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Abstract

Introduction. Many adolescents are treated with cold or heat modalities before therapeutic exercise, but the difference between
the effect of cold vs. heat on dynamic balance is not clear till now. The study aimed to determine the immediate effects of cold
and heat modalities for ankle joint on dynamic balance and also to compare the impact of these modalities on dynamic balance.
Methods. The study involved 30 normal adolescents of both genders aged 13-18 years. The Biodex system was used for
dynamic balance assessment in each participant under 3 conditions: (1) control condition: at room temperature; (2) immediately
after a 15-minute cold immersion (5°C + 1°C) for ankle joint; (3) immediately after a 15-minute heat immersion (40°C + 5°C) for
ankle joint. For randomization, the order of cold and heat modalities was chosen randomly by using a coin flip.

Results. Mixed design MANOVA revealed statistically significant changes in dynamic balance, including overall stability (OAS),
anteroposterior stability (AP), and mediolateral stability (ML) after cold modality and after heat modality (p < 0.05). The pairwise
comparison test to compare cold vs. heat modalities determined that OAS, AP, and ML were statistically significantly improved
after heat modality in comparison with cold modality (p < 0.05).

Conclusions. Dynamic balance could be altered immediately after cold or heat modalities. It improved after heat while decreased

after cold modality in healthy adolescents.
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Introduction

Cold and heat modalities are commonly utilized in sport
and rehabilitation to manage injuries during immediate and
rehabilitative stages [1]. Cryotherapy and thermotherapy are
useful modalities for the treatment of musculoskeletal inju-
ries and soft tissue injuries, with the benefits of decreasing
pain in joint, muscle, as well as other soft tissues [2, 3].

Immersing in cold water is one of the cryotherapy modali-
ties especially used for distal joints for acute and chronic in-
juries during rehabilitation with the aim of reducing pain, de-
creasing oedema, and controlling inflammation [1, 4]. Despite
all these benefits of cryotherapy, many authors report a de-
crease in performance — in muscle strength, nerve conduc-
tion velocity, running speed, vertical jump height, and agility —
immediately after cryotherapy treatment [2, 4-6].

Heat modality through immersion in hot water is one of
the thermotherapy modalities [7]. The therapeutic effects of
heat include increasing the extensibility of collagen tissues,
reducing pain, relieving muscle spasms, reducing inflamma-
tion, increasing blood flow, and aiding in the post-acute phase
of healing [1, 2].

Balance is defined as the ability to keep up the line of
gravity (vertical line from centre of mass) of the body inside
the base of support with less amount of postural sway [8, 9].
The ability to preserve postural control or balance is signifi-
cant for carrying out all daily activities, ranging from stand-
ing and walking to sitting and standing up from a seat [10].

Impaired balance is the strongest predictor of falls [11]. Dy-
namic standing balance assessment is considered one of
the most appropriate assessments which represent the de-
mands of the lower extremity during functional tasks [12].

Dynamic balance is influenced by strength, flexibility, and
coordination [13, 14]. Studies have found that tissue exten-
sibility and flexibility increase after heat modalities [15] and
decrease after cold modalities [16]; consequently, dynamic
balance may be altered immediately after cold or heat mo-
dalities. Previous studies that investigated the effect of cold
modalities on balance in adult subjects provide different re-
sults. Many report no adverse effects on balance [17-21] and
others suggest that cryotherapy has a negative (harmful)
impact on balance [14, 22-24]. The effect of cold or heat mo-
dalities on dynamic balance in children, especially adoles-
cents, has not been scientifically explored yet. If the balance
is altered after therapeutic applications of cold or heat, it is
possible to cause injury during rehabilitation.

Findings from this study may assist clinicians in decision
making regarding the use of cold vs. heat modalities within
a treatment session or when considering a return of adoles-
cents to sports after injury by using cryotherapy to reduce pain.

The study aimed to determine the immediate effects of
cold and heat modalities for ankle joint on dynamic balance
and also to compare the impact of these modalities on dy-
namic balance in healthy adolescents.

Our study hypotheses assumed no alteration of dynamic
balance immediately after therapeutic applications of cold, no
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alteration of dynamic balance immediately after therapeutic
applications of heat, and no difference between cold vs. heat
application effects on dynamic balance in healthy adoles-
cents.

Subjects and methods
Design

A crossover (single repeated measurements) design was
used in the study to determine the immediate effects of cold
and heat modalities for ankle joint on dynamic balance and
also test the differences between the impact of these modali-
ties on dynamic balance. The study was conducted from July
2019 to August 2019.

Participants

Thirty normal adolescents (15 males and 15 females)
aged 13-18 years were recruited through distributing posters
and online social media. They were selected in accordance
with the following criteria: body mass index normal for age
and sex, normal muscle strength in lower limbs. Subjects
were excluded if they had cold sensitivities, any foot or ankle
injury, cardiovascular abnormalities, injury or inflammation of
the skin area of ankles or feet, impaired sensation in a lower
limb, deficits in balance, or proprioceptive deficits; profes-
sional athletes were also excluded (Figure 1).

Instrumentation

1. For balance assessment, a Biodex system (Biodex
Medical Systems Inc., Shirley, NY, USA) (serial No.: 13020193)
was used. The device is computerized to be automatically
calibrated before each measurement. It consists of a circu-
lar foot platform of 21.5 inches in diameter that permits 20°
tilting in all directions, support rails (height-adjustable), a dis-
play screen (height-adjustable), and a printer (Figure 2). The
Biodex system is a valid and reliable objective measurement

Assessed for eligibility (n = 39)

\ 4

tool for balance assessment [25]. The device has 12 dynamic
levels of measurement plus locked for static measurements.
2. Na alcohol laboratory thermometer with a range be-
tween —10°C and 110°C was applied to accurately measure
the temperature of water used in the heat and cool bath.
3. A water tank of suitable size was utilized for cold and
heat bath.

Procedures

The study procedures were carried out at the laboratory
of biomechanics, Faculty of Physical Therapy, Modern Uni-
versity for Technology and Information, Cairo, Egypt. All test
procedures were explained to each subject before their par-
ticipation. Firstly, each participant performed a posture sta-
bility test at controlled room temperature of 25°C (control
situation) with the use of the Biodex balance system [26].
Then, the same tests were repeated 2 times (immediately
after 15 minutes of cold or heat modalities application), with
a 24-72-hour interval between the 2 modalities (experiment
situation). The order of cold or heat modalities was random-
ized by using a coin flip.

For the dynamic balance assessment, each participant
was asked to stand barefoot at the Biodex platform. Their
name, age, and height were entered. Then, the type of test
was selected, which was postural stability test. The level of
stability was adjusted at the 7" level for 10 seconds (test
period). The participant was asked to stand on their domi-
nant foot with arms held at the sides and closed eyes and try
to control their balance as much as possible. The measure-
ment data included anteroposterior stability index, medio-
lateral stability index, and overall stability index. A stability
index is the capacity of the subject to control the degree of
platform tilt. An increasing index value indicates consider-
able motion and high amount of sway, which implies a bal-
ance problem [27]. Two test trials were performed before
the assessment and data collection for each participant to
become familiar with the test procedures. Three trials were
carried out for each measurement and the mean was ob-
tained by the Biodex system (Figure 3).

Randomized (n = 30)

Allocation

Excluded (n =9)

* Did not met the criteria

(recent ankle sprain: n = 2,

feet skin ulcers: n =2,

professional athletes: n = 3)
 Parent refused participation: n = 1
* Did not follow the procedures: n =1

/\

Group | (n = 15, 8 males and 7 females),
assessment after cold application,
then after heat application

Group Il (n =15, 7 males and 8 females),
assessment after heat application,
then after cold application

Allocation

v

A4

Group | (n = 15 completed the analysis)

Group Il (n = 15 completed the analysis

Figure 1. Flow chart of the study
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Figure 3. Pre-test (A), test (B), and post-test (C) screen of Biodex balance system

The measurements were repeated for 3 conditions: con-
trol situation, immediately after cold modality, and immedi-
ately after heat modality, with 24—72-hour intervals between
cold and heat modalities. Reports were gained and printed for
each trial, including overall stability index, anteroposterior
stability index, and mediolateral stability index.

Application of cold modality

A tank with cold water at the temperature of 5°C + 1°C
was used to apply cold modality in this study. An alcohol labo-
ratory thermometer served to measure the water tempera-
ture, which was adjusted as necessary by adding crushed ice.
The ankle joint of the dominant extremity was immersed in
the water tank for 15 minutes.

Application of heat modality
A tank with hot water at the temperature of 40°C + 5°C

was used to apply heat modality in this study. The same al-
cohol laboratory thermometer served to measure the water

temperature, which was adjusted as necessary by adding hot
water. The ankle joint of the dominant extremity was im-
mersed in the water tank for 15 minutes.

Sample size

The appropriate sample size was determined by using
a pre-post comparison of the subjects’ responses, at the ef-
fect size of 0.39, power of 80%, and significance level of 5%.
The appropriate sample size was 28 subjects.

Statistical analysis

Data analysis was performed with the SPSS 25 for Win-
dows statistical software. The normality of data distribution
was tested with the Shapiro-Wilk test and a normal distribu-
tion was established. Descriptive data for participants, char-
acteristics, and dependent variables were calculated as mean
+ SD. Mixed model MANOVA served to assess the statisti-
cally significant effects of the 2 modalities (cold and heat) on
overall stability (OAS), anteroposterior stability (AP), and me-
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diolateral stability (ML) compared with baseline for all the sub-
jects. The alpha level of significance was adopted at 0.05.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies, has
followed the tenets of the Declaration of Helsinki, and has
been approved by the Research Ethical Committee, Faculty
of Physical Therapy, Cairo University, Egypt (approval No.:
P.T.REC/012/002419) and registered in the Pan African Clini-
cal Trials Registry (registrationNo.: PACTR201907751587389).

Informed consent

Informed consent to participation and publication of the
results has been obtained from one parent of each participant
included in this study.

Results

Thirty volunteers of both genders participated in the study.
The subjects’ baseline characteristics were expressed by de-
scriptive statistics (mean and SD) and presented in Table 1.

Regarding OAS, there was a statistically significant in-
crease after cold immersion (the percentage of increase was
13%) and a statistically significant decrease after heat im-
mersion (the percentage of decrease was 7.8%). Pairwise

Table 1. Characteristics of study participants (mean + SD)

Variable Volunteers
Age (years) 15.2 +1.71
Weight (kg) 54.9 +6.13
Height (m) 159.7 £ 4.28

Body mass index 21.483 £ 1.346

Males 15 (50%)

Gender
Females

15 (50%)

comparison was used to compare 3 levels of measurement
(pre, post-cold, and post-hot). It revealed a statistically sig-
nificant difference between the 3 measurements. By com-
paring the mean difference between the 3 measurements,
we can conclude that OAS was improved significantly after
heat immersion in comparison with cold immersion, as shown
in Table 2 and Figure 4.

Regarding AP, there was a statistically significant increase
after cold immersion (the percentage of increase was 47.09%)
and a statistically significant decrease after heat immersion
(the percentage of decrease was 12.79%). Pairwise compari-
son was used to compare 3 levels of measurement (pre, post-
cold, and post-hot). It revealed a statistically significant dif-
ference between the 3 measurements. By comparing the
mean difference between the 3 measurements, we can con-
clude that AP was improved significantly after heat immer-
sion in comparison with cold immersion, as shown in Table 2
and Figure 4.

Regarding ML, there was a statistically significant increase
after cold immersion (the percentage of increase was 37.9%)
and a statistically significant decrease after heat immersion
(the percentage of decrease was 19.3%). Pairwise compari-
son was used to compare 3 levels of measurement (pre, post-
cold, and post-hot). It revealed a statistically significant differ-
ence between the 3 measurements. By comparing the mean
difference between the 3 measurements, we can conclude
that ML was improved significantly after heat immersion in
comparison with cold immersion, as shown in Table 2 and
Figure 4.

Discussion

The major findings of the current study were as follows:

— Dynamic balance was decreased immediately after cold
modality as there were statistically significant increases in
OAS, AP, and ML (p < 0.05).

— Dynamic balance improved immediately after heat mo-
dality as there were statistically significant decreases in OAS,
AP, and ML (p < 0.05).

Table 2. Comparison between mean values of overall stability (OAS), anteroposterior stability (AP), and mediolateral stability (ML)
at pre-treatment, post-cold, post-hot, and pairwise comparisons between them

OAS AP ML
Variable
Cold group Hot group Cold group Hot group Cold group Hot group
Pre 2.67 £ 0.54 2.67 £ 0.54 1.72 + 0.56 1.72 + 0.56 1.45+0.63 1.45+0.63
Post 3.08 £ 0.67 2.46 £ 0.63 2.583 +£0.53 1.5+0.28 2+0.14 1.17 £ 0.34
Mean difference 0.367 -0.21 0.817 -0.217 0.550 —0.283
Percentage of change 13% increase | 7.8% decrease |47.09% increase [12.79% decrease| 37.9% increase | 19.3% decrease

Mixed design MANOVA

Mixed design MANOVA

Mixed design MANOVA

Modalities factor F=46.69 F=136.56 F=61.32

p =0.0001* p =0.0001* p =0.0001*
Time factor F=13.38 F=8.613 F=12.835

p =0.001* p = 0.006 p =0.001*

Pairwise comparison Pairwise comparison Pairwise comparison

Level of measurement Mean difference p Mean difference p Mean difference p
Pre-cold vs. post-cold -0.367 0.0001* -0.817 0.0001* —-0.550 0.0001*
Pre-hot vs. post-hot 0.21 0.001* 0.217 0.006* 0.283 0.001*
Post-cold vs. post-hot 0.567 0.0001* 1.033 0.0001* 0.833 0.0001*

* significant at p < 0.05
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Figure 4. Mean values of overall stability (OAS), anteroposterior stability (AP), and mediolateral stability (ML) before
and after both cold and heat immersion

— Heat modality significantly improved dynamic balance
compared with cold modality (o < 0.05).

Cold modality

The obtained result may be due to that the immersion in
cold water therapy decreases tissue extensibility and flexi-
bility [16], and the dynamic balance, which is the ability to
perform a task while maintaining or regaining a stable posi-
tion [28] or the ability to maintain or regain balance on an un-
stable surface [13, 29] with minimal extraneous motion, is
influenced by strength, flexibility, and coordination [29, 30].
Therefore, decreasing dynamic balance immediately after
cold modality may be due to a decrease in tissue extensibility
and flexibility caused by cryotherapy.

The findings of this study come in agreement with those
obtained by Fullam et al. [14] and Ahmed et al. [31], who
observed that dynamic postural stability was decreased im-
mediately after 15 minutes of ankle joint cryotherapy appli-
cation. They also corroborate a study by Oliveira et al. [23],
who reported that cryotherapy impaired knee joint position
sense in normal knees.

The observations of this study partially agree with those
obtained by Douglas et al. [22], who established — by using
a Biodex balance assessment system — no statistically signifi-
cant difference in overall stability index or anterior/posterior
stability index of balance, as well as a statistically significant
difference in medial/lateral stability index of balance after im-
mersing the dominant ankle joint in ice water for 15 minutes.

The study results contradict those achieved by Williams
et al. [20], who reported (by using a force plate) no change
in balance after 20 minutes of ice bag application on the
dominant leg ankle, and by Costello and Donnelly [21], who
observed no evidence of an enhanced risk of injury follow-
ing a return to sporting activity after cold water immersion.
Also, Salehi et al. [17] found that cryotherapy through immer-
sion of foot and ankle did not have a negative effect on the
overall or anteroposterior indices of dynamic balance in ath-
letes and non-athletes after an 8-minute ice water immersion.

Heat modality

This result may be due to that the immersion in heat wa-
ter therapy increases tissue extensibility and flexibility [32],
and the dynamic balance is influenced by strength, flexibility,
and coordination [29, 30]. So, the dynamic balance was af-

fected by the increased tissue extensibility and flexibility
caused by heat application.

The findings of this study are in agreement with those
obtained by Kaynak et al. [15], who observed that joint pro-
prioception was improved after heat modality and decreased
after cold modality.

The study results contradict those achieved by Altun et al.
[2], who reported no statistically significant change in jump
performance after heat application, and by Mtibaa et al. [33],
who found that hyperthermia impaired the measured pro-
prioception and balance parameters.

Limitations and strengths

The sample size was limited to only 30 subjects, which
may affect generalization. The study was also limited to a spe-
cific age stage (adolescents), so more research is needed
for different age stages. The scarce previous research on the
effect of heat on balance may affect literature. The literature
on the effect of cold and heat on balance did not give clear
explanations of the mechanism of cold vs. heat impact on
balance.

In turn, using an objective, valid, and reliable device to
measure balance in our study could be considered as a point
of strength. It contributes to answering the question about
the effect of cold vs. heat on balance, which has not been
investigated before, especially among healthy adolescents.

Conclusions

From the obtained findings of this study, supported by
literature, we could conclude that dynamic balance can be
altered immediately after cold or heat modalities. It improves
after heat while decreases after cold modality in healthy ado-
lescents. These observations may assist in the decision mak-
ing concerning utilization of cold or heat modalities within
treatment sessions or when considering a return of athletes
to sports after injury by using cryotherapy to reduce pain.
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