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Introduction: Flexibility or the ability of a muscle to increase in length is an integral part 
of musculoskeletal characteristics and is essential in preventing musculoskeletal injuries 
and increasing functional levels. Hamstring muscles rupture is a common injury. One of 
the important factors in the occurrence of this injury is poor hamstring muscle flexibility, 
which because of its stiffened structure, has less ability to quickly increase in length. Some 
researchers have recently suggested that the dry needling technique could reduce the number 
of treatment sessions for hamstring muscle tightness and bring faster and more effective results. 
Accordingly, this study aims to investigate the effect of the application of dry needling through 
an acupuncture technique on hamstring muscle flexibility.

Materials and Methods: The present study is a single-blinded randomized controlled trial 
in which 16 individuals with bilateral hamstring muscle shortness were randomly allocated 
into dry-needling and sham-needling groups. The sampling method was non-probability 
convenience. The outcome measures were the right and left active knee extension range of 
motion, assessed before and after the first, third, and fifth sessions of intervention. A 2-factor 
mixed analysis of variance was applied to determine the differences between and within the 
two groups.

Results: Except for the group main effect, time main effect and interaction effect were 
statistically significant for the right and left active knee extension range of motion (P<0.001). 
There were differences in behavioral patterns in groups; accordingly, in the real dry-needling 
group, a significant difference was detected across times. However, in the sham dry-needling 
group, no significant difference was observed.

Conclusion: The application of dry needling into motor points of hamstring muscles in 
individuals with bilateral hamstring muscles shortness could improve flexibility and increase 
the range of knee extension after 3 and 5 sessions of intervention because of the therapeutic 
effects of the dry needling technique in improving the muscle flexibility.
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1. Introduction

uscle flexibility or the ability to increase 
length is an integral part of musculo-
skeletal characteristics and is important 
in preventing musculoskeletal injuries 
along with increasing functional levels 

[1]. Hamstring muscles rupture is a common injury that 
accounts for about 53% of ruptures of the biceps femoris. 
One of the most important causes of this injury is poor 
hamstring muscle flexibility as stiffened muscle is less 
able to quickly increase in length [2]. Decreased ham-
string muscle flexibility is associated with an increased 
risk of lower limb injuries [3]. It may also be associated 
with changes in the curvature of the spine in the sagit-
tal plane, which increases the risk of spinal cord injury 
because of mechanical stress [4]. Moreover, studies have 
shown that hamstring muscle tightness leads to inter-
muscular imbalance, muscle injuries, and patellofemoral 
pain, and accelerates the process of low back pain. There 
are various treatments to increase the length of the ham-
string muscles, namely static stretching, dynamic stretch-
ing, proprioceptive neuromuscular facilitation, muscle 
energy technique, along with techniques, such as knee 
extension and straight leg raise. However, these treat-
ments often last up to about 10 weeks [5].

However, one of the treatments that has recently at-
tracted attention for the treatment of tight hamstring 
muscles is the use of the dry needling technique. The 
dry needling technique is an intervention during which 
a thin needle is inserted through the skin into the tis-
sue. There are some related mechanisms by which dry 
needling could increase muscle length. Applying the 
dry needling technique to shortened sarcomeres creates 
a local tension in the contracted cytoskeletal structures, 
separating the myosin fibers from the titanium gel site (a 
spring-like molecule that holds myosin in its molecular 
position) in the Z-band. This can allow the sarcomere 
to regain its resting length by reducing the overlap an-
gle between actin and myosin filaments [6, 7]. Also, in 
shortened muscles, the blood vessels are compressed 
and this localized blood pressure (ischemia) prevents the 
supply of energy, and the amount of oxygen is reduced. 
Following dry needling, the muscle can be relaxed by 
separating the actin from the myosin, thereby breaking 
the cycle of energy depletion [8]. Moreover, by apply-
ing the dry needling technique, changes are made in the 
blood flow of the muscle, which is reduced by shorten-
ing, and vasodilation and increased blood flow occurs 
in the tight hamstring muscles [9]. The main cause of 
increased blood flow is the release of vasodilators, such 
as calcitonin gene-related peptides and substances fol-

lowing the stimulation of C and Aδ fibers by an axonal 
reflex that causes small vessels to open and increase the 
blood flow [10].

Dry needling can also increase the level of oxygen at 
the site of stimulation by increasing the proteins that re-
spond to hypoxia. These proteins cause blood vessels to 
grow and dilate and alter glucose metabolism in oxygen-
deficient tissues. Accordingly, they potentially increase 
oxygen and capillaries and improve blood circulation in 
muscles [10]. Dry needling can activate signal-related 
extracellular kinases and signaling pathways related to 
focal adhesion of the kinase. It also activates nicotin-
amide adenine dinucleotide phosphate, which improves 
energy metabolism in muscles and allows muscles to re-
gain their normal length [11].

Moreover, there is evidence that needling a muscle 
could change the electromyographic activity of the stim-
ulated muscle; therefore, it can change muscle tension 
and allow the muscle to relax and lengthen [12]. Some 
researchers have recently suggested that this technique 
could reduce the number of treatment sessions for ham-
string muscle tightness and bring faster and more effec-
tive results. Therefore, it has more economic benefits in 
terms of health [9, 10].

Accordingly, Alaei et al. investigated the immediate 
effect of dry needling on hamstring muscle flexibility 
in individuals with hamstring muscles shortness. In this 
study, dry needling was applied to the motor points of 
the hamstring muscles with the fast in-and-out technique 
by inserting and removing the needle for 1 min. The 
knee range of motion (ROM), muscle compliance, pas-
sive peak torque, and stretch tolerance were measured 
before, immediately after, and 15 min after dry needling. 
The results showed an increase in knee ROM along with 
other outcome measures which was better in dry nee-
dling compared to the sham group [13]. Moreover, Ma-
son et al. examined the effectiveness of dry needling and 
stretching versus stretching alone on hamstring muscle 
flexibility in patients with knee pain. In this study, pa-
tients with hamstring muscle shortening were randomly 
divided into 2 groups of dry needling and sham-needling 
with hamstring muscles stretch. In the dry-needling 
group, the needle was applied at the trigger points of 
hamstring muscles by piston method, and in the sham-
needling group, it was applied by squeezing a plastic 
tube in non-trigger points and the patients received the 
treatment technique in 2 sessions with a 3-day interval. 
The assessments were performed immediately after the 
application of the technique, one day, three days, and 
seven days after the intervention. The results showed 
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significant improvements in the ROM of the knee and a 
reduction in pain in the dry needle group [14].

Moreover, Sadat et al. examined the effect of dry nee-
dling on flexibility and electrophysiological indices in 
healthy men with short hamstring muscles. The dry nee-
dling was applied to the motor points of the hamstring 
muscles by inserting and removing the needle for 1 min. 
The assessments were performed before, immediately 
after, and 1 week after the intervention and consisted of 
knee flexibility with passive knee extension test, H re-
flex latency, and neuronal motor excitability. The results 
showed no significant differences between the 2 groups 
in any of the variables [15].

To the best of our knowledge, there is limited research 
investigating the effect of dry needling on muscle flex-
ibility. Also, in these studies, dry needling has been ap-
plied in the form of a fast in-and-out technique. More-
over, treatment sessions had been limited to one session. 
Hence, the current study has been conducted to investi-
gate the effects of applying dry needling through an acu-
puncture technique (reduction technique) on hamstring 
muscle flexibility in 5 sessions.

From the point of view of Chinese medicine, needling 
in acupuncture points makes changes in Qi energy. 
When a dysfunction, such as over-activity occurs, for in-
stance in muscle stiffness and shortness, extra energy is 
placed in the desired location. Needling in acupuncture 
points could reduce energy. After applying the needle 
and moving it counterclockwise, the Qi energy is moved 
and reduced [16, 17]. This method also increases the 
person’s tolerance to stretch by affecting flexibility and 
muscle adaptation [13]. Furthermore, the dry needling 
technique can restore ROM and muscle utilization pat-
terns [18-20]. Accordingly, this study aims to investigate 
the effect of applying dry needling through the acupunc-
ture technique (reduction technique) on hamstring mus-
cle flexibility.

2. Materials and Methods

A total of 16 individuals with bilateral hamstring mus-
cles shortness who were referred to Jame Clinic in Meh-
rshahr City, Iran, participated in the study and signed 
an informed consent. The sampling method was non-
probability convenience. The inclusion criteria were 
as follows: Women of 18 to 40 years old [21], having 
limitation in active knee extension test (≥20 degrees) 
[22], normal body mass index (18.5 to 29.9 kg/m2) [23], 
normal Q-angle (16-18 degrees) [24], negative navicu-
lar drop test [25], having no metabolic disorder (such 

as diabetes), having no coagulation problems, having no 
neurological problems (for example epilepsy), not be-
ing an athlete. Meanwhile, the exclusion criteria were 
as follows: Fear of needling, withdrawal from coopera-
tion, failure to complete the treatment sessions, feeling 
too much pain or discomfort during the evaluation and 
treatment, and receiving secondary treatment during the 
treatment sessions.

The participants were randomly allocated to either the 
intervention (real dry needling) or a control (sham dry 
needling) group with a 1:1 allocation ratio. The random-
ization sequence was generated by the website [26]. 
Group assignment was concealed using sequentially 
numbered, opaque sealed envelopes. They were opened 
after the patient completed the baseline assessment. The 
study was a single-blinded, randomized controlled trial 
where participants were blinded to the treatment alloca-
tion, but not the therapist.

Given the outcome of active knee extension ROM in a 
pilot study, a priori power analysis (G*Power software, 
version 3.1.3) revealed a sample size of 14 participants 
to detect the within and between interaction effects. 
We assumed a medium effect size of 0.33 (Cohen f), 
obtained based on between-group variance=20.81 and 
within-group variance=189.062. We set the number of 
groups=2 (control and intervention), and the number 
of measurements=4 (pre, after the first, third, and fifth 
sessions of intervention). Also, we assumed the correla-
tion among repeated measures=0.5 and non-sphericity 
correction ε=1. Moreover, sufficient power (80%) with 
α<0.05 was considered. 

The outcome measure was right and left active knee 
extension ROM. The course of treatment was 5 sessions 
with 1-day intervals. The participants were assessed be-
fore and after the first, third, and fifth intervention ses-
sions.

Study procedure 

Measurement of knee joint range of motion

The participants laid on their backs and the opposite 
leg was fixed by a belt. The leg under evaluation was 
fixed by the fixator at a 90º angle and the fixator was fas-
tened by the belt by attaching it to the bed (Figure 1). A 
standard 180-degree goniometer (Korean Saehan stain-
less steel goniometer) was used to measure ROM, such 
that the axis of the goniometer was placed on the lateral 
condyle of the femur, the fixed arm was placed along the 
greater trochanter, and the moving arm was placed along 
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the lateral malleolus of the ankle. Then, the patient was 
asked to straighten the knee as much as possible. Next, 
the popliteal angle was measured. If the patient could 
not complete the last 20 degrees of knee extension, the 
test was positive [27, 28]. The popliteal angle was scored 
using an active knee extension test through a goniometer 
when the individual was trying to straighten the knee as 
much as possible [22].

Study groups

Real dry needling group

The course of treatment was 5 sessions with 1-day in-
tervals. For needling, the patients lay in the prone posi-
tion. A physiotherapist trained in dry needling applied 

needles to the motor points of the hamstring muscles 
(Figure 2). For the long head and short head of the biceps 
femoris, needles were applied into 2 points which were 
30% and 60% of a straight line between the ischial tuber-
osity and the fibula head. In addition, for semitendinosus 
and semimembranosus, the needle was applied to a point 
that was 60% of the direct line between the ischial tuber-
osity and the medial condyle of the femur [13].

The dry needling used in the dry needling group was 
50×30 mm in size, an Eco model made in China. For the 
reduction technique, needles were applied perpendicu-
lar to the motor points and rotated counterclockwise 360 
degrees for 15 s to make one rotation per s. Then, the 
needles stay in the tissue for 20 min [17].

Figure 1. Active knee extension test or hamstring muscles shortness test

Figure 2. The locations of dry needling application
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Sham dry needling group

The course of treatment was 5 sessions with 1-day in-
tervals. In this group, the tiny 13×20 mm needles were 
applied superficially at the location of the motor points 
without any manipulation and the needles stayed in the 
tissue for 20 min until the patient felt the needle and the 
treatment [29, 30].

Statistical analysis

The Shapiro-Wilk test was used to examine the normal-
ity of the data distribution. In this study, the data were 
normally distributed. Moreover, to ensure that the groups 
were comparable at baseline, an independent t-test was 
employed that was not statistically significant. A two-way 
ANOVA was conducted to analyze the main effect of 
time (before, after the first, third, and fifth sessions of in-
tervention) and group (real and sham dry needling). If the 
main effect or interaction effect was significant, the post 
hoc pairwise comparisons were done with the Bonferroni 
corrected (corrected threshold of P=0.008). Moreover, 
the Cohen d was reported as a measure of the effect size 
(small=0.2, medium=0.5, large=0.8, and very large=1.2). 

3. Results

Demographic results

The demographic variables had a normal distribu-
tion (P<0.05), hence, the independent t-test was used 
for the analysis (Table 1). The results showed that age 
(P=0.965), height (P=0.244), weight (P=0.874), and 
body mass index (P=0.251) were not significantly dif-
ferent between the two groups.

Right active knee extension range of motion

This variable was normally disturbed in the two study 
groups (P<0.05). Also, the results of the independent t-

test showed that this variable was not significantly dif-
ferent between the two groups in the baseline (P<0.05), 
hence, the groups were comparable.

The main effect of time and group as well as the inter-
action effect of time and group are presented in Table 2. 
The analysis of variance showed, except for the group 
main effect, the time main effect and interaction effect 
were statistically significant (P<0.001).

The post hoc analysis reflected that in the real dry 
needling group, the right active knee extension ROM 
was significantly increased after the third session com-
pared to before the intervention (P=0.002, d=2.40), af-
ter the fifth session compared to before the intervention 
(P<0.001, d=3.04), after the third session compared to 
after the first session (P=0.006, d=1.91), after the fifth 
session compared to after the first session (P=0.001, 
d=2.54), and after the fifth session compared to after the 
third session (P=0.001, d=2.64). However, in the sham 
dry-needling group, there was no significant difference 
across time (Table 3).

Left active knee extension range of motion

This variable was normally disturbed in the 2 study 
groups (P<0.05). Also, the results of the independent t-
test showed that this variable was not significantly dif-
ferent between the two groups in the baseline (P<0.05); 
therefore, the groups were comparable. 

The main effect of time and group as well as the inter-
action effect of time and group are presented in Table 
2. The analysis of variance showed that, except for the 
group main effect, the time main effect and interaction 
effect were statistically significant (P<0.001). 

The post hoc analysis reflected, in the real dry nee-
dling group, the left active knee extension ROM was 
significantly increased after the fifth session compared 

Table 1. Demographic results 

Variables
Real Dry Needling Sham Dry Needling

t df P
Mean±SD Min Max Mean±SD Min Max

Age (y) 31.50±3.70 27 37 31.38±7.50 19 40 0.044 14 0.965

Height (cm) 165.00±8.91 155 178 159.88±7.90 145 168 1.217 14 0.244

Weight (kg) 63.25±8.84 53 77 64.00±9.69 50 82 -0.162 14 0.874

Body mass index (kg/m2) 23.20±2.25 18.94 26.64 25.12±3.94 19.53 29.86 -1.198 14 0.251

Abbreviations: SD: Standard deviation; Min: Minimum; Max: Maximum; df: Degree of freedom. 
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to before the intervention (P=0.002, d=2.27), after the 
fifth session compared to after the first session (P=0.005, 
d=1.99), and after the fifth session compared to after the 
third session (P=0.002, d=2.24). However, in the sham 
dry-needling group, there was no significant difference 
across time.

4. Discussion

This study aimed to investigate the effects of dry 
needling on muscle flexibility in individuals with 
hamstring muscle tightness. The results of this study 
showed that the application of dry needling using a 
reduction technique could improve muscle flexibility 
and increase the range of knee extension after 3 and 5 
intervention sessions.

Studies have proved that applying static stretching 
techniques to shortened muscles also increases the cross-
sectional area of   fibroblasts. In addition, this increase 
leads to a reductio n  in tension in shortened muscles. 
This occurs following the application of the dry needling 
technique in shortened tissues and similar responses oc-
cur in tissue fibroblasts. This mechanism may loosen the 
tissue following dry needling. When the dry needling is 
applied by twisting the needle into the tissue, it creates 
a mechanical stimulus by which the fascia network also 
affects the collagen and the underlying substance. This 
can be a factor in reducing muscle tension. For example, 
by examining the orientation of collagen, we have found 
that after needle application, the direction of tissue col-

lagen is more paralleled and more direct compared to 
before the needle application [31].

Dry needling can also restore the pattern of muscle 
use to its original state [6]. This occurs by stimulating 
the motor points and increasing their excitability. In the 
muscular shortening, the reduction of the activity and ex-
citability of motor points is probable. Dry needling can 
therefore improve the performance of motor points [18].

Studies have shown that manipulating connective tis-
sue with dry needling can elicit cellular responses in con-
nective tissue fibroblasts. When the needle is rotated, the 
collagen tissue around the needle forms a loop around 
the needle that stays in the tissue for 15 to 20 min. Af-
ter the needle is removed, an internal tension is formed 
inside the connective tissue in response to this stable 
mechanical stimulus, causing the tissue to be released, 
and the fibroblasts expand their cytoskeletal tissue and 
regenerate it [33]. Thus, the viscoelastic properties of the 
desired soft tissue are restored [34].

Dry needling can also restore the ROM of joints that 
have been restricted following muscle shortening [6]. Dry 
needling increases ROM by creating relaxation while re-
ducing tension in tissues that have become stiff [18].

Moreover, the mechanical signal generated by the me-
chanical stimulation of the needling causes changes in 
the cellular structure of actin, leading to the restoration 
of the normal cytoskeleton of actin. The changes that the 
needling causes in the tissue cells can be transmitted by 

Table 2. The main and interaction effects for right and left knee

Variables Times
Mean±SD

Time Effect Group Effect Interaction Effect

Real DN Sham DN
P η2 P η2 P η2

Right active knee 
extension ROM

Before 34.50±5.58 36.87±4.51

0.001* 0.792 0.111 0.171 0.001* 0.608
After the 1st session 33.62±6.02 36.80±4.50

After the 3rd session 31.12±5.35 36.25±5.11

After the 5th session 29.12±4.96 35.75±4.97

Left active knee 
extension ROM

Before 31.50±5.9 34.00±4.95

0.001* 0.740 0.131 0.155 0.001* 0.524
After the 1st session 30.75±6.04 33.80±4.95

After the 3rd session 28.62±5.34 33.25±5.57

After the 5th session 26.25±4.65 32.87±5.33

Abbreviations: ROM: Range of motion; SD: Standard deviation; DN: Dry needling.

*There is a significant difference (P<0.008).
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the interstitial connective tissue to places farther away 
from the site of the needling. Accordingly, the needling 
widely affects the tissue, even at points farther from the 
site of needle entry [35]. With changes that the needle 
creates in the connective tissue surrounding neuro fibers 
can affect the function of these fibers and lead to long-
term changes in their function with long-term changes in 
nerve connective tissue [36].

Few studies have examined the effect of the dry nee-
dling in the motor points of the hamstring muscles on 
the flexibility of this muscle in patients with hamstring 
muscle tightness and have reported an improvement 
in the ROM of the knee extension. Only three studies 
have used this technique. In two studies, they reported 
improved flexibility and increased ROM of knee exten-
sions [13]. In one study, the needle was applied as nee-
dling in and out for 1 min, and flexibility was increased 
immediately after the intervention [13]. In another study, 
the needle was applied for 30 s and left for 5 min in the 
tissue. Accordingly, flexibility improved after 3 to 5 days 
[31]. In another study that used dry needling as needling 
in and out of the motor points for 1 min, no significant 

difference occurred in the ROM of the knee after 1 week 
of intervention [15].

The reason for not concluding the dry needling in the 
study conducted by Sadat et al. [15] is the use of the 
technique of rapid needling and the short time of staying 
the needle in the tissue. In the method of rapid needling, 
connective tissue gets less involved compared to when 
we use the needle rotation method. With the needle ro-
tation technique, the skin, muscles, collagen, and con-
nective tissue get involved and a complete mechanical 
stimulus occurs. The tissue that wraps around the rotated 
needle undergoes more tension compared to needling in 
and out; consequently, the tissue becomes loose after a 
strong tensile force. Due to the short duration of the nee-
dle remaining in the tissue, the loop and a common unit 
between needle and tissue do not form and mechanical 
stimulation is less and mechanical signal is not transmit-
ted properly [35]. 

Table 3. Pair comparisons within groups for right and left knee 

Variables Pair Comparisons

Groups

Real DN Sham DN

P Cohen d P Cohen d

Right active knee extension 
ROM

Before-after the 1st session 0.126 1.05 1.00 0.35

Before-after the 3rd session 0.002* 2.40 0.570 0.68

Before-after the 5th session <0.001* 3.04 0.153 0.99

After the 1st session-after the 3rd session 0.006* 1.91 0.570 0.68

After the 1st session-after the 5th session 0.001* 2.54 0.153 0.99

After the 3rd session-after the 5th session 0.001* 2.64 0.621 0.66

Left active knee extension ROM

Before-after the 1st session 0.120 1.06 1.00 0.35

Before-after the 3rd session 0.010 1.75 0.288 0.85

Before-after the 5th session 0.002* 2.27 0.040 1.35

After the 1st session-after the 3rd session 0.027 1.46 0.288 0.85

After the 1st session-after the 5th session 0.005* 1.99 0.040 1.35

After the 3rd session-after the 5th session 0.002* 2.24 1.00 0.50

*There is a significant difference (P<0.008).

ROM: Range of motion; DN: Dry needling. 
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5. Conclusion

The results of this study showed that the application of 
dry needling on the motor points of the hamstring mus-
cles can increase the flexibility of these muscles. This 
was a pilot study. Due to the therapeutic effects of the 
dry needling technique in improving muscle flexibility 
in people with hamstring muscle tightness, this interven-
tion could be recommended in the clinical sets.

Study limitations

The limitations of this study were the time limitation of 
the study, a limited number of patients due to COVID-19 
conditions, a limited population of patients under study, 
and the age limit of the patients. Meanwhile, the exam-
iner was aware of the treatment process.

Suggestions for further research

It is suggested for further studies that the evaluators be 
blind to the intervention, the effect of more sessions of 
dry needling application be investigated, the duration of 
remaining effect of treatment in patients be evaluated, a 
follow-up study be conducted, and the intervention be 
examined for more patients.

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Institutional Ethics 
Committee of the Tehran University of Medical Sciences 
(Code: IR.TUMS.MEDICINE.REC.1399.677)

Funding

This research received a grant from the Tehran Univer-
sity of Medical Sciences (Grant No.: 99-2-103-49817).

Authors' contributions

The authors contributed equally to preparing this ar-
ticle.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors would like to thank all the participants for 
their contribution to the study

References

[1] Shadmehr A, Hadian MR, Naiemi SS, Jalaie S. Hamstring 
flexibility in young women following passive stretch and 
muscle energy technique. Journal of Back and Musculoskele-
tal Rehabilitation. 2009; 22(3):143-8. [DOI:10.3233/BMR-2009-
0227] [PMID] 

[2] Clark RA. Hamstring injuries: risk assessment and injury 
prevention. Annals Academy of Medicine Singapore. 2008; 
37:341-6. [DOI:10.47102/annals-acadmedsg.V37N4p341] 

[3] Henderson G, Barnes CA, Portas MD. Factors associ-
ated with increased propensity for hamstring injury in 
English Premier League soccer players. Journal of Science 
and Medicine in Sport. 2010; 13(4):397-402. [DOI:10.1016/j.
jsams.2009.08.003] [PMID] 

[4] Jandre Reis FJ, Macedo AR. Influence of hamstring tight-
ness in pelvic, lumbar and trunk range of motion in low back 
pain and asymptomatic volunteers during forward bend-
ing. Asian Spine Journal. 2015; 9(4):535-40. [DOI:10.4184/
asj.2015.9.4.535] [PMID] [PMCID] 

[5] Decoster LC, Cleland J, Altieri C, Russell P. The effects of 
hamstring stretching on range of motion: A systematic litera-
ture review. Journal of Orthopaedic & Sports Physical Ther-
apy. 2005; 35(6):377-87. [DOI:10.2519/jospt.2005.35.6.377] 
[PMID] 

[6] Dommerholt J. Dry needling - peripheral and central con-
siderations. The Journal of Manual & Manipulative Therapy. 
2011; 19(4):223-7. [PMID]

[7] Simons DG. Understanding effective treatments of myo-
fascial trigger points. Journal of Bodywork and Movement 
Therapies. 2002; 6(2):81-8. [DOI:10.1054/jbmt.2002.0271] 

[8] Ma YT. Biomedical acupuncture for sports and trauma re-
habilitation: Dry needling techniques. Amsterdam: Elsevier 
Health Sciences; 2010. [Link]

[9] Cagnie B, Barbe T, De Ridder E, Van Oosterwijck J, Cools 
A, Danneels L. The influence of dry needling of the trapezius 
muscle on muscle blood flow and oxygenation. Journal of Ma-
nipulative and Physiological Therapeutics. 2012; 35(9):685-91. 
[DOI:10.1016/j.jmpt.2012.10.005] [PMID] 

[10] Cagnie B, Dewitte V, Barbe T, Timmermans F, Delrue N, 
Meeus M. Physiologic effects of dry needling. Current Pain 
and Headache Reports. 2013; 17(8):348. [DOI:10.1007/s11916-
013-0348-5] [PMID] 

[11] Jafri MS. Mechanisms of myofascial pain. Interna-
tional Scholarly Research Notices. 2014; 2014:523924.
[DOI:10.1155/2014/523924] [PMID] [PMCID] 

[12] Pelham TW, Holt LE, Stalker R. Acupuncture in human 
performance. The Journal of Strength & Conditioning Re-
search. 2001; 15(2):266-71. [DOI:10.1519/00124278-200105000-
00018] 

[13] Alaei P, Nakhostin Ansari N, Naghdi S, Fakhari Z, Ko-
mesh S, Dommerholt J. Dry needling for hamstring flexibility: 
A single-blind randomized controlled trial. Journal of Sport 
Rehabilitation. 2020; 30(3):452-7. [DOI:10.1123/jsr.2020-0111] 
[PMID] 

Fakhari P, et al. Effects of Dry Needling on Hamstring Muscles Flexibility. JMR. 2023; 17(4):403-411.

October 2023, Volume 17, Number 4

https://jmr.tums.ac.ir/index.php/jmr
http://en.tums.ac.ir/
http://en.tums.ac.ir/
http://en.tums.ac.ir/
https://doi.org/10.3233/BMR-2009-0227
https://doi.org/10.3233/BMR-2009-0227
https://www.ncbi.nlm.nih.gov/pubmed/20023343
https://doi.org/10.47102/annals-acadmedsg.V37N4p341
https://doi.org/10.1016/j.jsams.2009.08.003
https://doi.org/10.1016/j.jsams.2009.08.003
https://www.ncbi.nlm.nih.gov/pubmed/19800844
https://doi.org/10.4184/asj.2015.9.4.535
https://doi.org/10.4184/asj.2015.9.4.535
https://www.ncbi.nlm.nih.gov/pubmed/26240711
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4522442
https://doi.org/10.2519/jospt.2005.35.6.377
https://www.ncbi.nlm.nih.gov/pubmed/16001909
https://pubmed.ncbi.nlm.nih.gov/23115475/
https://doi.org/10.1054/jbmt.2002.0271
https://www.google.com/books/edition/Biomedical_Acupuncture_for_Sports_and_Tr/xy9NR2mPq8wC?hl=en&gbpv=0
https://doi.org/10.1016/j.jmpt.2012.10.005
https://www.ncbi.nlm.nih.gov/pubmed/23206963
https://doi.org/10.1007/s11916-013-0348-5
https://doi.org/10.1007/s11916-013-0348-5
https://www.ncbi.nlm.nih.gov/pubmed/23801002
https://doi.org/10.1155/2014/523924
https://www.ncbi.nlm.nih.gov/pubmed/25574501
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4285362
https://doi.org/10.1519/00124278-200105000-00018
https://doi.org/10.1519/00124278-200105000-00018
https://doi.org/10.1123/jsr.2020-0111
https://www.ncbi.nlm.nih.gov/pubmed/33027765


411

[14] Mead AC, McGlynn ML, Slivka DR. Acute effects of 
functional dry needling on skeletal muscle function. Jour-
nal of Bodywork and Movement Therapies. 2021; 26:123-7.
[DOI:10.1016/j.jbmt.2020.12.006] [PMID] 

[15] Sadat A, Otadi K, Fakhari Z, Nakhostin Ansari N, Bagheri 
H, Ghorbanpour A. [The effects of dry needling on flexibility 
& electrophysiological indices in healthy men with hamstring 
tightness: Double-blind, randomized, placebo-controlled trial 
(Persian)]. Tehran University of Medical Sciences Journal. 
2020; 78(7):442-7. [Link] 

[16] Sim H, Shin BC, Lee MS, Jung A, Lee H, Ernst E. Acupunc-
ture for carpal tunnel syndrome: A systematic review of ran-
domized controlled trials. The Journal of Pain. 2011; 12(3):307-
14. [DOI:10.1016/j.jpain.2010.08.006] [PMID] 

[17] Zhen H, Dongyu L, Chengwei L. Implementation of re-
inforcement and reduction of traditional acupuncture and 
moxibustion. Paper presented at: 2008 International Confer-
ence on BioMedical Engineering and Informatics. 27-30 May 
2008; Sanya, China. [DOI:10.1109/BMEI.2008.99] 

[18] Fernández-Carnero J, La Touche R, Ortega-Santiago R, 
Galan-del-Rio F, Pesquera J, Ge HY, et al. Short-term effects 
of dry needling of active myofascial trigger points in the mas-
seter muscle in patients with temporomandibular disorders. 
Journal of Orofacial Pain. 2010; 24(1):106-12. [PMID]

[19] Lucas KR, Rich PA, Polus BI. Muscle activation patterns 
in the scapular positioning muscles during loaded scapular 
plane elevation: The effects of latent myofascial trigger points. 
Clinical Biomechanics. 2010; 25(8):765-70. [DOI:10.1016/j.clin-
biomech.2010.05.006] [PMID] 

[20] Lucas KR, Polus BI, Rich PA. Latent myofascial trigger 
points: Their effects on muscle activation and movement effi-
ciency. Journal of Bodywork and Movement Therapies. 2004; 
8(3):160-6. [DOI:10.1016/j.jbmt.2003.12.002] 

[21] Aronson P, Rijke A, Hertel J, Ingersoll CD. Medial tibi-
ofemoral-joint stiffness in males and females across the lifes-
pan. Journal of Athletic Training. 2014; 49(3):399-405. [PMID]

[22] Yıldırım MŞ, Tuna F, Demirbağ Kabayel D, Süt N. The 
cut-off values for the diagnosis of hamstring shortness and 
related factors. Balkan Medical Journal. 2018; 35(5):388-93. 
[DOI:10.4274/balkanmedj.2017.1517] [PMID] [PMCID] 

[23] Azmi MY Jr, Junidah R, Siti Mariam A, Safiah MY, Fatimah 
S, Norimah AK, et al. Body Mass Index (BMI) of adults: Find-
ings of the Malaysian Adult Nutrition Survey (MANS). Ma-
laysian Journal of Nutrition. 2009; 15(2):97-119. [PMID] 

[24] Seidenberg PH, Beutler AI. The sports medicine resource 
manual. Amsterdam: Elsevier; 2008. [Link]

[25] Shrader JA, Popovich Jr JM, Gracey GC, Danoff JV. Navic-
ular drop measurement in people with rheumatoid arthritis: 
Interrater and intrarater reliability. Physical Therapy. 2005; 
85(7):656-64. [DOI:10.1093/ptj/85.7.656] [PMID] 

[26] Randomizer. Randomization service for multicenter clin 
cal trials. Graz: Randomizer; 2020. [Link]

[27] Kuilart KE, Woollam M, Barling E, Lucas N. The active 
knee extension test and Slump test in subjects with perceived 
hamstring tightness. International Journal of Osteopathic 
Medicine. 2005; 8(3):89-97. [DOI:10.1016/j.ijosm.2005.07.004] 

[28] Gajdosik R, Lusin G. Hamstring muscle tightness: Reliabil-
ity of an active-knee-extension test. Physical Therapy. 1983; 
63(7):1085-90. [DOI:10.1093/ptj/63.7.1085] [PMID] 

[29] Lee YS, Jung WM, Lee IS, Lee H, Park HJ, Chae Y. Visual-
izing Motion Patterns in Acupuncture Manipulation. Journal 
of Visualized Experiments: JoVE. 2016; 113. [PMID]

[30] Solomons L, Lee JJY, Bruce M, White LD, Scott A. Intra-
muscular stimulation vs sham needling for the treatment of 
chronic midportion Achilles tendinopathy: A randomized 
controlled clinical trial. PloS One. 2020; 15(9):e0238579. 
[DOI:10.1371/journal.pone.0238579] [PMID] [PMCID] 

[31] Geist K, Bradley C, Hofman A, Koester R, Roche F, Shields 
A, et al. Clinical effects of dry needling among asymptomatic 
individuals with hamstring tightness: A randomized con-
trolled trial. Journal of Sport Rehabilitation. 2017; 26(6):507-17. 
[DOI:10.1123/jsr.2016-0095] [PMID] 

[32] Anandkumar S, Manivasagam M. Effect of fascia dry nee-
dling on non-specific thoracic pain-A proposed dry needling 
grading system. Physiotherapy Theory and Practice. 2017; 
33(5):420-8. [DOI:10.1080/09593985.2017.1318423] [PMID] 

[33] Langevin HM. Acupuncture, connective tissue, and pe-
ripheral sensory modulation. Critical Reviews in Eukary-
otic Gene Expression. 2014; 24(3):249–53. [DOI:10.1615/Cri-
tRevEukaryotGeneExpr.2014008284] [PMID] 

[34] Weppler CH, Magnusson SP. Increasing muscle exten-
sibility: A matter of increasing length or modifying sensa-
tion? Physical Therapy. 2010; 90(3):438-49. [DOI:10.2522/
ptj.20090012] [PMID] 

[35] Langevin HM, Churchill DL, Cipolla MJ. Mechanical 
signaling through connective tissue: A mechanism for the 
therapeutic effect of acupuncture. FASEB Journal. 2001; 
15(12):2275-82. [DOI:10.1096/fj.01-0015hyp] [PMID] 

[36] Langevin HM, Churchill DL, Wu J, Badger GJ, Yandow 
JA, Fox JR, et al. Evidence of connective tissue involvement in 
acupuncture. FASEB Journal. 2002; 16(8):872-4. [DOI:10.1096/
fj.01-0925fje] [PMID] 

Fakhari P, et al. Effects of Dry Needling on Hamstring Muscles Flexibility. JMR. 2023; 17(4):403-411.

October 2023, Volume 17, Number 4

https://jmr.tums.ac.ir/index.php/jmr
https://doi.org/10.1016/j.jbmt.2020.12.006
https://www.ncbi.nlm.nih.gov/pubmed/33992232
https://tumj.tums.ac.ir/browse.php?a_id=10664&sid=1&slc_lang=en&ftxt=0
https://doi.org/10.1016/j.jpain.2010.08.006
https://www.ncbi.nlm.nih.gov/pubmed/21093382
https://doi.org/10.1109/BMEI.2008.99
https://pubmed.ncbi.nlm.nih.gov/20213036/
https://doi.org/10.1016/j.clinbiomech.2010.05.006
https://doi.org/10.1016/j.clinbiomech.2010.05.006
https://www.ncbi.nlm.nih.gov/pubmed/20667633
https://doi.org/10.1016/j.jbmt.2003.12.002
https://pubmed.ncbi.nlm.nih.gov/24955624/
https://doi.org/10.4274/balkanmedj.2017.1517
https://www.ncbi.nlm.nih.gov/pubmed/29914231
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6158462
https://pubmed.ncbi.nlm.nih.gov/22691810/
https://pure.psu.edu/en/publications/the-sports-medicine-resource-manual
https://doi.org/10.1093/ptj/85.7.656
https://www.ncbi.nlm.nih.gov/pubmed/15982172
https://www.randomizer.at/index.html
https://doi.org/10.1016/j.ijosm.2005.07.004
https://doi.org/10.1093/ptj/63.7.1085
https://www.ncbi.nlm.nih.gov/pubmed/6867117
https://pubmed.ncbi.nlm.nih.gov/27501193/
https://doi.org/10.1371/journal.pone.0238579
https://www.ncbi.nlm.nih.gov/pubmed/32898170
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7478532
https://doi.org/10.1123/jsr.2016-0095
https://www.ncbi.nlm.nih.gov/pubmed/27834590
https://doi.org/10.1080/09593985.2017.1318423
https://www.ncbi.nlm.nih.gov/pubmed/28481688
https://doi.org/10.1615/CritRevEukaryotGeneExpr.2014008284
https://doi.org/10.1615/CritRevEukaryotGeneExpr.2014008284
https://www.ncbi.nlm.nih.gov/pubmed/25072149
https://doi.org/10.2522/ptj.20090012
https://doi.org/10.2522/ptj.20090012
https://www.ncbi.nlm.nih.gov/pubmed/20075147
https://doi.org/10.1096/fj.01-0015hyp
https://www.ncbi.nlm.nih.gov/pubmed/11641255
https://doi.org/10.1096/fj.01-0925fje
https://doi.org/10.1096/fj.01-0925fje
https://www.ncbi.nlm.nih.gov/pubmed/11967233

