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Introduction 
Background to the study 
Cryotherapy techniques are commonly used as the first line of treatment for numerous types of post-
traumatic injuries (Smith et al. 1993), as they may increase pain threshold and reduce inflammation 
when applied within days of an injury (Bleakley, McDonough & Auley 2004). There are many different 
cryotherapy techniques (Cameron 2013; Michlovitz 1996) used by professionals such as medical 
doctors, manual therapists like physiotherapists and chiropractors, and by sports physicians 
(Enwemka et al. 2002). Non-professionals also use this therapeutic option regularly to treat acute 
musculoskeletal injuries like low-back and neck pain as well as sports injuries such as sprains, strains 
and contusions (Michlovitz 1996; Nadler, Weingand & Kruse 2004). Common methods include ice 
and gel packs, cooling gels (Topp et al. 2011) and vapour coolant sprays. Moist ice is purported to be 
the treatment of choice for traumatic injuries (Nemet et al. 2009) despite being associated with 
discomfort during its application where the patient may experience aching, burning and local 
numbness (Hocutt 1981). They also require a freezer and at least 2 h of storage at approximately −5°C 
before use (Michlovitz 1996). Adverse effects such as skin burn and nerve damage have rarely been 
reported (Bleakley et al. 2004; Drez, Faust & Evans 1981). Cooling gels, which usually use menthol to 
elicit the cooling response, are readily available and easy to transport. However, these have been 
reported to result in shorter durations of decreased blood flow when compared to traditional ice 
application (Topp et al. 2009) and thus having a reduced effect. New ways of delivering cryotherapy 
often enter the market and should be tested against more traditional forms to ensure efficacy. 

Physiologically, the local application of ice decreases nerve conduction velocity, tissue metabolic 
rate and blood flow (Algafly & George 2007). In order for inflammation to be controlled, 

Background: Cryotherapy is a favourable treatment for post-traumatic injuries in the acute 
stage because of its effect on inflammation and pain. A novel cooling cuff, which can be easily 
used and can be wrapped around the injured area that does not require freezing, has been 
developed. Its efficacy compared to traditional ice therapy has not been established. 

Aim: To establish the effect of a cooling cuff on radial artery blood flow and lumen diameter 
compared to moist ice.

Setting: Chiropractic clinic and radiographic laboratory.

Method: A controlled laboratory pre-test post-test investigation assessed asymptomatic 
participants who were randomly allocated into a moist ice pack (n = 22) or the cooling cuff 
(n = 21) group. The intervention was placed on the participants forearm over the radial artery 
for 15 min. Data was collected by a qualified diagnostic radiographer using Doppler 
ultrasound. Data was analysed, using repeated measures analysis of variance to assess 
changes in blood flow and lumen diameter pre- and post-intervention. A p-value of less than 
0.05 was considered significant. 

Results: Both groups showed a significant decrease in radial artery blood flow (p < 0.001) after 
15 min with no significant changes being observed in diameter size. No significant differences 
were observed between the groups for radial artery blood flow or diameter. 

Conclusion: The cooling cuff resulted in a similar effect on radial artery blood flow and lumen 
diameter as moist ice, indicating that patients and practitioners may utilise the cooling cuff in 
the acute phases of an injury to alter blood flow.
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vasoconstriction – mediated through the Rho/Rho kinase 
signalling pathway which is activated by changes in 
tissue temperature – reduces haemorrhage and oedema in 
the injured area (Bailey et al. 2004; 2005; Cameron 2013; Topp, 
Ledford & Jacks 2013), resulting in the favourable outcomes 
associated with cryotherapy. The cooling cuff, used in this 
study, consists of a textile cloth enclosing polymer granules 
which, when submerged in water, turn into a gel state. When 
applied to an area of injury, the water is gradually released 
from the cooling cuff, converting the gel back into the 
crystalline state; evaporative cooling occurs, resulting in a 
cooling effect on the body tissues. The purpose of this study 
was to compare a cooling cuff to moist ice in terms of its effect 
on radial artery blood flow and lumen diameter. It was 
hypothesised that there would be no significant difference 
between the two methods for either radial artery blood flow 
or lumen diameter. 

Research problem statement 
Although many methods exist to apply cryotherapy, the high 
use of this therapeutic technique means that new and novel 
ways are always being developed to aid in the ease of its 
application. The cooling cuff, utilised in this study, is 
commercially available; yet it has not been tested against 
traditional moist ice therapy to determine if its effect on 
radial artery lumen diameter and blood flow is comparable. 

Aim of the study 
This study aimed to determine the effect of a moist ice 
pack compared to a commercially available cooling cuff on 
radial artery blood flow (cm.s-1) and radial artery lumen 
diameter (mm).

Methods 
Study population 
The study population consisted of individuals residing 
within the eThekwini Municipality who were recruited 
through advertisements placed in local shopping centres, 
universities and sporting facilities. A total of 50 respondents 
were invited to an appointment at an institutional chiropractic 
clinic to undergo a case history and a physical and orthopaedic 
examination of their upper extremity to assess their eligibility 
to partake in the study. Prior to being examined by one of the 
researchers who was a student registered for a Master’s 
Degree in Chiropractic (J.G.), participants gave informed 
consent following a verbal and written explanation of the 
study. Participants were required to have met the study 
inclusion and exclusion criteria (Box 1) to be enrolled in the 
study. The age range of 18 and 45 years of age was selected to 
exclude minors who are considered a vulnerable population 
for research (Robinson et al. 2008) and those who could 
potentially have age-related changes to their skin and 
cardiovascular system (Sharma & Kandhpur 2009). The 
study was assessing blood flow in the radial artery and thus 
requiring that the participants were free from any diseases 
like hypertension, diabetes or vascular abnormalities, or 

habits such as smoking that could potentially affect their 
cardiovascular system. They were also required to not have 
had or currently suffered with pain in the neck or the upper 
extremity, as that could have affected their response to the 
intervention. 

Seven volunteers were excluded because of high blood 
pressure (≥ 140/90 mmHg), as seen in Figure 1. Those 
meeting the study criteria (n = 43), whose characteristics are 
tabulated in Table 1, were scheduled at their convenience 
within five days for an appointment at an institutional 
radiographic clinic where they would then participate in the 
data collection. Participants were asked to avoid alcohol, 
caffeine and physical exercise for 24 h prior to data collection 
to ensure that any changes, seen in radial artery blood flow, 
were related to the interventions and not from confounding 
factors. The study was approved by an institutional ethics 
review board. 

Procedure 
When the participants arrived at the radiographic clinic, all 
agreed that they had abstained from alcohol, caffeine and 
physical exercise for 24 h prior to the appointment. They 
were reminded that, by participating, they would be receiving 
one of two types of cold therapy to their forearm and that 
they may experience a burning or numb sensation during the 
procedure; however, once the cryotherapy was removed, 
the sensation would dissipate and that there would be no 

Assessed for eligibility (N = 50) 

Excluded (n = 7) due to 
high blood pressure

 (≥ 140/90 mmHg) readings 

Analysed (n = 22) 
- Data for pre- and post-measurements 

were analysed for all par�cipants

Lost to follow-up (n = 0) 
- Post-interven�on data were
 collected for all par�cipants 

a�er 15 min
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FIGURE 1: Flow diagram of participant recruitment and procedures. 

BOX 1: Inclusion and exclusion criteria for the study.

Inclusion criteria:

1) 18–45 years of age
2) Asymptomatic for pain or injury to the upper limb or neck region
3) No history of trauma or surgery to the neck and/or upper limb 

Exclusion criteria:

1) History of smoking or current smoker
2) Reported history of cardiovascular and/or peripheral vascular disease
3) Currently suffering with diabetes
4) Any cardiovascular abnormalities detected during the physical examination, 

for example, hypertension and peripheral vascular disease
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long-lasting effects from the application. The participant then 
randomly selected a piece of paper out of a bag - if they chose 
one they were allocated to the moist ice group and if they 
selected two they were part of the cooling cuff intervention. 
All participants arrived for the follow-up consultation as 
detailed in Figure 1.

Participants were required to remove any clothing covering 
the area below the elbow and were then instructed to relax 
for 15 min in a chair next to the examination table with their 
right side closest to the table. This allowed the participant 
time to acclimatise to the ultrasound room where the 
temperature was set to 22–23°C (De Oliveira Guirro et al. 
2017). The participant was introduced to the qualified 
ultrasonographer who conducted all the ultrasonographic 
examinations and had more than 28 years of experience. The 
participant was then requested to place their right arm on 
the table, flexed to 90° at the elbow with their hand rotated 
at the wrist into a true lateral position with the thumb 
side up. All measurements were taken by the same 
ultrasonographer, using the same Siemens Acuson x300 
Premium Edition diagnostic ultrasound machine with a 
9-MHz to 13-MHz multi-frequency broadband linear 
transducer. The ultrasound machine was calibrated prior to 
the study. The ultrasonographer applied a coupling medium 
(generally known as the ultrasound gel) to the transducer 
surface to eliminate air between the face of the transducer 
and the skin to maximise skin contact. Diagnostic ultrasound 
has been reported to be accurate for measuring blood flow 
and, when determining cross-sectional areas of arteries, it is 
recommended that several measures are taken and then 
averaged to obtain a reading to reduce random errors (Gill 
1985), as was performed in this study. Doppler ultrasound 
has been found to have good to very good reliability for 
measuring the mean and maximum blood flow velocity in 
peripheral arteries with intra-class correlation coefficients 
ranging between 0.501 and 0.866 with a standard error of 
measurement between 0.81 cm/s and 9.45 cm/s (De Oliveira 
Guirro et al. 2017). 

The coupling medium, used in this study, was stored in the 
ultrasound room for the duration of the study. The ultrasound 
examination was conducted, using the B Mode and Color 
Flow to examine the radial artery from the elbow to the wrist 
joint to exclude any intraluminal filling defects. Radial artery 

lumen diameter (mm) was measured, using the anterior–
posterior diameter measurements of the radial artery taken 
at the anatomical snuff box in the longitudinal plane. Three 
measurements were taken at this same site in the same plane 
to ensure reliability and reproducibility. The normal diameter 
of the radial artery ranges between 2.3 mm and 5 mm (Ashraf 
et al. 2010; Huzjan et al. 2004). 

Radial artery blood flow (cm.s-1) was obtained by using 
triplex imaging which is B Mode, Color Flow and Pulse-
Wave Doppler. The vessel was initially interrogated in B 
Mode, and Color Flow was then applied and pulse-wave 
Doppler was superimposed on the images for spectral 
analysis. The peak systolic velocities were recorded and, as in 
B Mode, three sets of values were obtained and recorded as 
well as the normal triphasic pattern of the radial artery. The 
accepted normal peak systolic value of the radial artery is 69 
cm/s (Huzjan et al. 2004). After baseline measures were 
obtained, the intervention – either the moist ice pack or the 
novel cooling cuff – was applied. The moist ice intervention 
consisted of 0.6 kg of ice cubes taken from a freezer 
(temperature −18°C), weighed with the same kitchen scale 
and wrapped in a damp cloth which was then secured with 
an elastic band. The ice pack was then applied to the 
participant’s ventral right forearm two finger breadths distal 
to the subjects elbow crease and covered with a light towel 
which was placed over the moist ice pack and lightly tucked 
underneath the participant’s forearm to prevent the ice pack 
from falling. Ice cubes were used over crushed ice, as they 
have been found to be superior in reducing surface and 
intramuscular temperatures (Dykstra et al. 2009). The weight 
of 0.6 kg was utilised as Janwantanakul (2009) found that this 
weight was superior to 0.3 kg or 0.8 kg, resulting in tissue 
temperature changes. The cooling cuff (Recoolx® Sievers, 
Bramsche, Germany), utilised in this study, was 33 cm in 
length, 16 cm in width and was less than 1 cm thick which 
became approximately 2 cm–4 cm thick once ready for use. In 
order to activate the cooling cuff, it was immersed in water 
for 20 min. This triggered the polymer crystals embedded 
within the textile fabric to attract water (Öko Tex 100, high 
Tech™ Micro), and thereby activating its cooling properties. 
This was performed while the participant was acclimatising 
to the ultrasound room. The cuff was then wrapped around 
the participants’ forearm, ensuring that that it was two finger 
breadths distal to the participants elbow crease, ensuring that 
the polymer crystal belly was over the participants forearm. 
It was then secured with the velcro strap that was attached to 
the cooling cuff. 

Once the cryotherapy technique was in place, it was 
administered for 15 min which was timed by using a 
stopwatch. In order for ice to retain sufficient cooling 
temperatures, it has been recommended that it is applied for 
15–20 min (Bleakley, Glasgow & Webb 2012; Michlovitz 1996; 
Topp et al. 2013). Thereafter, the participant’s wrist was 
rotated back into the true lateral position, thumb side up to 
take the radial artery lumen diameter and blood flow 
measures in the same manner as for the baseline measures. 
Cryotherapy application has been reported to result in reflex 

TABLE 1: Characteristics of the participants per group.
Characteristics Moist ice SD Cooling cuff SD

Number Mean Number Mean

Gender
Female 6 - - 12 - -
Male 16 - - 9 - -
Age - 26.59 5.94 - 28.62 6.70
Height - 174.82 10.75 - 174.71 7.94
Weight - 84.91 21.53 - 80.95 20.22
Body mass index - 27.41 4.49 - 26.39 5.67
Blood pressurea

Systolic - 119.45 10.21 - 117.57 8.79
Diastolic - 75.45 8.03 - 73.48 6.73
a, mm Hg; SD, standard deviation.
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increases in blood flow for application longer than 15 min 
(Cameron 1999). Figure 1 provides details of the research 
procedure. When the post-measures for radial artery 
diameter and blood flow (three each) had been taken and 
recorded, cryotherapy was removed and the participant was 
asked to comment if they had experienced any discomfort 
during the application of the cryotherapy technique with 
either a yes or no answer. Their response was recorded on the 
data collection sheet. Thereafter, they were requested to 
redress and were thanked for their time and were allowed to 
leave. During baseline and post-measures, the same 
researcher (J.G.) recorded the three values obtained from the 
ultrasonographic examination per participant at the time of 
the examination, each for radial artery diameter (mm) and 
blood flow (cm.s-1) on a data collection sheet. This sheet was 
compiled to record the measures for each participant for ease 
during data capturing. All ultrasound images were stored in 
the hard drive of the ultrasound unit for the duration of the 
study; on completion of the study, they were removed.

Statistical analysis 
Statistical package for the social sciences (SPSS Base for 
Windows, version 20, IBM Corp. released 2010, IBM SPSS 
Statistics for Windows, Version 20.0, Armonk, NY) was 
utilised by a statistician from the University of Stellenbosch 
to analyse the data. The three values for radial artery diameter 
(mm) and for blood flow (cm.s-1) were averaged to get one 
reading per participant for each for radial artery diameter 
(mm) and blood flow (cm.s-1). Baseline differences between 
the groups were assessed, using Pearson’s chi-square tests 
for categorical variables and independent sample student’s 
t-tests for numerical data. Paired student’s t-tests were used 
to determine changes in radial artery blood flow and lumen 
diameter within the groups, while repeated measures 
analysis of variance assessed changes over the study period 
between the two groups. Results were considered significant 
at p < 0.05. Percentage changes in radial blood flow and 
diameter were calculated to determine clinical significance. 

Ethical considerations 
All participants were informed, verbally and through a written 
letter of information, about the study and that they had the 
right to withdraw at any time without any repercussions. 
Participants’ confidentiality and anonymity were maintained 
by using coding. All research data were placed in the 
participants’ file that was stored in the chiropractic clinic 
during the course of the study. The ultrasound images were 
stored on the ultrasound machine in the Department of 
Radiography at the Durban University of Technology which 
were then removed from the machine on completion of the 
study. All research data were then stored in the chiropractic 
programme at the Durban University of Technology. 

Results 
There were no differences between the two groups in terms of 
age (p = 0.15), body mass index (p = 0.51) and blood pressure 

(systolic p = 0.52; diastolic p = 0.67). There was a higher number 
of male participants in the moist ice group (p = 0.05; Pearson’s 
chi-square = 3.94, Table 1). Gender was used as a covariate in 
the analysis to correct for this imbalance. No differences were 
found between the two groups in terms of radial artery lumen 
diameter (p = 0.18) and blood flow (p = 0.94) at baseline. Intra-
group analysis showed that both groups had a decrease in 
arterial blood flow (moist ice p < 0.001; cooling cuff p < 0.001; 
Figure 2) with neither group showing a significant change in 
radial artery diameter (moist ice p = 0.16; cooling cuff p = 1.00; 
Figure 3) over time. The moist ice and cooling cuff groups had 
a mean reduction in blood flow of 11.1% and 17.7%, 
respectively. When the groups were compared, no significant 
differences were found between the groups for radial arterial 
blood flow (p = 0.81; Figure 2) or lumen diameter (p = 0.54; 
Figure 3). Post hoc power analysis showed a power of 32%, 
alpha 0.5. None of the participants in the cooling cuff group 
reported any discomfort; in contrast, several participants in 
the moist ice group reported that that they experienced mild 
discomfort towards the end of the 15 min of application which 
subsided shortly after the moist ice pack was removed. 

Discussion 
In this prospective investigational study, a cooling cuff, 
which we believe has not been tested against moist ice before, 
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was assessed for its ability to result in changes that were 
similar to those seen with moist ice. Both the moist ice and 
the cooling cuff resulted in significant decreases in radial 
artery blood flow with neither intervention being superior to 
the other. Thus, the null hypothesis for this study could not 
be rejected. It is well documented that ice decreases blood 
flow (Fiscus, Kaminski & Powers 2005; Ho et al. 1994; Topp 
et al. 2011; 2013; Weston et al. 1994) and it is encouraging that, 
in this study, the cooling cuff group showed similar reductions 
in blood flow to the moist ice group.

Changes in blood flow, following the cryotherapy used in 
this study, can be attributed to the mechanism of heat 
conduction – the body tissues lose heat to the cooling device 
in order for the tissues to cool (Merrick, Jutte & Smith 2003; 
Swenson, Swärd & Karlsson 1996) and not that the cooling 
device transfers cold to the tissues. During this process, the 
cooling device is warmed and a phase change occurs which 
results in superior heat transfer (Kennet et al. 2007; Smith 
et al. 1993) and tissue cooling. The ultrasound gel, used in 
this study, was stored in the ultrasound room where the 
temperature was controlled at 22°C–23°C. It was applied to 
the ultrasound head in both groups in a similar manner. 
It has been reported that, initially, the gel can be perceived 
as cold which may have affected blood flow in the area. 
However, it was applied to both groups in the same manner 
and studies show that, in order to affect blood flow, 
cryotherapy techniques are required to be applied for 
timeframes longer than 10 min (Bleakley et al. 2012). The 
moist ice pack, used in this study, resulted in the ice, melting 
and changing to water, and the towel which was wrapped 
around the ice, absorbed the water making it wet. Likewise, 
when water was lost from the polymer crystals in the cooling 
cuff, returning them to their crystallised form, the water 
made the covering textile cloth damp. Cooling devices, such 
as these, absorb heat through conduction and evaporation 
(Kennet et al. 2007; Merrick et al. 2003) and have been 
associated with improved tissue cooling. The findings of this 
study show that the cooling cuff allowed for heat transfer in 
a similar fashion to moist ice, resulting in a decrease in radial 
artery blood flow. Although attempts were made to have the 
moist ice application be similar in size to the cooling cuff, a 
small difference still existed. Janwantanakul (2009) found 
that, when comparing ice packs of different sizes, no 
significant differences were observed at the ice pack skin 
interface, resulting in this having a negligible effect on the 
effect of the cryotherapy application. However, the degree to 
which the tissues respond to the cryotherapy technique may 
have been different; yet, no difference was found between 
their effect on blood flow and lumen diameter. 

The changes in radial artery blood flow were seen in isolation 
to changes in radial artery diameter. Blood flow changes by 
following cryotherapy techniques that are proposed to result 
in vasoconstriction as a result of the activation of the Rho/
Rho kinase signalling pathway which results in a translocation 
of the two adrenoceptor to the plasma membrane and alters 
the sensitivity of the cutaneous vessels to calcium contraction 
(Bailey et al. 2004). This mechanism has been reported to 

affect cutaneous vessels and, as seen in this study, the effect 
on a medium-sized artery such as the radial artery was 
negligible. It is plausible that the measurement tool was not 
sensitive enough to detect changes in radial artery diameter 
or that the duration of ice application was insufficient. 
Prolonged exposure to ice therapy has been associated with 
adverse reactions in as little as 20–30 min of application 
(Bleakley et al. 2012; 2004), making prolonged applications 
risky. Topp et al. (2013) reported similar findings when ice, a 
menthol gel, a combination of the two and a control group 
were compared for changes in radial artery diameter and 
blood flow at 5, 10, 15 and 20 min where no changes in 
diameter occurred, but blood flow changes were found. 

In our study, final measurements were taken after 15 min of 
cryotherapy application. Michlovitz (1996) and Topp et al. 
(2013) have recommended that between 15 and 20 min is 
sufficient for cold packs to retain their cooling temperature. 
Topp et al. (2013) found that after 15 and 20 min of crushed 
ice application changes in radial artery blood flow occurred, 
as was seen in this study for both the cooling cuff and moist 
ice pack groups. The hunting reaction occurs when 
temperatures drop below 10°C which can occur after ice 
applications of longer than 15 min, leading to reflex 
vasodilation and an increase in blood flow to the area 
concerned (Cameron 2013). In an attempt to prevent this, the 
measurements were taken at 15 min. If ice is applied to the 
body for prolonged periods, it may lead to cooling below 
critical temperatures (15°C) resulting in soft tissue damage 
and skin burns (Cameron 2013; Swenson et al. 1996). A recent 
review found no incidence of skin burns associated with ice 
application (Bleakley & Hopkins 2010). The disadvantage 
of using ice packs is that they require at least 2 h of freezing 
at approximately −5°C before use and once the ice melts, 
refreezing is required. In this study, several participants who 
received moist ice reported mild discomfort. Similar findings 
have been reported by Topp et al. (2013). The benefit of the 
cooling cuff is that it is comfortable to wear and can be 
worn during cryotherapy application and, thereby, limiting 
interference with activities of daily living. It is reusable and 
does not require refrigeration or result in excessive wetness 
often associated with moist ice. These qualities may make it 
preferable as a cryotherapy application for people with 
musculoskeletal pain or injuries where they may select the 
cooling cuff over conventional icing therapies. In addition, 
these findings may be of interest to manual therapists, sports 
physicians, coaching staff and doctors who treat patients 
with musculoskeletal pain or injury who may elect to use or 
recommend the cooling cuff to their patients. 

Limitations 
The cooling cuff had a velcro strap that allowed it to be 
secured to the participants arm, whereas the moist ice pack 
was held in place by a light towel, the effect of this on the 
outcome is unknown and it is recommended that future 
studies account for this variable. The sample size, utilised in 
this study was small and thus a larger sample size might 
yield different results. The study relied on the honesty of the 
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participants, as they did not perform any exercise or consume 
any stimulants prior to participating in the study, If they had, 
their blood flow may have been affected which could have 
skewed the results. 

Recommendations 
Future studies should be conducted to further investigate 
the use of the cooling cuff in participants with acute 
musculoskeletal pain, compared to moist ice and other types 
of cryotherapy to determine its effectiveness. Repeating this 
study with larger sample size will allow for generalisability 
of the results. The manufacturer advocates that the cooling 
cuff can safely be applied for longer durations. The effect of 
prolonged application requires further investigation. 

Contribution to the field 
A study of this nature is beneficial to healthcare practitioners, 
sportsmen and women, and the public who use cryotherapy 
as part of their treatment regime, as it highlights a new and 
innovative method of cryotherapy application. This study 
provides evidence that the cooling cuff does decrease arterial 
blood flow similar to that of traditional moist ice and thus 
indicating that the potential for it to provide the same 
physiological benefits of moist ice exists. 

Conclusion 
The purpose of this study was to determine if the cooling 
cuff would result in similar changes in radial blood flow 
and lumen diameter as moist ice, with the aim that clinicians 
could use the cuff with assurance that it was resulting in 
physiological changes similar to those experienced with ice 
therapy. The results of the study support the hypothesis. In 
addition, the cooling cuff was comfortable with no test 
subjects reporting any adverse reactions, while several 
participants in the moist ice group reported mild discomfort. 
These findings indicate that the cooling cuff can be a 
favourable form of cryotherapy that does not require 
freezing, making it readily available. It is also possible 
to wrap around the injured area, resulting in it being 
comfortable to wear. 
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