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Comparison of Post-needling Soreness among Three Soreness 
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Stretch Technique in Patients after Upper Trapezius  

Dry Needling
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ABSTRACT

Objectives: To compare post-needling soreness among three 
different soreness reduction methods: diclofenac spray with 
contract-relax stretching, cold gel pack with self-stretching, and 
spray and stretch technique in patients after upper trapezius dry 
needling.
Study design: A randomized controlled trial.
Setting: Department of Rehabilitation Medicine, Phetchabun 
Hospital, Phetchabun Province, Thailand.
Subjects: One hundred and twenty-six participants who had 
a numeric rating scale (NRS) score of post-needling soreness  
intensity of 3 or more and who received dry needling as a treatment 
of myofascial pain syndrome at the upper trapezius.
Methods: Participants were allocated into three groups (42 patients  
per group) which received different soreness reduction methods:  
a cold gel pack combined with self-stretching (CP group), a diclofenac  
spray combined with contract-relax stretching (DCF group), and 
a spray and stretch technique (SS group).  The primary outcome 
was the post-needling soreness numeric rating scale score.  
Secondary outcomes were muscle pain NRS and pain-free cervical  
range of motion (ROM). 
Results: No statistically significant difference (p > 0.05) among 
the dependent variables, including post-needling soreness, 
muscle pain, and pain-free forward neck flexion, was observed 
among the 3 groups with the exception of pain-free lateral neck 
flexion which was greater in the DCF and SS  group. Pairwise 
analyses demonstrated that the DCF and SS groups both had 
significantly greater post-needling soreness reduction immediately 
after the treatment when compared with the CP group (DCF = 
-1.9, SS = -1.5, CP = -0.7) and also 24 hours after dry needling 
(DCF = -2.6, SS = -2.1, CP = -1.3). 
Conclusions: DCF spraying with contract-relax stretching can 
reduce post-dry needling soreness at the upper trapezius muscle 
at a level comparable to the spray and stretch technique. Both 
methods were superior to cold gel packs with self-stretching. In 
addition to the spray and stretch techniques, DCF spraying with 
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contract-relax stretching might be the intervention of choice to  
effectively reduce post-dry needling soreness at the upper trape- 
zius muscle.
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Introduction
The upper trapezius is one of the muscles most commonly 

affected by myofascial pain syndrome (MPS).1 MPS at the upper  
trapezius presents in 93.75% of chronic neck pain patients.2 
Patients mainly present with pain and fatigue at the trapezius 
region, in some cases also radiating to the neck, occiput, 
mandible, temporal region, and forehead.3 Some also report 
headache, neck pain, dizziness, vertigo, and difficulty in neck 
and shoulder movement.4 During physical examination, a 
trigger point at the upper trapezius muscle is palpated, which 
potentially reproduces radiating pain to the neck and temporal 
region.3 Limitation of the use of the neck and shoulder which 
affects their job, socialization, and quality of life is usually 
observed.5 

One of the most effective and widely used treatments for  
MPS at the upper trapezius is dry needling, in which a thin solid  
needle is inserted into a muscle trigger point5,6 to decrease 
muscle tightness, increase blood flow and reduce pain. Patients 
often report immediate relief after dry needling treatment. It 
has been shown that dry needling has a level of efficacy in 
alleviating musculoskeletal pain similar to lidocaine injection7 
but without the risk of allergic reactions, muscle infarction,3 
skin depigmentation, tendon atrophy, and serious side effects  
such as fainting, palpitations, and apnea associated with 
lidocaine injection.8 Thus, dry needling is a safer alternative 
treatment for myofascial pain syndrome.9 
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Dry needling has, however, been associated with post-
needling soreness.10  Patients may feel continuous dull aching 
pain only at the dry needling site, which can be distinguished 
from the tight feeling of muscle pain from pre-existing MPS.7 
In a study by Hong et al., patients who were treated with dry 
needling reported post-needling soreness which was signi-
ficantly more severe and had a longer duration than that  
reported by patients who were treated with lidocaine injection.7 
The duration of the soreness varies from a few hours to 2-3 
days.11 A consequence of this unpleasant adverse effect is 
that it can make patients feel discomfort and fear, resulting 
in their eventually refusing to undergo dry needling at subse-
quent visits or fail to appear for follow-up.10 Literature reviews 
have suggested that post-needling soreness is related to 
hemorrhage caused by tissue damage at the needled site.1,7 
It also stimulates the inflammatory processes, resulting in  
increased swelling and soreness.12 Thus it is often necessary  
to apply an additional technique simultaneously with dry needling 
to reduce post-needling soreness. 

Several techniques are currently used to reduce post-dry 
needling soreness.  Applying cold packs is the oldest and 
simplest therapy for treating acute soft tissue injuries.13 It is 
safe and has a low cost. Physiological effects of cryotherapy 
include vasoconstricting, decreasing local metabolism and 
blood flow, reducing nerve excitability, increasing the pain 
threshold, and reducing muscle contraction, resulting in a reduc- 
tion in swelling, pain, and inflammation of acutely injured 
tissues.14 Although one previous study reported that cryo-
therapy alone has no significant effect on reducing post-dry 
needling soreness,15 applying a cold gel pack for 10 minutes 
after dry needling is still a conventional method for reducing 
post-needling soreness.  In Phetchabun Hospital, the cold gel 
pack is followed by five sets of self-stretching for 10 seconds 
for reducing pain and increasing range of motion.16 The spray 
and stretch technique is another safe intervention and has 
demonstrated a short-term (< 6 hours) effect of post-needling 
soreness reduction at the latent myofascial trigger points.11 
Vapocoolant spray, abruptly decreases skin temperature and 
induces transient anesthesia by blocking the spinal stretch 
reflex and pain sensation. This anesthetic effect allows the 
physician to passively stretch the affected muscles toward 
their normal length. Passively stretching the affected muscles  
also helps to decrease myofascial trigger point sensitivity 
and the intensity of referred pain.17

At present, diclofenac (DCF) spray is increasingly used to 
treat pain and other symptoms such as inflammation, swelling,  
and stiffness.  Previous evidence has demonstrated that DCF 
spray can reduce pain and inflammation in the acute phase 
of injury.18  Since the mechanism of post-needling soreness is  
related to tissue inflammation, it is reasonable to hypothesize 
that DCF spray could be used to reduce post-needling soreness. 
Using it is considered to be safe if the patient has no history of  
allergy to DCF.  If it is available, it can be used in place of vapo-
coolant spray which is not available in Phetchabun Hospital. 

However, there have been no studies demonstrating the efficacy 
of DCF spray in reducing post-needling soreness.  A previous 
study demonstrated that concentric and eccentric exercises 
immediately improve post-needling soreness and raise the 
pain pressure threshold,19 suggesting the interesting option of 
combining contract-relax stretching with DCF spray to further 
increase the efficacy of reduction of post-needling soreness. 
In our pilot study, DCF spray was applied once in the target  
region, followed by sets of contract-relax stretching of 10 seconds  
each, with the protocol repeated five times. Following this 
treatment, patients reported feeling more comfortable and  
less sore after dry needling. The present study was conducted  
to determine whether a combination of DCF spray with contract-  
relax stretching (the DCF group) has a better effect on post-
needling soreness than either the spray and stretch technique 
(the SS group) or cold gel pack combined with self-stretching 
(the CP group) in patients who had undergone upper trapezius 
dry needling. 

Methods
This randomized controlled trial was approved by the  

Institutional Ethic Committee of Phetchabun Hospital (Approval 
number 06/2565). Patients diagnosed with acute, subacute, 
or chronic cases of MPS at an upper trapezius muscle based 
on the Travel and Simon’s clinical criteria3 who visited the 
Rehabilitation Outpatient Clinic at Phetchabun Hospital between 
January and September 2022 and were treated by dry needling 
were invited to join the study. 

The sample size was estimated using G*power software 
version 5.1.  Repeated measures and within-between interac-
tion analysis of variance (ANOVA) were used and an effect 
size of 0.25, power of 0.9, and α value of 0.05 were selected. 
The estimated necessary sample size was 39 participants 
plus an estimated 20% loss in follow-up, yielding 42 participants 
per group, a total of 126 subjects. Simple randomization was 
used to allocate the participants into one of three groups: 
1) the CP group received the cold gel pack combined with 
self-stretching, 2) the DCF group received the DCF spray 
combined with contract-relax stretching and 3) the SS group 
received the spray and stretch technique. 

After giving their informed consent, patients were recruited 
into the study.  The inclusion criteria consisted of age between 
18-65 years and a soreness intensity score on a numeric rating 
scale (NRS) of at least 3. Patients with any of the following 
were excluded from the study: coagulopathy, thrombocytopenia,  
receiving antiplatelet/anticoagulant, a history of trigger point 
dry needling/injection in the upper trapezius during the previous  
seven days, fibromyalgia, cervical disc herniation, cervical 
stenosis, cervical radiculopathy or radicular pain, cervical 
myelopathy, a history of neck surgery or trauma during the 
previous six months, numbness at the upper trapezius region,  
poor perception or communication, having contraindications for  
cryotherapy20,21 or DCF spray.22 The schematic flow diagram 
of the study is shown in Figure 1. 
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Procedure
A blinded assessor, a well-trained nurse, interviewed parti- 

cipants regarding their demographic data, including gender,  
age, BMI, and affected side. The participants were then asked 
to record their level of post-needling soreness and muscle pain 
intensity using a numeric rating scale (NRS) where 0 means no 
pain and 10 means the most severe pain. Next, the participants  
related the characteristics of the soreness before needling 
describing it as constant pressure or dull aching as distin-
guished from a sharp and tight aching experience.7 The blinded 
assessor then measured the pain-free active lateral neck 
flexion and forward neck flexion angles.

Dry needling (fanning technique) using an acupuncture 
needle at the upper trapezius was performed in all patients 
by a physiatrist with 11 years of experience. The needle 
size was selected depending on the trigger point depth and 
toughness. The number of needles used with each patient  
depended on the number of palpated active trigger points and  
patient tolerance. The number of needle insertions in each 
needling depended on patient responses during needling 
(e.g., no response, dull sensation, sharp sensation, radiating  
pain, muscle twitching), level of patient tolerance, and the 
physiatrist’s judgment. Typically, the physiatrist continued 
needling until muscle responses were observed or until the 
patient’s level of tolerance was reached even if there were no 
muscle responses, after which needling was stopped.  The 
needling procedure was normally ended within 10 minutes in 
each case.  After the completion of the dry needling, patients 
who reported a soreness intensity of over 3 were randomly 
allocated into one of 3 groups by the researcher. Only the 
researcher had access to the allocation schedule.  Due to the 
nature of the subsequent interventions, patients and treatment  
providers were not blinded to the treatment allocation.

Subjects in the CP group received a cold gel pack covered 
with a damp towel23 for 10 minutes.24 After that, the patients 
were advised to perform self-static stretching of the upper 

trapezius muscle by sitting in the upright position, pulling the 
chin in and depressing the affected shoulder, then rotating 
the neck to the opposite side and flexing the neck using the 
opposite hand to stretch the neck to the point of first feeling 
tightness25 and holding in this position for 10 seconds. This 
protocol was repeated for five times.  

Subjects in the DCF group received a spray of 1% diclofenac 
sodium at the upper trapezius region which was alternated 
with contract-relax stretching performed by a physiatrist.  
Patients were sitting in an upright position as in the CP group. 
The physiatrist instructed the patients to turn their head to 
one side and bend downwards to stretch the upper trapezius 
muscle for 10 seconds, then to repeat the exercise turning 
their head to the opposite side. The physiatrist then asked 
the patients to contract the upper trapezius muscle exerting 
approximately 60% resistance and to hold that position for 10 
seconds.26  This protocol was repeated five times.

Subjects in the SS group received vapocoolant spray 
(Perskindol® cool spray) applied by a physiatrist. Patients 
were sitting in an upright position as in the CP group. The 
physiatrist swept the spray parallel to the upper trapezius 
muscle at a 30º angle from a distance of about 12 inches, 
moving from shoulder to neck three times. This was alternated 
with static stretching of the upper trapezius to the end of the 
range of motion by the physiatrist for 10 seconds.27  This protocol  
was repeated five times.

Outcome measures
The primary outcome was subjective soreness intensity 

measured on a numeric rating scale (NRS) where 0 means 
no pain and 10 means the most severe pain. The assessor 
asked the participants to rate the soreness intensity within 2 
minutes after the treatment and to use a pain diary to record 
the intensity at 6 and 24 hours after the dry needling. 

The secondary outcomes were subjective muscle pain 
intensity and pain-free cervical range of motion with lateral 
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 Figure 1. Schematic flow diagram of the study
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neck flexion and forward neck flexion. Similar to the soreness 
intensity scoring system, the muscle pain intensity was deter-
mined using NRS immediately after the treatments.  A pain 
diary was used to record the muscle pain intensity at 6 and 
24 hours after the dry needling. Pain-free lateral neck flexion 
and forward neck flexion were measured using a standard 
goniometer immediately after the treatment. 

Statistical analysis
SPSS statistical software system version 16.0 (SPSS 

Inc. Released 2007. SPSS for Windows, Version 16.0, SPSS 
Inc., Chicago, IL, USA,) was used for all statistical analyses. 
A 95% confidence interval was employed, and values with a 
p-value < 0.05 were considered statistically significant. The 
demographic data of the participants in all three groups were 
analyzed. Baseline quantitative data were described using 
means and standard deviations and were compared across 
the groups using one-way ANOVA. Baseline categorical 
variables were described using frequencies and percentages  
and compared across the groups using the Chi-square test. 
Two-way repeated-measures ANOVA was performed to 
demonstrate the effect of an intervention interacting with a 
within-subject factor (time of an assessment). The partial eta 
squared was used as a measure of effect size (d) for each main 
effect and interaction in the ANOVAs, and post hoc analysis 
with Bonferroni correction was used in the case of statistically 
significant ANOVA findings for multiple comparisons between 
variables.

Results
Subjects’ demographic and clinical data

A total of 160 patients were initially screened, of whom 
126 were enrolled. The 126 participants were allocated into three 
groups (Figure 1).  All participants were analyzed according 
to the group they were initially assigned, complying with an 
intention to treat analysis. Most participants were female 
(79.4%) with a mean age of 48 years, a mean body mass 
index (BMI) of 24 kg/m2, an initial soreness intensity of 4.5, 
an initial muscle pain intensity of 3.9, and an initial lateral 
neck flexion of 32 degrees and initial forward neck flexion of 
41 degrees. The most frequently affected side was the right 
(57.1%). Baseline demographic and clinical characteristics 
as of the beginning of the study are summarized in Table 
1. There were statistically significant differences in age (p = 
0.039), BMI (p = 0.016), and gender (p = 0.045) among the 
groups but no statistically significant difference in the out-
come parameters across the groups (p > 0.05).

Primary outcomes
Post-needling soreness intensity 
Using two-way repeated-measures ANOVA, there was 

statistically significant group-time interaction for post-needling 
soreness intensity (F = 2.80, p = 0.020, d = 0.044), indicating 
a difference in the trend of changes in post-needling soreness 
over times among the CP, DCF, and SS groups (Table 2). 
All three interventions statistically significantly reduced post-

Table 1. Comparison of demographic and clinical data of participants between the three groups (n=126)

Demographic and clinical data
Intervention group p-value  

between groupsCP (n=42) DCF (n=42) SS (n=42)
Age (years)1

BMI (kg/m2)1

Gender (male)2

Affected side (right)2

Muscle pain intensity after dry needling(score)1

Post-needling soreness intensity (score)1

Lateral neck flexion after dry needling (degrees)1

Forward neck flexion after dry needling (degrees)1 

50.2 (11.9)
24.2 (3.2)
6 (14.3)

24 (57.1)
3.9 (1.4)
4.2 (1.5)

33.1 (6.5)
42.9 (4.9)

44.4 (11.3)
22.9 (3.3)
14 (33.3)
25 (59.5)
3.8 (1.8)
4.7 (1.6)

32.1 (7.1)
40.4 (7.9)

49.9 (11.8)
24.8 (3.0)
6 (14.3)

23 (54.8)
4.0 (1.8)
4.7 (2.0)

31.6 (6.2)
41.2 (9.9)

0.039a

0.016a

0.045b

0.907b

0.927a

0.377a

0.575a

0.346a

1Mean (SD), 2number (%); aOne-way ANOVA, bChi-square
BMI, body mass index; CP, cold gel pack & self-stretching; DCF, diclofenac spray & contract-relax stretching; SS, spray & stretching

Table 2. Primary and secondary outcomes analysis between the three groups with two way repeated-measures ANOVA 

Outcomes
Time Between group Time x group

F  
(3, 369) p-value d

F  
(2, 123)

p-value d
F  

(6, 369)
p-value d

Primary outcome
Soreness intensity score

Secondary outcomes
Muscle pain intensity score
Pain-free lateral neck flexion (degrees)
Pain-free forward neck flexion (degrees)

75.94

54.12
122.49
57.40

< 0.001

< 0.001
< 0.001
< 0.001

0.382

0.306
0.499
0.318

0.63

0.55
0.72
0.24

0.532

0.577
0.491
0.786

0.010

0.009
0.011
0.004

2.80

1.02
18.56
10.23

0.020*

0.403
< 0.001
< 0.001

0.044

0.016
0.232
0.143

CP, cold gel pack & self-stretching; DCF, diclofenac spray & contract-relax stretching; SS, spray & stretch
Between-group analysis used Two-way ANOVA, *statistically significant p < 0.05
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needling soreness over time:  CP (F = 16.74, p < 0.001, d = 
0.29), DCF (F = 31.68, p < 0.001, d = 0.44), and SS (F = 28.45,  
p < 0.001, d = 0.41). Pairwise analyses demonstrated that 
the DCF and the SS groups had statistically significantly 
more post-needling soreness reduction when compared with 
the CP group immediately after treatment (DCF = -1.9, SS =  
-1.5, CP = -0.7) as well as at 24 hours after dry needling 
(DCF = -2.6, SS = -2.1, CP = -1.3). 

Regarding effect size, i.e., the post-needling soreness  
reduction between groups, the DCF group showed the highest 
magnitude of soreness reduction (d = 0.44), followed by the 
SS group (d = 0.41) and the CP group (d = 0.29). The highest  
magnitude of soreness reduction was observed 24 hours 
after dry needling in all 3 groups. However, there were no 
statistically significant between-group differences at any of 
the time points (p > 0.05).  Data on post-needling soreness is 
presented in Table 3 and Figure 2 (A).

Secondary outcomes
Muscle pain intensity and reduction of muscle pain 

intensity
Using two-way repeated-measures ANOVA, there was 

no statistically significant group-time interaction for muscle 
pain intensity, indicating that there was no difference in the 
trend of changes in muscle pain intensity over time among 
the CP, DCF, and SS groups (Table 2).  When the muscle 
pain intensity among the three groups was compared, there 
was no statistically significant between-group differences at 
any of the  time points (p > 0.05). However, all 3 groups had a 
statistically significant reduction in post-needling muscle pain 
intensity over time, including CP (F = 18.28, p < 0.001, d = 
0.38), DCF (F = 20.36, p < 0.001, d=0.33), and SS (F=17.63, 
p < 0.001, d = 0.31). Additionally, the magnitude of within-
group post-needling muscle pain intensity reduction was not 
different among the three groups (d < 0.38) (Table 4 and Figure 
2 (B).

Table 3. Comparison of differences in soreness intensity within groups and between-groups  

Outcomes
Intervention group

mean (SD)
Within group differences

 (95% CI)
Between group 

differences
 (95% CI)

p-value
between groups

CP DCF SS CP DCF SS

Immediately after dry needling

Immediately after the programs

6 hours after dry needling 

24 hours after dry needling 

4.2 (1.5)

3.5 (1.7)

4.0 (1.3)
2.9 (1.6)

4.7 (1.6)

2.8 (1.9)

3.8 (1.9)
2.1 (1.9)

4.7 (2.0)

3.2 (2.0)

4.3 (1.9)
2.6 (2.0)

-

-0.7
(-1.1, -0.2)  
p<0.001a

-0.2
(-0.4, 0.3)  
p=0.330b

-1.3
(-1.9, -0.8) 
p<0.001c

F=16.74, 
p<0.001, 
d=0.29

-

-1.9
(-2.4, -1.5)  
p<0.001a

-0.9
(-1.3, -0.3)  
p<0.001b

-2.6
(-3.1, -2.0)  
p<0.001c

F=31.68, 
p<0.001, 
d=0.44

-

-1.5
(-1.8, -1.2) 
p<0.001a

-0.4
(-1.0, 0.1) 
p=0.096b

-2.1
(-2.7, -1.6) 
p<0.001c

F=28.45, 
p<0.001, 
d=0.41

-0.5 (-1.4, 0.5)  
p=0.2401

-0.5 (-1.4, 0.4)  
p=0.2162

-0.0 (-0.9, 0.9) 
p=0.9493

0.7 (-0.3, 1.7) 
p=0.0721

0.3 (-0.6, 1.3) 
p=0.3972

-0.4 (-1.4, 0.6) 
p=0.335 3

0.2 (-0.8, 1.1) 
p=0.7091

0.3 (-1.2, 0.6) 
p=0.4562

-0.5 (-1.4, 0.5) 
p=0.2643

0.9 (-0.2, 1.7) 
p=0.0601

0.93 (-0.7, 1.3) 
p=0.4782

-0.5 (-1.5, 0.5) 
p=0.2383

F (2, 123) =0.983
p=0.377
d=0.016

F (0.12, 123) 
=1.653 p=0.196

d=0.026

F (2, 123) =0.653 
p=0.522
d=0.011

F (2, 123) =1.835    
p=0.164
d=0.09

aImmediately after the programs - immediately after dry needling, b6 hours after dry needling - immediately after dry needling, cAfter dry needling 24 hours - 
immediately after dry needling 
1CP-DCF,  2CP-SS,  3DCF-SS

p-value within group

Soreness intensity score
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Figure 2. Post-needling soreness (A) and muscle pain intensity (B) in three groups, CP, DCF, and 
SS, in different times periods;  immediately after dry needling; immediately after the programs, after dry needling 6 and 24 hours
a, Immediately after the programs – Immediately after dry needling; b, After dry needling 6 hours – Immediately 
after dry needling; c, After dry needling 24 hours – Immediately after dry needling, **significance level p < 0.01, *** p < 0.001
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Table 4. Comparison of within group and between-group differences in muscle pain intensity  

Outcomes
Intervention group

Mean (SD)
Within group differences

 (95% CI)
Between group 

differences
 (95% CI)

p-value
between groups

CP DCF SS CP DCF SS

Immediately after dry needling

Immediately after the programs

6 hours after dry needling 

24 hours after dry needling 

3.9 (1.4)

3.4 (1.4)

3.7 (1.5)

2.8 (1.2)

3.8 (1.8)

3.1 (1.7)

3.1 (1.4)

2.5 (1.3)

4.0 (1.8)

3.1 (1.8)

3.5 (1.7)

2.7 (1.5)

-

-0.5
(-0.8, -0.2) 
p<0.001a

-0.2
(-0.7, 0.2) 
p=0.843b

-1.1
(-1.6, 0.6) 
p<0.001c

F=18.28, 
p<0.001, 
d=0.38

-

-0.7
(-1.0, -0.4) 
p<0.001a

-0.7
(-1.3, -1.9) 
p=0.003** b

-1.3
(-1.9, -0.8) 
p<0.001 c

F=20.36, 
p<0.001, 
d=0.33

-

-0.9
(-1.4, -0.4) 
p<0.001a

-0.5
(-0.9, -0.1) 
p=0.005** b

-1.3
(-1.8, -0.8) 
p<0.001c

F=17.63, 
p<0.001, 
d=0.31

0.1(-0.8, 1.0) 
p=0.821 1

-0.1(-1.0, 0.8) 
p=0.871 2

-0.2(-1.0, 0.8) 
p=0.698 3

0.3(-0.6, 1.2) 
p=0.427 1 

0.3(-0.6, 1.2) 
p=0.372 2

0.0 (-0.9,  0.5) 
p=0.921 3

0.6(-0.3, 1.4)  
p=0 .098 1

0.2(-0.7, 0.9) 
p=0.621 2

-0.4 (-1.3, 0.4) 
p=0.245 3

0.3(-0.4, 1.1) 
p=0.239 1

0.1(-0.6, 0.8) 
p=0.655 2

-0.2(-0.9, 0.5) 
p=0.464 3

F (2, 123) =0.076
p=0.927 
d=0.001

F (2, 123) =0.482 
p=0.618
d=0.008

F (2, 123) =1.462 
p=0.236
d=0.023

F (2, 123) =0.712    
p=0.492
d=0.011

aImmediately after the programs - immediately after dry needling, bAfter dry needling 6 hours - immediately after dry needling, cAfter dry needling 24 hours - 
immediately after dry needling
1CP-DCF,  2CP-SS,  3DCF-SS **significance level p < 0.01

Muscle pain intensity score1

p-value within group

In the between-group comparisons using one-way ANOVA, 
there were no statistically significant differences in muscle 
pain intensity between groups (p > 0.05) at the beginning of 

the study, immediately after the treatments, or after 6 and 24 
hours of dry needling. Regarding the reduction of muscle pain 
intensity, there were no statistically significant differences  
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Table 5. Comparison of cervical range of motion within groups and between-groups   

Outcomes
Intervention group

Mean (SD)
Within group differences

 (95% CI)
Between group 

differences
 (95% CI)

p-value
between groups

CP DCF SS CP DCF SS

Immediately after dry needling

Immediately after the programs 

33.1 
(6.5)

34.0 
(6.6)

32.1 
(7.1)

38.1 
(5.5)

31.6 
(6.2)

37.3 
(5.9)

-

0.9
(0.4, 1.4) 
p<0.001 

F=13.65, 
p<0.001, 
d=0.25

-

6.0
(4.1, 7.7) 
p<0.001

F=44.54, 
p<0.001, 
d=0.52

-

5.7
(4.4, 6.9) 
p<0.001

F=74.99, 
p<0.001
d=0.65

1.0(-2.5, 4.5) 
p=0.5101

1.5(-1.9, 4.5) 
p=0.3002

0.5(-2.9, 4.0) 
p=0.7043

-4.1(-7.2, -0.9) 
p=0.002**1

-3.3(-6.4, -0.1) 
p=0.015*2

0.8(-2.4, 3.9) 
p=0.5383

F (2, 123) = 0.555
p=0.575
d=0.009

F (2, 123) =5.340 
p=0.006**

d=0.080

Pain-free forward neck flexion  (degrees)
Immediately after dry needling

Immediately after the programs

42.9 
(4.9)

43.2 
(5.0)

40.4 
(7.9)

43.4 
(7.2)

41.2 
(9.9)

43.6 
(8.4)

-

0.3
(-0.7, -0.0) 
p=0.042

F=4.42, 
p=0.042*, 
d=0.10

-

3.0
(1.0, 4.1) 
p<0.001

F=35.23, 
p<0.001, 
d=0.46

-

2.4
(1.4, 3.6) 
p<0.001

F=19.90, 
p<0.001, 
d=0.37

2.5(-1.7, 6.6) 
p=0.1561

1.7 (-2.5, 5.9) 
p=0.3272

0.8 (-4.9, 3.4) 
p=0.6583

-0.2(-3.9, 3.5) 
p=0.8771

-0.4 (-4.2, 3.3) 
p=0.7682

-0.2(-3.9, 3.5) 
p=0.8893

F (2, 123) =1.069    
p=0.346
d=0.017

F (2, 123) =0.044    
p=0.957
d=0.001

1CP-DCF,  2CP-SS,  3DCF-SS *statistical significance level p < 0.05, **p < 0.01

Pain-free lateral neck flexion (degrees)

p-value within groups

p-value within groups

between groups (p > 0.05) throughout the study period.  Muscle 
pain intensity and the reduction of muscle pain intensity are 
presented in Table 4.

Pain-free cervical range of motion 
Using two-way repeated-measures ANOVA, there were 

statistically significant differences in group-time interaction 
for pain-free lateral neck flexion (F = 18.56, p < 0.001, d = 
0.232) and pain-free forward neck flexion (F = 10.23, p < 
0.001, d = 0.143), indicating that there was a difference in 
the trend of the change in pain-free cervical range of motion 
over time among the CP, DCF, and SS groups (Table 2). In 
addition, pairwise analyses demonstrated that the DCF and 
SS groups had a significantly greater increase in pain-free 
lateral neck flexion cervical range of motion both in increased 
pain-free lateral neck flexion (DCF = 6.0, SS = 5.7, CP = 0.9) 
and forward neck flexion (DCF = 3.0, SS = 2.4, CP = 0.3) 
immediately after the treatment programs. 

Regarding the comparative findings for cervical range of 
motion (ROM) outcomes among three groups, there were 
statistically significant differences between groups immedi-
ately after the treatment programs (F = 5.340 p = 0.006, d = 
0.080), but not in pain-free forward neck flexion (p > 0.05). 
The DCF and SS group had statistically significantly greater 
increased pain-free lateral neck flexion than the CP group 
(CP-DCF = -4.1 (95% CI -7.2, -0.9), p = 0.002) (CP-SS = 
-3.3(95% CI -6.4, -0.1), p = 0.015) but there was no statistically 
significant difference between the DCF and SS groups (p > 
0.05). A large within-group effect size (d > 0.5) was observed 
in the DCF and SS groups. Data on pain-free cervical range 
of motion is presented in Table 5 and Figure 3.

Discussion
Baseline characteristics

Although there were statistically significant differences in 
age, BMI, and gender among the groups, previous evidence 
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has demonstrated that age, gender, and BMI do not affect 
post-needling soreness.28 Therefore, the differences in base-
line characteristics were not considered a confounding factor  
in comparing the baseline post-needling soreness among 
groups and the data could be analyzed without adjusting for 
the differences in baseline characteristics.

Post-needling soreness intensity 
There was no statistically significant difference in post-

needling soreness intensity among the three groups. However, 
there were statistically significant differences in the reduction 
of post-needling soreness intensity among the groups. The 
results show that the DCF and SS groups had significantly 
greater post-needling soreness reduction over time, particu-
larly at 24 hours post-intervention, compared to the CP group. 
These differences might be the result of differences in the 
effect of the different pathophysiologic mechanisms of each 
of the three intervention techniques.

The mechanism of DCF which has been shown to decrease 
pain and inflammation after tissue injury,29 potentially could 
also reduce post-needling soreness. Another recent study 
found that applying proprioceptive neuromuscular facilitation 
(PNF) stretching can effectively reduce pain in patients with 
chronic low back pain.30 When combined with contract-relax  
stretching, one of the PNF techniques with DCF spray produces 
greater post-needling soreness reduction. The mechanism of 
pain reduction of contract-relax stretching was presented via 
gate control theory, in which Golgi tendon organs (GTOs) are 
activated to reduce injury. PNF stretching decreases nocicep-
tion or pain by producing an inhibition caused by an activation 
of the GTOs.31 

In the SS group, vapocoolant spray provided transient 
anesthesia by inducing skin cooling from evaporation, thus 
suppressing pain receptor sensitivity and decreasing pain 
perception. Cold sensations transmitted via A-delta cold-specific 
nerve fibers also induce central gating of pain sensation 

transmitted via C fibers,32 effectively reducing post-needling 
soreness. Additionally, stretching exercises can reduce pain 
by generating a biomechanical and sensory signal, resulting  
in an analgesic effect explained by the gate control theory.33 
A previous study has shown that the combination of acupunc-
ture and stretching improves cervical movement and reduces 
trigger point pain in the short-term,34 and a recent study reported 
that a single application of the spray and stretch technique 
had an immediate effect on reducing post-needling soreness 
after deep dry needling in a latent myofascial trigger points 
(MTrP) in an upper trapezius muscle.11 

In the CP group, a cold gel pack increased the pain threshold 
and decreased the pain sensation by reducing nerve conduc-
tion velocity.15 Stretching exercises have also been shown to 
reduce pain sensation via biomechanical and neurophysio-
logical mechanisms.33 Previous evidence has demonstrated 
that self-stretching can increase the pain pressure threshold 
immediately after exercise.35 Therefore, a combination of a 
cold gel pack and self-stretching could be expected to produce 
greater soreness reduction, contrary to the results of a previous  
study which reported that a cold gel pack alone had no signifi-
cant effect on reducing post-dry needling soreness.15 

Compared to the SS group, vapocoolant spray caused a  
greater reduction in skin temperature than ice massage.36 
That is, the cold gel pack in the CP group had less effect on 
pain reduction than the vapocoolant spray in the SS group. 
Compared to the DCF group, DCF spray has a rapid onset of 
absorption, leading to a measurable plasma level of 1 ng/ml  
in as little as 30 minutes.37 In contrast, cold gel packs have very 
short-term and only small continuous effects after removal.32 
Regarding the stretching technique, contract-relax stretching 
used in the DCF group was more effective in decreasing pain 
in upper trapezius myofascial trigger points than the self-
static stretching technique16 used in the CP group. That is, 
post-needling soreness in the DCF group was reduce better 
than in the CP group.
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A literature review found the spray and stretch technique 
has a short-term (< 6 hours) effect on reducing post-needling 
soreness.11 DCF spray was recommended to be used at 4 
hour intervals but not more than 4 times a day.38  A cold gel 
pack was recommended to be applied for 10 minutes once 
an hour for the first 72 hours after injury.39 The upshot is that 
6 hours after the dry needling timepoint, there was no significant  
difference in soreness intensity among the three groups. 

Muscle pain intensity 
This study showed that muscle pain intensity was not different  

between the three groups which may be due to the same 
factors as post-needling soreness and the fact that all groups 
had a statistically significant reduction in muscle pain intensity. 
In the DCF group, DCF spray was effective in musculoskeletal 
pain, and contract-relax stretching was also effective for pain 
reduction in MPS,16 indicating that this method can be used in 
treating MPS in addition to the spray and stretch technique15 
to effectively increase the pain threshold and decrease pain 
intensity associated with an upper trapezius trigger point 
among patients.40  This effect is similar to cold therapy in that 
it delays nerve conduction and raises the pain threshold. This 
modality enables muscles to decrease their contractility and to 
reduce tension in the trigger point.15  Stretching exercises are  
also essential to any pain management regime.15 These three 
soreness reduction methods can be used as an additional 
method following dry needling for treating myofascial pain 
trigger points.

Pain-free cervical range of motion 
This study showed that the DCF group and the SS group 

both had greater improvement in pain-free lateral neck flexion 
than the CP group immediately after treatment. 

A previous study demonstrated that DCF sprays effec-
tively improve ROM after tissue injury.29  PNF stretching has 
been shown to improve hip range of motion in patients with 
chronic low back pain.30 Another study suggested that a combi-
nation of four theoretical mechanisms of PNF, including auto-
genic inhibition, reciprocal inhibition, stress relaxation, and 
the gate control theory, are responsible for improving the 
range of motion.31 Combining these two methods produces 
more increase in pain-free cervical ROM.

As in the SS group, the spray and stretch technique abruptly  
decreases skin temperature at the target area, resulting in 
temporary anesthesia by blocking the spinal stretch reflex and 
pain sensation. The physician can then passively stretch the 
contracted muscles toward their normal length,16 increasing  
cervical ROM. Similarly, another study showed an increase 
in cervical lateral flexion range after spray and stretch treatment 
on upper trapezius myofascial trigger points.41

In the CP group, it had minimal effect on increasing pain-free 
cervical ROM although cold gel packs can increase the pain 
threshold.15 Self-stretching might also effectively increase 
cervical ROM.36 However, since patients performed static 

stretching themselves, the effectiveness of each individual 
might need to be further investigated.

In comparing the DCF group and the CP group, although 
there was no statistically  significant reduction of post-needling  
soreness intensity, contract-relax stretching was more effective  
in decreasing pain than the self-static stretching technique.16 
Contract-relax stretching in the DCF group might have produced  
more effective stretching, leading to a more significant increase 
in cervical ROM. Similarly, when comparing the SS group to 
the CP group, the vapocoolant spray in the SS group caused 
a more significant reduction in skin temperature than ice 
massage.36 Moreover, stretching by a physiatrist in the SS 
group might have been more effective than the self-stretching  
in the CP group. The effectiveness of vapocoolant spray combined  
with stretching by a physiatrist might produce a more signifi-
cant increase in cervical ROM than applying a cold gel pack 
and self-stretching. Cervical ROM in both the DCF and SS 
groups improved more than in the CP group.

Comparison of the DCF group and the SS group found no 
significant difference in the improvement of the pain-free cervical 
range of motion in either lateral neck flexion or forward neck 
flexion. This may be due to the similar effect on post-needling 
soreness of the methods used with the DCF and SS groups 
and that in both groups the stretching techniques were per-
formed by a physiatrist.

Clinical application 
Regarding the minimal clinically significant change in patient  

pain severity, a 2.0 NRS score,42 there was no clinically signifi-
cant difference between the three groups in post-needling 
soreness or muscle pain intensity. However, there was a clini-
cally significant difference in post-needling soreness in the 
DCF and SS groups after 24 hours after dry needling compared 
to baseline. The minimum clinically significant difference in 
cervical ROM is forward neck flexion of more than 2 degrees 
and lateral neck flexion of more than 3 degrees.43 Thus, there 
was a clinically significant difference in pain-free lateral neck 
flexion in the DCF group and the SS group but not in the 
CP group. There was also a clinically significant difference in 
pain-free lateral neck flexion and forward neck flexion in the  
DCF and SS groups immediately after treatment when compared 
to baseline. Thus, all three methods are recommended for 
post-needling soreness reduction. In patients with high soreness 
intensity and greater cervical ROM restriction, however, the 
DCF and SS methods would be more suitable choices. 

Cold gel packs with self-stretching is recommended for 
patients who do not have contraindications for cryotherapy 
and who do not have a high BMI as cold gel packs cannot 
change the temperature of tissue that is deeper than 2 cm 
from the skin.44 In addition, it takes at least 10 minutes for a 
cold gel pack to induce an analgesic effect. A cold gel pack  
should be applied in combination with effective self-stretching. 
Although the cost of the cold gel pack is similar to the DCF 
spray and Perskindol cool spray, it can be reused many times, 
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making it potentially more cost-effective. Use of a cold gel 
pack with self-stretching is recommended as a primary soreness 
reduction method for patients with low to moderate soreness 
intensity who have no limitations on neck range of motion. 

DCF spray combined with contract-relax stretching is recom- 
mended for patients who do not have contraindications, have 
moderate to severe soreness intensity, and have restriction 
of cervical ROM. This method requires only two minutes to 
provide an effective analgesic effect and is preferable to the 
spray and stretch technique as it is more comfortable, requires 
a lower dosage of spray, and is readily available at most hospi-
tals, including the Phetchabun Hospital.

The spray and stretch technique is recommended for use 
with patients who do not have  contraindications for cryotherapy, 
have moderate to severe soreness intensity, and have a restric- 
tion of cervical ROM. However, this method is unsuitable for 
patients with sensitive or fragile skin or low-thickness skin folds, 
e.g., elderly or low BMI patients, because the cooling sensa- 
tion of the vapocoolant spray may be painful.32  Additionally,  
a higher dosage of the vapocoolant spray is needed than of 
the DCF spray.  There is also a potential limitation on use of  
vapocoolant spray alone at home as to be effective the 
spraying should be done at least 12 inches away from the 
upper trapezius region.

Study limitations
This study has some limitations. First, the dry needling 

and pain reduction treatments were only performed at the  
upper trapezius muscle. Although this muscle is a common 
site for developing myofascial pain syndrome, additional 
muscles can be involved which have not been evaluated. 
Second, as there was no placebo group, we cannot exclude 
the placebo effect occurring in all three groups. Third, in this 
study, a cold gel pack was applied for 10 minutes.24  However, 
Otte, et al. found that there was a direct relationship between 
adipose thickness and adequate cooling time, i.e., greater skin  
fold thickness requires a longer duration cold pack applica-
tion.45 For example, in obese patients, longer duration of 
application of cold gel packs, e.g., more than 10 minutes is 
needed. Fourth, the outcomes recorded at 6 and 24 hours 
after dry needling were subjective outcomes and lacked  
objective confirmation, e.g., determination of cervical range 
of motion or pain pressure threshold.  Finally, outcomes were 
recorded only once after the first 6 hours.  A further study with 
more frequent recording of outcomes to investigate each 
method’s effective frequency and duration is needed.

Conclusions
DCF spraying with contract-relax stretching reduces post-dry 

needling soreness at the upper trapezius muscle which is 
comparable to the spray and stretch technique. Both methods 
are more effective than cold gel packs with self-stretching. In 
addition to the spray and stretch technique, DCF spraying with  
contract-relax stretching might help further reduce post-dry 

needling soreness at the upper trapezius muscle, especially 
in patients with high post-needling soreness.
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