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Topical menthol gels are classiied “topical analgesics” and are claimed to relieve minor aches and pains of the musculoskeletal
system. In this study we investigate the acute efect of topical menthol on carpal tunnel syndrome (CTS). We screened 645
slaughterhouse workers and recruited 10 participants with CTS and chronic pain of the arm/hand who were randomly distributed
into two groups to receive topical menthol (Biofreeze) or placebo (gel with a menthol scent) during the working day and 48 hours
later the other treatment (crossover design). Participants rated arm/hand pain intensity during the last hour of work (scale 0–10)
immediately before 1, 2, and 3 hours ater application. Furthermore, global rating of change (GROC) in arm/handpainwas assessed 3
hours ater application. Compared with placebo, pain intensity and GROC improvedmore following application of topical menthol
(� = 0.026 and � = 0.044, resp.). Pain intensity of the arm/hand decreased by −1.2 (CI 95%: −1.7 to −0.6) following topical menthol
comparedwith placebo, corresponding to amoderate efect size of 0.63. In conclusion, topicalmenthol acutely reduces pain intensity
during the working day in slaughterhouse workers with CTS and should be considered as an efective nonsystemic alternative to
regular analgesics in the workplace management of chronic and neuropathic pain.

1. Introduction

Carpal tunnel syndrome (CTS) is a neuromuscular condition
caused by increased pressure on the median nerve at the
level of the wrist and accounts for approximately 90% of
all entrapment neuropathies [1, 2]. Commonly reported
symptoms of CTS include pain in the wrist and hand
[3], paresthesias [4], thenar muscle weakness, and loss of
dexterity [4]. Female gender, increasing age, physical illness,
repetitive hand use, and occupation are potential risk factors
for the development of CTS [1, 5]. However, Falkiner and
Myers [6] concluded that except in the case of work that
involves very cold temperatures (possibly in conjunctionwith

load and repetition) such as butchery work is less likely
than demographics and disease related variables to cause
CTS. In line with this, the prevalence of CTS among Danish
slaughterhouse workers was found to be almost 4 times that
of reference workers (6.3% versus 1.6%) possibly due to the
highly repetitive and forceful work tasks [7].

Conservative treatment is usually ofered to individu-
als with mild to moderate intermittent symptoms of CTS,
whereas surgical carpal tunnel release is the preferred treat-
ment of patients with persistent CTS symptoms and those
not responding to conservative treatment [2, 4, 8, 9]. Oral
medications such as nonsteroidal anti-inlammatory drugs
(NSAIDs) and corticosteroids along with corticosteroid
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injection are ofered as a nonsurgical treatment of CTS.hese
local analgesics have been shown to relieve neuropathic pain
by acting as a sodium channel blocker in the afected nerves;
however high systemic concentrations of these compounds
may increase the likelihood of adverse events [10]. For
example, gastrointestinal problems and dyspepsia have been
reported following use of NSAIDS [11] and corticosteroid
use can lead to adverse osseous and ocular efects [12].
hus, alternative treatments for temporal pain relieve such
as topical analgesics that act at the peripherally located site
of injury could provide the symptomatic beneits of oral
analgesics on neuropathic pain butwithout the risk of adverse
events [13–15].

Menthol possesses weak analgesic properties when
applied to the site of musculoskeletal injury and topical gel
containingmenthol is thus used as analgesics [16–18]. Topical
menthol application produces a cool sensation by activation
of the TRPM8 channel also known as the cold and menthol
receptor 1, found mainly within thermosensitive neurons
[19, 20]. Menthol increases the sensitization of these neurons
consequently leading to the perception of coolness, which
have an inhibitory efect on nociceptive aferents and on
dorsal-horn neurons conducting pain impulses to the thala-
mus [21]. It is well established that speciic sodium channels
(Nav 1.8 and Nav 1.9) are greatly involved in pain pathways
and tissue speciic localization, and the development of type-
speciic blockers of sodium channels is an important part
of the treatment of chronic and neuropathic pain [22, 23].
Hence, Gaudioso et al. [24] found menthol to be a state-
selective blocker of Nav 1.8, Nav 1.9, and TTX-sensitive
sodium channels in rats and highlighted the role of menthol
as topical analgesic compound by its ability to be a sodium
channel inactivator.

Johar and coworkers [25] demonstrated that a menthol
based topical analgesic was more efective than ice for
decreasing DOMS induced symptoms of pain in the elbow
lexors and Higashi et al. [15] reported, in a double-blind
randomized controlled trial, signiicant pain relief frommus-
cle strain following 8-hour application of a patch containing
methyl salicylate and menthol compared to placebo. Addi-
tionally, a randomized controlled study found that topical
menthol combined with chiropractic adjustments reduced
acute low back pain [26].hus, application of topicalmenthol
is used to relieve pain of the musculoskeletal system and is
widespread in sport medicine; however, double-blind ran-
domized placebo-controlled trials are lacking and the acute
efects of topical menthol application on chronic neuropathic
pain remain unclear.

he aim of the study was to evaluate the acute efect
of topical menthol and placebo (gel with a menthol scent)
on pain in slaughterhouse workers with chronic pain and
symptoms of carpal tunnel syndrome.

2. Methods

2.1. Study Design. his triple-blind randomized placebo-
controlled crossover trial evaluates the acute efect of top-
ical menthol (Biofreeze) and placebo (gel with a menthol
scent) on chronic pain in Danish slaughterhouse workers

with symptoms of carpal tunnel syndrome. he study was
approved by he Danish National Ethics Committee on
Biomedical Research (Ethical Committee of Frederiksberg
and Copenhagen; H-3-2010-062) and registered in Clin-
icalTrails.gov (NCT01716767). he Consolidated Standard
of Reporting Trials (CONSORT) checklist was followed to
ensure transparent and standardized reporting of the trial. All
participants were informed about the purpose and content of
the project and gave their written informed consent to partic-
ipate in the study. All experimental conditions conformed to
he Declaration of Helsinki.

2.2. Recruitment and Flow of Participants. Recruitment
was established on subjects excluded from participation
in another randomized controlled trial [27] due to con-
traindications of carpal tunnel syndrome. In that study, 19
individuals showed symptoms of carpal tunnel syndrome and
were subsequently excluded from an intervention with high-
intensity resistance training and were invited to participate in
this study. Of the 19 invited individuals, 10 met the inclusion
criteria and were willing to participate in the project.

he recruitment was as follows. A screening question-
naire was administered to 645 Danish slaughterhouse work-
ers (aged 18–67 years). In total 595 individuals replied to the
questionnaire of which 410 were interested to participate in
the research project. he initial inclusion criteria based on
the screening questionnaire were (1) currently working at a
slaughterhouse for at least 30 hours a week, (2) pain intensity
in the shoulder, elbow/forearm, or hand/wrist of 3 ormore on
a 0–10 VAS scale during the last 3 months, (3) stating at least
“some” work disability scoring on a ive-point scale: “not at
all,” “a little,” “some,” “much,” to “very much” when asked the
following question: “during the last 3 months, did you have
any diiculty performing your work due to pain in the shoulder,
arm, or hand,” (4) no participation in resistance training
during the last year, and (5) no ergonomics instruction during
the last year. Of the 410 interested respondents, 145 met
the above inclusion criteria and were invited for a clinical
examination.

A total of 135 employees presented for the baseline clinical
examination. Exclusion criteria were hypertension (Systolic
BP > 160, diastolic BP > 100), a medical history of car-
diovascular diseases, symptoms of carpal tunnel syndrome,
recent traumatic injury of the neck, shoulder, arm, or hand
regions, or pregnancy. Furthermore, at the day of the clinical
examination participants illed in another questionnaire with
the following inclusion criteria: (1) pain intensity in the
shoulder, elbow/forearm, or hand/wrist of at least 3 on a 0–10
VAS scale during the last week, (2) pain that lasted more than
3months, and (3) frequency of pain of at least 3 days per week
during the last week.

Based on the clinical examination and associated ques-
tionnaire, 69 workers were excluded due to contraindications
of which 19 showed symptoms of carpal tunnel syndrome.
Symptoms of carpal tunnel syndrome included (1) nocturnal
numbness of the hand; (2) paresthesia in the distribution of
the median nerve; (3) positive Tinel’s sign over the carpal
tunnel; (4) positive Phalen’s test; (5) decreased sensibility in
the distribution of median nerve; (6) decreased strength in
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645 screening questionnaires
sent

595 replied to questionnaire

50 did not reply 

145 invited for clinical
examination

265 did not meet eligibility 
criteria

135 examined

10 did not show up for clinical 
examination

Five allocated to placeboFive allocated to topical menthol 

Five allocated to placebo

66 randomized to another
study

50 excluded due to 
contraindication

410 interested to participate

Five allocated to topical menthol

185 declined to participate

19 with symptoms of CTS and 
chronic pain

10 with symptoms of CTS and 
chronic pain

Nine declined to participate

48 hours48 hours

Figure 1: Participants low. CTS denotes carpal tunnel syndrome.

abduction of the thumb; (7) pain intensity of at least 4 in
the hand/wrist; and (8) the pain should have lasted at least
3 months. Participants should fulill all these eight criteria to
be deined as having carpal tunnel syndrome.he 19 workers
with symptoms of carpal tunnel syndrome were invited to
participate in the present study and 10 workers willingly
accepted. Figure 1 shows the low of participants through the
study.

2.3. Randomization and Blinding. Using a computer gen-
erated random numbers table, participants were randomly
distributed into two groups to receive either topical menthol
(Biofreeze) or placebo on the irst day of testing at a 1 : 1
menthol/placebo ratio. Interspersed by a minimum of 48
hours, participants received the other treatment (crossover
design) on the second day of testing.

Both the active treatment (topical menthol gel) and
placebo (gel with a menthol scent) were provided by he
Hygenic Corporation (Akron, OH).

Menthol and placebo gels were prepared by technicians
from he Hygenic Corporation who also veriied proper

labeling of the gel tubes with corresponding allocation code.
he menthol and placebo gels were packaged and labeled in
the same manner, so that each topical gel tube resembled the
other. he menthol and placebo topical gels, which had no
other identiiers, were delivered to a blinded study adminis-
trator at the National Research Centre for the Working Envi-
ronment and further delivered by hand to the research assis-
tant who administered the treatment and recorded the alloca-
tion on a separate case report form. Following data collection
and statistical analyses the allocation code was broken byhe
Hygenic Corporation and delivered to the researchers at the
National Research Centre for the Working Environment.

2.4. Interventions. Participants were invited for two separate
days of testing involving topical application of menthol or
placebo to the arm,wrist, andhand.On the irst day of testing,
participants were randomly allocated to receive either topical
menthol (Biofreeze) or placebo (gel with a menthol scent)
and on the second day of testing, participants received the
contrasting treatment, thus acting as their own controls in a
crossover design.
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he Biofreeze topical gel contained 4% active menthol
and the following ingredients: Aloe barbadensis leaf extract,
Arnica Montana lower extract, Arctium lappa root extract,
Boswellia carterii resin extract, Calendula oicinalis extract,
carbomer, Camellia sinensis leaf extract, camphor, glycerin,
Ilex paraguariensis leaf extract, isopropyl alcohol, isopropyl
myristate, Melissa oicinalis leaf extract, silicon dioxide,
tocopheryl acetate, triethanolamine, Blue 1, and Yellow 5.he
placebo comparator contained nomenthol but had amenthol
scent, with the following ingredients: Aloe barbadensis leaf
extract, Arnica montana lower extract, Arctium lappa root
extract, Boswellia carterii resin extract, Calendula oicinalis
extract, carbomer, Camellia sinensis leaf extract, camphor,
fragrance, glycerin, Ilex paraguariensis leaf extract, isopropyl
alcohol, isopropyl myristate, Melissa oicinalis leaf extract,
silicon dioxide, tocopheryl acetate, triethanolamine, Blue 1,
and Yellow 5. he menthol and placebo gels had a similar
texture, odor, and color.

Menthol and placebo were applied topically to the hand
and wrist by a blinded research assistant at a recommended

dosage of 2.5mL per 500 cm2 [28]. As the majority of the
slaughterhouse workers with CTS also sufered from general
elbow and forearm pain, topical menthol and placebo were
additionally applied to the forearm. he mode of application
involved light strokes with no substantially force, pressure,
or rubbing [25]. Topical application was applied to the
participants at the end of lunch break during a typical
working day at the slaughterhouse, allowing for a 3-hour
testing period ater lunch. Additionally, all participants were
asked about adverse events during every reporting of pain
intensity (at 1, 2, and 3 hours following application) by the
blinded research assistant.

2.5. Outcome Measures. he primary outcome was the
change in arm/hand pain intensity (scale 0–10) during work.
he participant rated “pain intensity during the last hour” on
the 0–10 modiied VAS scale (where 0 indicates “no pain at
all” and 10 indicates “worst pain imaginable”) immediately
before and 1, 2, and 3 hours ater application of the gel [29, 30].
he primary outcome is calculated as the change in pain from
before to ater (average of 1, 2, and 3 hours ater) application
of the gel. he secondary outcome measure was the global
rating of change (GROC), which is a fundamental clinical
tool to elucidate whether a patient has improved or worsened
and is commonly used among patients with musculoskeletal
symptoms, including chronic pain [31, 32]. hus, the scale is
used to asses participants overall evaluation of the topical gel
application treatment [33]. Participants rated the change in
arm/ hand pain on a scale from −5 (much worsening of pain)
to 5 (much improvement of pain) 3 hours ater application of
the gel.

2.6. Sample Size. Power calculations showed that 10 partici-
pants in a paired crossover design were necessary for testing
the null hypothesis of equality of treatment at an alpha level of
5%, a statistical power of 80%, a minimal relevant diference
in hand/wrist pain intensity of 1.5, and SD of 1.5 on a scale of
0–10.

2.7. Statistical Analysis. Statistical analyses were performed
using the SAS statistically sotware for Windows (SAS Insti-
tute, Cary, NC).he primary outcome (change in hand/wrist
pain) was analyzed according to intention-to-treat principle
using a repeated measures 2 × 2mixed-factorial design (Proc
Mixed), with time, group, and time by group as independent
categorical variables (ixed factors). Subject was entered as
a repeated efect. Analyses were adjusted for gender and
pain intensity at baseline. he secondary outcome variable
(GROC) was analyzed by analysis of variance (ANOVA) and
adjusted for gender and pain intensity at baseline. Prior to
theANOVA, aKolmogorov-Smirnov goodness-of-it test had
shown that the data did not signiicantly deviate from a
normal distribution.

An alpha level of 0.05 was used for statistical signiicance.
he primary outcome variable (change in hand/wrist pain)
is reported as between-group least square mean diferences
and 95% conidence intervals from before to ater (average of
1, 2, and 3 hours ater) application of the gel. he secondary
outcome variable is reported as between-group least square
mean diferences and 95% conidence intervals. Finally we
calculated efect size as Cohen’s d [34] based on arm/hand
pain intensity (between-group diferences divided by the
pooled standard deviation).

3. Results

Table 1 shows baseline characteristics of the participants.
All participants completed the intervention and none of the
participants reported any adverse events to either placebo or
menthol topical application.

3.1. Pain and Global Rating of Change. Figure 2 illustrates
the change in hand/wrist pain immediately before and 1,
2, and 3 hours ater application of Biofreeze and placebo,
respectively. A priory hypothesis testing showed a statistically
signiicant group by time interaction for pain intensity (� =
0.026) from before to ater (average of 1, 2, and 3 hours ater)
topical application. Compared with placebo, hand/wrist pain
intensity decreased −1.2 (CI 95%: −1.7 to −0.6) following
Biofreeze application.he efect size (Cohen’s d) of the change
in arm/hand pain was 0.63 and categorized as moderate
with topical menthol. Post hoc analyses revealed a signiicant
pain intensity reduction at all timepoints (1, 2, and 3 hours)
following menthol application compared to placebo (� =
0.016, � = 0.027, and � = 0.009, resp., Table 2).

Analysis of variance showed a group efect for GROC
of hand/wrist pain 3 hours following topical application
(� = 0.044). Compared to placebo, GROC improved to a
greater extent with Biofreeze (1.5 point; CI 95%: −2.94 to −0.1,
Table 2).

4. Discussion

his triple-blind, randomized placebo-controlled trial found
that topical gel containing menthol applied to the hand and
arm acutely reduced chronic pain among slaughterhouse
workers with carpal tunnel syndrome.he efect persisted all
three hours of the experiment.
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Table 1: Baseline characteristics of the participants. Values are means (SD).

Demographics

Height, cm 173 (7)

Weight, kg 80 (21)

Body mass index, kgm−2 26 (5)

Age, year 45 (7)

Number of men/women 8/2

Clinical

Elbow/forearm pain intensity during the last week (scale 0–10) 6.3 (2.3)

Hand/wrist pain intensity during the last week (scale 0–10) 5.7 (2.8)

Arm/hand pain intensity during the last hour of work (scale 0–10) 4.3 (1.8)

Days with pain during the last week 5.8 (1.9)

Table 2: Changes in arm/hand pain intensity and global rating of change (GROC) following menthol and placebo topical application.
Diferences of each group are shown on the let and post hoc contrasts between the groups on the right. Values are means (95% conidence
interval).

Within-group diference from before to ater application Between-group diference

Menthol Placebo Menthol versus placebo � value
Pain at hour 1 (0–10) −1.3 (−2.2 to −0.4) −0.1 (−1.0 to 0.8) −1.2 (−2.1 to −0.2) 0.016

Pain at hour 2 (0–10) −1.4 (−2.3 to −0.5) −0.3 (−1.2 to 0.6) −1.1 (−2.0 to −0.1) 0.027

Pain at hour 3 (0–10) −1.3 (−2.2 to −0.4) 0.0 (−0.9 to 0.9) −1.3 (−2.2 to −0.3) 0.009

GROC (−5 to 5) −1.2 (−2.4 to −0.1) 0.3 (−0.9 to 1.4) −1.5 (−2.9 to −0.1) 0.044
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0 1 2 3
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Menthol

Placebo

∗

∗

∗∗

Figure 2: Change in arm/hand pain following application of topical
menthol (menthol) or topical placebo (placebo) before (time 0) and
1, 2, and 3 hours following application. ∗, ∗∗ denotes signiicant
diference between interventions (� < 0.05; � < 0.01, resp.).

Topical gel containing menthol led to a 31% (1.3 point
on 0–10 VAS) acute reduction in chronic pain associated
with carpal tunnel syndrome, and the absolute change in

pain symptoms between topical menthol and placebo was 1.2
corresponding to amoderate efect size (Cohen’s d ≥ 0.50). In
patients with chronic pain a change in pain intensity of 1 on a
0–10 scale is considered a minimal clinical important change
[35], and Todd et al. [36] reported the minimum clinically
signiicant change in patients with acute pain measured with
a 100mm scale to be 13 (corresponding to a 1.3 change
on a 0–10 scale). hus, the results of the present study
indicate a marginal clinical signiicant change in chronic
pain perception following menthol based application. his
is further supported by the observed diference in global
rating of change (GROC) in hand/wrist pain in favor of the
topical menthol group. Topical menthol application could
therefore serve as an alternative to oral analgesics, to produce
clinical relevant reductions in chronic pain intensity without
resulting in high systemic concentrations of analgesic that
may lead to adverse events.

Menthol based topical applications are a widely used
analgesic compound acting at the peripherally located site of
injury. Zhang et al. [26] reported a signiicant reduction in
acute low back pain following 4 weeks of Biofreeze applica-
tion combined with chiropractic adjustment compared with
chiropractic adjustment alone. However, the study was not
blinded, and the acute efects of topical menthol application
were not measured. Another study found topically applied
menthol to cause higher transepidermal water loss (which is
oten compromised due to injury) whereas no efect on pain
sensation was observed, compared to alcohol [18]. Topical
menthol is regularly used in sports medicine, and a topical
patch of methyl salicylate—an analgesic—in combination
with menthol has been reported to relief pain associated
with mild to moderate muscle strain compared to placebo
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[15]. However, the direct contribution of menthol on pain
is diicult to extract as the patch also contained methyl
salicylate.

Menthol applied to the skin increases the sensitization of
thermosensitive neurons by activation of the TRPM8 channel
consequently leading to the perception of coolness, which has
an inhibitory efect on nociceptive aferents and on dorsal-
horn neurons conducting pain impulses to the thalamus
[21]. It has been reported that the subjective cooling efect
following topical menthol application lasts up to 70min in
12 of 18 subjects, with a mean cooling sensation of 32min
[18].his knowledge contributed to the study design by Johar
et al. [25] who measured DOMS induced pain symptoms
and tetanic contraction force 20, 25, and 35min following
application of either menthol gel or ice to the elbow lexors.
hey demonstrated that thementhol containing gel wasmore
efective than ice for increasing evoked tetanic force; however
no signiicant group by time interaction in pain perception
was observed. Our study revealed a decrease in pain intensity
1 hour following menthol application, and this reduction
was maintained for both 2 and 3 hours indicating that pain
relief lasts longer than the perceived cooling efect. his
discrepancy between the sensation of cool and the perception
of pain should in a timewise perspective be investigated in
future studies.

Workplace risk factors for the development of CTS
involve repetitive and forceful hand use, and the prevalence
of CTS among Danish slaughterhouse workers was found to
be almost 4 times that of reference workers [6, 7]. Workers
diagnosed with carpal tunnel syndrome may be treated
by surgical procedures, while others will have to rely on
conservative treatments. However, physical exercise such as
strength training, which has shown to relieve other types
of musculoskeletal pain [37, 38] (refs), may be contraindi-
cated in carpal tunnel syndrome. hus, topical menthol may
provide acute pain reduction for this group of workers. For
instance, the gel can be applied in the morning and again at
lunch to provide pain relief during the entire working day.
Nevertheless, it should be remembered that the acute anal-
gesic efect of topical menthol does not treat the underlying
cause of carpal tunnel syndrome, and the workloads may
need to be adjusted to prevent further aggravation of the
symptoms.

4.1. Strengths and Limitations. he randomized, triple-blind
placebo-controlled crossover design protects against sys-
tematic bias. As we did not measure nerve conduction
velocity or ultrasound waves over the carpal tunnel we were
not able to conclusively establish the diagnose of carpal
tunnel syndrome. However, to be regarded as a worker with
symptoms of carpal tunnel syndrome all participants were
to experience all of the following symptoms: (1) nocturnal
numbness of the hand; (2) paresthesia in the distribution of
the median nerve; (3) positive Tinel’s sign over the carpal
tunnel; (4) positive Phalen’s test; (5) decreased sensibility in
the distribution of median nerve; (6) decreased strength in
abduction of the thumb; (7) pain intensity of at least 4 in
the hand/wrist; and (8) pain that lasted at least 3 months. A
limitation of the study is that only subjective rating scales are

used as outcome variables. However, even without objective
measures to support the subjective variables, the triple-blind,
placebo-controlled design eliminates the probability of a
placebo efect. he exclusion and inclusion criteria used in
the present study conine the generalizability of our results
to workers with chronic pain and symptoms of carpal tunnel
syndrome exposed to highly and repetitive and forceful work.
he size of the study allows us to test the efectiveness of
topical menthol, but for evaluating adverse events a much
larger study is needed. However, topical gels are generally
considered safe.

5. Conclusion

Topical menthol application acutely reduces pain intensity
among slaughterhouse workers with chronic pain and symp-
toms of carpal tunnel syndrome compared with placebo.
hus, topical menthol should be considered as an efective
nonsystemic alternative to regular analgesics in theworkplace
management of chronic, localized musculoskeletal, and neu-
ropathic pain.

Conflict of Interests

he authors declare that there is no conlict of interests
regarding the publication of this paper.

Acknowledgments

he authors would like to thank Stine Dam Søndergaard
for valuable practical help during the data collection. Fur-
thermore, thanks are due to the Hygenic Corporation for
supporting this study.

References

[1] S. Aroori and R. A. J. Spence, “Carpal tunnel syndrome,” Ulster
Medical Journal, vol. 77, no. 1, pp. 6–17, 2008.

[2] M. J. Page, D. O’Connor, V. Pitt, and N. Massy-Westropp,
“Exercise and mobilisation interventions for carpal tunnel
syndrome,” Cochrane Database of Systematic Reviews, vol. 6,
Article ID CD009899, 2012.

[3] D. Rempel, B. Evanof, P. C. Amadio et al., “Consensus criteria
for the classiication of carpal tunnel syndrome in epidemio-
logic studies,” American Journal of Public Health, vol. 88, no. 10,
pp. 1447–1451, 1998.

[4] A. J. Viera, “Management of carpal tunnel syndrome,”American
Family Physician, vol. 68, no. 2, pp. 265–279, 2003.

[5] I. Atroshi, C.Gummesson, R. Johnsson, E.Ornstein, J. Ranstam,
and I. Rosén, “Prevalence of carpal tunnel syndrome in a gen-
eral population,” Journal of the American Medical Association,
vol. 282, no. 2, pp. 153–158, 1999.

[6] S. Falkiner and S. Myers, “When exactly can carpal tunnel syn-
drome be considered work-related?” ANZ Journal of Surgery,
vol. 72, no. 3, pp. 204–209, 2002.

[7] P. Frost, J. H. Andersen, and V. K. Nielsen, “Occurrence
of carpal tunnel syndrome among slaughterhouse workers,”
Scandinavian Journal of Work, Environment and Health, vol. 24,
no. 4, pp. 285–292, 1998.



Rehabilitation Research and Practice 7

[8] A. A. M. Gerritsen, H. C. W. de Vet, R. J. P. M. Scholten, F. W.
Bertelsmann, M. C. T. F. M. de Krom, and L. M. Bouter, “Splint-
ing vs surgery in the treatment of Carpal tunnel syndrome:
a randomized controlled trial,” he Journal of the American
Medical Association, vol. 288, no. 10, pp. 1245–1251, 2002.

[9] J. G. Jarvik, B. A. Comstock, M. Kliot et al., “Surgery versus
non-surgical therapy for carpal tunnel syndrome: a randomised
parallel-group trial,” he Lancet, vol. 374, no. 9695, pp. 1074–
1081, 2009.

[10] M. S.Wallace, J. B.Dyck, S. S. Rossi, andT. L. Yaksh, “Computer-
controlled lidocaine infusion for the evaluation of neuropathic
pain ater peripheral nerve injury,” Pain, vol. 66, no. 1, pp. 69–77,
1996.

[11] O. Mathiesen, J. Wetterslev, V. K. Kontinen, H.-C. Pommer-
gaard, L. Nikolajsen, and J. Rosenberg, “Adverse efects of peri-
operative paracetamol , NSAIDs, glucocorticoids, gabapenti-
noids and their combinations: a topical review,” Acta Anaesthe-
siologica Scandinavica, 2014.

[12] L. Fardet, A. Flahault, A. Kettaneh et al., “Corticosteroid-
induced clinical adverse events: frequency, risk factors and
patient's opinion,” British Journal of Dermatology, vol. 157, no.
1, pp. 142–148, 2007.

[13] S. P. Stanos andK. E. Galluzzi, “Topical therapies in themanage-
ment of chronic pain,” Postgraduate Medicine, vol. 125, upple-
ment 1, no. 4, pp. 25–33, 2013.

[14] J. Sawynok, “Topical and peripheral ketamine as an analgesic,”
Anesthesia & Analgesia, vol. 119, no. 1, pp. 170–178, 2014.

[15] Y. Higashi, T. Kiuchi, and K. Furuta, “Eicacy and safety proile
of a topicalmethyl salicylate andmenthol patch in adult patients
with mild to moderate muscle strain: a randomized, double-
blind, parallel-group, placebo-controlled, multicenter study,”
Clinical herapeutics, vol. 32, no. 1, pp. 34–43, 2010.

[16] G. Wasner, D. Naleschinski, A. Binder, J. Schattschneider, E.
M. Mclachlan, and R. Baron, “he efect of menthol on cold
allodynia in patients with neuropathic pain,” PainMedicine, vol.
9, no. 3, pp. 354–358, 2008.

[17] N. Galeotti, L. di Cesare Mannelli, G. Mazzanti, A. Bartolini,
and C. Ghelardini, “Menthol: a natural analgesic compound,”
Neuroscience Letters, vol. 322, no. 3, pp. 145–148, 2002.

[18] G. Yosipovitch, C. Szolar, X. Y. Hui, and H. Maibach, “Efect of
topically applied menthol on thermal, pain and itch sensations
and biophysical properties of the skin,” Archives of Dermatolog-
ical Research, vol. 288, no. 5-6, pp. 245–248, 1996.

[19] A.M. Peier, A. Moqrich, A. C. Hergarden et al., “A TRP channel
that senses cold stimuli and menthol,” Cell, vol. 108, no. 5, pp.
705–715, 2002.

[20] J. Vriens, B. Nilius, and R. Vennekens, “Herbal compounds and
toxinsmodulating TRP channels,”Current Neuropharmacology,
vol. 6, no. 1, pp. 79–96, 2008.

[21] C. J. Proudfoot, E. M. Garry, D. F. Cottrell et al., “Analgesia
mediated by the TRPM8 cold receptor in chronic neuropathic
pain,” Current Biology, vol. 16, no. 16, pp. 1591–1605, 2006.

[22] R. S. Swanwick, A. Pristerá, and K. Okuse, “he traicking of
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