaneous Cooling: Hysteresis Between Skin Temperature and Blood Perfusion. Journal of Biomechanical
Engineering 138:3. . [Crossref]
12. SHINYA ENDO, KEISHOKU SAKURABA, ATSUSHI KUBOTA. 2016. Effect of Local Cooling and Blood Flow Restriction
on Muscle Weakness and Atrophy Caused by Detraining. Juntendo Medical Journal 62:2, 146-152. [Crossref]
13. Kane J. Hayter, Kenji Doma, Moritz Schumann, Glen B. Deakin. 2016. The comparison of cold-water immersion and cold air
therapy on maximal cycling performance and recovery markers following strength exercises. PeerJ 4, e1841. [Crossref]
14. Hisashi Maeda, Tomoyuki Kurose, Seiichi Kawamata. 2015. Regulation of the microvascular circulation in the leg muscles,
pancreas and small intestine in rats. SpringerPlus 4:1. . [Crossref]
15. Babak Shadgan, Sports Med, Amir H. Pakravan, Alison Hoens, W. Darlene Reid. 2015. Subcutaneous and Intramuscular
Hemodynamics and Oxygenation After Cold-Spray Application as Monitored by Near-Infrared Spectroscopy. Journal of Athletic
Training 50:8, 800-805. [Crossref]
16. Hisashi Maeda, Tomoyuki Kurose, Shinnosuke Nosaka, Seiichi Kawamata. 2014. Microvascular circulation at cool, normal and
warm temperatures in rat leg muscles examined by histochemistry using Lycopersicon esculentum lectin. Acta Histochemica 116:6,
1096-1103. [Crossref]
17. Hannah Price. 2014. Introduction to veterinary physiotherapy. Companion Animal 19:3, 130-133. [Crossref]
18. Krista Niebaum. Rehabilitation Physical Modalities 115-131. [Crossref]
19. Ching-Yu Tseng, Jo-Ping Lee, Yung-Shen Tsai, Shin-Da Lee, Chung-Lan Kao, Te-Chih Liu, Cheng- Hsiu Lai, M. Brennan
Harris, Chia-Hua Kuo. 2013. Topical Cooling (Icing) Delays Recovery From Eccentric Exercise–Induced Muscle Damage. Journal
of Strength and Conditioning Research 27:5, 1354-1361. [Crossref]
20. Seth W. Holwerda, Cynthia A. Trowbridge, Kathryn S. Womochel, David M. Keller. 2013. Effects of Cold Modality Application
With Static and Intermittent Pneumatic Compression on Tissue Temperature and Systemic Cardiovascular Responses. Sports
Health: A Multidisciplinary Approach 5:1, 27-33. [Crossref]
21. Anncarin Svanberg, Kerstin Öhrn, Hans Broström, Gunnar Birgegård. 2012. The effect of cryotherapy on oral mucosa: a study
in healthy volunteers. Medical Oncology 29:5, 3587-3591. [Crossref]
22. Mark A. Merrick. Therapeutic Modalities As an Adjunct to Rehabilitation 104-142. [Crossref]

23. Jason Marquart, Naomi Lawrence. Liposuction 60-98. [Crossref]

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on July 12, 2021. For personal use only. No other uses without permission.
Copyright © 1999 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

24. Chris M. Bleakley, Gareth W. Davison. 2010. Cryotherapy and inflammation: evidence beyond the cardinal signs. Physical Therapy
Reviews 15:6, 430-435. [Crossref]
25. 2010. ELECTROPHYSICAL AGENTS - Contraindications And Precautions: An Evidence-Based Approach To Clinical
Decision Making In Physical Therapy. Physiotherapy Canada 62:5, 1-80. [Crossref]
26. David Tomchuk, Mack D. Rubley, William R. Holcomb, Mark Guadagnoli, Jason M. Tarno. 2010. The Magnitude of Tissue
Cooling During Cryotherapy With Varied Types of Compression. Journal of Athletic Training 45:3, 230-237. [Crossref]
27. Yong Soon Shin, Nan Young Lim, Sung-Cheol Yun, Kwang Ok Park. 2009. A randomised controlled trial of the effects of
cryotherapy on pain, eyelid oedema and facial ecchymosis after craniotomy. Journal of Clinical Nursing 18:21, 3029-3036. [Crossref]
28. MAJ Guy R Majkowski, Norman W Gill. Physical Therapy Modalities 453-464. [Crossref]
29. Chris M. Bleakley, Suzanne M. McDonough, Domhnall C. MacAuley. 2008. Some conservative strategies are effective when added
to controlled mobilisation with external support after acute ankle sprain: a systematic review. Australian Journal of Physiotherapy
54:1, 7-20. [Crossref]
30. Gary Greenstein. 2007. Therapeutic Efficacy of Cold Therapy After Intraoral Surgical Procedures: A Literature Review. Journal
of Periodontology 78:5, 790-800. [Crossref]
31. Jerrold Petrofsky, Everett Lohman, Scott Lee, Zaldy de la Cuesta, Louie Labial, Raluca Iouciulescu, Brian Moseley, Rachel
Korson, Abdul Al Malty. 2007. Effects of contrast baths on skin blood flow on the dorsal and plantar foot in people with type 2
diabetes and age-matched controls. Physiotherapy Theory and Practice 23:4, 189-197. [Crossref]
32. Kimberly A. Fiscus, Thomas W. Kaminski, Michael E. Powers. 2005. Changes in Lower-Leg Blood Flow During Warm-, Cold-,
and Contrast-Water Therapy. Archives of Physical Medicine and Rehabilitation 86:7, 1404-1410. [Crossref]
33. Naomi Lawrence, Janie M Leonhardt. Liposuction 513-533. [Crossref]
34. Prawit Janwantanakul. 2004. Different rate of cooling time and magnitude of cooling temperature during ice bag treatment with
and without damp towel wrap. Physical Therapy in Sport 5:3, 156-161. [Crossref]
35. Richard Salcido, David W. Musick, Frank Erdman. 2003. The Erdman Therapy. American Journal of Physical Medicine &
Rehabilitation 82:12, 972-978. [Crossref]
36. Olavi V. Airaksinen, Nils Kyrklund, Kyösti Latvala, Jukka P. Kouri, Mats Grönblad, Pertti Kolari. 2003. Efficacy of Cold Gel for
Soft Tissue Injuries. The American Journal of Sports Medicine 31:5, 680-684. [Crossref]

