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Purpose: Myofascial pain syndrome (MPS) is a common musculoskeletal disorder among 

young adults associated with presence of myofascial trigger points. We aimed to evaluate efficacy 

of ozone injection (OI) in MPS patients, compared with two currently used methods including 

lidocaine injection (LI) and dry needling (DN).

Patients and methods: In this single-blinded study, a total of 72 eligible patients were included 

and then randomly divided into three equal groups: DN, OI, and LI. All patients received treat-

ment in three weekly sessions. Visual analog scale (VAS) for pain, cervical lateral flexion, pain 

pressure threshold (PPT), and neck disability index (NDI) were the main outcome measures, 

which were evaluated at baseline and at 4 weeks after injections. Analytic results were demon-

strated as both within- and between-groups mean difference (MD).

Results: Sixty two patients finished the study, 20 participants in both the DN and LI groups, 

and 22 persons in OI group. Distribution of all demographics and baseline clinical variables 

were relatively similar among groups. All three interventions were remarkably effective in 

improving patients’ pain and PPT. Significant decrease in VAS (MD=–3.6±1.4) and increase 

in PPT (MD=7.2±5.1) within 4 weeks follow-up confirmed this finding. Also, NDI had similar 

significant improvement (MD=–9.9±8.7), but lateral flexion range did not show remarkable 

increase. There was also a statistically significant difference among three methods’ efficacy on 

VAS, NDI, and PPT, favoring OI and LI.

Conclusion: In summary, this data showed that in short-term follow-up, all three methods were 

significantly effective in MPS treatment; however, OI and LI groups had slightly better results 

than the DN group, with no remarkable preference between them.
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Introduction
Myofascial pain syndrome (MPS), as a common type of repetitive strain injury, is an 

important condition that presents as fatigue and musculoskeletal pain in multiple ten-

der/trigger points.1–3 MPS is associated with the presence of some myofascial trigger 

points (MTrP) that are found in a taut band inside the muscles; sometimes MTrP has 

a local twitch response following a rapid snapping stimulus or inserting a needle.1,4–6 

The criteria for diagnosis and the clinical importance have evolved over time; by 

applying Simons’ 7-point clinical criteria, the diagnosis of MPS has relied mainly on 

the clinical history and a careful physical examination by a trained clinician.7 Despite 

these features, diagnosis is still unclear and confusing. The prevalence is unclear due 

to lack of well-defined diagnostic criteria. In some studies, it has been seen in about 
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30%–46% of patients at pain clinics or 15% of those present-

ing to general medical clinics, particularly among young- or 

middle-aged populations.8,9

MPS has been treated using various methods, ranging 

from exercise and oral analgesics to various physical modali-

ties including transcutaneous electrical stimulation, infrared, 

ultrasound, manual pressure and massage, acupuncture, 

anesthetic injections, and even dry needling (DN) accompa-

nied with no drug injection.9 DN is a procedure in which an 

acupuncture-like needle is inserted into the muscle to pos-

sibly frustrate an MTrP. DN might modulate regional levels 

of important chemicals including bradykinin, calcitonin 

gene-related peptide, and substance P. However, the precise 

mechanism responsible for its efficacy is still unclear. Local 

lidocaine injection (LI) also can induce a similar analgesic 

pathway as well as the contribution of DN effects. A meta-

analysis study, comparing the effectiveness of DN to control 

methods, revealed that LI might be superior to DN alone, for 

both immediate pain relief and at 4 weeks after treatment.6

Despite this wide range of therapeutic methods, strong 

evidence to guide treatment methodologies such as use of 

local anesthetics, saline, or injection of other products, is 

lacking.9–14 Recently, there has been increasing evidence 

supporting the role of ozone injection (OI) in the manage-

ment of some musculoskeletal disorders like lumbosacral 

disc herniation, knee osteoarthritis and meniscal injury, 

shoulder disorders, and so on. This gas is now available in 

a solution of oxygen/ozone. As multiple studies has proven, 

ozone can improve tissue oxygenation, inhibit inflammatory 

mediators by downregulation of tumor necrosis factor (TNF) 

and TNFR2, and induce a moderate analgesic effect through 

phosphodiesteraseA2 blockage.15–24 On the other hand, some 

theories explaining energy expenditure and muscle fatigue in 

MTrPs have been introduced like Simons’ Integrated Trigger 

Point Hypothesis on sensitizing neuroreactive substances and 

Cinderella Hypothesis,7 which imply that using ozone in low 

concentration, as an activator of the enzymatic scavenger 

system (catalase, glutathione-peroxidase, and superoxide 

dismutase), can break down oxygen-free radicals and prob-

ably could be beneficial in MPS treatment.7 Thus, in this 

randomized controlled trial (RCT), we aimed to evaluate 

ozone efficacy and safety in MPS patients, compared to two 

methods currently used: DN and LI.7,25

Patients and methods
This single-blind RCT was conducted with three paral-

lel groups in the Physical Medicine and Rehabilitation 

clinic of Shahid Modarres hospital in Tehran from March 

2016 to August 2016. We had registered this trial in 

the Iranian Registry of Clinical Trials with ID number: 

IRCT2016042113442N10. Informed written consent was 

obtained from the subjects who met the inclusion criteria. 

This study was also approved by the ethics committee of 

Shahid Beheshti University of Medical Sciences, Tehran, 

Iran (No IR.SBMU.SM.REC.1394.168).

Inclusion criteria
All patients presenting with chronic nonspecific neck pain 

were evaluated by an expert physiatrist with 15 years of 

experience in the field of clinical musculoskeletal disorders; 

eventually, subjects with clinically confirmed diagnosis of 

MPS (based on Simons’ criteria) who had at least one trig-

ger point in their upper trapezius muscle were enrolled. Of 

them, 72 consecutive patients were included according to our 

inclusion criteria, which were as follows:

1.	 Age 25–60 years

2.	 Symptoms lasting >3 months despite conservative 

treatments

3.	 Presence of active trigger points in the upper trapezius 

muscles

4.	 Presence of at least one taut band on manual palpation

5.	 Triggering of the pain using finger point pressure

Exclusion criteria
The exclusion criteria were as follows: presence of any his-

tory of cervical radiculopathy or degenerative condition, 

any surgery or trauma to the neck during last year, previous 

injection for MPS treatment during last 6 months, confirmed 

diagnosis of cognitive disorders, fibromyalgia, rheumatoid 

arthritis, and/or metabolic diseases like hypothyroidism and 

diabetes mellitus.

Interventions
Seventy two eligible participants were randomly assigned 

to three equal groups using block randomization method: 

OI, wet needling by LI, and DN alone. Participants were all 

blinded to the concealed allocation of methods. Concealment 

was performed using some sealed paper envelopes. In all 

patients, trigger points were identified by manual palpation, 

and in those with two or more trigger points, the most pain-

ful one was chosen. MTrP site was marked and the location 

was also recorded regarding to its distance from anatomic 

landmarks in possible cases where the marker had washed 

off. Patients were lying in prone position; the injection site 

was sterilized, and the point was grabbed between the thumb 
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and index fingers. For all patients, three consecutive weekly 

rounds of treatment were performed, using a 22 gauge, 1.25 

inch needle, by an expert physiatrist.

In the first group using an Ozomed® smartline machine 

(manufactured by Kastner, Praxisbedarf GmbH, Mediz-

intechnik. Germany), 8 cc of oxygen/ozone gas was injected 

in the affected MTrP with a concentration of 15 µg/mL. The 

second group (LI) received 2 cc of lidocaine 2%. In the 

DN group, the needle was inserted into the MTrP, then was 

withdrawn to reach the subcutaneous tissue, and then was 

similarly inserted and withdrawn in different directions to 

frustrate the point. Regardless of the method used, all patients 

were advised to perform some modification in their daily 

activities to have lasting relief like avoiding muscle overuse in 

cervical and postural muscles during the performance of low-

intensity activities of daily living and sedentary work, and 

they were instructed to do an exercise program consisting of 

trapezius stretching techniques and muscle relaxation train-

ing. Three groups were also advised to use oral medication 

(only acetaminophen tablets with maximum dose of 4 g/d) 

and ice massage, if it was needed up to the next 48 hours after 

injection. Additionally, one of the authors (Shahram Rahimi 

Dehgolan) was responsible for weekly overseeing of exercise 

and lifestyle modification performance via phone call.

Outcome measurements
Data on demographic characteristics of the subjects such 

as age, gender, body mass index (BMI), and duration of 

symptoms were recorded. To assess the patient’s response, 

four clinical parameters were measured twice, once before 

the treatment and the second time 4 weeks after the last 

injection.

1.	 Severity of the pain evaluated by the visual analog scale 

(VAS), rated from 0 (no pain) to 10 (the worst pain).

2.	 Irritability of the trigger point according to the Pain Pres-

sure Threshold (PPT) defined as the minimum amount 

of compression on the point that reproduces the pain. 

To measure the PPT, an Algometer device was placed 

perpendicularly on the location of the trigger point and 

the pressure was increased by 1 kg/cm2/s until the patient 

feels the pain. The measurements were repeated three 

times with 30-second intervals and the mean value of the 

three measurements was recorded.

3.	 Range of motion (ROM) in neck lateral flexion move-

ment measured according to the maximum angle that the 

patient could laterally bend his or her neck to the right 

and left side, using three consecutive times of goniometry 

and recording maximum value of them. Mean of high-

est values of both directions was recorded as the final 

amount.

4.	 Self-reported disability index of patients according to 

the neck disability index (NDI). NDI was assessed by 

the neck pain questionnaire that included 10 questions 

regarding the severity of neck pain, its impact on sleep-

ing, driving, etc. Each question was scored from 0 to 5 

and the total score was measured from 50 and was finally 

reported in percent (%). A higher percent of NDI was an 

indicator of more disability and pain.

Data analysis
The minimum sample size for each group was calculated as 

20; then with the assumption of 15%–20% dropout rate, we 

recruited 24 patients in each group and commenced with 

total of 72 participants. Descriptive analysis was reported 

as frequency and percent for qualitative variables and as 

mean and SD for quantitative variables. Then, effect size was 

assessed as raw mean difference (MD) within each group and 

between the groups. Analysis was done using SPSS (SPSS, 

Inc, Chicago, IL, USA), version 22.0 by means of paired and 

student t-tests, analysis of variance, and χ2, for quantitative 

and qualitative variables, respectively. p-value <0.05 was 

considered as statistically significance.

Results
A total of 72 patients were included in the study; among 

them, 10 subjects exited the survey due to different reasons 

like willingness to continue on physiotherapy and personal 

problems (unrelated to our intervention). Eventually, 62 

patients, 20 participants in both the DN and LI groups, and 

22 patients in the ozone group finished the study (Figure 1). 

The mean age of patients was 39.4±7.9 years. Forty-eight 

patients (77.4%) were female and fourteen (22.6%) were 

male. The mean duration of symptoms was calculated as 

4.4±1.2 months. Distribution of demographic variables like 

age, weight, BMI, and baseline clinical variables in three 

groups is demonstrated in Table 1. There was no statistical 

difference among groups, and they could be considered 

similar at first.

As demonstrated in Table 2, all three methods were 

remarkably effective in improving patients’ signs and 

symptoms including pain and pain pressure threshold 

(PPT). Significant decrease in VAS (MD=–3.6±1.4, p-value 

=0.001) and increase in PPT (MD=7.2±5.1, p-value=0.001) 

after 4 weeks follow-up confirmed this finding. Also, NDI 

showed a similar significant improvement (MD=–9.9±8.7, 
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Table 1 Demographic distribution and comparison of three groups

 DN OI LI Total p-value

Number of cases 20 22 20 62
Age (years) 41.6±6.8 37.6±8.8 39.4±7.7 39.4±7.9 0.27
Gender 0.80

Female 16 (80%) 16 (72.7%) 16 (80%) 48 (77.4%)
Male 4 (20%) 6 (27.3%) 4 (20%) 14 (28.6%)

BMI (kg/m2) 23.7±1.4 25.9±6.0 24.6±2.5 24.7±4.0 0.193
Height (cm) 162.5±3.7 164.5±7.9 164.0±8.0 163.7±6.8 0.632
Chronicity (month) 4.6±1.4 4.4±1.3 4.4±1.2 4.4±1.3 0.78
Affected side (Rt:Lt ratio) 12:8 (1.5) 14:8 (1.75) 12:8 (1.5) 38:24 (1.58) 0.96
VAS 6.4±0.7 6.3±1.2 6.3±0.9 6.3±0.9 0.987
PPT (kg/cm2) 27.8±3.7 28.7±7.0 29.7±5.7 28.7±5.6 0.592
NDI 46.3±9.1 49.6±11.4 51.1±7.0 49.0±9.5 0.273
ROM (degree) 32.8±4.7 34.0±4.2 33.6±6.4 33.5±5.1 0.760

Abbreviations: BMI, body mass index; DN, dry needling; LI, lidocaine injection; NDI, neck disability index; OI, ozone injection; PPT, pain pressure threshold; ROM, range 
of motion; VAS, visual analog scale.

110 patients were screened
for eligibility

72 patients were
enrolled

38 ineligible
patients were

excluded

Enrollment

Allocation

24 participants in
ozone group:

24 participants in dry
needing group: 24 participants in

lidocaine group:

- 22 patients
  accepted concealed
  allocation and 2 
  did not accept

- No patients left
  the study

- 3 participants left,
  2 of them due to 
  personal reasons and
  1 person chose
  physiotherapy

- 62 patients finished the study and were
considered in final analysis

- 2 participants left
  due to personal
  reasons

- 20 patients
  remained

- 22 patients
  remained

- 23 patients
  accepted concealed
  allocation and 1
  did not accept

- 22 patients
  accepted concealed
  allocation and 2
  did not accept

Follow-up

Analysis

- 20 patients remained

Figure 1 Flow diagram of the study population.
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p-value=0.001), but lateral flexion did not show remarkable 

increase (MD =1.7±3.4, p-value =0.05). Cervical ROM 

(lateral bending) improvement, except for LI group, which 

showed a very small MD of 3.7±5.2 (p-value =0.01), was 

not significant.

The maximum improvement was found in VAS (57% 

change), then in PPT (25%), and finally in NDI (20%), which 

were remarkable and clinically important, whereas the least 

efficacy was seen in cervical lateral flexion ROM (5%), this 

was not clinically important. Based on analysis of variance 

results, there was a statistically significant difference among 

three groups for VAS, NDI, and PPT (p-value=0.02, 0.01, and 

0.04, respectively) favoring the ozone and lidocaine groups; 

the minimum amount of efficacy on all scores (showed as 

MD) was seen in the DN group.

In summary, both LI and OI were more effective than DN 

in improving pain and disability. Although OI group showed 

slightly higher improvement on VAS, PPT, and NDI com-

pared with LI, no parameters revealed a significant difference 

between two groups. It should also be mentioned that two 

participants (one in OI group and another in DN group) had 

reported some minor adverse events, such as local transient 

flare reaction, within the first day after injection and without 

any need for treatment.

Discussion
To the best of our knowledge, there has not been enough 

evidence about the use of ozone in MPS patients in the form 

of a well-designed RCT. However multiple studies have 

evaluated the efficacy of DN and LI in different settings. In 

2014, Rayegani et al26 proved the efficacy of DN treatment 

accompanied by physiotherapy modalities. In another study, 

Unalan et al27 aimed to compare the efficacy of LI versus 

high-power ultrasound; the researchers finally declared that 

a significant improvement was seen on both pain and ROM 

within the two groups and that the methods were similar. 

Similar to this RCT, Hong’s study compared the efficacy of 

DN versus LI in MPS treatment, based on VAS for pain and 

PPT for tenderness; the authors finally concluded that both 

were effective (if a local twitch response was elicited) on all 

parameters, immediately and after 2 weeks.28 Another trial 

by Ay et al29 confirmed almost all these findings at 3 months 

follow-up as well. In the current survey, we evaluated the 

efficacy and safety of the three methods after 4 weeks follow-

up; as previously mentioned, we detected an acceptable sig-

nificant improvement in VAS, PPT, and NDI parameters for 

all methods, even in DN group, which showed less efficacy 

compared with the other two treatments. Similarly, a trial in 

2010 compared the efficacy of three methods, including LI, 

DN, and botulinum injection, at 1 month follow-up in MPS 

patients; the key findings were pain and ROM improvement 

in all groups and improved fatigue and disability in only LI 

and botulinum groups.30

A systematic review in 2012, done by Ong et al,31 that 

included five RCTs on comparing DN versus LI concluded 

that although no significant difference was seen between 

two methods, there were interesting patterns favoring LI 

immediately after injection and DN at 3–6 months after treat-

ment. However, another meta-analysis in 2013 by Kietrys et 

al6 yielded slightly different results and reported that LI was 

more effective than DN on pain improvement immediately 

and also at 4 weeks follow-up. Despite the incongruent results 

Table 2 Comparison of efficacy among three groups before and after intervention

 Total p-value DN p-value

Before After MD Paired t-test 
within groups

ANOVA among 
three groups

Before After MD

10-point VAS 6.3±0.9 2.7±1.2 –3.6±1.4 0.001*** 0.02* 6.3±0.7 3.2±0.8 –3.1±0.8 0.001***
PPT 28.5±5.5 35.7±6.3 7.2±5.1 0.001*** 0.04* 27.8±3.7 32.9±3.8 5.1±4.1 0.001***
ROM (degree) 33.5±5.1 35.2±4.1 1.7±3.4 0.5 0.1 32.8±4.7 33.9±3.9 1.1±3.9 0.909
NDI (%) 49.0±9.5 39.1±8.5 –9.9±8.7 0.001*** 0.01** 46.3±9.1 40.8±7.3 –5.5±3.8 0.001***

LI p-value
Before

OI p-value

Before After MD After MD

10-point VAS 6.2±0.9 2.5±1.1 –3.7±1.5 0.001*** 5.7±0.9 2.4±1.5 –3.8±1.8 0.001***
PPT 29.0±5.2 36.8±4.6 7.8±4.3 0.001*** 28.7±6.9 37.1±8.5 8.5±6.1 0.001***
ROM (degree) 33.8±6.5 37.5±3.0 3.7±5.2 0.01** 33.9±4.2 35.9±3.9 2.0±5.7 0.104
NDI (%) 51.0±7.0 39.9±7.9 –11.1±7.5 0.001*** 49.6±11.4 36.8±9.8 –12.8±11.1 0.001***

Note: *P<0.05, **P<0.01, ***P<0.001.
Abbreviations: ANOVA, analysis of variance;  DN, dry needling; LI, lidocaine injection; MD, mean difference; NDI, neck disability index; OI, ozone injection; PPT, pain 
pressure  threshold; ROM, range of motion; VAS, visual analog scale.
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found in existing literatures on the efficacy of DN and LI in 

treatment of patients with MPS, altogether they have proved 

that both injections have demonstrated better results com-

pared with the placebo group,6,31 with a slightly preference 

favoring LI, quite similar to our findings.

According to our results, it could be concluded that although 

all three therapeutic methods significantly improved patients’ 

pain, pressure threshold, and disability at 4 weeks follow-up, 

cervical lateral flexion range did not show remarkable improve-

ment. Current findings revealed that there was significant 

difference among the groups regarding their VAS, PPT, and 

NDI changes; in fact, the DN group showed the least efficacy, 

but despite a slightly higher improvement in the OI group, no 

significant difference was found between LI and OI groups.

Limitation
Despite introducing ozone and comparing its efficacy versus 

two available treatments, this study had some limitations 

such as lack of an objective functionality assessment tool 

and short follow-up period that resulted in inadequate data 

on evaluating long-term efficacy. Since neither chronic nor 

acute toxicity has been reported for ozone intramuscular 

injection,25 future studies can assess this new method versus 

other well-documented treatments or even in combination 

therapy regimens.

Conclusion
Based on our findings, three methods, including DN, OI, and 

LI, were effective in MPS patient treatment at 1-month fol-

low-up; although the ozone group had slightly better results 

than the LI up to 4 weeks follow-up, the two treatments had 

no significant difference and both were more successful than 

DN. Due to the high costs and low accessibility of ozone, 

further high-quality RCTs with longer follow-up are needed 

to evaluate whether this injection could be an economical 

alternative treatment in MPS.

Disclosure
The authors report no conflicts of interest in this work.
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