
ABSTRACT 

BACKGROUND: Cryotherapy is a pain relief option commonly used in over-the-counter treatments for 

musculoskeletal pain management.

OBJECTIVES: This study evaluated objective thermal skin response and subjective perception of cooling 

sensation with an OTC topical cryotherapy pain relief gel. 

METHODS: A UK study of 50 healthy adults (aged 18–65 years) was undertaken with subjects acclimatised 
to a consistent baseline temperature before applying 0.5g of a commercially available pain relief gel 
(Biofreeze®) to their dominant forearm (test area). A baseline skin temperature gun reading was taken 
at the test area and over the next 11 minutes (every 30 seconds for 2 minutes, then each minute for a 
further 9 minutes). Thermal imaging of test and control areas was conducted throughout. After wash-out, 
subjects applied 1g of test gel to their opposite forearm, recorded time to perceived cooling sensation 
and completed a post-use questionnaire.

RESULTS: The topical pain relief gel reduced skin surface temperature from baseline temperature, with 
reduction detected at 30 seconds and at each time point interval, reaching a peak average 10.27% 
(-3.172°C) temperature drop at 4 minutes (p=0.05). The average time for subjects to record a cooling 
sensation after product application was 14.84 seconds, with 88% reporting cooling sensation within 30 
seconds and 96% within 1 minute. 

CONCLUSION: An OTC topical pain relief gel rapidly reduced skin temperature via objective thermal 
measurements and subjective perception. As skin temperature reduction can modulate pain pathways, 
this highlights the potential benefit of an OTC topical cryotherapy pain relief gel in analgesia management.
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INTRODUCTION 

More than 150 conditions fall under the umbrella term musculoskeletal conditions (MSCs), 
disorders that affect the bones, joints, ligaments, muscles, tendons and spine1. According to the 
World Health Organization, such conditions affect an estimated 1.71 billion people worldwide 
and are the leading cause of global disability2. Among the most common MSCs are low back pain, 
neck pain, osteoarthritis (OA), gout, osteoporosis and rheumatoid arthritis (RA)2-5. The burden 
of MSCs on society is significant. In Europe, MSCs are the primary cause of years lived with 
disability and account for 38% of all reported fatal and non-fatal serious workplace accidents, 
with the majority of these due to sprains and strains5.

A particular challenge is the fact that the incidence of MSC conditions, such as OA, RA and 
low back pain, are directly linked to ageing3-6. As the global population is ageing, so the number 
of people living with MSCs is expected to rise3,4. For example, the Global Burden of Disease 
Study predicts a 74.9% increase in the number of cases of knee OA and an 80% increase in 
the number of people living with RA between 2020 and 20503,4.

Already MSCs exert a significant burden on healthcare. In Europe, a third of general practice 
consultations are due to a MSC and they account for 9% of all cases presented in hospitals5. This 
does not capture the wider burden of MSCs in the community, however, as data are lacking on 
the prevalence and incidence in community pharmacies, despite pharmacists’ role as the most 
accessible and frequently visited healthcare professional7. The advice and guidance of community 
pharmacists in helping patients optimise the safe and effective use of prescription medication 
is supplemented by their role as advocates of the use of self-care in pain management7. Self-
care encompasses the use of non-prescription, over-the-counter (OTC) pharmacological pain 
management options, such as oral and topical analgesics, alongside lifestyle advice and non-
pharmacological approaches7. The latter are a mainstay in MSC management guidelines for OA, 
low back pain, sprains and RA and include exercise, manual manipulation, mobility aids and the 
use of cold (cryotherapy)8-14. The predicted rise in the ageing population experiencing MSCs is 
also a factor to consider in pain management as older adults consume the most drugs and are at 
increased risk of medication-related adverse events3,4,15, therefore self-care options may play a 
greater role in the MSC treatment armamentarium. 

Cryotherapy, or the therapeutic processes involving cold temperatures16, has long been 
claimed to have health benefits, dating back to Hippocrates17. In particular, cryotherapy, 
delivered via ice, cooling sprays or topical analgesics, has been used in the treatment and 
recovery from musculoskeletal injury and is recommended in guidelines for the relief of pain in 
sprains and strains as one of the key pillars within the RICE protocol (Rest, Ice, Compression, 
Elevation)18-21.

The local effects of cryotherapy include reductions in skin temperature, sensation, arteriolar 
vasoconstriction and tissue metabolism18. However, how cryotherapy reduces pain perception 
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has yet to be fully elucidated but it is believed that cooling activates the body’s natural pain 
relieving pathways18,22-26. 

What is known is that cold is detected in the skin’s somatosensory fibres by the Transient Receptor 
Potential Melastatin Family, TRPM827. This is a Ca2+ permeable, non-selective cation channel 
expressed in the dorsal root and trigeminal ganglia27-29. Modulation of TRPM8 activity has been 
suggested to be of relevance to the body’s analgesic response to cryotherapy29. The body’s cold-
sensitive neurons are also sensitive to cooling agents, with animal data showing stimulation of 
the TRPM8 nerves by cooling agents activates the nociceptive pathway to promote analgesia28,30. 
Other research suggests cooling agents may also interact with other TRP receptors to contribute 
to an analgesic response31.

Given that the perception of skin cooling occurs with a 1°C reduction in normal body 
temperature30,32, this study sought to evaluate the objective and subjective cooling efficacy of an 
OTC topical cryotherapy pain relief gel in healthy adult subjects.

MATERIALS AND METHOD 

A monadic, central location test study of 50 healthy adults was conducted at the Sense:lab, Leeds, 
UK, on July 30th – August 1st, 2024. Subjects were recruited by an independent third-party 
product research agency, Blue Yonder Research, following an online survey of an established and 
verified consumer panel. Inclusion criteria were healthy, symptom-free adults aged 18–65 years 
(50% male; 50% female), non-rejectors of gel in tube format, non-rejectors of the test brand, 
previous users of menthol-containing products without adverse events (e.g. topical pain relievers, 
toothpastes, cosmetics and personal care products) and able to give informed consent. Exclusion 
criteria comprised: known allergies/sensitivity to any ingredient; prescription medicine use in the 
7 days before test product use (excluding hormonal contraceptives and hormone replacement 
therapy); pregnant/trying to get pregnant; breastfeeding; currently using other ointments, gels 
or liniments; wounded/damaged/irritated skin in the application area; known skin sensitivity; 
diabetes and/or peripheral neuropathy due to other significant medical conditions; a need to apply 
heating pads/any form of device/compression bandages to the application area; use of OTC product 
within 24 hours of study product use; felt unwell/ill in previous 7 days; recent surgery or discharge 
from hospital stay; undergoing or scheduled for medical investigation for any medical condition 
or unexplained symptoms; or experience body pain on the day of the test; inability to follow study 
procedures; visual/smell impairment preventing sample assessment. The test intervention was a 
commercially available gel (Biofreeze® Gel, UK), a topical, cryotherapy pain relief formulation.

Subjects were required to participate in two phases of the study. Phase 1 was an objective 
evaluation of the impact of the test pain relief gel on skin surface temperature. All subjects were 
acclimatised to a consistent baseline temperature in a 22°C room for 10 minutes. A baseline skin 
surface temperature reading using a pre-calibrated temperature gun at a template-marked area of 
the subject’s dominant forearm (the test area, measuring approximately 6 inches x 2 inches) was 
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recorded. Subjects applied a pre-weighed 0.5g of the pain relief gel (weighed to 0.01g accuracy) 
to the test area and placed their arm facing upwards on a marked area of a table where they were 
seated. As subjects were applying the product to a small, precise area during this phase, 0.5g was 
sufficient to provide coverage that mimicked usual consumer use. A skin surface temperature 
reading, using a RS PRO 8861 Infrared Thermometer, was taken by a single independent 
investigator at 6 inches (152.4 mm) from the test area at baseline and every 30 seconds post-
application for 2 minutes, then at each minute for a further 9 minutes. Thermal imaging of the 
test and control areas (upper arm) was conducted throughout using a Topdon UK TC005 Model 
thermal camera, positioned perpendicular at 60cm to the test area and control area.

Phase 2 evaluated subjective skin cooling perception. This was conducted immediately post 
objective measurements after a wash-out period during which subjects washed their hands 
and forearm in cold water and then immediately applied 1g of the pain relief gel to their non-
dominant forearm (i.e. opposite forearm to the test forearm in Phase 1 of the study) for 3 seconds. 
As subjects applied the product to their skin as they would with real-life use and were free to 
apply as they would normally, a larger quantity of product was provided in this subjective phase, 
versus the objective phase (1g versus 0.5g) to ensure reasonable skin coverage in line with real-
life consumer use. Subjects were asked to record time to a perceived cooling sensation. They 
subsequently completed a questionnaire (see Table 1) on fast-acting cooling sensation, overall 
liking of product and agreement with product-related statements on 5-point and 10-point Likert 
scales. Subjects washed their hands and arm in cold water once the questionnaire was complete. 
The total study duration for each participant was 60 minutes. Statistical analysis considering 
both long-lasting and fast-acting data was via 2-tailed t tests performed at both 90% and 95% 
confidence to identify any significant differences between subgroups. The study was approved by 
the Reading Independent Ethics Committee.

Table 1: Post-study questionnaire

 1.  	 How much do you agree or disagree that the sensation felt was a cooling sensation? Cools the skin in 10 minutes (5-point Likert scale).

	 1= Disagree strongly; 2= Disagree somewhat; 3= Neither agree nor disagree; 4= Agree somewhat; 5= Agree strongly.

2.  	 How much do you agree or disagree that the product felt like it worked within 10 minutes? Feel it working in less than 10 minutes 

	 (5-point Likert scale).

	 1= Disagree strongly; 2= Disagree somewhat; 3= Neither agree nor disagree; 4= Agree somewhat; 5= Agree strongly.

3.  	 How much do you like or dislike this product overall? (10-point Likert scale).

	 1= Dislike extremely; 10= Like extremely.

4.  	 What, if anything, do you like about this product? (Open ended).

5.  	 What, if anything, do you dislike about this product? (Open ended).

6.  	 How much do you agree or disagree with the following statements regarding the topical pain relief gel product you have just tried? 

	 (5-point Likert scale). 

	 1= Disagree strongly; 2= Disagree somewhat; 3= Neither agree nor disagree; 4= Agree somewhat; 5= Agree strongly. 

	 • Is easy to apply (no mess). 
	 • Provides instant cooling sensation. 
	 • Starts to cool the skin in 10 minutes.
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RESULTS

A total of 50 healthy subjects (25 males; 25 females) participated. The age split was as follows: 
18–34 years: 13 (26%); 35–49 years: 17 (34%); and 50–65 years: 20 (40%). The statistical analysis 
utilised values at 95% signifi cance.

Objective response: skin surface temperature reduction

The average baseline skin surface temperature among subjects was 30.88°C. The pain relief gel 
reduced skin surface temperature from baseline temperature with reduction detected at the fi rst 
recording at 30 seconds and at each time point interval (see Table 2). The peak average temperature 
drop of -3.172°C (10.27%) occurred at 4 minutes, p=0.05 (see Table 2 and Figure 1).

Table 2: Average skin surface temperature change of subjects from baseline at fi rst to last timepoint (n=50)

Time (mins)

0.5

1

1.5

2

3

4

5

6

7

8

9

10

11

Temperature change 
from baseline (oC)

-2.408

-2.624

-2.920

-3.026

-3.098

-3.172

-3.148

-3.096

-2.954

-2.900

-2.682

-2.628

-2.570

% Temperature change 
from baseline

-7.80%

-8.50%

-9.45%

-10.03%

-9.80%

-10.27%

-10.19%

-10.02%

-9.56%

-9.39%

-8.68%

-8.51%

-8.32%

Figure 1: Average skin surface temperature change in subjects from pre- to post-application at each 
timepoint (n=50), p=0.05
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When gender was considered, there was no significant difference in the skin surface temperature 
readings. When age was considered, there appeared to be a greater skin surface temperature 
reduction in those aged 50-65 years vs those aged 18–34 years, however this was only significant 
at 30 seconds and 2 minutes post-pain relief gel application, p=0.05. Between the 18–34 years and 
35–49 years groups there was a significant difference at 30 seconds, p=0.04, but not at 2 minutes, 
p=0.06.

Objective response: thermal imaging skin surface temperature reduction

Thermal images recorded during the study showed a marked difference in the skin temperature of 
the test and control areas throughout the study period (see Figure 2).

Figure 2: Sample thermal images of skin temperature changes from test areas (dark areas on forearm indicate 
cooled skin)

 
 Figure 2A: Subject 21L Figure 2B: Subject 23R Figure 2C: Subject 27R

Subjective response: perception of cooling sensation

All subjects (100%) reported a cooling sensation within 2 minutes of the pain relief gel application, 
88% recorded a cooling sensation within 30 seconds and 96% in less than a minute. Subjects’ 
average time to record a cooling sensation was 14.84 seconds. All subjects (100%) agreed strongly or 
somewhat that the pain relief gel had a cooling sensation, with 94% agreeing strongly or somewhat 
that they perceived it had an ‘instant’ cooling sensation, in response to a question determining 
their level of  agreement that the product provided an instant cooling sensation.

In terms of user acceptability, 82% of subjects agreed strongly or somewhat that the pain relief gel 
was easy to apply with no mess, 92% agreed that, overall, they liked the pain relief gel.

Considering subjects’ response to an open-ended question on positive product attributes, the 
pain relief gel’s cooling effect ranked highest (53%), after fast-acting (43%), fragrance (41%) and 
easy application (27%). In terms of negative product attributes, 45% of subjects reported there 
was nothing they disliked about the pain relief gel, while 16% stated fragrance, 12% difficulty in 
applying, 12% consistency, 8% sensation on skin and 6% the product’s colour.
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Adverse events

Just 2 subjects (4%) reported adverse events after using the pain relief gel, both of which were 
fragrance-related. One reported the strong fragrance affected their throat, while the other noted 
mild stinging of the eyes. In both subjects symptoms resolved within 24 hours.

DISCUSSION

This study examined the skin cooling effect of an OTC topical cryotherapy pain relief gel 
(Biofreeze®). It demonstrated that the pain relief gel objectively reduced skin surface temperature, 
as shown by both temperature gun readings and thermal imaging recording. In addition, subjective 
perception demonstrated that more than 9 out of 10 subjects felt an ‘instant’ cooling sensation and 
had a positive liking for the product. 

These results are unsurprising as a 1°C degree reduction in temperature results in a skin cooling 
sensation30,32 and, by the time of the first objective measurement at 30 seconds, the pain relief gel 
application resulted in an average -2.408°C skin temperature reduction in subjects. Subjective 
response found 88% of subjects felt a cooling sensation within 30 seconds. An earlier skin 
temperature reading at around 15 seconds could have provided objective validation for subjects’ 
perception that the average time to feel a cooling sensation was 14.84 seconds. This rapid 
temperature reduction and cooling sensation may be due to the fact that localised cooling can 
arise through the evaporation of cooling agents contained within the cryotherapy pain relief gel18. 
As alcohol has a low evaporative heat, it transiently decreases skin temperature to stimulate the 
TRPM8 cold receptors18. 

As such, gels, such as Biofreeze®, could provide the benefits of convenient cryotherapy while 
avoiding the potential for ice-induced adverse events, such as pain, burns, numbness and frostbite18, 
as demonstrated by the low adverse event rate in this study with no cutaneous reactions. The 
damaging effects of ice are seen at lower temperatures (<15°C)30, which is considerably lower 
than the surface skin temperatures reached in this study. While cryotherapy is an accepted pain 
modality, data are lacking on the optimum level of cooling required to elicit analgesia. Research in 
16 healthy subjects from 50 years ago suggests ice massage induced pain relief only after extreme 
localised cooling occurred, with skin temperatures reduced to, and maintained below, 13.6°C33. 
Not only does this temperature fall into the noxious region where adverse effects can occur30, 
achieving this low temperature can be difficult in reality as it necessitates the user to apply ice 
for 15-30 minutes before such a reduction can be reached34. Other data show interventions that 
result in modest cooling can elicit analgesia in animals via activation of the TRPM8 receptors25. 
Further work is required to compare the optimum skin temperature reduction for analgesia with 
traditional cryotherapy versus cooling gel cryotherapy.

What is not in doubt are results of meta-analyses and systematic reviews that have examined the 
efficacy of cryotherapy in MSCs. Ice massage improved range of movement, function and knee 
strength, while cold packs decreased swelling in people with OA35. Cooling, in particular cold 
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water immersion, significantly affected the symptoms of delayed-onset muscle soreness36. There 
is moderate evidence to support cryotherapy post-surgically to reduce pain and improve range of 
motion, while a lower certainty of evidence supports its use as beneficial in acute pain and injury or 
chronic pain37. The use of cryotherapy post total knee replacement surgery found subjects had 2.9 
times less pain than those not using cryotherapy38. Efficacy data in Biofreeze® has found benefits 
in a wide range of MSCs, such as neck pain, acute low back pain, knee pain due to OA, hand/arm 
pain due to carpal tunnel syndrome and muscle soreness39-43.

For healthcare professionals, including community pharmacists, having an effective and convenient 
to use OTC treatment option for the management of MSCs is important. Recent research among 
French community pharmacists found a high percentage agreed that some patients wanted 
natural or non-medicated treatments and they see an increasing number of patients requesting 
such treatments44. 

Limitations of this study include: 1) the population was healthy and it is not known if the findings 
are equally applicable to those with MSCs; 2) the study did not compare against traditional 
cryotherapy in the form of ice application to determine comparable response; 3) the study was 
not blinded and subjects were non-rejectors of both cryotherapy gels and the brand, which may 
have biased the subjective results, although this had no impact on the objective measurements; 4) 
the skin temperature gun was hand-held by an independent investigator rather than being in a 
fixed position, which could have had a minor effect on positioning accuracy between subjects and 
in-subject readings. However, the same investigator undertook all tests to minimise inter-person 
variability. In addition, this would have had no bearing on the overall skin temperature readings.

CONCLUSION 

This study demonstrates that in healthy adults, a topical cryotherapy pain relief gel (Biofreeze®) 
had a proven cooling effect across all subjects as shown by a reduction in skin surface temperature 
measurements and captured in thermal imaging. Subjects perceived this cooling effect as ‘instant’, 
with proven reduction in skin temperature within 30 seconds. This was further confirmed by a 
subjective response, with the average time to cooling within 15 seconds. This ‘instant’ cooling 
action may be due to the evaporative action of the gel’s alcohol content; further work is required to 
determine the speed of onset of the analgesic action of Biofreeze®. 
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