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Abstract.

BACKGROUND: Ischemic compression is widely used to clinically treat neck pain. However, no meta-analysis has been
conducted to evaluate the effects of this process on neck pain.

OBJECTIVE: This study aimed to evaluate the effects of ischemic compression on the myofascial trigger points for improving
neck pain-related symptoms (mainly pain, joint mobility limitation and function limitation) and to compare ischemic compression
with other therapies.

METHODS: Electronic searches were conducted in PubMed, OVID, Web of Science, EBSCO, SCOUPS, Cochrane Library,
PEDro, Wanfang, CNKI and Chinese VIP Database in June 2021. Only randomised controlled trials on the effects of ischemic
compression on neck pain were included. The major outcomes were pain intensity, pressure pain threshold, pain-related disability
and range of motion.

RESULTS: Fifteen studies involving 725 participants were included. Significant differences were observed between ischemic
compression and sham/no treatment group in pain intensity, pressure pain threshold and range of motion immediately and in the
short term. Significant effect sizes of dry needling were observed over ischemic compression in terms of improving pain intensity
(SMD = 0.62; 95% CI: 0.08 to 1.16; P = 0.02), pain-related disability (SMD = 0.68; 95% CI: 0.19 to 1.17; P = 0.007) and
range of motion (MD = —2.12; 95% CI: —2.59 to —1.65; P < 0.001) immediately after treatment. Dry needling also showed a
significant small effect size for the short-term reduction of pain (SMD = 0.44; 95% CI: 0.04 to 0.85; P = 0.03).
CONCLUSION: Ischemic compression can be recommended in the immediate and short-term pain relief and increase in the
pressure pain threshold and range of motion. Dry needling is superior to ischemic compression in relieving pain and improving
pain-related disability and range of motion immediately after treatment.

Keywords: Pressure release, dry needling, myofascial pain syndromes, cervical pain, meta-analysis

1. Introduction

Neck pain is a prevalent symptom nowadays, and
*Corresponding author: Jifeng Rong, Center of Rehabilita- :
it may be closely related to office work and computer
tion Therapy, The First Rehabilitation Hospital of Shanghai, 349 Y y P

Hangzhou Road, Yangpu District, Shanghai 200082, China. E-mail: use [1,2]. The prevalence of neck pain worldwide ranges
peterrong @ 126.com. from 16.7% to 75.1% of the global population [3]. Ac-

ISSN 1053-8127/$35.00 © 2023 — IOS Press. All rights reserved.



784 A. Xu et al. / Ischemic compression for neck pain

cording to the Global Burden of Disease Study [4], neck
pain is one of the two major global contributors to dis-
ability, the other contributor being low back pain. Neck
pain can be caused by a variety of factors, including
tumour, fracture, radiculopathy and chronic rheumatic
disease [5,6]. In addition, muscle disorders have been
proposed to be important factors in the development of
neck pain [7,8].

Myofascial trigger points (MTrPs) are tender nod-
ules (3—6 mm) in the skeletal muscles that are dis-
covered during palpatory examination [9]. Mechani-
cal stimulation of MTrPs by rapid transverse pressure
or needling could induce localised muscle jumping.
Myofascial pain syndrome is characterized by MTrP-
induced symptoms, including local/referred pain, stiff-
ness and high sensitivity, and can occasionally cause a
variety of conditions, such as dizziness, abdominal pain
and dysmenorrhoea [10,11]. Pain is the most prevalent
clinical symptom of myofascial pain syndrome, and
several strategies have been used to help ease the pain
caused by MTrPs.

Ischemic compression is one of the most popular
amongst these strategies due to its convenience, safety
and good effects. In ischemic compression, the thera-
pist gradually applied increasing pressure to the MTrPs
until the onset of pressure or pain. The pressure was
maintained until tension decreased, pain relieved or the
treatment passed 1 min, whichever came first. At that
time, the pressure was increased until discomfort was
felt again. The therapist repeated this procedure approx-
imately 3—4 times during a 90 s period [12]. Pressure
could help reduce muscle tone and increase the local
blood supply, thereby improving the peripheral ‘energy
crisis’ [13]. Clinical research [14,15] has shown that is-
chemic compression on MTrPs can improve neck pain.
In a systematic review [16] that compared dry needling,
ischemic compression and other therapies for improv-
ing neck pain-related symptoms, dry needling and is-
chemic compression had been found to be effective in
reducing pain and increasing lateral flexion. However,
a quantitative analysis on the effects of ischemic com-
pression of MTrPs on neck pain-related symptoms has
yet to be conducted, and whether ischemic compres-
sion is superior than other therapies in improving neck
pain-related symptoms has yet to be determined.

Therefore, this systematic review and meta-analysis
was aimed to quantitatively analyse clinical studies on
the effects of ischemic compression on MTrPs for im-
proving neck pain-related symptoms (pain, function
limitation and joint mobility limitation) and to compare
ischemic compression with other therapies.

2. Methods

The study was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement and regis-
tered in the PROSPERO database (registration number:
CRD42017071521).

2.1. Search strategy

Two authors searched PubMed, OVID, Web of Sci-
ence, EBSCO, SCOUPS, Cochrane Library, Physiother-
apy Evidence Database (PEDro), Wanfang Database,
China National Knowledge Infrastructure Databases
and Chinese VIP Database from their inception to
March 30, 2021. The following MeSH terms and/or
keywords were used as the main search terms: trigger
points, myofascial pain syndrome, neck pain, cervical
pain, pressure release and ischemic compression. The
reference lists of the identified studies in full text were
also searched. An experienced librarian was involved
in the entire search process. The details of the search
strategy are shown in Supplement 1.

2.2. Selection criteria

This meta-analysis only included randomised con-
trolled trials (RCTs) of ischemic compression treatment
for neck pain. The specific inclusion criteria were as
follows: (1) adults with neck pain and had one or more
MTTtPs on the cervical muscles; (2) at least one group
received ischemic compression treatment on the MTrPs
by hand or instrument; (3) acceptable comparator with
sham/no/other treatment; and (4) outcome assessments,
including pain intensity, pressure pain threshold, pain-
related disability or range of motion. The exclusion
criteria were as follows: (1) neck pain due to trauma,
fibromyalgia, whiplash, cervical disc prolapse, malig-
nant disease or any other neurological and orthopaedic
conditions; (2) studies were not published as journal
articles; (3) studies were in non-clinical designs; and
(4) ischemic compression was not the main treatment.

2.3. Study selection and data extraction

After the search was completed, duplicate articles
were removed based on their titles. Titles together with
the abstracts were screened again to rule out studies
with inappropriate research designs, interventions or
outcomes. Afterwards, a full-text check was conducted
in accordance with the inclusion criteria. The data were
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extracted in the order of study design, sample size, age,
neck pain duration, interventions, outcome measures
and measurement time in a standardised form. Two
authors were involved in the study selection and data
extraction. In case of a lack of agreement, a third author
mediated the final decision.

2.4. Evaluation of the risk of bias and methodological
quality

RevMan 5.3 software [17] and the PEDro scale [18]
were used to analyse the risk of bias and methodological
quality of the studies included in the meta-analysis,
respectively. Two authors were involved in this process,
and a third author mediated, when necessary.

The evaluation of the risk of bias contained eight
items, including random assortment, concealment of
allocation, blinding of subjects/therapists/assessors, in-
complete outcome, selective reporting and other biases.
Each item was divided into three levels, namely, low,
high and unclear risks, according to the Cochrane Col-
laboration’s tool [17]. The PEDro scale included 10
items that were evaluated as ‘yes’ or ‘no’. One point
was given if an item was regarded as ‘yes’, and zero
was assigned for ‘no’. A trial with a PEDro score of >
6 out of 10 points was regarded as high quality [18].

2.5. Level of evidence

Two authors judged the evidence level by using the
Grading of Recommendations, Assessment, Develop-
ment and Evaluation (GRADE) approach [19]. Evi-
dence was evaluated as very low, low, moderate or high
on the basis of the following items: risk of bias, incon-
sistency, imprecision, indirectness of evidence and pub-
lication bias. The quality of a subgroup/meta-analysis
was considered as follows: high, no item was at serious
risk; moderate, only one item included serious risk; low,
two items included serious risk/one included very seri-
ous risk; and very low, more items included serious or
very serious risk [20]. When a disagreement occurred
in the assessment of the risk of bias and quality level, a
third author adjudicated the disagreement.

2.6. Data synthesis and analysis

Revman 5.3 software was used to process all the data.
The outcomes included pain intensity, pressure pain
threshold, pain-related disability and range of motion.
A follow-up was regarded as immediate (< 1 week),
short term (1-12 weeks), mid-term (12-24 weeks) or

long term (> 6 months) according to the interval be-
tween the last treatment and the follow-up [21]. In each
meta-analysis, subgroup analyses were performed on
the different types of comparative therapies.

Outcomes, including sample size, means and stan-
dard deviations, were extracted for analysis. Data in the
form of mid-range, mid-quartile range and/or median
were converted to mean and standard deviation if nec-
essary [22,23]. The mean difference (MD) with a con-
fidence interval (CI) of 95% was used to measure out-
comes. The results were converted to standardised MD
(SMD) when more than one instrument was used for the
same outcome, and the results were considered large
(= 0.8), moderate (0.5-0.8) and small (< 0.5) [24].
P-values < 0.05 were considered statistically signif-
icant. A random effects model was used to determine
the effect size.

Heterogeneity between studies in each meta-analysis
was analysed using the 1?2 statistic. Thereafter, hetero-
geneity was divided into four levels on the basis of the
I2? value in accordance with the Cochrane Handbook:
low level (0%—40%), moderate level (30%—-60%), sub-
stantial level (50%—-90%) and considerable level (75%—
100%) [17]. Sensitivity analysis was used to evaluate
the robustness of the results.

3. Results
3.1. Included studies

A total of 801 articles were obtained from the seven
English databases and three Chinese databases. 567
articles remained after the duplicates were removed.
Thereafter, 523 articles were removed based on titles
and/or abstracts, leaving 44 for full-article review. In
this round of screening, 29 articles were excluded be-
cause of the following reasons: ischemic compression
was not the main treatment (n = 17); inappropriate
outcomes (n = 9); not RCTs (n = 2); and not neck
pain (n = 1). Finally, 15 studies [25-39] remained for
the quantitative analysis (Fig. 1).

3.2. Study characteristics

As shown in Table 1, all studies were RCTs published
from 2006 to 2021. A total of 725 people were included,
with the number of people in each study varying from
16 to 117. The frequency of treatment in each study
ranged from once a week to every day. The duration of
ischemic compression lasted from 1 week to 4 weeks,
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Records identified through database
searching (n=801)

Duplicated publications (n=234)

A 4

Records screened (n=567)

Records excluded based on title and abstract
(n=523)

A4

Full-text articles assessed for eligibility
(n=44)

Full-text articles excluded, with reasons
(n=29)

Not ischemic compression treatment or
combined with other therapies (n=17);
inappropriate outcome (n=9); not RCTs
' (n=2); not neck pain (n=1)

A4

Studies included in meta-analysis (n=15)

Fig. 1. PRISMA flow diagram of the study.
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Fig. 2. Plot of the risk of bias of the included studies.
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with the total number of treatment sessions ranging
from 1 to 14. The longest follow-up assessment was
conducted in the third month after the last treatment,
and all results were considered immediate (n = 15)
and/or short-term (n = 7) effects [27,30-33,36,37].
Of the 15 studies, 12 studies [25-29,31-33,35-37,
39] used a visual analogue scale or a numeric rat-
ing scale to assess the pain intensity, and 11 stud-
ies [25-28,30,31,33-35,38,39] utilized the pressure
pain threshold to measure the sensitivity of the MTrP-
area. Six studies [29,32,33,36-38] assessed the pain-
related disability by using the Neck Disability Index
(NDI) or the Northwick Park neck pain questionnaire
(NPQ). Five studies [26-28,31,35] used the contralat-
eral lateral flexion angle to measure the neck mobility.

3.3. Risk of bias and methodological quality

Figure 2 shows the results of the risk of bias. Four-
teen studies [25-27,29-39] met the criteria of random
allocation of participants, but six studies [25,28,33-36]
were at unclear risk in concealing the allocation. Only
one study [31] was able to blind participants, and
eight [28,29,31,33-36,38] failed in assessor blind-
ing. None of the studies was able to blind thera-
pists during treatment. Table 2 shows the method-
ological score of the included studies. The numeri-
cal value of the methodological score ranged from
five to nine (mean: 7.3, SD: 1.5) out of 10 points.
Thirteen studies were regarded as high quality (= 6
points) [25-27,29-33,35-39].

3.4. Effects of ischemic compression on the neck pain
intensity

The results of the meta-analysis demonstrated that
ischemic compression exhibited no significant over-
all effect on relieving pain immediately after treat-
ment (SMD = —0.12; 95% CI, —0.53 to 0.28; Z =
0.60; P = 0.55; N = 551; n = 11 trials [25-29,31,
33,35-37,39]; Fig. 3A) compared with the compara-
tive groups. Moreover, considerable heterogeneity was
found amongst all included trials (I> = 78%). The het-
erogeneity amongst subgroups was also considerable
(I2 = 81.4%, P = 0.005). In the dry needling sub-
group, a significant moderate effect size of dry needling
was found for reducing pain (12 = 45%; SMD = 0.62;
95% CI, 0.08 to 1.16; P = 0.02). In the sham treatmen-
t/waiting list subgroup, ischemic compression showed a
significant moderate effect size for reducing pain (I2 =

61%; SMD = —0.64; 95% CI, —1.18 to —0.11; P =
0.02).

The meta-analysis revealed that ischemic compres-
sion did not demonstrate overall superiority in the
short-term relief of pain and substantial heterogeneity
amongst studies (I? = 64%, SMD = —0.33; 95% CI,
—0.76 t0 0.10; Z = 1.51; P = 0.13; N =303; n =
6 trials [27,31-33,36,37]; Fig. 3B). Considerable dif-
ferences amongst subgroups were also observed (I? =
87.8%, P < 0.001). In the dry needling subgroup, a
significant small effect size of dry needling was found
for reducing pain (I? = 0%; SMD = 0.44; 95% CI,
0.04 to 0.85; P = 0.03). In comparison with the sham
treatment/waiting list, ischemic compression showed
a significant large effect size for relieving pain (I> =
36%; SMD = —0.91; 95% CI, —1.45 to —0.37; P =
0.001).

3.5. Effects of ischemic compression on the pressure
pain threshold

The results revealed no significant overall effect of
ischemic compression for the immediate improvement
of the pressure pain threshold compared with those of
the comparative groups (SMD = 0.18; 95% CI, —0.33
t0 0.69; Z = 0.68; P = 0.5; N =559; n = 11 tri-
als [25-28,30,31,33-35,38,39]; Fig. 4A), and hetero-
geneity was considerable (I = 85%). Considerable
heterogeneity was also observed amongst the three sub-
groups (12 = 84.4%, P = 0.002). In the sham treatmen-
t/waiting list subgroup, ischemic compression showed
a significant large effect size for improving the pressure
pain threshold (I2 = 45%; SMD = 1.01; 95% CT, 0.61
to 1.41; P < 0.001).

A large significant difference was found between the
ischemic compression and comparative groups in the
short-term improvement of the pressure pain threshold
(SMD = 0.97; 95% CI, 0.35 t0 1.59; Z = 3.05; P =
0.002; N =294; n = 4 trials [27,30,31,33]; Fig. 4B),
and considerable heterogeneity was observed (12 =
79%). No difference was observed amongst the three
subgroups (I> = 0%, P = 0.52). In comparison with
the sham treatment/waiting list, ischemic compression
demonstrated a significant large effect size for relieving
pain (I = 71%; SMD = 1.16; 95% CI, 0.46 to 1.85;
P =0.001).

3.6. Effects of ischemic compression on the
pain-related disability

Ischemic compression exhibited no significant over-
all effect in the immediate improvement in the
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Table 2
PEDro score of included studies
Study 1 2 3 4 5 6 7 8 9 10  Total
Fernindez-de-las-Pefiasetal. 2006[25] Y N Y N N Y Y Y Y Y 7
Gemmell et al. 2008 [26] Y Y Y N N Y Y Y Y Y 8
Oliveira-Campelo et al. 2013 [27] Y Y N N N Y N N Y Y 5
Shah et al. 2015 [28] N N Y N N N Y N Y Y 4
Zheng et al. 2015 [29] Y Y N N N N Y N Y Y 5
Ganesh et al. 2016 [30] Y Y Y N N Y Y Y Y Y 8
Kojidi et al. 2016 [31] Y Y Y Y N N Y N Y Y 7
De Meulemeester et al. 2017 [32] Y Y Y N N Y Y N Y Y 7
Kashyap et al. 2018 [33] Y N Y N N N Y N Y Y 5
Ransone et al. 2019 [34] Y N N N N N Y N Y Y 4
Tabatabaiee et al. 2019 [35] Y N Y N N N Y N Y Y 5
Ziaeifar et al. 2019 [36] Y N Y N N N Y N Y Y 5
Arias-Buria et al. 2020 [37] Y Y Y N N Y Y Y Y Y 8
Nasb et al. 2020 [38] Y Y Y N N N Y N Y Y 6
Stieven et al. 2021 [39] Y Y Y N N Y Y N Y Y 7

(1) Random Allocation; (2) Allocation Concealment; (3) Baseline Similarity; (4) Participant Blinding;
(5) Therapist Blinding; (6) Assessor Blinding; (7) Dropouts Fewer than 15%; (8) Intention-to-Treat Analysis;
(9) Between-Group Comparisons; (10) Point Measures and Variability Data. Y: Yes; N: No.

NDI/NPQ when compared with the comparative groups
(SMD = 0.17; 95% CI, —0.56 to 0.91; Z = 0.46;
P =0.64; N = 197; n = 5 trials [29,32,33,36,38];
Fig. 5A), and heterogeneity was considerable (I
83%). Small heterogeneity was observed amongst the
subgroups (I = 21.0%, P = 0.28). A significant mod-
erate effect size of dry needling was found in terms of
improving the NDI/NPQ results when compared with
ischemic compression (I? = 0%; SMD = 0.68; 95%
CL 0.19 to 1.17; P = 0.007).

No significant difference was found between the is-
chemic compression and the comparative groups (SMD
=0.13;95% CI, —0.20 t0 0.47; Z = 0.77; P = 0.44;
N = 144; n = 4 trials [32,33,36,37]; Fig. 5B) in
the short-term improvement of the NDI/NPQ results,
with no heterogeneity observed amongst studies (I? =
0%). Moreover, no significant difference was observed
amongst the subgroups (I = 0%, P = 0.42).

3.7. Effects of ischemic compression on the range of
motion (contralateral lateral flexion)

Ischemic compression demonstrated no significant
overall difference on immediately improving the range
of motion compared with that of the comparative groups
(MD = —0.67;95% CI, —1.971t00.62; Z = 1.02; P =
0.31; N = 294; n = 5 trials [26-28,31,35]; Supple-
mental Digital Content 2A), and considerable hetero-
geneity was observed (I2 = 80%). The heterogeneity
amongst subgroups reached a considerable level (12 =
93.7%, P < 0.001). Only one study involved a dry
needling subgroup, and the results showed better effects
of dry needling on improving the range of motion (MD

= —2.12; 95% CI, —2.59 to —1.65; P < 0.001). In
the other intervention subgroup, ischemic compression
was found to be less effective in improving the range
of motion (I? = 58%; MD = —2.85; 95% CT, —4.05 to
—1.65; P < 0.001). The results of the sham treatmen-
t/waiting list subgroup revealed a significant superiority
of ischemic compression (I? = 8%; MD = 4.23; 95%
CI, 1.99 to 6.48; P < 0.001).

In comparison with the comparative groups, ischemic
compression demonstrated better overall effects in the
short-term improvement of the range of motion (MD
=4.98;95% CI, 2.57 to 7.38; Z = 4.06; P < 0.001;
N = 159; n = 2 trials [27,31]; Supplemental Digital
Content 2B). Small heterogeneity was found amongst
all studies (I> = 38%). Meanwhile, small heterogeneity
was observed amongst subgroups (I2 = 12.2%, P =
0.29). Ischemic compression was more effective than
the sham treatment/waiting list in the short-term im-
provement of the range of motion (12 = 49%; MD =
5.78;95% CI, 2.63 to 8.92; P < 0.001)

3.8. Sensitivity analysis

Sensitivity analysis were performed to explore the
source of high heterogeneity in some subgroups. The
results revealed that the heterogeneity of the other inter-
vention subgroup in the immediate pain intensity meta-
analysis was reduced to low level (1> = 23%, P = 0.27)
when we removed two studies [29,35]. The heterogene-
ity of the sham treatment/waiting list in the same meta-
analysis was reduced to moderate level (12 = 42%, P =
0.13) after we removed the study of Kojidi et al. [31].
In terms of the pressure pain threshold at immediate
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IC Comparative
Study or Subgroup Mean SD_Total Mean
1.1.1 Dry Needling
Arias-Buria et al. 2020 51 19 15 47 21 15 5.7%
Stieven etal. 2021 214 103 7 2 107 15 51%
Tahatabaiee etal. 2019 4 085 10 33 0.24 20 53%
Ziaeifar etal. 2019 32 23 15 134 193 16 56%
Subtotal (95% ClI) 47 66 21.7%
Heterogeneity: Tau*=0.14; Chi*=5.48, df=3 (P=0.14), F= 45%
Test for overall effect: Z=2.27 (P=0.02)
1.1.2 Other Interventions
Ferandez-de-las-Pefias et al. 2006 38 08 20 42 04 20 5.9%
Kashyap etal. 2018 207 059 8 1983 139 15 5.3%
Oliveira-Campelo etal. 2013 227 159 6 256 193 23 5.1%
Oliveira-Campelo etal. 2013 227 159 6 286 182 23 51%
Shah etal. 2015 362 145 15 286 145 15 56%
Tabatabaiee etal. 2019 4 085 10 286 03 20 51%
Zheng etal. 2015 345 088 34 44 08 33 62%
Subtotal (95% CI) 99 149  38.4%
Heterogeneity: Tau®= 0.75; Chi*= 37.26, df= 6 (P < 0.00001); F= 84%
Test for overall effect: Z=0.04 (P =0.97)
1.1.3 Sham Treatment/Waiting List
Gemmell et al. 2008 2713 164 15 2267 821 7 5.1%
Gemmell et al. 2008 2293 1276 15 2267 821 8 5.3%
Kashyap etal. 2018 207 059 7 22 115 15 51%
Kojidi etal. 2016 346 089 14 479 087 7 48%
Kojidi etal. 2016 341 067 14 479 087 7 46%
Oliveira-Campelo etal. 2013 227 159 6 329 152 25 51%
Oliveira-Campelo etal. 2013 227 159 6 27 142 22 51%
Stieven etal. 2021 214 103 7 429 1.44 15 48%
Subtotal (95% CI) 84 106 39.9%
Heterogeneity: Tau*= 0.36; Chi*=17.79, df=7 (P=0.01); F=61%
Test for overall effect: Z=2.37 (P=0.02)
Total (95% CI) 230 321 100.0%

Heterogeneity: Tau®= 0.62; Chi*= 81.65, df= 18 (P < 0.00001); F=78%
Test for overall effect: Z= 0.60 (P = 0.55)
Test for subgroup differences: Chi*=10.74, df= 2 (P = 0.005), F=81.4%

IC Comparative

Mean SD Total Mean SD Total Weight

Study or Subgroup

Std. Mean Difference

SD_Total Weight IV, Random, 95% CI

Std. Mean Difference
IV. Random. 95% CI

0.19[-0.52,0.91)
0.13[0.77,1.03]
1.31[0.47,2.15)
0.86(0.12,1.60]
0.62[0.08, 1.16]

-0.56 [-1.20, 0.07]
0.11[-0.74,0.97)
-0.15[-1.05,0.75]
-0.32[-1.23,0.58]
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0.30 [-0.61,1.20]
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-012[1.02,0.77]
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-1.79[-2.88,-0.70)
-0.65 [-1.56, 0.26]
-0.29[-1.19,0.62)
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0.64[1.18, -0.11]
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Std. Mean Difference
IV, Random, 95% CI
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[IC] [Comparative]

Std. Mean Difference

1.2.1 Dry Needling

Arias-Buria et al. 2020 48 21 15 34 22 15 10.2%
De Meulemeester etal. 2017 419 197 21 359 206 17 11.0%
Ziaeifar etal. 2019 333 222 15 24 1.74 16 10.4%
Subtotal (95% CI) 51 48  31.5%
Heterogeneity: Tau®= 0.00; Chi*= 0.47, df=2 (P=0.79), F= 0%

Test for overall effect: Z=2.18 (P =0.03)

1.2.2 Other Interventions

Kashyap etal. 2018 113 0.74 8 107 1186 15 9.2%
Oliveira-Campelo et al. 2013 222 163 6 313 194 23 8.8%
Oliveira-Campelo etal. 2013 222 163 6 319 16.2 23 8.8%
Subtotal (95% CI) 20 61 26.8%
Heterogeneity: Tau®= 0.00; Chi*= 1.15, df= 2 (P = 0.56); F= 0%

Test for overall effect: Z=1.20 (P = 0.23)

1.2.3 Sham Treatment/Waiting List

Kashyap etal. 2018 113 074 7 14 097 15 8.8%
Kojidi et al. 2016 319 0.64 14 456 099 7 76%
Kojidi et al. 2016 3.1 085 14 456 099 7 78%
Oliveira-Campelo et al. 2013 222 163 6 326 163 22 87%
Oliveira-Campelo et al. 2013 222 163 6 312 135 25 8.8%
Subtotal (95% CI) 47 76  41.8%
Heterogeneity: Tau®=0.13; Chi*=6.22, df=4 (P=0.18), F= 36%

Test for overall effect: Z= 3.30 (P = 0.0010)

Total (95% ClI) 118 185 100.0%

Heterogeneity: Tau®= 0.33; Chi*= 27.56, df= 10 (P = 0.002); F= 64%
Test for overall effect: Z=1.51 (P=0.13)
Test for subgroup differences: Chi*=16.40, df= 2 (P = 0.0003), F=87.8%
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Fig. 3. Comparison between the effects of ischemic compression versus comparative groups on pain intensity in the (A) immediate and (B) short

terms.
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Std. Mean Difference
IV. Random. 95% CI

IC Comparative Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI
2.1.1 Dry Needling
Stieven etal. 2021 1.72 058 7 239 081 15  4.8% -0.86 [-1.80, 0.08]
Tahatabaiee etal. 2019 16.2 0.84 10 1889 03 20 38% -4.88 [-6.40,-3.35]
Subtotal (95% CI) 17 35  8.6% -2.82[-6.76,1.11]

Heterogeneity: Tau®= 7.65; Chi*=19.29, df=1 (P < 0.0001); = 95%
Test for overall effect: Z=1.41 (P=0.16)

2.1.2 Other Interventions
Fernandez-de-las-Pefias et al. 2006 22 06 20 235 04 20 5.3%

Ganesh etal. 2016 211 048 15 199 048 30 53%
Kashyap etal. 2018 0.73 055 8§ 092 058 15 49%
Nash etal. 2020 628 16 7 562 16 3  47%
Oliveira-Campelo et al. 2013 28 04 B 26 05 23 4.9%
Oliveira-Campelo etal. 2013 28 04 6 25 04 23 4.8%
Ransone etal. 2019 6.58 117 5 681 18 10 46%
Shah etal. 2015 32 145 15 266 145 15 51%
Tabatabaiee etal. 2019 16.2 0.84 10 1852 036 20 41%
Subtotal (95% CI) 92 165 43.8%

Heterogeneity: Tau®= 0.77; Chi*= 41.80, df= 8 (P < 0.00001); F=81%
Test for overall effect: Z= 0.61 (P = 0.54)

2.1.3 Sham Treatment/Waiting List

Ganesh etal. 2016 211 048 15 166 049 30 53%
Gemmell et al. 2008 445 1.69 15 337 162 8  49%
Gemmell etal. 2008 377 1.76 15 337 162 7 49%
Kashyap etal. 2018 0.73 055 7 041 039 15 48%
Kojidi et al. 2016 1.74 0.08 14 155 012 7 45%
Kojidi et al. 2016 1.66 0.14 14 155 012 7 48%
Oliveira-Campelo et al. 2013 28 04 B 2 04 22 46%
Oliveira-Campelo etal. 2013 28 04 ] 2 04 25 4.7%
Ransone etal. 2019 658 117 5 444 145 10 43%
Stieven etal. 2021 1.72 058 7 149 096 15 4.9%
Subtotal (95% CI) 104 146  47.6%

Heterogeneity: Tau*= 0.18; Chi*= 16.35, df= 9 (P = 0.06); F= 45%
Test for overall effect: Z= 4.94 (P < 0.00001)

Total (95% ClI) 213 346 100.0%
Heterogeneity: Tau*= 1.19; Chi*= 134.03, df= 20 (P < 0.00001); F= 85%

Test for overall effect: Z= 0.68 (P = 0.50)

Test for subgroup differences: Chi*=12.79, df= 2 (P = 0.002), F= 84.4%

-0.29 [-0.91, 0.34]
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Favours [Comparative] Favours [IC]

=T

IC Comparative Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
2.2.1 Other Interventions
Ganesh etal. 2016 27 052 15 26 053 30 11.3% 0.19[-0.43,0.81] T
Kashyap etal. 2018 077 0.74 8 135 069 15 101% -0.79 [-1.68,0.10] ™
Oliveira-Campelo et al. 2013 29 04 6 22 03 23 9.3% 212[1.05,319] -
Oliveira-Campelo etal. 2013 29 04 6 23 04 23 9.7% 1.46[0.47, 2.44] i
Subtotal (95% CI) 35 91  40.4% 0.71 [-0.46, 1.87] L 4
Heterogeneity: Tau®=1.20; Chi*= 21.37, df= 3 (P < 0.0001); F= 86%
Testfor overall effect: Z=1.18 (P =0.24)
2.2.2 Sham Treatment/Waiting List
Ganesh etal. 2016 2.7 052 15 1.8 052 30 109% 1.70[0.98, 2.42] -
Kashyap etal. 2018 077 0.74 7 079 068 15 101% -0.03[-0.92,0.87) T
Kojidi et al. 2016 177 07 14 155 012 7 10.0% 0.36 [-0.55,1.28] T
Kojidi et al. 2016 168 014 14 155 012 7 98% 0.93 [-0.03,1.89] i~
Oliveira-Campelo etal. 2013 29 04 6 21 04 25 9.5% 1.85([0.92, 2.98] o=
Oliveira-Campelo etal. 2013 29 04 6 22 03 22 9.2% 2.11[1.03,3.20] -
Subtotal (95% CI) 62 106 59.6% 1.16 [0.46, 1.85] *
Heterogeneity: Tau*= 0.54, Chi*=17.24, df=5 (P = 0.004), F=71%
Test for overall effect: Z= 3.24 (P = 0.001)
Total (95% Cl) 97 197 100.0% 0.97 [0.35, 1.59] L 2
Heterogeneity: Tau®= 0.79; Chi*= 43.89, df= 8 (P < 0.00001); F=79% T = : : s

Test for overall effect: Z=3.05 (P = 0.002)
Test for subgroup differences: Chi*= 042, df=1 (P=0.52), F=0%

Favours [Comparative] Favour:

w

(Ic]

Fig. 4. Comparison between the effects of ischemic compression versus comparative groups on pressure pain threshold in the (A) immediate and

(B) short terms.



A. Xu et al. / Ischemic compression for neck pain 793
IC Comparative Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 Dry Needling
De Meulemeesteretal. 2017 1095 4.63 21 771 466 17 17.7% 0.68[0.02,1.34] —
Ziaeifar etal. 2019 21.39 1236 15 1317 115 16 17.2% 0.67 [-0.06, 1.40] | -
Subtotal (95% ClI) 36 33 34.9% 0.68 [0.19, 1.17] >
Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 (P=0.98), F=0%
Test for overall effect: Z=2.72 (P = 0.007)
3.1.2 Other Interventions
Kashyap etal. 2018 11.27 45 8 1141 556 15 16.1% -0.03 [-0.88, 0.83) I E—
Nash etal. 2020 55 21 7 3.7 1.2 9 14.4% 1.03[-0.04,210] |
Zheng etal. 2015 7.38 246 34 1012 242 33 18.8% -1.11 [-1.63,-0.59) -
Subtotal (95% CI) 49 57 49.3% -0.10 [-1.34,1.13] —~l—
Heterogeneity: Tau®=1.01, Chi*=14.35, df= 2 (P = 0.0008); F= 86%
Test for overall effect: Z=0.16 (P = 0.87)
3.1.3 Sham Treatment/Waiting List
Kashyap etal. 2018 11.27 45 7 1117 1082 15 15.8% 0.01 [-0.89,0.91] s
Subtotal (95% CI) 15 15.8% 0.01[-0.89, 0.91] ‘
Heterogeneity: Not applicable
Test for overall effect: Z=0.02 (P = 0.98)
Total (95% CI) 92 105 100.0% 0.17 [-0.56, 0.91] ,
Heterogeneity: Tau®= 0.68; Chi*= 28.64, df= 5 (P < 0.0001); F= 83% t t T t t
Test for overall effect: Z= 0.46 (P = 0.64) 4 E c UF 02 . 4
Testfor subgroup difierences: Chi*= 2.53, df= 2 (P = 0.28), IF= 21.0% avours [IC] Favours [Comparative]
IC Comparative Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV. Random. 95% ClI
3.2.1 Dry Needling
Arias-Buria et al. 2020 16 19 15 16 2 15 220% 0.00[-0.72,0.72]
De Meulemeester etal. 2017 9.09 435 21 806 508 17 27.4% 0.22[-0.43, 0.86]
Ziaeifaretal. 2019 1932 122 15 124 86 16 21.5% 0.64 [-0.08,1.37]
Subtotal (95% CI) 51 48 70.9% 0.28 [-0.12, 0.68]
Heterogeneity: Tau®= 0.00; Chi*=1.59, df= 2 (P = 0.45); F=0%
Test for overall effect: Z=1.36 (P=0.17)
3.2.2 Other Interventions
Kashyap etal. 2018 6.73 4.23 8 778 483 15 152% -0.22 [-1.08, 0.64)
Subtotal (95% CI) 8 15 15.2% -0.22 [-1.08, 0.64]
Heterogeneity: Not applicable
Test for overall effect: Z=0.50 (P = 0.62)
3.2.3 Sham Treatment/Waiting List
Kashyap etal. 2018 6.73 4.23 7 843 823 15 139% -0.23[-1.13, 0.68)
Subtotal (95% CI) 7 15 13.9% -0.23[-1.13,0.68]
Heterogeneity: Not applicable
Test for overall effect: Z=0.49 (P = 0.62)
Total (95% CI) 66 78 100.0% 0.13 [-0.20, 0.47]
Heterogeneity: Tau?= 0.00; Chi*= 3.34, df= 4 (P = 0.50); = 0% 1 + ? t T

Test for overall effect: Z=0.77 (P = 0.44)
Testfor subgroup differences: Chi*=1.75,df=2 (P=0.42), F=0%

Favours [IC] Favours [Comparative]

Fig. 5. Comparison between the effects of ischemic compression versus comparative groups on pain-related disability in the (A) immediate and

(B) short terms.

term, the heterogeneity was decreased to zero when we
removed the study of Tabatabaiee et al. [35] in the other
intervention subgroup. The heterogeneity of the other
intervention subgroup in the immediate pain-related
disability analysis was reduced to moderate level (I? =
56%, P = 0.13) after the study of Zheng et al. [29] was
removed.

3.9. Quality of evidence (GRADE)

The evidence level according to GRADE ranged from

very low to moderate, and a high level of evidence
was not observed. Table 3 displays the details of the
GRADE assessment.

4. Discussion

This study was performed to explore the effects
of ischemic compression against other therapies and
sham/no treatment in reducing neck pain-related symp-
toms. According to the pooled results, ischemic com-
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Table 3
GRADE evidence profile for ischemic compression on pain intensity, pressure pain threshold, pain-related disability and cervical range of motion
in patients with neck pain

Number of studies Risk of Inconsistenc Indirectness Imprecision Publication Quality of SMD/MD
’ ) o y of evidence precis bias evidence (95% CI)

bias
Ischemic compression vs. dry needling vs. other therapies vs. sham treatment/waiting list on pain intensity
Immediate follow-up (less than 1 week after treatment)

Overall effect Serious Serious (I2 = 78%) No Serious No Very low  —0.12 [—0.53, 0.28]
Dry needling Serious Serious (I2 = 45%) No Serious No Very low  0.62[0.08, 1.16]
Other therapies Serious Very serious (I? = 84%) No Serious Yes Very low  0.01 [-0.69, 0.72]
Sham/placebo/waiting list Serious Serious (12 = 61%) No Serious Yes Very low  —0.64 [—1.18, —0.11]
Short-term follow-up (1-12 weeks after treatment)

Overall effect Serious Serious (I2 = 64%) No Serious Yes Very low  —0.33 [—0.76, 0.10]
Dry needling No No (I? = 0%) No Serious No Moderate  0.44 [0.04, 0.85]
Other therapies Serious No (I2 = 0%) No Very serious No Very low  —0.32 [—0.83, 0.20]
Sham/placebo/waiting list Serious No (12 = 36%) No Serious Yes Very low  —0.91[—1.45, —0.37]

Ischemic compression vs. dry needling vs. other therapies vs. sham treatment/waiting list on pressure pain threshold
Immediate follow-up (less than 1 week after treatment)

Overall effect Serious Very serious (IZ = 85%) No Serious No Very low  0.18 [—0.33, 0.69]
Dry needling No Very serious (I2 = 95%) No Very serious No Very low  —2.82 [—6.76, 1.11]
Other therapies Serious Very serious (I? = 81%) No Serious No Very low  —0.2 [—0.85, 0.44]
Sham/placebo/waiting list Serious Serious (12 = 45%) No Serious No Very low  1.01 [0.61, 1.41]
Short-term follow-up (1-12 weeks after treatment)

Overall effect Serious Serious (I2 = 79%) No No No Low 0.97 [0.35, 1.59]
Other therapies Serious Very serious (12 = 86%) No Very serious No Very low  0.71 [-0.46, 1.87]
Sham/placebo/waiting list Serious Serious (I = 71%) No Serious No Very low  1.16 [0.46, 1.85]

Ischemic compression vs. dry needling vs. other therapies vs. sham treatment/waiting list on pain-related disability
Immediate follow-up (less than 1 week after treatment)

Overall effect Serious Very serious (I = 83%) No Very serious No Very low  0.17 [—0.56, 0.91]
Dry needling Serious No (I? = 0%) No Serious No Low 0.68 [0.19, 1.17]
Other therapies Serious Very serious (I = 86%) No Very serious No Very low  —0.10[—1.34, 1.13]
Sham/placebo/waiting list Serious No (N/A) No Very serious No Very low  0.01 [—-0.89, 0.91]
Short-term follow-up (1-12 weeks after treatment)

Overall effect Serious No (I? = 0%) No Very serious No Very low  0.13 [—0.20, 0.47]
Dry needling Serious No (I = 0%) No Very serious No Very low  0.28 [—0.12, 0.68]
Other therapies Serious No (N/A) No Very serious No Very low  —0.22 [—1.08, 0.64]
Sham/placebo/waiting list Serious No (N/A) No Very serious No Very low  —0.23 [—1.13, 0.68]

Ischemic compression vs. dry needling vs. other therapies vs. sham treatment/waiting list on cervical range of motion
Immediate follow-up (less than 1 week after treatment)

Overall effect Serious  Serious (I = 80%) No Very serious Yes Very low  —0.67 [—1.97, 0.62]
Dry needling No No (N/A) No Very serious No Low —2.12 [-2.59, —1.65]
Other therapies Serious  Serious (I = 58%) No Very serious Yes Very low  —2.85[—4.05, —1.65]
Sham/placebo/waiting list Serious No (I? = 8%) No Very serious Yes Very low  4.23[1.99, 6.48]
Short-term follow-up (1-12 weeks after treatment)

Overall effect Serious No (I2 = 38%) No Serious Yes Very low  4.98 [2.57, 7.38]
Other therapies Serious No (I? = 0%) No Very serious No Very low  3.23 [—0.22, 6.69]
Sham/placebo/waiting list Serious Serious (I = 49%) No Serious Yes Very low  5.78 [2.63, 8.92]

P-values < 0.05 were considered statistically significant. Risk of bias: No/serious/very serious: Most of the information comes from studies
with low/moderate/high risk of bias. Inconsistency: Serious: 12 > 40% and very serious: I2 > 80%. Indirectness of evidence: No indirectness of
evidence was found in any study. Imprecision: Serious: n < 250 subjects and very serious: n < 250, and the estimated effect is little or absent.
Publication bias: In Egger/Begg test, P-values < 0.05 indicates publication bias; otherwise, it does not exist. MD: mean differences and SMD:
standardised mean differences.

pression was superior to sham treatment/waiting list risk of bias and imprecision were found during quality
in the immediate and short-term improvement of the assessments, which resulted in the low-GRADE score.
pain intensity, pressure pain threshold and range of mo- Sustained and deep force at the MTrPs during is-
tion. Dry needling had better immediate effects than chemic compression could relieve muscle tension and
ischemic compression in improving the pain inten- increase blood flow in the MTrP-area, and these actions
sity, pain-related disability and range of motion. Dry could mitigate energy crisis and reduce pain [12,13,40].
needling was also superior to ischemic compression A systematic review [16] of RCTs has explored the ef-

in the short-term improvement of pain intensity. High fects of ischemic compression on neck pain conditions,
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and ischemic compression was proven to be effective in
relieving neck pain-related conditions, including pain
intensity, pressure pain threshold, pain-related disabil-
ity and range of motion. The current meta-analysis ob-
tained similar results in pain intensity, pressure pain
threshold and range of motion, whilst no significant
difference was found between ischemic compression
and sham treatment/waiting list in the pain-related dis-
ability. The results of the pain-related disability meta-
analysis should be treated with caution because only
one study [33] is involved in related subgroups, which
may result in inaccurate results. In this study, all pa-
tients received quite a few conventional exercises at
home, except for the corresponding treatment in each
group. Accordingly, little difference was found amongst
the three groups in all outcomes. In another systematic
review about shoulder pain, ischemic compression was
proven to be effective in relieving functional disabil-
ity [41].

Apart from ischemic compression, some other meth-
ods are also used to treat neck pain in clinic. In our
meta-analysis, ischemic compression and other thera-
pies (except dry needling) had no remarkable differ-
ences in most indices. The results are reasonable be-
cause some totally different therapies were included in
the same subgroup. For example, in the meta-analysis
comparing the immediate effect of pain intensity, ul-
trasound drug penetration therapy [35] and thermo-
magnetic therapy [29] belong to the same subgroup.
However, the treatment methods and principles of the
two therapies are different, which may result in great
differences in the comparison with ischemic compres-
sion: the former is significantly better than ischemic
compression, whilst the thermomagnetic therapy in the
same subgroup is not as good as ischemic compression.
Compared with other therapies, our results favour is-
chemic compression more in the short term than in the
immediate term. Hence, ischemic compression may be
more stable in improving neck pain-related symptoms.
The results were verified by the studies of Oliveira-
Campelo et al. [27] and Benito-de-Pedro et al. [42], in
which ischemic compression could maintain the effect
size better than the other treatment methods.

Dry needling is another therapeutic intervention that
involves inserting a solid filiform needle directly into
the MTrPs. The needle is moved up and down to pro-
voke a local twitch response, which was elicited for
successful therapy [43]. The previous study [16] has
proven that ischemic compression and dry needling are
effective in improving neck pain intensity, pain-related
disability and range of motion. Moreover, the study

showed that dry needling has a higher evidence level
than ischemic compression in some indices, but no spe-
cific comparison was made between these two therapies.
Our results revealed that dry needling was superior to
ischemic compression in improving pain intensity, pain-
related disability and range of motion immediately after
treatment. Nonetheless, the differences between the two
therapies in most subgroups in the short term were not
remarkable. One probable reason could be that the ther-
apeutic effects of dry needling rapidly decreased over
time. In a previous meta-analysis [44], dry needling
showed considerable advantages over the control group
in improving pain intensity and pressure pain threshold
within 12 weeks. However, no remarkable difference
was found in the long-term comparison. In the study
of Navarro-Santana et al. [21], dry needling apparently
showed better effects in improving pain intensity within
a period of 1-12 weeks compared with manual ther-
apies, including ischemic compression. Nevertheless,
the difference decreased when the follow-up was longer
than 3 months. The small number of studies may be
another reason for the differences between the immedi-
ate and the short-term comparisons. In particular, only
one study conducted short-term comparisons in some
subgroups, resulting in imprecise results.

Some outcomes have a considerable degree of het-
erogeneity. Sensitivity analysis was conducted to find
the main source of heterogeneity, and the main causes
can be summarised as the follows: Firstly, although
subgroups analysis was made to reduce the variations
amongst different groups, therapies still widely vary
in the other intervention subgroup. Different treatment
methods and mechanisms could be the main sources of
heterogeneity in this subgroup. Secondly, the level of
neck pain varied amongst studies. Although active and
latent trigger points were included in most studies, only
patients with latent trigger points were included in the
study of Tabatabaiee et al. [35], and the pressure pain
threshold was much higher than those of other studies.
Thirdly, the dosage (number and duration) during treat-
ment is different. For example, the study of Kojidi [31]
and others, which was the main source of heterogeneity,
had a longer treatment duration of ischemic compres-
sion than other studies in the sham treatment/waiting
list subgroup of pressure pain threshold meta-analysis
in the immediate term.

This study has some potential limitations. Firstly, as
previously mentioned, the operations of ischemic com-
pression used in different studies were heterogeneous
in terms of the duration and total number of treatments.
Differences in operation could result in distinct thera-
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peutic effects. For example, a study [45] found that 60
and 90 s of ischemic compression have better effects
than 30 s of ischemic compression. Secondly, the num-
ber of studies was not adequate in some comparisons,
especially in the analysis of pain-related disability and
the short-term comparisons of all indices. This factor
could be one of the main reasons for the heterogeneity
and imprecision of the results. Additionally, only stud-
ies in Chinese and English were included, indicating
that some high-quality studies in other languages could
have been missed.

5. Conclusions

This systematic review and meta-analysis shows that
ischemic compression was effective in relieving pain
and increasing the threshold of pressure pain and range
of motion for patients with neck pain immediately and
in the short-term. Meanwhile, dry needling is better in
relieving pain and pain-related disability and increas-
ing the range of motion in the immediate term. There-
fore, clinicians are advised to use ischemic compression
and dry needling to release neck pain-related symp-
toms. The results should be treated with caution due to
the high heterogeneity within subgroups and the low-
quality level in most subgroups. Moreover, the lack of
research in the short-term comparison could also af-
fect the accuracy of the results. Additional high-quality
clinical studies with large sample sizes are needed to
explore the long-term effects of ischemic compression
and its effects on neck pain-related symptoms.
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