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Influence of acupuncture on the pain perception threshold of muscles
submitted to repetitive strain
Influência da acupuntura no limiar de percepção dolorosa de musculatura submetida a esforço
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ABSTRACT

RESUMO

BACKGROUND AND OBJECTIVES: Muscle pain is one of
the causes of the leave of absence in physical activities, as well as
limiting factor in sports performance. The objective of this study
was to evaluate the early and late response to the pain perception
threshold after acupuncture in a single application, in subjects
submitted to repetitive strain.
METHODS: Clinical-experimental quantitative trial, with control group and blind, with 47 healthy women, aged between 18
and 55 years (36.3±10.6), divided deterministically by sequential alternation to the groups: acupuncture (GACP n=16), Sham
(Gsham n=16) and control (CGRT n=15). The repetitive strain
was performed in the Reformer equipment of the Pilates method,
before and after the intervention, with 0,25x40mm needles. The
GACP received the needling at point ST36 (Zusanli). The Gsham
received superficial needling out of the acupuncture point, and the
CGRT only performed the exercise. All patients had the needles
for 20 minutes, except for the CGRT who remained only at rest.
A digital pressure algometer was used at point BL57 (Chengshan).
The algometry was conducted before the intervention and the exercise, immediately after, and after 24 hours.
RESULTS: The GACP showed a significant increase in the pain
perception threshold when compared to Gsham (p =0.021) and
to CGRT (p<0.001) and after 24 hours, with CGRT (p=0.006).
The results were coherent with the acupuncture theoretical foundations, suggesting the release of opioid analgesics and applicability in the recovery of post-exercise sore muscles.
CONCLUSION: A single acupuncture intervention was able to increase the Pain Perception Threshold immediately and after 24 hours.
Keywords: Acupuncture, Algometry, Muscle pain, Pain perception threshold.

JUSTIFICATIVA E OBJETIVOS: A dor muscular é uma das
causas de afastamento de práticas de atividades físicas e fator limitante no desempenho desportivo. O objetivo deste estudo foi
avaliar a resposta imediata e tardia do limiar de percepção dolorosa após estímulo de acupuntura em uma única aplicação, em
sujeitos submetidos a esforço repetitivo.
MÉTODOS: Ensaio clínico-experimental, quantitativo, com
grupo controle e encoberto, 47 mulheres sadias, com idades entre 18 e 55 anos (36,3±10,6), separadas por alocação determinista por alternância sequencial em grupos: acupuntura (GACP
n=16), Sham (Gsham n=16) e controle (GCRT n=15). Realizou-se o esforço repetitivo no equipamento Reformer do método
Pilates, antes e após a intervenção com agulhas 0,25x40mm. O
GACP recebeu agulhamento no ponto E36 (Zusanli). O Gsham
agulhamento superficial, fora do ponto de estímulo de acupuntura e o GCRT só realizou o exercício. Todos permaneceram 20
min com agulhas e o GCRT só em repouso. Utilizou-se um algômetro de pressão digital no ponto B57 (Chengshan). A algometria foi realizada antes da intervenção e do exercício, imediatamente após, e após 24 horas.
RESULTADOS: O GACP teve aumento significativo do limiar
de percepção dolorosa no momento imediato, quando comparado ao Gsham (p=0,021) e ao GCRT (p<0,001), e após 24 horas
com o GCRT (p=0,006). Houve coerência dos resultados com
as bases teóricas do estímulo da acupuntura, sugerindo liberação
de opioides analgésicos e aplicabilidade em recuperação de dores
musculares pós-exercícios.
CONCLUSÃO: Uma única intervenção de acupuntura foi capaz
de aumentar o limiar de percepção dolorosa de imediato e após
24 horas.
Descritores: Acupuntura, Algometria, Dor muscular, Limiar de
percepção dolorosa.
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INTRODUCTION
Health promotion and maintenance using physical exercises is
an unquestionable fact today, relying on numberless research reporting its benefits1-3. However, the behavioral factors to maintain the practice of physical activity have been of concern and
object of scientific papers4,5. Studies show that approximately
50% of people who start an exercise program give up in less than
six months6. There are countless reasons for quitting, and among
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them, is the post-exercise muscle pain, which is a demotivational
factor to continue in the exercise program for many people7.
Muscle pain after exercises in athletes can be a limiting factor, directly impairing their physical performance8. Among the musculoskeletal pain in healthy individuals is the delayed onset muscle
soreness (DOMS).
DOMS is defined as pain or discomfort experienced between 12
and 24 hours after the exercise and can have its maximum peak
within 24 and 72 hours9. There are hypotheses claiming that it
is a result of microlesions, where there is an initial migration of
leukocytes, starting the process of tissue injury repair, while histamines, prostaglandins, kinins and K+ produced by neutrophils
and macrophages stimulate the free nerve endings of the muscle,
causing the DOMS10,11.
Among the several studies on acupuncture (ACP), the analgesic
effects are the most studied, and some of these studies look for
answers to explain the mechanisms and analgesic pathways mediated by ACP12,13, while others evaluate the consensus about the
therapeutical effect in vivo14. Even in specific areas like sports,
the vast majority of the studies that demonstrate the ACP analgesic effects are directed to the relief of musculoskeletal pain and/
or musculoskeletal diseases15,16.
In the sports area, technology is being increasingly used in search
of medals, surpassing, day after day, the limits of the human
body. However, in parallel, we also see a refinement in the anti-doping assessment resources. The so-called naturist or integrative therapies are being studied as a possibility for complementary medicine to conventional interventions within sports17.
However, there are few studies that investigate the acute (immediate) analgesic response of ACP interventions.
The clinical and experimental research with athletes using ACP
are complex regarding the acceptance of that population since
they involve variables like the fear that the technique might negatively influence the performance, and/or promote changes in
physical patterns and emotional stability.
Could ACP, in a single application, have an influence on the pain
perception threshold (PPT) in muscles subjected to repetitive
efforts?
In this context, the objective of the present study was to evaluate the immediate and delayed PPT after the ACP stimulus in
a single application in healthy, sedentary subjects, subjected to
repetitive efforts.
METHODS
The study was a clinical-experimental trial with quantitative
evaluation profile and control group.
The volunteers were recruited by self-selection (posters and invitations), initially constituting a group of 61 women. At the time
of the study, there were a total of 47 eligible women with age
between 18 and 55 years (36.3±10.6).
The inclusion criteria were being female, sedentary, healthy,
aged between 18 and 55 years. The exclusion criteria were being pregnant, taking analgesic, antispasmodic, anti-inflammatory, myorelaxants drugs and anesthetics within 24 hours before,
during and until the last data collection. Other exclusion criteria
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were the performance of exercises for lower limbs (LL) strengthening in the last 5 days before the intervention, LL, lumbar and/
or sciatica pain that could interfere with the ankle plantarflexion
and dorsiflexion exercise, peripheral sensitivity alterations, and
smoking.
Before selecting the population of this study, a pilot test was conducted with a few male volunteers where it was concluded that
males, due to their high PPT, would be inappropriate to present
research. The tolerance to the pressure algometer was so high that
made the evaluations operationally difficult because it was necessary to exert much force on the device and the evaluator was
unable to keep the proper angle of the reading tip, which created
great instabilities precluding the correct reading.
After signing the Free and Informed Consent Form (FICT), the
volunteers were divided into three groups by deterministic allocation by sequential alternation, with the following composition:
GACP (n=16), Gsham (n=16) and CGRT (n=15). ACP data
collection, algometry and plantarflexion and dorsiflexion exercises were conducted in the outpatient facilities of the IBRATE
School in Curitiba.
First, it was conducted an evaluation of the PPT with a Wagner®
FDI digital algometer, of American origin, which is a dynamometer that exerts a pressure on a rubber tip when touching the skin
at a 90° angle. All volunteers participated in the PPT evaluation
with this equipment.
The volunteers received instructions to immediately inform the
surveyor when the pressure was strong enough to generate painful discomfort. This value was instantly registered on the digital
algometer display as the PPT, expressed in kgf/cm2. This procedure was carried out by an external surveyor, health professional,
trained, who did not know which group each volunteer belonged.
Three readings for each leg was collected. These data were used to
calculate the percentage variation of the PPT of each volunteer
between the different moments within each group and the other
statistic treatments.
To take the readings, the volunteers were in the prone position
on the stretcher for the analysis of a point located on the calf, in
the gastrocnemius muscle. In ACP, its location corresponds to
the acupoint B57 (Chengshan), according to Lian et al.18, shown
in figure 1.
The first algometric evaluation was considered the pre-treatment
moment. Then, the ankle plantarflexion and dorsiflexion exercises were performed in the supine position. The Reformer equipment of the Pilates method was used with a load of 24.2kgf/cm2.
The exercises were standardized in the number of maximum repetitions in 1 minute, or until exhaustion within this maximum
time. Exhaustion was considered the incapacity of continuing
the exercise.
Right after, the intervention, the object of the present study,
was performed. In the GACP, the volunteers received the needle bilaterally at the E36 acupoint (Zusanli) located 3 inches
below the patella and 1 inch lateral and distal of the anterior
tibial tubercle18. Disposable filiform 0.25x40mm Arhondin®
needles were used.
The depth was 1.5 inches and initially stimulated until the “deqi”
sensation, which corresponds to a tingling, light shock and/or feel-
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Initial selection (n=61)

Excluded by criteria
(n=12)

Excluded by drop-out
(n=2)

Deterministic sequential allocation (n=47)
Sham
Acupuncture
Control
n=16
n=16
n=15
Pre-treatment algometry
Repetitive exercise
Intervention/needling
Post-immediate algometry

Figure 1. The pressure algometry reading at the B57 acupoint (Chengshan), in the gastrocnemius muscle

ing of heavy legs. The needle dwell time was 20 minutes for all
groups. For the Gsham, the selected site was 2 cm medially distant
from the E36 point. The CGRT received no intervention, remaining at rest on the stretcher for the same time as the others.
The volunteers did not know if they were receiving the true or
sham ACP. A guest physical education teacher provided all the
instructions for the exercises and the evaluations of the maximum number of repetitions in one minute at all moments. The
guest teacher did not know which group each volunteer was assigned, and the surveyor was blind.
All applications were performed by an ACP expert physiotherapist. Two volunteers of the Gsham left the study. One due to
non-attendance and the other because of painful high sensitivity
to the algometer pressure in the immediate post reading.
The sequence of the data collection and intervention is summarized in the methodologic design of the study, as shown in figure 2.
The study was approved by the Ethics Committee of the Technology School - IBRATE, under number 225/2011.
Statistical analysis
The pressure algometry was performed on the LL with 3 PPT
readings moments on each side, before, immediately after and
after 24 hours.
The data obtained were subject to exploratory analysis, using the
box-and-whisker and the stem and leaf diagrams to identify and
purge the outliers that significantly changed the parameters of the
central trend19. The assessment of the symmetry and flattening
of the distribution curves was performed by the Skewness and
Kurtosis values, respectively. The normality of the distributions
was confirmed by the non-parametric Kolmogorov-Smirnov
test, with the Lilliefors correction.
Later, using the descriptive statistics, the average and the standard deviation of the studied variables for the total sample and

Exclusion
Sham (n-2)

Sham
n=14

Post-24 hours algometry
Acupuncture
Control
n=16
n=15

Figure 2. Methodologic design of the study regarding the moments of
the exercise and intervention

by study group were calculated. The comparison between the
average values obtained by each group at each moment of the
evaluation was performed using the One-Way ANOVA test,
with post-hoc LSD to compare two-to-two variables, with a significance level set at 5%.
The results of the statistical analysis were expressed by the p values of the hypothesis tests, test power and effect size in Cohen’s
approach following the recommendations of the study by Lindenau and Guimarães20. The values of the One-Way ANOVA
test power were obtained a posteriori considering the number
of subjects in each group: in acupuncture (GACP n=16), Sham
(Gsham n=16) and control (CGRT n=15) an f effect size of 1.29
and a level of significance of 5%. The test power was calculated
by the G*Power software (G*Power, Version 3.0.10, Universität
Kiel, German)21, and the other analyses were performed by the
SPSS statistical program, version 20.0.
RESULTS
Table 1 shows the average values (±SD) for the age and PPT
(kgf/cm2) for each group at each evaluation moment.
The comparison of the percentage variation of the PPT (kgf/
cm2) showed significant differences among the groups, from
the pre-treatment moment to the post-immediate moment
(F=8.123, p=0.001, test power: 80.2%); and from the pre-treatment moment to the post-24 hours moment (F=4.217, p=0.022,
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Table 1. Average values (±standard deviation) of the age and pain perception threshold (kgf/cm2) by algometry in the three groups at each moment
Evaluation moments
Groups

n

Average age (years)

Pre-treatment

Post-immediate

After 24 Hours

GACP

16

35.63±11.40

5.91±1.74

6.69±2.11

6.29±1.84

Gsham

12

39.83±7.79

6.10±0.51

6.05±0.76

6.10±0.86

CGRT

15

34.93±11.20

7.43±1.30

6.80±1.79

6.54±1.91

GACP = acupuncture; Gsham = Sham; CGRT = control.

15
Percentage variation of the Pain Perception
Threshold among all moments

*
10

*
5

0

-5

-10

Pre-treatment and
post-immediate
Acupuncture

Pre-treatment and
post-24 hours
Sham

Control

Figure 3. Percentage variation in the pain perception threshold (kgf/cm2)
of each group over the three evaluation moments
GACP = acupuncture; Gsham = Sham; CGRT = control.
*p<0.05.

test power: 75.3%) (Figure 3). The results did not show significant differences in age among the studied groups.
When comparing the groups two-by-two regarding the percentage variation, the GACP showed a significant increase in the
PPT at the immediate moment when compared with Gsham
(p=0.021; effect size: 0.87) and with the CGRT (p<0.001; effect size: 1.29). From the pre-treatment moment to the post-24
hours moment, the GACP showed a significant increase compared with the CGRT (p=0.006; effect size: 0.94). The Gsham
and the CGRT did not show a significant difference between
them at any moment.
DISCUSSION
The results show that one single ACP intervention at the E36
point for 20 minutes was capable to significantly increase the
PPT, at the moment immediate to the application, lasting for 24
hours. These results corroborate the study by Itoh, Minakawa,
and Kitakoji22 that using the pressure algometer also concluded
that ACP increased the muscle fascia PTT.
ACP is recognized by its analgesic capacity, which releases several
neuro endogenic substances capable of blocking the conduction
of the painful process at its different levels23,24. Since it is uneth-
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ical to induce pain in healthy individuals for research purposes,
the alternative, therefore, is to assess to what extent ACP can
block the perception of a certain discomfort.
Pressure algometry can quantify the painful perception of the
subject from the sensitization of the nociceptors25, being an indirect reference of the pain evaluation26. In the case of this study,
the discomfort assessed was the mechanic pressure exerted by the
tip of the algometer.
Studies by Erthal et al.27 showed the antinociceptive effects of the
same ACP point studied in this research, but with the use of laser
in guinea pigs and drug-induced pain. The results found in this
research is in agreement with that study, although with different
circumstances.
In the results, it was observed that the volunteers who did not
receive needling (CGRT) presented negative variations in the average difference between the pre-treatment PPT when compared
to post-treatment (immediate and post-24 hours), indicating
that they were less tolerant to pressure after the exercise, which
did not occur in the GACP.
The justification found for this result suggests that in addition to
the requirement of the muscle involved in the proposed exercise,
there is the mechanical stress on the nerve endings and nociceptors, regarding the sensitization of the pressure receptors on the
surface of the tissues25. It is worth to remember that there was a
load transfer from the rubber tip of the algometer on the skin,
several times at the same point. Considering that these variables
were the same among all the subjects, it is suggested that some
antinociceptive substance, of immediate effect and/or release,
has been produced in greater quantity in the GACP than in the
other groups.
The selection of voluntary females proved to be adequate in this
study and agrees with Chesterton et al.28, who when studying
the behavior of pain perception with an algometer in different
genders concluded that women have a lower PPT than men.
The site chosen to assess the PPT corresponds to the ACP B57
point. It was selected because it matches with a trigger point,
making it highly sensitive to pressure12,29 and because it has a
highly demanded muscle in the proposed exercise and loads.
Bonfim et al.30 also used this region to assess PPT with the algometer after exercises involving the same muscle but in orthostatic position.
The results found in the present research suggest that the B57
acupoint is suitable for PPT studies with a pressure algometer,
especially for exercises involving the calf muscle.
Concerning the applicability of the results found in the present
study, it is possible to recommend ACP to treat the musculoskeletal pain resulting from mechanical trauma, repetitive effort, and
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muscle fatigue, where the individual needs to return to exercise
in a short period of time. It is important to remember that the
release of endogenous opioids leads to a consequent decrease in
pain perception31, as well as other substances already studied that
have probable ergogenic effects32.
This recommendation also corroborates studies reported in the
literature that specifically addressed the use of ACP to improve
pain symptoms in muscles submitted to physical exhaustion17.
Following this line of thought, authors such as Zhu, Arsovska
and Kozovska15, in a paper of clinical nature, demonstrated that
ACP promoted analgesia and relaxing effects of the muscle tension in professional athletes.
In the area of acupuncture,

the statistical quality is still incipient
because the vast majority of studies lack statistical enhancement,
which makes comparisons with other studies more difficult. The
best results of this study were when the group that received acupuncture was compared with the one that received no stimulus
(control), with a special and representative gain in the post-immediate evaluation, whose test power exceeded 80%, the minimum desirable in the health area.
As limitations of this study is the fact that it was conducted in an
exclusively feminine population due to methodological limits,
as well as not being able to extend the results to the benefits of
DOMS, since it hits its peak 24 to 72 hours, and the evaluation
of this study was only up to 24 hours.
CONCLUSION
Based on the results, this study concluded that a single ACP intervention at the E36 point for 20 minutes was able to significantly increase the PPT at the moment right after its application,
lasting after 24 hours, in healthy, sedentary women submitted to
ankle plantarflexion and dorsiflexion exercises.
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