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Purpose: Ultrasound-guided nerve hydrodissection has emerged as a potential non-surgical treatment for carpal tunnel syn-
drome (CTS). The objective of this research was to offer suggestions for optimizing injectables utilized in hydrodissection for the
treatment of CTS through a systematic review and network meta-analysis.

Materials and Methods: PubMed, MEDLINE, EMBASE, Cochrane, Scopus, and Web of Science were searched through April 25,
2024. Effect sizes were quantified using standard mean differences within a random-effects model. Effectiveness ranking for each
treatment was expressed as the surface under the cumulative ranking curve (SUCRA).

Results: Nine studies with 458 patients with CTS were included. According to SUCRA, 5% dextrose (DW) was the most effective
option for the Boston Carpal Tunnel Questionnaire (BCTQ) function at 99.9, 89.8, and 88.8 at 4, 12, and 24 weeks, respectively; for
BCTQ symptoms, 5% DW was the most effective option at 99.9 at 4 weeks and platelet-rich plasma at 95.7 and 93.9 at 12 and 24
weeks, respectively. In terms of both BCTQ symptoms and BCTQ function, the 5 cc injection was the most effective, with SUCRA
values of 99.5 for both categories. However, the effectiveness of the electrodiagnostic assessment and ultrasound variables was de-
pendent on the type and dose of medication.

Conclusion: Administration of 5% DW showed better results in terms of initial symptom relief and long-term functional recov-
ery compared to other agents, while platelet-rich plasma showed greater long-term symptom improvement; an injection dose
of 5 cc showed the greatest benefit. However, additional research is required to establish precise protocols based on disease se-
verity.
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INTRODUCTION

Carpal tunnel syndrome (CTS) is characterized by compres-
sion of the median nerve within the carpal tunnel. It is consid-
ered the most prevalent peripheral entrapment neuropathy,
with a prevalence ranging from 3.5% to 10.5%." Multiple factors
such as edema, tendon inflammation, hormonal changes, and
manual activity may contribute to increased compression of
the median nerve, leading to symptoms such as hand numb-
ness, pain, paresthesia, or neurological deficits. CTS typically
begins with intermittent episodes of paresthesia and hand pain,
primarily occurring at night, which gradually become more fre-
quent and may also occur during the day. In later stages of the
disorder, gradual loss of sensation and muscle weakness are
observed, followed by atrophy of the thenar muscles.”

Local steroid injections and similar injectable therapies are
widely used for the treatment of CTS. Previously, landmark-
guided injections were performed; however, ultrasound-guid-
ed injections have recently been recognized to be more effec-
tive.** In addition, a new technique called hydrodissection is
emerging as an increasingly popular treatment strategy, as it
allows injectable agents to be administered and separated
from the surrounding retinaculum and connective tissue un-
der dynamic ultrasound visualization of the median nerve.’
Typically, a thin 27-gauge needle is inserted into the wrist crease
of a patient with CTS in a direction perpendicular or parallel to
the median nerve, taking care to avoid major blood vessels or
tendons in the carpal tunnel and not to inject directly into the
median nerve. The solution is then injected into both the supe-
rior and inferior sides of the median nerve to separate it from
the flexor retinaculum above and the subsynovial connective
tissue below.® The decompression and adhesiolysis performed
within the carpal tunnel can relieve pressure on the nervi ner-
vorum and vasa nervorum of the median nerve. This process
disrupts the nerve injury cycle and promotes healing; conse-
quently, symptoms typically ameliorate in patients with CTS.°

Hydrodissection has gained attention as a potential thera-
peutic option in patients with CTS. Several injectable agents are
available, including normal saline (NS), local anesthetics (LAs),
corticosteroids, 5% dextrose (DW), and platelet-rich plasma
(PRP). However, there is no consensus on the optimal type and
volume of solution for hydrodissection. Therefore, this study
aimed to perform a systematic review and network meta-anal-
ysis of existing randomized clinical trials to provide recommen-
dations for effective injectables used in hydrodissection.

MATERIALS AND METHODS

This study adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 2020 state-
ment”® for conducting and reporting the study. The PRISMA
NMA checklist, which outlines the essential components of
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this study, is provided in Supplementary Material 1 (only on-
line). This review was registered with the International Pro-
spective Register of Systematic Reviews (PROSPERO) on May
22, 2023 (registration number CRD42023425729). Institutional
review board approval was not required.

Search strategy

We systematically searched several databases including
PubMed, MEDLINE, EMBASE, Cochrane, Scopus, and Web of
Science. Searches were conducted from the launch of the da-
tabases until March 16, 2023. An updated search was conduct-
ed on April 25, 2024. To obtain additional articles, the reference
lists of included studies and review articles were searched. The
search strategy was as follows: (“Carpal tunnel syndrome” OR
“Wrist pain” OR “Median nerve neuropathy” OR “Median
neuropathy” OR “Median mononeuropathy” OR “Median en-
trapment” OR “Median nerve entrapment” OR “Median nerve
neuralgia”) AND (hydrodissection OR “Hydro dissection” OR
“Hydro Dissections” OR hydrodissections) (Supplementary
Material 2, only online).

Inclusion and exclusion criteria

The study followed the Population, Intervention, Comparison,
Outcomes, and Study (PICOS) framework to determine the in-
clusion criteria. Our study consisted of patients diagnosed with
CTS, based on clinical symptoms, ultrasound, or electrodiag-
nostic testing, who underwent treatment with ultrasound-
guided perineural injection or hydrodissection. Intervention
included an ultrasound-guided perineural injection or hy-
drodissection using substances such as NS, 5% DW, various
steroids (triamcinolone acetonide, betamethasone, and meth-
ylprednisolone), PRP, and hyaluronidase. The control group
used a different type of injectable than the experimental group,
and used ultrasound-guided perineural injection or hydrodis-
section. Outcomes included the clinical effectiveness of treat-
ment, assessed through measures such as the Visual Analogue
Scale and Boston Carpal Tunnel Questionnaire (BCTQ), which
includes the Symptom Severity Scale and Functional Status
Scale. Additionally, electromyography results, including the
distal moter latency (DML) and sensory nerve conduction ve-
locity (SNCV), were examined. Ultrasound scan results mea-
suring the cross-sectional area (CSA) of the median nerve at the
carpal tunnel inlet were also considered. The study design in-
cluded only randomized controlled trials that reported baseline
and post-intervention data, or changes in baseline data. Non-
human studies, cohort studies, case reports, and studies that
did not adhere to the PICOS framework were excluded.

Data extraction and quality assessment

Two reviewers, JMP and KWL, independently extracted the
relevant information from the literature using a data extraction
table based on the predefined inclusion criteria. Discrepancies
were resolved by a third reviewer, SCL, through discussion.
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The components extracted from the included studies were the
name of the author, year of publication, study design, sample
size, population characteristics (mean age and sex), details of
the intervention and control protocols, information on random
sequence generation, allocation concealment, blinding, data
withdrawals, and primary and secondary outcomes. In situa-
tions where the data provided in the studies were unclear or
missing, attempts were made to contact the authors to obtain
unpublished data that may be available. The revised Cochrane
risk of bias tool for randomized trials (RoB2) were used to as-
sess the quality of the included studies. RoB2 evaluates the risk
of bias across five domains: the randomization process, devia-
tions from the intended interventions, missing outcome data,
outcome measurement, and selection of reported results. Each
domain was assessed as having a low risk of bias, intermediate
risk of bias, high risk of bias, or no information.’

Statistical analysis

Inter-rater agreement analysis using Cohen’s kappa was used
to examine the consistency of the literature selected by the two
reviewers. Statistical analyses were performed using IBM SPSS
25 (IBM Corp., Armonk, NY, USA). The mean and standard de-
viation (SD) of the change from baseline for the treatment and
control groups was calculated. Chapter 6 of the Cochrane Hand-
book (version 6.4)'° was consulted to calculate the mean and SD
for studies with insufficient data. Effect sizes were measured
using standard mean differences and 95% confidence intervals
(CIs) in a random-effects model. To assess the inconsistency of
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treatments in the network, node-splitting analysis was em-
ployed. The ranking of the efficacy of each treatment was deter-
mined according to the surface under the cumulative ranking
curve (SUCRA). Publication bias was evaluated using funnel
plot symmetry. Egger’s test p-value below 0.05 indicated signif-
icant publication bias. Network meta-analysis of each out-
come was performed using the network package''* in STATA
software (version 18.0; Stata Corp LP, College Station, TX,
USA), which uses a frequentist approach.

RESULTS

Study identification and characteristics

A flowchart depicting the selection of studies is presented in
Fig. 1. Out of 783 studies initially screened, 221 duplicate stud-
ies were excluded from the meta-analysis. After considering
the titles and abstracts, 344 and 185 papers were excluded, re-
spectively; additionally, 24 out of the 33 remaining studies
were excluded for various reasons. In the selection process, two
studies were excluded as they were review articles, while one
retrospective study was also excluded. Additionally, a study
written in a language other than English was excluded. Fur-
thermore, 16 studies were not relevant to hydrodissection and
were therefore excluded. Three studies lacked appropriate con-
trols, leading to their exclusion from the analysis. Finally, one
additional study was excluded as the report was not retrieved.
As aresult, nine studies met the criteria and were eventually in-

[ |dentification of studies via databases and registers [ |dentification of studies via other methods ]
Records identified from:
S MEDLINE (n=288) B _
_§ EMBASE (n=187) | Duplicate records removed R%%?;;gs?;zgd from:
= Cochrane (n=197) (n=221) Citation searching (n=7)
=] Scopus (n=53)
\Web of Science (n=58)
Records screened by titles - o
(n=562) »  Records excluded (n=344)
! !
- Records scree_ned by abstracts o Records excluded (n=185) Reports sougﬁt for retrieval > Reports notretrisved [n=0)
£ (n=218) (n=7)
! !
@ Reports excluded (n=24):
Records screened by full-text ,| Review article (n=2) Reports assessed for eligibility - _oh
(n=33) " Retrospective study (n=1) (n=0) >| Reports excluded (n=7):
[ ¥ Insufficient detail in the data
Not english (n=1) (n=2)
Not hydrodissection (n=16) o Ao e
Not appropriate control (n=3) Not hydrodissection (n=5)
&« Reports not retrieved (n=1)
=)
%:j Studies included in review |
E (n=9) D

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart for screening and selecting the studies.
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cluded in the meta-analysis. The degree of agreement in the
full-text review was measured using the kappa score, which
yielded a value of 0.855, with a standard error of 0.098, indicat-
ing an almost perfect agreement between reviewers, and a high
level of consensus during the selection process. Our meta-anal-
ysis included nine studies and 458 patients with CTS, while the
number of participants in each study ranged from 20" to 64
The average age of participants ranged from 38.3 years” to 60.3
years.'® All studies included both male and female participants.
The follow-up period of the studies ranged from 1 week*'® to 6
months.”*?! Interventions included four studies with steroid in-
jections,"'*'"* five with 5% DW injections,'®'**' two with saline
injections,'** two with hyaluronidase injections,'>'” and one
with PRP injection.” Injectable doses included solutions of
1 cc,'*8 2 cc,'5'8 3 cc,'? 4 cc,'5'8 5 cc,* 172 or 10 cc.'*'® Table 1
summarizes the specific characteristics of the included studies.

Risk of bias and publication bias assessment

All nine studies were randomized trials and described the
randomization method. Except for one study," most studies
were double-blinded to the intervention and placebo groups,
thereby reducing the risk of bias away from the intended in-
tervention. Missing outcome bias was reported in two stud-
ies™" and was determined as low risk in the remaining seven
studies. Four studies™'>'**° were assessed as being at risk of
bias in their outcome measures since they included subjective
outcome assessments, such as pain and functional disability
questionnaires. All but one study'” were conducted according
to a pre-randomized study protocol, thus the bias in the selec-
tion of reported results was low. Fig. 2 presents a traffic light
diagram illustrating the evaluation of each study included in
the assessment. Funnel plots were used to evaluate the publi-
cation bias. The funnel plots and Egger’s test did not show any
significant signs of publication bias (Supplementary Fig. 1, only
online). Therefore, the network meta-analysis did not reveal
any significant evidence of publication bias.

Evaluation of inconsistency

Except for a few items, we found no statistical inconsistency in
most node-splitting analyses (Supplementary Table 1, only on-
line). Owing to these inconsistencies, the network meta-analy-
sis should be interpreted carefully.

Effects by drug type

A network plot of ultrasound-guided nerve hydrodissection
by drug type is shown in Fig. 3A, and Supplementary Table 2
(1)-(5) (only online) show the league tables for the network
estimates for all comparisons. For the BCTQ symptom, DW
had the highest SUCRA value (99.9 at week 4), while PRP had
the highest SUCRA values of 95.7 and 93.9 at weeks 12 and 24,
respectively, as shown in Fig. 4A. For the BCTQ function, DW
was the best, with SUCRA values of 99.9, 89.8, and 88.8, at
weeks 4, 12, and 24, respectively, as shown in Fig. 4B. For CSA,
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NS was the best with a SUCRA value of 80.9; DW was the best
with a SUCRA value of 98.3 for SNCV evaluation; PRP was the
best with a SUCRA value of 94.8 for DML evaluation, as shown
in Table 2 (1).

Effects of injection volume

A network plot of ultrasound-guided nerve hydrodissection
versus injection volume is shown in Fig. 3B, and Supplemen-
tary Table 2 (6) (only online) shows the league tables for the
network estimates for all comparisons. For both BCTQ symp-
toms and function, 5 cc injections showed the most favorable
results, with SUCRA levels of 99.5 and 99.5, respectively (Fig.
4C, Table 2 (2)).

Subgroup analysis: effects by drug type and injection
volume

As the types of injectables and dosing protocols differed be-
tween the included studies, we performed subgroup analyses
that considered both the type of injectables and the dose to
examine the heterogeneity between studies. We defined an
injection volume of 4 cc or more as a “large” volume and 2 cc
or less as a "small volume.” A network plot of ultrasound-
guided nerve hydrodissection by injection volume is shown in
Fig. 3C, and Supplementary Table 2 (7)-(9) (only online) show
the league tables for the network estimates of all comparisons.
In the BCTQ symptom and DML assessments, large steroids
were the most effective, with SUCRA values of 99.9 and 91.8,
respectively. In the BCTQ function and SNCV evaluations,
small DW showed the best performance, with SUCRA values
0f 99.8 and 71.7, respectively. In the CSA evaluation, large NS
performed the best, with a SUCRA value of 76.2 (Table 2 (3)).

Safety/adverse events

Six studies™'*'"%! reported no adverse effects. One study re-
ported that 3.1% of participants experienced mild pain after
injection, which resolved spontaneously without treatment.'
Two of the included studies™"® did not mention side effects at
all, making it impossible to know if they were present.

DISCUSSION

CTS can be addressed using both nonsurgical and surgical
methods. Over time, a considerable percentage of patients
(57%-66%) choose to undergo surgery after 1-3 years of non-
surgical treatment.”? Surgical intervention for CTS yields posi-
tive outcomes in 75% of the patients; however, there are po-
tential risks of symptom escalation and revision surgery (12%).
Ultrasound-guided injections have emerged as a promising
option for the treatment of CTS, showing significant clinical
benefits and statistical significance, as they accurately and safely
deliver medication to block nerves and reduce the risk of nerve
trauma.*** Compared with standard landmark-based peri-
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Fig. 2. Risk of bias in the included studies assessed using the Cochrane risk of bias 2.0 tool.
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Fig. 3. Network plots of ultrasound-guided nerve hydrodissection treatment of carpal tunnel syndrome (CTS). (A) By drug type. (B) By injection volume. (C)
By drug type and injection volume. NS, normal saline; DW, dextrose; PRP, platelet-rich plasma.

neural injections, nerve hydrodissection is considered an ad-
vanced technique that should be performed under ultrasound
guidance.”* A variety of injectables can be used for ultra-
sound-guided nerve hydrodissection in patients with CTS,
with injection volumes ranging from 1 cc to 10 cc. This treatment
is known to improve symptoms through mechanical decom-
pression and the pharmacological effects of injected agent.
Looking first at the mechanical decompression aspect, a small
injection into the perineural nerve under ultrasound guidance
may theoretically separate the median nerve from the surround-
ing connective tissue. However, there is no consensus on the
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dose required to achieve sufficient nerve hydrodissection. Most
of the included studies chose an injection volume of 5 cc for
carpal tunnel injection, likely stemming from previous cadav-
eric studies that achieved complete intracarpal median nerve
hydrodissection with the same volume.?® Our analysis of these
studies showed that 5 cc was the most effective dose for im-
proving symptoms and function. In contrast, higher doses of
10 cc were less effective in improving symptoms and function,
suggesting that increased carpal tunnel pressure is a factor in
the pathogenesis of CTS and the 10 cc dose may offset the
benefits of nerve hydrodissection by increasing intracarpal
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Fig. 4. Surface under the cumulative ranking curve (SUCRA) of ultrasound-guided nerve hydrodissection treatment of CTS. (A) Boston Carpal Tunnel
Questionnaire (BCTQ) symptom SUCRA change by drug and follow-up period. (B) BCTQ function SUCRA change by drug and follow-up period. (C) BCTQ
symptom and function SUCRA changes by injection volume. NS, normal saline; DWW, dextrose; PRP, platelet-rich plasma; CTS, carpal tunnel syndrome.

Table 2. SUCRA Value of Ultrasound-Guided Nerve Hydrodissection Treatment of CTS

(1) SUCRA value by drug
BCTQ symptom BCTQ function CSA SNCV DML
4 weeks 12 weeks 24 weeks 4 weeks 12 weeks 24 weeks
Steroid 421 425 439 494 55.6 574 502 438 518
PRP 46.5 95.7 939 458 42.0 425 406 604 948
bW 999 1.1 145 99.9 89.8 88.8 176 983 5.1
NS 43 52.2 46.7 1.5 12.5 15.5 809 294 751
Hyaluronidase 57.3 485 511 534 50.0 458 60.7 182 232
(2) SUCRA value by injection volume
BCTQ symptom BCTQ function
Tcc 64.6 16.3
2cc 454 36.5
dce 355 56.8
5cc 99.5 99.5
10cc 49 4.0
(3) SUCRA value by drug type and injection volume
BCTQ symptom BCTQ function CSA SNCV DML
Small steroid 61.0 50.8 38.0 4.7 42.8
Large steroid 99.9 63.7 62.5 39.6 91.8
Small DW 302 9938 6.5 717 6.4
Large DW 405 255 67.0 4.3 17.6
Small PRP 195 231 456 62.0 67.7
Large NS 333 31.0 76.2 509 84.6
Large hyaluronidase 65.7 56.1 54.3 429 39.2

SUCRA, surface under the cumulative ranking curve; BTCQ, Boston Carpal Tunnel Questionnaire; NS, normal saline; DW, dextrose; PRP. platelet-rich plasma;
CTS, carpal tunnel syndrome; CAS, cross-sectional area; SNCV, sensory nerve conduction velocity; DML, Distal Moter Latency.
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tunnel pressure.

The pharmacological effects of each injection are described
below.

Five percent DW is an isotonic solution containing 5% DW,
specifically D-glucose, at a concentration of 278 mmol/L.
However, the exact mechanism by which DW relieves neuro-
pathic pain is not yet fully understood.*” One hypothesis is that
DW may relieve pain by modulating the transient receptor po-
tential vanilloid receptor 1 (TRPV-1), which is often upregulat-
ed during chronic neuropathic pain.*® Another mechanism
involves the reversal of the hypoglycemic state that causes ex-
cessive C-fiber activation.*® Consequently, the 20th edition of
Harrison’s Principles of Internal Medicine officially included
this method as an alternative treatment against CTS.*! In this
study, DW resulted in early (4 weeks) symptomatic and long-
term (4, 12, and 24 weeks) functional improvement.

PRP is a component of autologous blood with a high concen-
tration of platelets compared to baseline before centrifugation.
When activated, platelets release various mediators, including
growth factors and cytokines.” Growth factors, such as the
nerve growth factor (NGF), brain-derived neurotrophic factor
(BDNF), transforming growth factor (TGF-B), vascular endothe-
lial growth factor (VEGF), and insulin-like growth factor-1 (IGF-
1) are crucial for promoting axonal nerve regrowth and angio-
genesis.” In this study, PRP resulted in long-term symptom
improvement after 12 and 24 weeks, suggesting that the regen-
erative mechanism of PRP contributes to long-term symptom
improvement rather than initial symptom improvement. How-
ever, PRP is generally more expensive than other injectables
for several reasons. The cost of PRP involves drawing blood from
the patient, centrifuging it to concentrate the platelets, and then
preparing it for injection. This process requires specialized
equipment and trained personnel, which increases the cost. On
the other hand, 5% DW is a simpler and less expensive solution
to prepare and administer. Although the high cost may be a bar-
rier to the use of PRP, previous studies have reported that PRP is
more cost-effective than methylprednisolone/triamcinolone in-
jections due to its long-term effects.* Therefore, a full cost-effec-
tiveness analysis of PRP versus 5% DW should be performed to
guide the choice in future clinical practice.

Corticosteroids and LAs are commonly administered via ul-
trasound-guided injections for CTS due to their strong anti-in-
flammatory properties. They relieve pain by inhibiting cyto-
kines, reducing inflammatory mediators, and preventing the
recruitment and activation of inflammatory cells.* Particulate
forms, such as triamcinolone acetonide, may have a longer du-
ration of action although they may also cause longer post-injec-
tion pain.***” Possible adverse effects of corticosteroids include
axonal and myelin degeneration, skin thinning, tendon rupture,
soft tissue atrophy, steroid flares, crystal-induced synovitis, and
hot flushing.

LAs are frequently combined with steroids as primary pain-
relieving agents during procedures.® LAs block voltage-gated
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sodium channels in axons, specifically those involved in pain
perception, such as Ad-fibers and C-fibers. Lidocaine, with a
low pKa of 7.9, acts quickly, has moderate hydrophilicity, and
provides pain relief for approximately 1 to 2 hours. In contrast,
bupivacaine, has a higher pKa (8.1), a slower onset, a longer du-
ration of action, and greater potency.***

Hyaluronidase is an enzyme isolated from mammalian tis-
sues or produced as a recombinant protein. It acts as a mucolyt-
ic agent by reducing the viscosity of hyaluronan, a component of
the extracellular matrix. This increased tissue permeability ren-
ders it useful in hydrodissection procedures as it helps the re-
lease of entrapped nerves by acting as an adhesiolytic agent."

NS is unlikely to have a pharmacologic effect, a previous me-
ta-analysis showed that patients with low back and lower ex-
tremity pain who received saline injection into the epidural
space experienced pain relief and improved functional status.*
This is thought to be due to high doses of saline removing or di-
luting chemical irritants that are locally concentrated around
spinal nerve roots.” Therefore, in patients with CTS, saline in-
jections are thought to have a pharmacologic effect in combi-
nation with physical nerve hydrodissection.

The main strength of this study is that it is the first quantita-
tive network meta-analysis to identify the effects of various ul-
trasound-guided nerve hydrodissection treatments on symp-
toms, function, electromyographic variables, and ultrasound
variables in patients with CTS. Until now, most studies on pe-
ripheral nerve entrapment have been narrative reviews,**
making it difficult to compare treatments. A network meta-
analysis published in 2020 found 5% DW and PRP to be superi-
or, but there was no analysis of dose.*” This study provides an
analysis of effectiveness and dose by treatment type to help cli-
nicians make better CTS treatment choices.

The first limitation of this study was the small number of
studies included in the analysis and the small number of stud-
ies in one arm of each network plot. We were unable to perform
additional statistical analyses, Egger’s test, and meta-regression,
due to having fewer than 10 included studies.”” The second lim-
itation was the inclusion of two papers each from research
groups led by Wu, et al.*** and Lin, et al.,'*'® which limited the
generalizability of the results. The third limitation was that CTS
can be categorized as mild, moderate, or severe based on elec-
trodiagnostic test results,” and treatment effects may differ for
each stage; however, this network meta-analysis did not con-
sider disease severity.

To address these limitations, future studies should include
larger sample sizes and divide patients by symptom severity
to determine the effect of nerve hydrodissection on a variety
of variables, including symptoms and function, as well as the
length of surgical delay by meta-regression methods as well as
subgroup analysis. In addition, since different injectables have
different costs, cost-effectiveness analyses of long-term treat-
ment should be performed to establish protocols that allow
clinicians to adapt treatment options based on patient char-
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acteristics.

This systematic review found that ultrasound-guided nerve
hydrodissection with various injectable agents is effective and
has fewer side effects. The use of 5% DW showed superior re-
sults in terms of initial symptom relief and sustained functional
recovery compared to other substances. In addition, an injec-
tion dose of 5 cc produced the greatest effect. However, there
was still heterogeneity in the effects of injectable type and dose
on electrodiagnostic assessment and ultrasound variables.
Therefore, further research is needed to establish precise treat-
ment protocols based on disease severity.
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