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Introduction

Cryotherapy in the form of ice packs, gel packs, and ice 
immersion is commonest treatment regime for minor acute 
musculoskeletal injuries1,2. While ice is known to effectively 
decrease pain and tactile sensations, its effect on balance has 
earned comparatively little attention. In addition to various 
benefits of cryotherapy treatment, reduced performance 
scores were reported immediately after cryotherapy3. 
Reduced muscle strength, vertical jump, speed, and agility 
variables were reported following cryotherapy in previous 

studies4-7. Another study reported increased postural sway 
following cryotherapy in individuals with a history of lateral 
ankle sprains8. 

Proper balance is controlled by the combined functions of the 
vestibular, somatic, and visual senses9. Any alteration to these 
systems may affect balance, and one such disturbance may be 
reduced blood flow to a body part due to cold exposure10. The 
redistribution of blood flow due to cold exposure may affect the 
neuromuscular and somatosensory systems that are vital for 
the execution of tasks for example, balance and strength11,12. 
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In addition, for every 1oC reduction in skin temperature and 
muscle temperature, the nerve conduction velocity reduces by 
1.5-2 m/sec and muscle spindle firing rates drop by 1-3 pulses 
per second13,14. Furthermore, the exposure to rapid decreases 
in temperature causes exteroceptive mechanoreceptors to 
display temperature-sensitive firing patterns by demonstrating 
thermoreceptor-like functions15.

Previous studies reported that the skin is an organ with 
the ability to influence proprioception16-18. A reduction in 
skin temperature can alter sensory afferent information 
via cutaneous receptors17. Ice was applied to decrease skin 
temperature during proprioceptive evaluations19,20. Many 
studies reported reduced sensory afferent information 
following ice application21-23. Haupenthal et al.24 recently 
reported reduced proprioceptive function of the ankle-
dorsiflexor muscles following skin cooling.

Previous studies reported decreased balance control 
following application of ice to the lower limb, specifically to the 
ankle and foot6,8,25. Perry et al.26 proclaimed that the capability 
to maintain an upright posture with external perturbations 
was significantly reduced after the ice-water immersion of 
the plantar surface of the feet. In addition, Piedrahita et al.27 
reported a reduction of 9-11% in end point excursion during 
a limit of stability test with cold water immersion to the 
foot and ankle at 15oC for 1 hour. However, Hopkins et al.28 
reported no impairment in reaction time or immediate muscle 
activation during inversion perturbation following ankle joint 
cooling when compared to the control. In addition, Tremblay 
et al.29 reported no changes in the proprioceptive function in 
the quadriceps muscle group following prolonged cooling of 
the thigh. In contrast, Oksa et al.30 reported reduced muscle 
spindle activity following muscle tissue cooling. Previous 
studies suggested that muscle cooling invokes a different 
motor response than to joint cooling31,32. However, Oliveira 
et al.33 reported no significant effect on cooling the knee 
joint versus cooling only the quadriceps muscle. A previous 
systematic review demonstrated that some studies indicated 
that the application of cryotherapy causes an impaired 
proprioceptive function, while others indicated no changes 
in proprioceptive function19. Therefore, additional studies 
are warranted to obtain conclusive evidence. In addition, the 
role of the quadriceps and hamstring muscles in maintaining 
standing balance is well established34,35, but the effect of 
their cooling on standing balance has not been reported 
previously. Thus, this study aimed to compare the effect 
of quadriceps and hamstring muscle cooling on standing 
balance in healthy individuals.

Materials and methods

Participants

Healthy young men aged 18-30 years recruited from 
the College of Applied Medical Sciences (CAMS), King Saud 
University, Riyadh, participated in this study. Subjects were 
excluded if they had a history of a hip or knee injury, sensory 
deficits in the lower extremity, a history of lower-extremity 

surgery, or a history of a quadriceps or hamstring muscle 
injury. The protocol was submitted to and approved by the 
CAMS Research Ethics Committee of King Saud University 
(CAMS 21/3536). Participants were asked to sign a written 
informed consent form approved by the institution ethics 
committee of King Saud University. A total of 30 participants 
were randomly assigned to the quadriceps cooling (QC: 
n=10), hamstrings cooling (HC: n=10) or control (no cooling: 
n=10) group by a lottery method.

Procedure

Demographic variables including age, height, and weight 
were measured. A baseline assessment of mean center of 
gravity (COG) sway velocity (degrees/sec) for the unilateral 
Stance (US) was performed. After the baseline assessment, 
the participants in the QC group were asked to lie down in a 
supine position and a cold pack (gel pack, temperature -6oC 
to -12oC) was placed on the anterior thigh (from the apex of 
the patella to the mid-thigh) of both limbs for 20 minutes. 
The participants in the HC group were asked to lie down in a 
prone position and a cold pack (gel pack, temperature -6oC to 
-12oC) was placed on the posterior thigh (from the base of the 
popliteal fossa to the mid-thigh) of both limbs for 20 minutes. 
One thin dry towel was kept between the cold pack and the 
skin to prevent skin damage. Before and after the application 
of ice application the skin sensibility was briefly assessed 
by testing the participant’s to a pinprick. The application 
of a cold pack has been shown to reduce subcutaneous 
temperature by 17oC and intramuscular temperature by 7oC 
in a 20-minute intervention36. Participants in both the test 
groups reported reduced sensation and diminished response 
to a pinprick in the cooled area. Following the manufacturer’s 
recommendations, the gel pack was frozen for at least 4 
hours before application. A Hydrocollator cold pack chilling 
unit (ColPac®, Model C-6; Chattanooga, TN, USA) was used 
to freeze the gel pack. The participants in the control group 
rested without any intervention. 

Outcome assessment

In the balance assessment, mean COG sway velocity 
(degrees/sec) for the US was tested on a force plate 
(NeuroCom Balance Master®; Natus Medical Incorporated, 
CA, USA)37. The participants stood in the marked position 
on the force plate, with their hands positioned on the iliac 
crests38. The participants were asked to lift the right foot to a 
standard height of 10 cm. This 10-second test was performed 
three times in two test conditions, including eyes open (EO) 
and eyes closed (EC). The mean COG sway velocity (degrees/
sec) from three trials of the US was used in the analysis. The 
participants were requested to perform the same test for 
the left leg. The US was used to determine each participant’s 
ability to maintain postural stability during unilateral 
standing in the EO and EC conditions. The US improves the 
observational testing of the US by giving an objective score of 
sway velocity (in degrees/sec)39,40. All tests were performed 
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at baseline and immediately (usually within 2-3 minutes) 
after the cooling protocol was performed. 

Statistical analysis

The statistical analysis was done using SPSS software version 
22 (SPSS, Chicago, IL, USA). All results are reported as mean 
± standard deviation. Two-way repeated-measures analysis of 
variance (ANOVA; intra-subject factors; time [pretest, post-
test] and tested conditions [EO and EC]) was used to compare 
intragroup differences in balance score. In addition, two-way 
mixed-design ANOVA (inter-subject factor, groups [QC, HC, 
and control]; intra-subjects factor, tested conditions [EO and 
EC]) was used to compare intergroup differences in balance 
score. If interactions were detected, a post hoc analysis with 
Bonferroni adjustment was used. Test-retest reproducibility of 
the outcome scores were analyzed using the ICC

2,1
. In addition, 

effect size (ES) of intervention in each group was estimated. 
The magnitude of ES was considered as follow: ES>0.8 is large, 
0.5 to 0.8 is moderate, and 0.2 to 0.5 is small41. The level of 
significance was set at p<0.05.

Results

The intergroup differences in the patients’ demographic 
variables were insignificant (Table 1). Table 2 presents the 
test-retest reproducibility, ES, and descriptive statistics 
of the clinical data of the QC, HC, and control groups. An 
intragroup comparison of the balance scores of the QC, 
HC, and control groups using two-way repeated-measure 
ANOVA showed insignificant effects in all tested conditions 
(Table 3). A comparison of the balance scores of the QC, HC, 
and control groups using two-way mixed-design ANOVA 
showed insignificant differences in all tested conditions 
(Table 4). 

Discussion

The present study aimed to compare the effect of 
quadriceps and hamstring muscle cooling on standing 
balance in healthy young men. In the present study, the 
participants were assessed for sway velocity (degrees/sec) 

Table 1. Participant’s characteristics.

Quadriceps cooling Hamstring cooling Control (no cooling)
ANOVA

F *p

Age, years 27.8 (2.3) 27.6 (2.1) 27.2 (0.9) 0.309 0.740

Weight, kg 76.5 (8.6) 79.7 (7.8) 77.3 (13.6) 0.199 0.847

Height, m 1.7 (0.06) 1.7 (0.04) 1.7 (0.01) 0.055 0.970

BMI, kg/m2 27.9 (2.7) 27.6 (3.7) 26.7 (6.2) 1.417 0.137

ANOVA, analysis of variance; BMI, body mass index. Data are presented as mean±standard deviation; *P<0.05 (significant).

Table 2. Descriptive statistics of clinical data of quadriceps cooling, hamstring cooling, and no cooling (control) groups.

Pretest 
(mean COG sway 

velocity, degrees/sec)

Posttest 
(mean COG sway 

velocity, degrees/sec)
ICC

Effect Size 
(Cohen’s d)

Quadriceps cooling (left US) 
EO 1.2 (0.43) 1.18 (0.49) 0.56 0.04

EC 3.06 (1.28) 2.85 (0.87) 0.82 0.19

Quadriceps cooling (right US) 
EO 0.96 (0.14) 1.03 (0.18) 0.84 0.44

EC 3.26 (1.37) 2.66 (0.86) 0.46 0.49

Hamstring cooling (left US)
EO 1.03 (0.33) 1.05 (0.20) 0.42 0.07

EC 2.93 (1.12) 3.37 (1.07) 0.37 0.40

Hamstring cooling (right US) 
EO 1.03 (0.23) 1.09 (0.19) 0.32 0.28

EC 3.17 (1.19) 2.89 (1.49) 0.61 0.21

No cooling (control) (left US)
EO 0.93 (0.18) 0.93 (0.14) 0.47 0.31

EC 3.24 (1.07) 2.87 (0.97) 0.70 0.36

No cooling (control) (right US)
EO 1.01 (0.22) 0.98 (0.10) 0.60 0.11

EC 3.32 (0.84) 2.47 (0.75) 0.19 0.42

COG, center of gravity; EO, eyes open; EC, eyes closed; US, unilateral stance; ICC, Intra class coefficient. 
Data are presented as mean±standard deviation.
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in the US in two tested conditions. The results of the present 
study revealed insignificant differences in pre- and post-test 
balance scores following quadriceps and hamstring muscle 
cooling (p>0.05). Piedrahita et al.27 reported decreased 
ability to maintain dynamic balance following cooling of the 
lower leg (popliteal area to the feet) in a healthy women. 
Similarly, Douglas et al.41 reported reduced mediolateral 
dynamic balance following cryotherapy of the ankle; however, 
they reported no difference between ice application and 
control in static and overall balance scores. Nevertheless, 
a direct comparison of these studies with the present study 
is not possible since Piedrahita et al.27 and Douglas et al.42 
used different methodologies. However, both the studies 
provided lower-leg cooling using ice water immersion. The 
temperature of the cold water was 4.4oC and 15oC in the 

studies by Douglas et al.41 and Piedrahita et al.27, respectively. 
Douglas et al.42 measured anteroposterior and mediolateral 
stability as balance indices, while Piedrahita et al.27 measured 
the limit of stability as a balance index. In addition, Piedrahita 
et al.27 included only female participants. Furthermore, in 
previous studies, ice was applied to the lower leg27 or ankle 
joint42. However, in the present study, the cold pack was 
applied to the quadriceps or hamstring muscles. Therefore, 
it is assumed that the effect of cooling on the lower leg or 
ankle joint would increase as the cooling energy dissipates 
in the smaller area compared to the larger thigh area. In 
addition, a previous study reported that the distribution of 
blood flow corresponds to the muscle mass; therefore, the 
larger masses of the thigh muscles compared to the smaller 
masses of the lower leg muscles resulted in greater blood 

Table 3. Intragroup comparison of balance scores using two-way repeated-measures analysis of variance.

Tests of Intra-subjects Contrast

Measure: Mean COG sway velocity, degrees/sec (left US)

Source Time Type III sum of squares df Mean square F *P

Time (pre-test, post-test) Linear 0.016 1 0.016 0.049 0.83

Time × group (QC, HC, CC) Linear 0.987 2 0.494 1.483 0.24

Time × test condition (EO, EC) Linear 0.016 1 0.016 0.049 0.83

Time × group × test condition Linear 0.857 2 0.429 1.288 0.28

Measure: Mean COG sway velocity, degrees/sec (right US)

Time (pre-test, post-test) Linear 2.187 1 2.187 5.159 0.027

Time × group (QC, HC, CC) Linear 0.528 2 0.264 0.623 0.54

Time × test condition (EO, EC) Linear 2.821 1 2.821 6.656 0.013

Time × group × test condition Linear 0.312 2 0.156 0.368 0.69

Left US, unilateral stance on the left foot; QC, quadriceps cooling; HC, hamstring cooling; CC, control (no cooling); EO, eyes open; EC, eyes 
closed; right US, unilateral stance on the right foot; *P<0.05 (significant).

Table 4. Intergroup comparison of balance scores using two-way mixed-design analysis of variance.

Tests of Inter-subjects Effects

Dependent Variable: Mean COG sway velocity, degrees/sec (left US)

Source Type III sum of squares df Mean square F *P

Corrected model 60.657a 5 12.131 23.059 0.000

Intercept 250.104 1 250.104 475.400 0.000

Group (QC vs HC vs CC) 0.982 2 0.491 0.934 0.39

Test condition (EO Vs EC) 58.608 1 58.608 111.403 0.000

Group × test condition 1.066 2 0.533 1.013 0.37

Dependent Variable: Mean COG sway velocity, degrees/sec (right US)

Corrected model 41.289a 5 8.258 13.883 0.000

Intercept 206.091 1 206.091 346.479 0.000

Group (QC vs HC vs CC) 0.704 2 0.352 0.592 0.56

Test condition (EO Vs EC) 40.344 1 40.344 67.826 0.000

Group × test condition 0.241 2 0.120 0.203 0.82

a. R2 = .681 (adjusted R2= 0.651). COG, center of gravity; left US, unilateral stance on the left foot; QC, quadriceps cooling; HC, hamstring 
cooling; CC, control (no cooling); EO, eyes open; EC, eyes closed; right US, unilateral stance on the right foot, *P<0.05 (significant).
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flow43. Hence, greater blood flow could minimize the cooling 
effects in the thigh area (quadriceps or hamstrings) than in 
the lower leg or ankle joint.

The information consolidated from different body systems, 
including the vestibular, vision, and proprioception systems, 
is desirable for proper balance44. A previous study reported 
a significant effect of temperature on the neuromuscular 
system, and the cooling of the nerves may slow down the 
neural transmission of both afferent and efferent information, 
thereby impairing postural control45. Other studies reported 
that local leg cooling can affect the peripheral mechanisms 
that control balance46,47. Stal et al.46 reported that cooling 
can affect the ankle mechanoreceptors, resulting in 
increased balance postural sway. Oksa et al.47 reported that 
the decreased activity of the muscle spindles can affect 
neuromuscular control, resulting in the suppression of tendon 
reflex amplitudes and thereby affecting neuromuscular 
control. In addition, a previous study reported the reduction 
of nerve conduction velocity following cryotherapy, 
consequently affecting proprioception2. However, in the 
present study, changes in skin and muscle temperature 
after the application of the clod pack were not measured. In 
addition, nerve conduction velocity and spindle activity after 
the application of the cold pack were not assessed. Therefore, 
in the present study, what mechanism altered the balance 
after the application of the cold pack to the quadriceps or 
hamstring muscles is unclear.

A previous systematic review indicated that the ice 
therapy had no negative effects on joint position sense across 
various joints19. Although some studies reported reduced 
proprioception after cooling, others reported equivocal 
results48-53. Hopkins et al.28 reported no changes in reaction 
time or immediate muscle activation after ankle joint cooling. 
In addition, Tremblay et al.29 reported no impairment in the 
proprioceptive acuity of the quadriceps muscle group after 
prolonged thigh cooling. However, Oksa et al.30 reported 
impaired muscle spindle activity after muscle tissue cooling. 
Previous studies indicated that the muscle and joint cooling 
have different motor responses31,32. In contrast, Oliveira et 
al.33 found no significant effect of knee joint cooling compared 
to only quadriceps muscle cooling. In addition, Saam et al.54 
reported that the application of cryotherapy to the ankle joint 
for 10 minutes did not alter the static balance in the US. 

The present study had some potential limitations. First, 
healthy subjects were used to provide an indication of how 
cooling of the quadriceps or hamstring muscles affects 
standing balance. However, subjects with an acute or 
chronic lower-extremity injury might respond differently to 
cooling. Second, the changes in temperature of the skin or 
muscles following the application of the cold pack were not 
evaluated. Furthermore, testing of the conduction velocity 
would provide a better understanding of the cooling effect. 
Third, due to lack of a priori sample size estimation, the 
present study may have been underpowered to detect a 
significant effect of cooling on balance. A large randomized, 
controlled study is warranted to verify the effect of cooling 
the quadriceps and hamstring muscles on standing balance 

in healthy young men. Fourth, local adipose tissue thickness 
was not measured in this study; however, in previous studies, 
a significant inverse relationship between the amount of 
subcutaneous fat and the intramuscular temperature change 
was reported55,56. Fifth, time required for the cooling effect to 
wear off was not tested. 

Cooling of the quadriceps and hamstring muscles has no 
immediate effect on standing balance in healthy young men. 
However, longitudinal studies are warranted to investigate 
the long-term effects of cooling of these muscles on 
standing balance.

Acknowledgements

The authors are grateful to the Deanship of Scientific Research, 
King Saud University for funding through Vice Deanship of Scientific 
Research Chairs.

Ethics approval and consent to participate

The protocol was submitted to and approved by the CAMS Research 
Ethics Committee of King Saud University (CAMS 21/3536). The 
participants were asked to sign a written informed consent form 
approved by the institution ethics committee of King Saud University.

Authors’ contributions

SA: corresponding author, participated in the study design, 
participated in the data collection, drafted the manuscript, and 
finalized the manuscript. AA: participated in the study design, helped 
with the ethics application and revised the manuscript critically. HZ: 
participated in the study design, developed the protocol, and revised 
the manuscript critically. EA: participated in the study design and 
revised the manuscript critically. All authors read and approved the 
final manuscript.

References

1.	 Bleakley C, McDonough S, MacAuley D. The use of ice in 
the treatment of acute soft tissue injury. Am J Sports 
Med 2004;32:251-61.

2.	 Algafly AA, George KP. The effect of cryotherapy on 
nerve conduction velocity, pain threshold and pain 
tolerance. Br J Sports Med 2007;41:365-9.

3.	 Bleakley CM, Costello JT, Glasgow PD. Should athletes 
return to sport after applying ice? Sports Med 
2012;42:69-87.

4.	 Ruiz DH, Myrer JW, Durrant E, Fellingham GW. 
Cryotherapy and sequential exercise bouts following 
cryotherapy on concentric and eccentric strength in the 
quadriceps. J Athl Train 1993;28:320-3.

5.	 Richendollar ML, Darby LA, Brown TM. Ice bag 
application, active warm-up, and 3 measures of maximal 
functional performance. J Athl Train 2006;41:364-70.

6.	 Cross KM, Wilson RW, Perrin DH. Functional performance 
following an ice immersion to the lower extremity. J Athl 
Train 1996;31:113-6.

7.	 Pereira LG, Pereira R, Neto OP, Magini M. The short and 
long term effects of tibialis anterior local cooling on 
dorsifl exion force. J Human Kinet 2010;26:65-71.

8.	 Kernozek TW, Greany JF, Anderson DR, et al. The effect 



181http://www.ismni.org

A.H. Alghadir et al.: Effect of muscle cooling on balance

of immersion cryotherapy on medial lateral postural 
sway variability in individuals with a lateral ankle sprain. 
Physiother Res Int 2008;13:107-18.

9.	 Winter DA. Human balance and posture during standing 
and walking. Gait Posture. 1995;3:193-214.

10.	 Montgomery RE, Hartley GL, Tyler CJ, Cheung SS. Effect 
of segmental, localized lower limb cooling on dynamic 
balance. Med Sci Sports Exerc 2015;47:66-73.

11.	 Asmussen E, Bonde-Peteren F, Jorgensen K. Mechano-
elastic properties of human muscles at different 
temperatures. Acta Physiol Scand 1976;96:83-93.

12.	 Faulkner JA, Zerba E, Brooks SV. Muscle temperature of 
mammals: cooling impairs most function properties. Am 
J Physiol 1990; 259:R259-65.

13.	 Rutkove SB. Effects of temperature on neuromuscular 
electrophysiology. Muscle Nerve 2001;24:867-82.

14.	 Eldred E, Lindsley DF, Buchwald JS. The effect of 
cooling on mammalian muscle spindles. Exp Neurol 
1960;2:144-57.

15.	 Hensel H, Zotterman Y. The response of 
mechanoreceptors to thermal stimulation. J Physiol 
(Lond) 1951;115:16-24.

16.	 Choi JT, Lundbye-Jensen J, Leukel C, Nielsen JB. 
Cutaneous mechanisms of isometric ankle force control. 
Exp Brain Res 2013;228:377-84.

17.	 Lowrey CR, Strzalkowski ND, Bent LR. Cooling reduces 
the cutaneous afferent firing response to vibratory 
stimuli in glabrous skin of the human foot sole. J 
Neurophysiol 2013;109:839-50.

18.	 Collins DF, Refshauge KM, Todd G, Gandevia SC. 
Cutaneous receptors contribute to kinesthesia at 
the index finger, elbow, and knee. J Neurophysiol 
2005;94:1699-1706.

19.	 Costello JT, Donnelly AE. Cryotherapy and joint position 
sense in healthy participants: a systematic review. J Athl 
Train 2010;45:306-16.

20.	 Rubley MD, Denegar CR, Buckley WE, Newell KM. 
Cryotherapy, sensation, and isometric-force variability. 
J Athl Train 2003;38:113-19.

21.	 Carvalho G, Chierichetti H. Evaluation of the cutaneous 
sensibility palmar in the cryotherapy applications for 
ice packs and gel packs. Rev Bras Cienc Mov 2006; 
14:23-32.

22.	 McMeeken J, Lewis M, Cocks S. Effects of cooling with 
simulated ice on skin temperature and nerve conduction 
velocity. Aust J Physiother 1984;30:111-4.

23.	 Hocutt JE Jr, Jaffe R, Rylander CR, Beebe JK. 
Cryotherapy in ankle sprains. Am J Sports Med 1982; 
10:316-9.

24.	 Haupenthal DP, de Noronha M, Haupenthal A, Ruschel 
C, Nunes GS. Skin cooling and force replication at the 
ankle in healthy individuals: a crossover randomized 
controlled trial. J Athl Train 2015;50:621-8.

25.	 Douglas M, Bivens S, Pesterfi eld J, et al. Immediate 
effects of cryotherapy on static and dynamic balance. 
Int J Sports Phys Ther 2013;8:9-14.

26.	 Perry SD, McIlroy WE, Maki BE. The role of plantar 

cutaneous mechanoreceptors in the control of 
compensatory stepping reactions evoked by 
unpredictable, multi-directional perturbations. Brain 
Res 2000;877:401-6.

27.	 Piedrahita H, Oksa J, Rintamäki H, Malm C. Effect of 
local leg cooling on upper limb trajectories and muscle 
function and whole body dynamic balance. Eur J Appl 
Physiol 2009;105:429-38.

28.	 Hopkins JT, Hunter I, McLoda T. Effects of ankle joint 
cooling on peroneal short latency response. J Sports Sci 
Med 2006;5:333-9.

29.	 Tremblay F, Estephan L, Legendre M, Sulpher S. 
Influence of Local Cooling on Proprioceptive Acuity in 
the Quadriceps Muscle. J Athl Train 2001;36:119-23.

30.	 Oksa J, Rintamäki H, Rissanen S, Rytky S, Tolonen U, 
Komi PV. Stretch- and H-reflexes of the lower leg during 
whole body cooling and local warming. Aviat Space 
Environ Med 2000;71:156-61.

31.	 Hopkins JT, Adolph JT. Effects of joint cryotherapy 
on lower chain function. Clinical Kinesiology 2003; 
57:42-48.

32.	 Hopkins J, Ingersoll CD, Edwards J, Klootwyk TE. 
Cryotherapy and transcutaneous electric neuromuscular 
stimulation decrease arthrogenic muscle inhibition of 
the vastus medialis after knee joint effusion. J Athl Train 
2002;37:25-31.

33.	 Oliveira R, Ribeiro F, Oliveira J. Cryotherapy impairs knee 
joint position sense. Int J Sports Med 2010;31:198-201.

34.	 White KK, Lee SS, Cutuk A, Hargens AR, Pedowitz 
RA. EMG power spectra of intercollegiate athletes and 
anterior cruciate ligament injury risk in females. Med Sci 
Sports Exerc 2003;35:371-6.

35.	 Park JS, Nam DC, Kim DH, Kim HK, Hwang SC. 
Measurement of knee morphometrics using MRI: a 
comparative study between ACL-injured and non-injured 
knees. Knee Surg Relat Res 2012;24:180-5.

36.	 Myrer JW, Measom G, Fellingham GW. Temperature 
changes in the human leg during and after two methods 
of cryotherapy. J Athl Train 1998;33:25-29.

37.	 Operators manual. Neurocom Balance Master, version 
6.1. Neurocom International, Inc, 1998.

38.	 Schneiders A, Gregory K, Karas S, Mündermann A. 
Effect of foot position on balance ability in single-leg 
stance with and without visual feedback. J Biomech 
2016;49:1969-72.

39.	 Zouita Ben Moussa A, Zouita S, Dziri C, Ben Salah FZ. 
Single-leg assessment of postural stability and knee 
functional outcome two years after anterior cruciate 
ligament reconstruction. Ann Phys Rehabil Med 2009; 
52:475-84.

40.	 Ageberg E, Roberts D, Holmström E, Friden T. Balance 
in single-limb stance in healthy subjects-reliability of 
testing procedure and the effect of short-duration sub-
maximal cycling. BMC Musculoskel Disord 2003;4:14.

41.	 Cohen J. Statistical Power Analysis for the Behavioral 
Sciences: Lawrence Erlbaum; 1988.

42.	 Douglas M, Bivens S, Pesterfield J, et al. Immediate 



182http://www.ismni.org

A.H. Alghadir et al.: Effect of muscle cooling on balance

effects of cryotherapy on static and dynamic balance. 
Int J Sports Phys Ther 2013;8(1):9-14.

43.	 Wagner HN Jr, Jones E, Tow DE, Langan JK. A method 
for the study of the peripheral circulation in man. J Nucl 
Med 1965;6:150-154.

44.	 Latash ML. Postural control. In: Latash ML (ed) 
Neurophysiological basis of movement. Human Kinetics, 
Champaign, 1998, p 163-71.

45.	 Rutkove SB. Effects of temperature on neuromuscular 
electrophysiology. Muscle Nerve 2001;24:867-82.

46.	 Stal F, Fransson PA, Magnusson M, Karlberg M. Effects of 
hypothermic anesthesia of the feet on vibration-induced 
body sway and adaptation. J Vestib Res 2003;13:39-52.

47.	 Oksa J, Rintamäki H, Mäkinen T, Hassi J, Rusko H. 
Cooling induced changes in muscular performance and 
EMG activity of agonist and antagonist muscles. Aviat 
Space Environ Med 1995;66:26-31.

48.	 Wassinger CA, Myers JB, Gatti JM, Conley KM, Lephart 
SM. Proprioception and throwing accuracy in the 
dominant shoulder after cryotherapy. J Athl Train 2007; 
42:84-9.

49.	 Dover G, Powers ME. Cryotherapy does not impair 
shoulder joint position sense. Arch Phys Med Rehabil 

2004;85:1241-6.
50.	 Hopper D, Whittington D, Chartier JD. Does ice immersion 

influence ankle joint position sense? Physiother Res Int 
1997;2:223-36.

51.	 LaRiviere J, Osternig LR. The effect of ice immersion on 
joint position sense. J Sport Rehabil 1994;3:58-67.

52.	 Surenkok O, Aytar A, Tüzün EH, Akman MN. Cryotherapy 
impairs knee joint position sense and balance. Isokinet 
Exerc Sci 2008;16:69-73.

53.	 Uchio Y, Ochi M, Fujihara A, Adachi N, Iwasa J, Sakai 
Y. Cryotherapy influences joint laxity and position 
sense of the healthy knee joint. Arch Phys Med Rehabil 
2003;84:131-5.

54.	 Saam F, Leidinger B, Tibesku CO. The influence of 
cryotherapy of the ankle on static balance. Sportverletz 
Sportschaden 2008;22:45-51.

55.	 Johnson DJ, Moore S, Moore J, Oliver RA. Effect of 
cold submersion on intramuscular temperature of the 
gastrocnemius muscle. Phys Ther 1979;59:1238-42.

56.	 Myrer WJ, Myrer KA, Measom GJ, Fellingham GW, 
Evers SL. Muscle temperature is affected by overlying 
adipose when cryotherapy is administered. J Athl Train 
2001;36:32-6.


