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Purpose: Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy in the
upper limb. Local injection of different substances has been increasingly used as an accep-
table conservative treatment in non-severe cases. This study aimed to evaluate the efficacy
and safety of local ozone injection in the management of non-severe CTS.

Methods: In the current randomized controlled trial (RCT), 40 patients with mild or moderate
CTS were included in two parallel groups. Both of them used the resting volar wrist splint for
8 weeks; while the intervention group received a single dose of local ozone injection, except
for the same splinting protocol. The main outcome measures including visual analog scale
(VAS) for pain; symptom severity or functional status, based on Boston questionnaire (BQ);
and median nerve conduction study, were reassessed 10 weeks after the treatment.

Results: All of the measures including VAS, symptom severity, functional status and EDX
improved significantly in both groups with the maximal changes in VAS. The VAS reduction
was more remarkable in the ozone group than the control group [64% versus 45.3%,
respectively]. Moreover, both of the BQ subscales showed significantly higher improvement
in the ozone group compared to the control group (P=0.01 and 0.02, respectively). Although
the improvement of EDX parameters was slightly better in the ozone group, the difference
was not significant. Neither minor nor major side effects were reported.

Conclusion: Ozone therapy as a safe and low-cost method, could provide promising results
among women with mild to moderate CTS, at least for short-term treatment.

Clinical trial registration: IRCT2016040913442N9.

Keywords: local corticosteroid injections, oxygen-ozone, wrist splints

Introduction

Carpal tunnel syndrome (CTS) is the most common entrapment neuropathy in the
upper limb which is caused by compression of the median nerve as it travels
through the carpal tunnel within the flexor retinaculum of the wrist.'*> The more
commonly suggested mechanism explains that increased mechanical pressure in the
carpal tunnel can lead to compression, inflammation and decreased blood supply to
the nerve which altogether can lead to nerve lesion; thereby producing typical
symptoms such as pain, numbness, weakness in grip and tingling usually in the
thumb, index and middle fingers.> * The incidence of CTS has been reported to be
1-3 per 100 people per year; CTS is associated with the second longest average
time away from work and its cost is estimated to be US$30,000 per worker in the
United States of America.*’
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Although the surgical release of the retinaculum in
advanced cases has been proposed as the method of
choice,® there is not a definite consensus for choosing a
single conservative treatment as the best therapeutic
option.” Surgery resolves CTS in 70% of cases with clin-
ical remission lasting up to 30 months. Sometimes severe
complications may occur such as nerve injury, infection,
etc. Also the recurrence of symptoms is not uncommon,
of CTS?®
Considering the burden and possible complications of

particularly among the secondary cases
surgery, many patients with mild to moderate grades
might prefer to select one of the conservative treatments
including: oral non-steroidal anti-inflammatory drugs
(NSAIDs), diuretics, pyridoxine, wrist splinting, physical
agent modalities like LASER, ultrasound (US),”'? and the
most recent method, ie, local injections of corticosteroid,
progesterone, platelet-rich plasma (PRP) etc.'> '

Wrist splinting, as a method to avoid further injury, is
one of the most common treatments among CTS patients.
On the other hand, local corticosteroid injections have
been used as a standard conservative treatment in cases
of mild or moderate CTS who are resistant to other non-
invasive methods; these two therapeutic methods have
been endorsed by the American Academy of Orthopedic
Surgeons (AAOS) clinical practice guideline published in
2009.>"* Tt has been also proved by previous researches
that corticosteroid injections cause significant symptom
relief, but are not persistent in the long-term. However, it
is still the most rapid option for relieving the symptoms.
Similarly, splinting is significantly effective on symptoms
improvement, functional status, and nerve conduction
velocity.'316

Recent studies have also suggested local ozone injec-
tion as a therapeutic option in some musculoskeletal con-
ditions; ozone (O3) gas is a molecule consisting of three
oxygen atoms in a dynamically unstable structure. Ozone
therapy has been utilized and studied for more than a
century. Ozone is a re-emerging substance that has many
biological effects such as bactericidal, immune-modula-
tory, analgesic, anti-inflammatory, anti-oxidative, as well
as enhancing the blood circulation. The most established
therapeutic mechanisms are as follows: A) Indirect
mechanical decompression in the site of nerve entrapment
by increasing tissue oxygenation with reduced venous or
lymphatic stasis. B) Suppression of the cell-mediated
immune response by inhibiting macrophages from the
release of proteinase, and also by induction of inhibitory

mediators such as interleukin-10 and TGF-beta. C)

Suppression of the humoral immune system, by decreasing

the prostaglandins release and pro-inflammatory
bradykinins.® Moreover, the concept of using ozone to
heal of infected wounds, necrotic, or poorly oxygenated
tissue has been explored in orthopedics and dentistry.w’18

Previous studies in the field of neuromuscular disorders
have shown that ozone therapy may be useful in the
management of select patients with back pain, knee
osteoarthritis, myofascial pain syndrome (MPS), tendon
injuries, plantar fasciitis, facial nerve regeneration and
De Quervain’s disease.'” > However, only a few studies
have been published about the application of ozone in the
management of CTS.® Despite the extensive variety of
treatments and also their combinations in CTS, it is not
clear yet which to select as the most efficient substance.
The main aim of this RCT was to evaluate the efficacy and

safety of local ozone injection in CTS treatment.

Material and methods

This prospective randomized controlled study was a par-
allel non-blinded (=open) trial, conducted at Shahid
Modarres hospital in Tehran. The protocol was approved
by the Ethics Committee of the Shahid Beheshti
University of Medical Sciences (No. IR.SBMU.MSP.
REC.1395.116); Also it was registered in the Iranian
(IRCT) with No.
the commencement,

Registry of Clinical Trials
IRCT2016040913442N9. Before
according to the Declaration of Helsinki, all patients
were informed about the aim and procedure; then a written
informed consent was obtained for all participants. A total
of 110 patients presenting to physical medicine and reha-
bilitation (PM&R) clinic, with non-severe CTS symptoms
lasting for 3—12 months were enrolled in October 2017.
Among the participants, 40 eligible patients included who
were all female [intentionally, because of a higher inci-
dence of CTS among women], aged between 30—-60 years
with the confirmed diagnosis of mild or moderate CTS
(grades 2 or 3).>* In order to confirm CTS diagnosis, and
study

(EDX) was performed by an experienced physiatrist
®

evaluate the severity grade, electro-diagnostic

using a Caldwell Sierra~ Wave electromyography
machine. Patients with underlying diseases such as thyroid
deficiency, diabetes mellitus and rheumatoid arthritis,
those with a history of local corticosteroid injection, thenar
atrophy, a concomitant peripheral nerve lesion in the upper
limb, polyneuropathy or radiculopathy, were excluded
from the study. Considering the ozone contraindications,

we also excluded the pregnant women and participants
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with a history of glucose-6-phosphate dehydrogenase
(G6PD) deficiency, hyperthyroidism, thrombocytopenia,
serious cardio-vascular instability and those who were
under treatment with Angiotensin-converting enzyme
(ACE) inhibitors.?®> Furthermore, if electro-diagnostic stu-
dies did not confirm the presence of CTS, the patient was
excluded. In the case of bilateral involvement, only the
side with more severity was included.

Demographic characteristics of the patients such as age,
gender, height, body weight, body mass index (BMI), and
the severity grade of disease were recorded. The clinical
outcome-measuring tools were as follows: 1) The pain
intensity using a 10-score visual analog scale (VAS) in
which 0 indicated no pain while 10 indicated the maximal
imaginable pain. 2) Persian version of Boston CTS
Questionnaire (BCTQ) which had two sections;*® symp-
toms severity scale (SSS) in 11 items and functional status
scale (FSS) in 8 items. Each of these 19 questions had 5
choices based on the severity of involvement; higher scores
indicated the more severity of the condition. 3) Median
nerve conduction study (NCS) including measuring the
latency of compound motor action potential (CMAP), and
sensory nerve action potential (SNAP). Median sensory
nerve action potential (SNAP) evaluation was antidromi-
cally obtained based on the American Association of
Neuromuscular & Electrodiagnostic Medicine (AANEM)
in 2002.%” Also median compound motor action potential
(CMAP) was assessed using abductor pollicis brevis (APB)
muscle via the standard techniques. CTS grading was deter-
mined based on a famous neurophysiological scale.”* The
first two variables (VAS and BCTQ) were the primary out-
come measuring tools, but the EDX parameters were also
evaluated as the secondary outcome.

Participants were then randomly divided into two
groups using computer software for random-sequence gen-
eration, with 20 participants in each group. Patients in the
control group used a prefabricated wrist-based resting
splint with a metal bar on the volar side for eight weeks
(during the night and at most of the awakening time) to
keep their wrists in the neutral position (0—5-degree angle
extension). In addition to splinting, the participants of
intervention group received a single local injection of
4 ml ozone (10 micrograms/dl) plus to 1 ml lidocaine
(1%) using a 25 G needle.

An expert physician (the first author, SA. R), with 15-
year experience in musculoskeletal interventions, per-
formed the ozone injections for all of them. Needle insertion
was on the volar side (conventional midline approach), one

finger-breadth proximal to distal wrist crease (between the
tendons of flexor carpi radialis and palmaris longus) with a
45-degree angle between needle and skin. Participants were
allowed to use acetaminophen in the case of possible post
injection pain during the first 48 hrs. Also, the number and
frequency of pain-killers used were recorded. Patients in
both groups were reevaluated by another PM&R specialist
(M.N) after 10 weeks, using VAS for pain, two parts of
BCTQ, and NCS.

Finally, data gathered were analyzed using SPSS V.22.
Normal distribution of data was assessed using Shapiro-
Wilk and Kolmogorov-Smirnov methods. To compare the
differences between the two groups; Chi?, independent -
test, and Mann-Whitney method were applied accordingly.
Also, the paired t-test was used to declare within-group
changes. Throughout all analyses, 0.05 was considered as
a significant level.

Results

A total of 40 eligible patients with a mean age of 47 years
were treated in two equal groups: a single ozone injection
along with splinting versus splinting alone. The majority
of participants belonged to mild grade and the rest had
moderate CTS. Two patients discontinued the study (both
belonged to the ozone group, one due to family immigra-
tion and another because of personal problems). Thirty-
eight participants remained until the end of our study
[Figure 1]. From the demographic and clinical point of
view, two groups were relatively comparable [Table 1].

Intra-group changes

Pain severity (measured using VAS), symptom severity
(BQ-SSS) and functional status (BQ-FSS) all improved
significantly in both groups in comparison to pre-treatment
scores (P<0.05) with the maximum changes in VAS scores
for both groups [45.3% and 64% for control and ozone
groups, respectively]. Likewise, EDX measures including
SNAP and CMAP latency showed significant improve-
ment compared to the pre-treatment level in both case
and control groups (P<0.05). However, the effect size
was much lower in EDX changes, especially in the control
group with 2.2% and 3.8% improvement for SNAP and
CMAP, respectively [Table 2]. Among two parts of BCTQ,
symptom severity (SS) showed higher improvement com-
pared to functional status (FS) in ozone group [43.6%
versus 39.1%, respectively], whereas the SS revealed
smaller changes than FS in control group [27.8% versus
33.2%, respectively].
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Assessed for eligibility (n=110)

Excluded (70)
Not meeting inclusion criteria (47)

Refused to participate (23)

Randomized (40)

Control
Wrist splinting

(n=20)

Intervention

Wrist splinting + Ozone

(n=20)

Discontinued (n=0)

Discontinued (n=2)
[Because of migration

and personal problems]

Analyzed (n= 20)

Analyzed (n= 18)

Figure | Flowchart of the study population.

Between-groups comparison

Two groups were compared using Chi? and independent
samples z-test. The VAS reduction was more remarkable
in the ozone group than the control group [64% versus
45.3%, respectively with P=0.01]. Moreover, BQ-SSS
and BQ-FSS showed significantly higher improvement
in the ozone group compared to the control group
(P=0.01 and 0.02, respectively). Also, it should be
noted that the improvement of EDX parameters was
slightly better in ozone group; however, no statistically
significant difference was detected between two groups
[P=0.32 and 0.55 for CMAP and SNAP latency, respec-
tively; Table 3]. Interestingly according to EDX, seven
participants (35%) in the control group and -eight
patients (44.4%) in the intervention group reached to
normal value ranges. Eventually, it is also noteworthy
that neither minor nor major side effects such as skin
atrophy or in our

depigmentation were reported

participants.

Discussion

Present findings based on pain and functional measuring
tools showed that ozone injection added to wrist splinting,
was effective in improving signs and symptoms of CTS in
mild to moderate cases; and this combined method was
significantly more successful in comparison to splinting
alone. However, there was no significant difference
between two groups in EDX evaluation; it might be due
to lack of enough follow-up time to detect the small
significant differences.

Many trials have studied the effectiveness of different
injections in CTS treatment, with some variation in their
injection protocols, medications, and follow-up periods.'> '
Therefore undoubtedly, they have not yielded a single conclu-
sion. A similar study performed by Zambello et al had eval-
uated the efficacy of ozone injection in 112 CTS patients; a
total of 186 hands underwent the administration of an oxygen-
ozone solution (2-3 mL with 10 mg/ml concentration) injec-
tion twice a week for five consequent weeks (10 sessions), and
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Table | Comparison of demographic characteristics, and base-
line level of clinical variables including pain severity, disease
severity, BCTQ status between the two groups at baseline

Characteristics | Wrist Wrist P-
splint splint + ozone | value
(n=20) (n=18)

Age (year), mean 46.35 (6.3) 48.27 (3.33) 0.24

(SD)

Pain duration 17.22 (9.51) 16.18 (10.32) 0.35

(month), mean (SD)

Dominant hand 14 (70%) 13 (72%) 0.35

involvement, No.

(%)

VAS, mean (SD) 6.40 (1.14) 6.00 (1.78) 0.42

BQ-SSS, mean (SD) | 2.52 (0.39) 2.60 (0.55) 0.62

BQ-FSS, mean (SD) | 2.62 (0.56) 2.41 (0.69) 0.30

CMAP Latency, 3.99 (0.52) 4.01 (0.57) 0.88

mean (SD)

SNAP Latency, 3.87 (0.24) 3.97 (0.52) 0.39

mean (SD)

Disease severity: 15 (75%) 14 (77.85%) 0.84

® Mild, No. (%) 5 (25%) 4 (22.20%)

® Moderate, No. (%)

Abbreviations: SD, Standard Deviation; No., Number; VAS, Visual Analogue Scale;
BQ, Boston Questionnaire; SSS, Symptom Severity Scale; FSS, Functional Status Scale;
SNAP, Sensory Nerve Action Potential; CMAP, Compound Muscle Action Potential.

then two more injections with a 14 day interval.® The outcome
measuring tool for pain/function in this study was patient-
reported, and consisted of 4 qualitative grades: “excellent,
good, satisfactory, and absent” Finally, the short-term results
were remarkable; pain reduction at the level of excellent/good
was about 90% immediately after injections, which was
almost maintained at long-term follow-up after one year
(87%). Only 6% of participants reported the absent efficacy
and underwent surgical release. Similarly, our findings demon-
strated that ozone therapy could be useful in CTS treatment.
As a crucial limitation, that study had no control group and
was actually a single-arm study; and unfortunately, no objec-
tive measurement to carefully evaluate the patient’s pain and
functional status. On the other hand, they performed a lot of
injections; although this could make the therapy unfavorable,
it also could be a reason to achieve more powerful results than
ours.®

In addition, some other recent original studies and
reviews have demonstrated the usefulness of oxygen-
ozone therapy, in the treatment of other musculoskeletal
conditions.'®2***3° Based on the previous researches,
ozone has no serious side effect. In human studies, ozone
therapy has had no toxicity; with the exception of possible
post-injection flare reaction that can be seen after any soft

Table 2 Pain severity, disease severity, symptom severity and functional status 10 weeks after the therapy in the two groups
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Abbreviations: SD, Standard Deviation; VAS, Visual Analogue Scale; BQ, Boston Questionnaire; SSS, Symptom Severity Scale; FSS, Functional Status Scale; SNAP, Sensory Nerve Action Potential; CMAP, Compound Muscle Action

Note: *The difference is statistically significant at the 0.05 level (2-tailed).
Potential.

Orthopedic Research and Reviews 2019:1 1

submit your manuscript

Dove

65


http://www.dovepress.com
http://www.dovepress.com

Bahrami et al

Dove

Table 3 Comparison the mean value of pain severity, symptom
severity and functional status 10 weeks after the therapy
between the two groups

Characteristics | Wrist Wrist P-value
splint splint + ozone
(n=20) (n=18)
VAS, mean (SD) 3.50 (2.01) | 2.16 (1.24) 0.01%*
BQ-SSS, mean (SD) | 1.81 (0.43) | 1.46 (0.40) 0.01*
BQ-FSS, mean (SD) | 1.75 (0.44) | 1.46 (0.29) 0.02*
CMAP Latency, 3.90 (0.50) | 3.75 (0.44) 0.32
mean (SD)
SNAP Latency, 3.72 (0.25) | 3.65 (0.44) 0.55
mean (SD)

Note: *The difference is statistically significant at the 0.05 level (2-tailed).
Abbreviations: SD, Standard Deviation; VAS, Visual Analogue Scale; BQ, Boston
Questionnaire; SSS, Symptom Severity Scale; FSS, Functional Status Scale; SNAP,
Sensory Nerve Action Potential; CMAP, Compound Muscle Action Potential.

tissue injection and is within normal ranges of similar
methods like corticosteroids, etc. Neither minor nor
major side effects were reported in the current study.

Limitations

Since the ozone injection was not a well-defined treatment,
in the present study we compared its effect against only a
basic simple treatment (splinting alone); however, further
trials with stronger control groups such as normal-saline
injection are needed to confirm the therapeutic efficacy of
ozone in CTS management. A major limitation of our trial
was that patients in two groups essentially could not be
blinded, so that was a potential source of bias in the
results. The acceptance of such great difference between
two treatments allocated to groups was another problem,;
therefore from 110 participants, only 40 eligible patients
who accepted the protocol were obtained [Figure 1].
Nevertheless, administering different objective scales to
assess the symptoms severity of CTS, including VAS,
BQ-SSS, BQ-FSS and EDX parameters was our main
strength to compensate for some of the limitations. Also
as mentioned before, we used a single injection; future
studies could evaluate the different numbers of injections
or various doses which may be helpful in reaching more
accurate and long-lasting results.

Conclusion

To be summarized, the local ozone injection as a safe and
low-cost method could provide promising results among
women with mild to moderate CTS, at least for short-term

treatment up to 10 weeks. Adding such a method to base-
line conservative treatment seems wise, as the combination
of ozone injection and splinting was more successful than
splinting alone.
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