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ABSTRACT

Objective: Carpal tunnel syndrome (CTS) is a common entrapment neuropathy
caused by median nerve compression. Steroid injections provide temporary relief in
mild to moderate CTS, whereas 5% dextrose prolotherapy (PrT) has recently emerged
as a regenerative alternative. This study compares the efficacy of ultrasound-guided
perineural 5% dextrose PrT and corticosteroid injections.

Methods: In this retrospective analysis, 74 individuals aged between 18 and 70 years,
meeting both clinical and electrophysiological criteria for mild to moderate CTS,
were included. 36 patients received a single ultrasound-guided injection of 40 mg
triamcinolone acetonide (steroid group), while 38 patients underwent three perineural
5% dextrose PrT sessions at three-week intervals (PrT group). All patients followed a
12-week conservative protocol with wrist splinting and nerve/tendon gliding exercises.
Outcomes were assessed at baseline, week 6, and week 24. The primary outcome
was Visual Analog Scale (VAS) pain and numbness score. Secondary outcomes were
QuickDASH, grip and pinch strengths, and median nerve conduction studies.

Results: Both groups showed significant within-group clinical and functional
improvements (p<0.05). At 6 weeks, the steroid group showed higher grip strength
compared with PrT (MD = —1.25, 95% CI —4.12 to 1.62, p = 0.048) and pinch (MD =
—0.32, 95% CI —0.87 to 0.23, p = 0.005) compared with the prolotherapy group. At 24
weeks, PrT resulted in lower daytime pain VAS compared with steroids (MD —1.15, 95%
CI —2.23 to —0.07, p = 0.026), surpassing the minimal clinically important difference
(MCID) for CTS pain reduction. Electrophysiological improvements occurred only
in the steroid group, especially in motor and sensory conduction parameters, without
corresponding long-term clinical superiority.

Conclusion: Perineural PrT and steroid injections appear to be effective non-surgical
options for managing mild to moderate CTS. While steroids may provide faster

symptom relief and earlier improvements in strength, dextrose PrT demonstrated more
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sustained pain reduction. It should be noted, however, that
the injection protocols differed—the steroid group received
a single dose, whereas the PrT group underwent three
sessions—an approach based on our review of the existing
literature. This discrepancy should be considered when

interpreting the results. Further randomized controlled

INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common peripheral
entrapment neuropathy, with a reported prevalence ranging
from 3.5% to 10.5% [1,2]. It is characterized by compression of
the median nerve within the carpal tunnel, leading to symptoms
such as hand numbness, pain, paresthesia, and, in some cases,
motor deficits, which may result in significant disability and
reduced quality of life [3]. Although the exact pathophysiology
remains incompletely understood, CTS is generally attributed
to increased intracarpal pressure caused by thickening of the
flexor retinaculum, tenosynovial proliferation, or fibrosis
of the subsynovial connective tissue. As a result, nerve
microcirculation and axoplasmic movement are compromised,
producing ischemia, impaired electrical transmission, and

swelling on both sides of the compression site [4].

The diagnosis of CTS involves a thorough evaluation comprising
clinical examination, nerve conduction testing, and ultrasound
(US) assessment. US offers particular benefits because the
median nerve lies superficially and this method allows real-time

visualization of both structural and functional changes [5,6].

Treatment strategies for CTS depend on disease severity and may

Main Points

e Both ultrasound-guided perineural 5% dextrose
prolotherapy (PrT) and corticosteroid injections
provided significant clinical and functional

improvements in patients with mild to moderate

carpal tunnel syndrome.

e  Corticosteroids showed more rapid symptom relief
and strength gains at 6 weeks, while dextrose PrT
provided more sustained pain reduction at 24 weeks.

the

electrophysiological improvement, though without

e Only corticosteroid group demonstrated

clear long-term clinical superiority.
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trials are needed to confirm these findings and clarify the
regenerative mechanisms of dextrose prolotherapy.

Keywords: carpal tunnel syndrome, corticosteroid
injection, perineural dextrose prolotherapy, ultrasound-

guided injection

be conservative or surgical. Conservative treatments include
activity modification, splinting, physical therapy modalities,
and various types of perineural injections [7]. In recent years,
ultrasound-guided injections have gained prominence as a
therapeutic approach for mild to moderate CTS [3,8]. Among
injectable therapies, corticosteroids are the most commonly
used due to their anti-inflammatory effects [6,9]. However,
alternative agents such as 5% dextrose, platelet-rich plasma
(PRP), hyaluronic acid, and saline have gained interest in recent
years [10-12]. Dextrose prolotherapy (PrT) has emerged as a
promising regenerative approach with a favorable safety profile
and low cost [13-15].

Considering the high prevalence of CTS in the general population,
the importance of its management cannot be overstated. To date,
no consensus has been reached regarding the superiority of one
injection therapy over another. Therefore, this retrospective
study was designed to compare the efficacy of perineural 5%
dextrose PrT with steroid injection therapy in patients with mild
to moderate CTS.

MATERIAL AND METHODS

This retrospective study included 74 patients aged 18-70,
diagnosed with mild to moderate CTS using electrophysiological
criteria, and treated in the Physical Medicine and Rehabilitation
outpatient clinics of Antalya Training and Research Hospital
and Beykent University Hospital, both tertiary centers. Ethical
approval was obtained from the Clinical Research Ethics
Committee of Beykent University (Decision no: 160504, Date:
13.09.2024). The study was conducted in accordance with the
principles of the Declaration of Helsinki. Since the study design
was retrospective, informed consent for study participation was
not obtained; however, informed consent was obtained from

each patient prior to the injection procedures.

The treatment received by the patients was determined in both

clinics based on the patient’s adherence potential to the treatment
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plan and the clinical experience and judgment of the treating
physician. The study’s retrospective nature precluded the
possibility of blinding those responsible for outcome evaluation.
To minimize potential bias, strict inclusion and exclusion
criteria were applied, and clinical data were extracted using a
standardized form by independent reviewers. Patients who were
evaluated based on consistent clinical and electrophysiological
criteria were included in the study. As this was a retrospective
study, the sample size was determined by the number of eligible

patients meeting the inclusion criteria during the study period.

Patients were eligible if they had used wrist splints, performed
nerve and tendon gliding exercises, received either perineural
5% dextrose PrT or steroid injections, and had been followed up
for at least 24 weeks, with available data from week 6 and week
24. CTS was diagnosed through physical examination (including
Phalen and Tinel signs) and supported by nerve conduction
studies. Patients were excluded if they had received any prior
injection therapy other than PrT or steroid, had bilateral CTS,
had a history of trauma, local infections, allergies, wrist surgery,
were using anticoagulants, had uncontrolled hypertension,
active endocrine or neurological disease, malignancy, or were

pregnant or breastfeeding.

Patients were grouped as follows:

Steroid Group (n=36): Received one US-guided corticosteroid
injection plus exercises.

PrT Group (n=38): Received three US-guided 5% dextrose
injections at three-week intervals plus exercises.

All patients had a 12-week conservative treatment with splinting
and exercises. Activity modification was recommended to avoid

symptom aggravation.

Prolotherapy Procedure

Under sterile conditions, injections were administered using a 10
mL syringe and a 26Gx13 mm needle. With the patient’s elbow
flexed at 90°, wrist in neutral, and forearm supinated, 2 mL of
5% dextrose solution was injected into the carpal tunnel via
the ulnar approach both over and under the median nerve with
in-plane technique by musculoskeletal ultrasound (HI-VISION
Avius, Tokyo, Japan) [13]. Additional 1 mL injections were
delivered at the level of the Struthers’ ligament, the pronator
teres muscle, and the medial and lateral borders of the transverse
carpal ligament. Patients were advised to apply local heat to the
injection site three times daily for two days post-injection and to
avoid NSAIDs during the treatment course [16,17].
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Steroid Injection

In the seated position, with the elbow at 90° flexion, the forearm
supinated, and the wrist neutral, the designated injection site
underwent sterilization using povidone-iodine [8,9,18]. A single
40 mg dose of triamcinolone acetonide was injected between the
median nerve and the transverse carpal ligament via the ulnar
approach using a 22Gx32 mm needle and the in-plane technique

under ultrasound guidance [18,19].

Data Collection
All

retrospectively extracted from medical records at baseline, 6

clinical and electrophysiological assessments were

weeks, and 24 weeks. All assessments were conducted using the

same methods in both treatment groups to ensure comparability.

Figure 1. Flowchart of the study design and patient allocation

Outcome Measures

Pain and numbness were assessed using a Visual Analog
Scale (VAS, 0-10) for day and night symptoms serving as the
primary outcome measures. Function was evaluated using the
QuickDASH questionnaire, validated in Turkish by Dogan et
al [20]. A Jamar dynamometer (Baseline 200 1b) was used to
assess both grip and pinch strength and a hydraulic pinchmeter

(Baseline HiRes 50 Ib). Tests were performed with patients
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seated, elbow at 90° and wrist in a neutral position, three times
per patient, with the mean values recorded in joules. [21]. Nerve
conduction studies (NCS) were performed under standardized
conditions with Neuropack M1 device (Nihon Kohden, Tokyo).
Room temperature was maintained between 22-24 °C to
minimize temperature-related variability. The evaluator was
blinded to the patients’ treatment allocation. Nerve conduction
values were interpreted using established reference ranges,
with median nerve distal motor latency <4.2 ms and sensory
conduction velocity > 50 m/s considered normal. Ulnar motor
and sensory NCS were also performed to exclude polyneuropathy
or plexopathy [22]. The severity of CTS was classified according
to findings from NCS [23]. Only mild and moderate cases were

included.

Statistical Analysis

SPSS version 25 (IBM, Armonk, NY, USA) was used. Data were
presented as mean = SD, median, min, and max for continuous
variables; and frequencies and percentages for categorical
ones. Shapiro—Wilk test checked normality. Independent
t-test was used for normally distributed variables; Mann—

Whitney U for non-normal data. Chi-square or Fisher’s exact
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test was used for categorical data. Within-group differences
were evaluated using paired t-tests or Wilcoxon signed-rank
test. Within-group comparisons across time were performed
using the Friedman test, with post-hoc pairwise comparisons
adjusted by the Bonferroni correction. Clinical significance
was evaluated using minimal clinically important difference
(MCID) thresholds from previous studies: >1.0 cm reduction on
the 10-cm VAS for pain, For grip strength, changes of ~5-6.5 kg
were considered meaningful, while no established MCID exists
for pinch strength; thus, pinch outcomes were interpreted using
effect sizes (24,25). Significance was set at p<0.05.

RESULTS

At baseline, the two groups were comparable in terms of
demographic and clinical characteristics. The mean age
was 51.89+9.78 years in the PrT group and 52.76+8.06 years
in the steroid group (p=0.201). BMI values and symptom
duration were also similar between the groups (p=0.068 and
p=0.696, respectively). No significant differences were found
regarding sex, dominant hand, affected side, education level, or
occupational status (all p>0.05) (Table 1).

Table 1. Baseline Demographic and Clinical Characteristics of the Study Groups

Variable Prolotherapy Group (n=38) Steroid Group (n=38) Between-group p-value®
Age (year, mean + SD) 51.89+£9.78 52.76 £ 8.06 0.2012
BMI (kg/cm?, mean + SD) 29.34+5.02 31.00 £3.90 0.068
Symptom duration (month, mean + SD) 19.05+£27.73 26.57 +£29.03 0.696°
Sex
Female (n, %) 30 (78.9%) 31 (86.1%) 0.418¢
Male (n, %) 8 (21.1%) 5(13.9%) )
Education
Primary (n, %) 16 (42.1%) 21(58.3)
High school (n, %) 11 (28.9%) 8 (22.2%) 0.371¢
University (n, %) 11 (28.9%) 7 (19.4%)
Occupation
Retired (n, %) 8 (21.1%) 9 (25.0%)
Employed (n, %) 21 (55.3%) 16 (44.4%) 0.644°¢
Homemaker (n, %) 9 (23.7%) 11 (30.6%)
Dominant side
Right (n, %) 32 (84.2%) 31 (86.1%) 0.818°¢
Left (n, %) 6 (15.8%) 5 (13.9%) '
Affected side
Right (n, %) 24 (63.2%) 28 (77.8%)
Lefi (n, %) 13 (34.2%) 8 (22.2%) 0.294¢
Bilateral (n, %) 1(2.6%) 0 (0.0%)

SD, standart deviation; BMI, body mass index; a, Independent t-test; b, Mann—Whitney U, ¢;Chi-square
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At baseline, there were no statistically significant differences
between the PrT and steroid groups in daytime or nighttime
VAS scores for either numbness or pain (p>0.05 for all).
Over time, both groups showed significant within-group
improvements in all VAS parameters (p<0.001 for all).
Between-group comparisons at the 6th and 24th weeks revealed
no statistically significant differences in VAS scores for pain or
numbness, with the exception of daytime pain at the 24th week,
which was significantly higher in the steroid group compared
to the Prt group. At 24 weeks, the PrT group demonstrated
significantly lower daytime pain scores on the VAS compared
with steroids between-group mean difference was —1.15 (95%
CI —2.23 to —0.07; p = 0.026), corresponding to a moderate
effect size (Hedges’ g = —0.48, 95% CI —0.95 to —0.02). This

Badil Giiloglu S, et al.

difference exceeded the commonly reported MCID thresholds
for pain reduction in CTS. No other significant between-group
differences were observed in changes over time in any other

VAS scores for pain or numbness (Table 2).

At baseline, there were no significant differences between the
PrT and steroid groups in hand grip and pinch strengths, or
QuickDASH scores (all p>0.05). At 6 weeks, the steroid group
showed higher grip strength compared with PrT (MD = —1.25,
95% CI—4.12to 1.62, p=0.048), with a small effect size (Hedges’
g =-0.19, 95% CI —0.65 to 0.26). At 6 weeks, the steroid group
also showed higher pinch strength compared with PrT (MD =
—0.32, 95% CI —0.87 to 0.23, p = 0.005), but the effect size was
small (Hedges” g = —0.26, 95% CI —0.72 to 0.20). Quick DASH

Table 2. Comparison of VAS Scores for Numbness and Pain Between Groups

Prolotherapy Group (n=38) Steroid Group (n=36)
Variable Mean + SD, Mean + SD, Between-group p-value®*
(Min / Median / Max) (Min / Median / Max)
, 4.84+2.44 5.17+2.22
Bascline VAS numbness (day) (2.00/5.00 / 10.00) (3.00/5.00 / 10.00) 0.578
184+ 1.71 1.18 = 1.09
6th week VAS numbness (day) (0.00 / 2.00 / 6.00) (0.00/1.00 / 5.00) 0.153
2.05+281 1.72 2,40
24th week VAS numbness (day) (0.00 / 1.00 / 9.00) (0.00/0.00 / 9.00) 0.554
Within-group P value® <0.001* <0.001%*
. ‘ 6.95+2.28 7.11 £ 3.04
Bascline VAS numbness (night) (0.00/7.00 / 10.00) (0.00/7.00 / 10.00) 0.349
2.14+2.34 1.19 £ 1.25
i 1
6th week VAS numbness (night) (0.00 / 1.50 / 7.00) (0.00/1.00 / 4.00) 0.197
. 233 +3.04 1.86+233
24th week VAS numbness (night) (0,00 / 1.00 / 9.00) (0.00/0.00 /9.00) 0.620
Within-group P value® <0.001* <0.001*
. . 3.84+£2.85 469+255
Bascline VAS pain (day) (0.00 / 4.00 / 9.00) (0.00 /5.00 / 10.00) 0.269
1.16 + 2.00 152+ 1.87
h week VAS pai 32
6th week VAS pain (day) (0.00 /0.00 / 8.00) (0.00/1.00 / 5.00) 0.328
0.91+2.15 2.06+2.54
i 026*
24th week VAS pain (day) (0.00 /0.00 / 8.00) (0.00 /0.00 / 9.00) 0.026
Within-group P value® <0.001* <0.001*
. o 471+331 6.19+2.86
Baseline VAS pain (night) (0.00/5.50 / 10.00) (0.00 / 6.00 / 10.00) 0.072
122 +2.34 119+ 1.74
h week VAS pain (nigh 554
6th week VAS pain (night) (0.00 / 0.00 / 8.00) (0.00/0.00 / 5.00) 055
o 0.83+2.27 150 £2.72
24th week VAS pain (night) (0.00 /0.00 / 9.00) (0.00 /0.00 / 9.00) 0181
Within-group P value* <0.001* <0.001*

VAS, Visual Analog Scale; SD, standart deviation; a, Friedman test; b-c,Independent t-test or Mann—Whitney U test
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scores also decreased in both groups, although the between-
group difference was not significant (p=0.941). At the 24th week,
grip and pinch strength values remained relatively stable, and
no statistically significant differences were found between the
groups (p=0.521 and p=0.482, respectively). Quick DASH scores
were also comparable (14.10+17.63 vs. 14.51£15.80, p=0.841).
Within-group comparisons showed significant improvements
from baseline to both the 6th and 24th weeks in grip and pinch
strength, as well as QuickDASH scores in both groups (p<0.05
for all) (Table 3).

In the comparison of EMG parameters between the PrT and
corticosteroid groups, no statistically significant differences
were found in any of the measured outcomes (p>0.05 for all).
Within-group analyses revealed that in the steroid group, median
distal latency (MDL), motor conduction velocity (MCV), distal
sensory latency (DSL), sensory conduction velocity (SCV)
improved significantly from baseline (p<0.05), whereas the

Badil Giiloglu S, et al.

PrT group did not show statistically significant changes in any

parameter (Table 4).

At baseline, the distribution of symptom severity levels was
similar between the PrT and steroid groups. At the 24th week
follow-up, symptom severity levels improved in both groups.
In the PrT group, 10 participants reported no symptoms, 5
had mild symptoms, and 23 had moderate symptoms. In the
steroid group, 8 participants reported no symptoms, 12 had mild
symptoms, and 16 had moderate symptoms. Although clinical
improvement was observed, the difference in the distribution
of severity levels between the groups did not reach statistical
significance (p=0.116).

No adverse effects were reported in any of the patients whose
records were reviewed and included throughout the follow-up

period.

Tablo 3. Comparison of Grip and Pinch Strength, and QuickDASH Scores Between Groups

Prolotherapy (n=38) Steroid (n=36)
Between-group
Variable Mean + SD, Mean + SD,
p-value **
(Min / Median / Max) (Min / Median / Max)
. L 21.26 +6.44 20.47 +4.97
Grip Strength (Baseline, joule) 0.750
(5.00/21.50/34.00) (6.00/21.40/29.00)
) . 22.87 +7.44 24.12+4.95
Grip Strength (6th week, joule) 0.048
(6.00/22.00/44.00) (6.00/24.50/35.00)
. . 22.45+6.90 22.16 £5.25
Grip Strength (24th week, joule) 0.521
(8.00/22.00/43.00) (7.00/22.00/36.00)
Within-group p-value® 0.016 <0.001
. L 227+1.20 2.19+0.93
Pinch Strength (Baseline, joule) 0.844
(0.50/2.00/5.40) (0.50/2.27/5.00)
. . 2.77+1.47 3.09 £0.89
Pinch Strength (6th week, joule) 0.005
(1.00/2.25/7.50) (1.00/3.14/5.50)
. . 295+1.42 2.85+1.13
Pinch Strength (24th week, joule) 0.482
(1.50/2.50/7.50) (1.00/2.71/6.00)
Within-group p-value® <0.001 <0.001
. . 40.04 £ 19.07 44.61 £15.94
Quick DASH (Baseline) 0.201
(4.54/32.95/81.81) (11.36/40.90/ 86.36)
. 17.12+16.34 15.62 +12.80
Quick DASH (6th week) 0.941
(0.00/11.36/59.00) (0.00/13.50/38.63)
. 14.10 £ 17.63 14.51+15.80
Quick DASH (24th week) 0.841
(0.00/7.91/68.18) (0.00/6.81/40.90)
Within-group p-value® <0.001 <0.001

SD, standart deviation; DASH, Disabilities of the Arm, Shoulder, and Hand; min, minimum; max, maximum a, Friedman test; b-c, Independent

t-test or Mann—Whitney U test
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Table 4. Comparison of Electrophysiological Parameters Between Groups

Prolotherapy Group Steroid Group
. Between-Group
Variable Mean + SD, ALGAUIESHL) p-value*?
(Min / Median / Max) (Min / Median / Max)
437 +0.85 4.59 + 0.80
MDL (ms)-Pre-treatment 0.258
(ms)-Pre-treatmen (2.96 /420 / 6.58) (3.08 /439 / 6.64)
425+083 401+0.78
MDL (ms)- Post-treatment 0.387
(ms)- Post-treatmen (2.90 /420 / 5.54) (3.12/3.86/6.70)
Within-Group p-value*® 0.388 <0.001
8.78 +3.42 8.56 = 1.61
CMAP (mV)-Pre-treatment 0.778
(mV)-Pre-ireatmen (3.11/8.48 / 17.48) (4.58/8.36/12.93)
8.55+2.72 8.64+1.92
CMAP (mV)-Post-treatment 0.831
(mV)-Post-treatmen (2.99/8.68 /13.17) (4.53/8.23 / 14.04)
Within-Group p-value*® 0.325 0.619
54.93+5.58 53.86+2.39
MCV (m/s) -Pre-treatment 0.674
(m/s) -Pre-treatmen (45.50 / 54.00 / 69.90) (49.50 / 53.80 / 59.00)
55.08 = 4.81 5476 +3.11
MCV (m/s) - Post-treatment 0.890
(m/s) - Post-ireatmen (45.80 / 55.30 / 69.90) (47.40 / 54.70 / 61.40)
Within-Group p-value*® 0.280 0.037
DSL (ms) -Pre-treatment 317£051 3.34+0.42 (2.51/3.36 / 4.60) 0.072
(2.48/3.02 / 4.56) ' ALAEST 2B '
DSL (ms) - Post-treatment 3.08+0.62 (2.24/2.99/4.36) | 3.03+0.39 (2.58/3.05 / 4.20) 0.762
Within-Group p-value*® 0.464 <0.001
2327+ 10.84 2033+ 5.40
DSAP (uV) -Pre-treatment 0.692
SAP (V) -Pre-ireatmen (9.80 /20.00 / 48.70) (12.80 /19.90 / 39.00)
2229+ 11.71 21314439
DSAP (V) - Post-treatment 0370
(kV) - Post-treatmen (4.90 / 18.90 / 50.50) (15.00/21.15 / 35.00)
Within-Group p-value*® 0.456 0.051
38.96 = 4.84 37.36+2.89
SCV (m/s) -Pre-treatment 0.058
(/s) -Pre-treatmen (27.40 / 39.30 / 46.50) (28.10/37.50 / 43.80)
39.61 = 6.56 4091 +4.11
SCV (m/s) - Post-treatment 0.162
(m/s) - Post-treatmen (29.80 /39.05 / 53.60) (33.50 / 40.20 / 49.60)
Within-Group p-value® 0.751 <0.001

SD, standart deviation; MDL, motor distal latancy; CMAP, Compound Muscle Action Potential; MCV, Motor Conduction Velocity; DSL, Distal

Sensory Latency; DSAP, Distal Sensory Action Potential; SCV, Sensory Conduction Velocity; min, minimum; max, maximum; a-b, Paired t-tests

or Wilcoxon signed-rank test; c-d, Independent t-test or Mann—Whitney U test

DISCUSSION

This retrospective study compared the efficacy of 5% dextrose
PrT and steroid injections in patients with mild to moderate CTS
over a 24-week follow-up period. Both groups showed significant
improvements in pain and numbness levels (VAS), grip strength,
and functional scores (Quick DASH). At the 6th week, the
steroid group demonstrated significantly greater improvements
in grip and pinch strengths and daytime numbness. However, by
the 24th week, these differences diminished, with no significant

differences between the groups in strength and function. Notably,

daytime pain VAS scores were significantly lower in the PrT
group. At the 24 week follow-up, significant improvements
in motor and sensory conduction parameters were observed
only in the steroid group. Symptom severity improved in both
groups at the 24 week follow-up, with no statistically significant
difference between them. This study demonstrated that both
ultrasound-guided perineural 5% dextrose prolotherapy and
steroid injections are effective non-surgical treatments for mild

to moderate carpal tunnel syndrome.
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Our findings suggest that while steroids provided more
pronounced short-term gains in grip and pinch strength, these
effects were not sustained at 24 weeks. Instead, PrT demonstrated
a greater long-term reduction in daytime pain, which also
surpassed the MCID threshold, indicating clinical relevance.
These results are consistent with previous studies reporting
that steroids may yield rapid functional improvements through
anti-inflammatory effects, whereas PrT offers more durable pain

relief via regenerative mechanisms (23,26-29).

The treatment of CTS includes non-surgical and surgical
[5.8,23].
Generally, non-surgical treatments (such as splints, exercises,

management depending on symptom severity
NSAIDs, injections, and physical therapy) are recommended
for mild-to-moderate CTS [8]. Ultrasound-guided perineural
injection has emerged as a treatment approach for CTS, with
studies reporting significant clinical and statistical benefits [8].
This technique provides real-time visualization of the median
nerve and nearby structures, allowing precise administration
of the therapeutic agent into the carpal tunnel [3,4,18,19].
This technique improves injection accuracy and efficacy
and minimizes potential complications such as nerve injury
or inadvertent vascular puncture [18]. Several studies have
demonstrated that ultrasound-guided injections yield better
clinical outcomes and patient satisfaction than landmark-based
methods [3,18]. Therefore, ultrasound guidance is recommended
to optimize efficacy and safety in CTS injection therapies.
Accordingly, injections administered to this recent study

patients were performed under ultrasound guidance.

Research findings consistently support the safety and efficacy of
local steroid injection in CTS [7-9]. Babaei-Ghazani et al. [26]
reported that ultrasound-guided steroid injections administered
either above or below the median nerve provided comparable
benefits in symptom relief, functional improvement, and
electrophysiological and sonographic outcomes. Similarly, Lee
et al. [19] found that a short-axis in-plane injection both above
and below the median nerve led to superior improvements in
symptoms, function, median nerve cross sectional area (CSA),
and electrophysiological measures compared to a short-axis out-
of-plane injection administered only below the nerve. Based
on these findings, our study included patients who underwent
ultrasound-guided in-plane triamcinolone injections (1 cc),
administered both above and below the median nerve. Previous
studies indicate that steroid treatment yields satisfactory short-

to mid-term responses in CTS, though long-term results remain
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controversial [27].

In this recent study, while both groups showed symptomatic
improvement, steroids led to more pronounced early gains in
grip and pinch strengths and daytime numbness at week 6.
This rapid effect aligns with studies showing steroids quickly
reduce perineural inflammation, nerve edema, and synovial
swelling, thereby improving nerve conduction and symptoms
[28]. Although no established MCID thresholds exist for these
outcomes, the observed effect sizes were small and confidence
intervals crossed zero, suggesting that the short-term gains, while

statistically significant, may have limited clinical relevance.

By week 24, differences in strength and function between the
groups diminished, suggesting that PrT may have delayed
but sustained effects. This is consistent with the regenerative
mechanism of PrI, in contrast to steroids which primarily
provide anti-inflammatory benefits without promoting tissue
repair. Notably, the PrT group demonstrated significantly lower
daytime pain at week 24. The between-group difference in
daytime VAS (—1.15) exceeded the commonly accepted MCID
of 1.0 cm, indicating both statistical and clinical significance.
Functional improvement measured by QuickDASH did not
surpass the MCID, highlighting that symptomatic relief may not

always translate into meaningful functional gains.

Prolotherapy has gained attention as a minimally invasive
regenerative treatment promoting tissue healing and pain
modulation in musculoskeletal disorders [13]. CTS involves
intraneural microcirculatory disturbances and connective tissue
alterations due to nerve compression. In this context, PrT may
support regeneration and analgesia. The delayed effect observed
may relate to proposed mechanisms of dextrose PrT, including
stimulation of fibroblast proliferation, collagen synthesis, and
nociceptor modulation [29]. In vitro studies show that low
dextrose concentrations (1-10%) result in low cytotoxicity while
stimulating VEGF-A gene expression and angiogenic factor
release [30]. This may reduce pain and accelerate recovery while
promoting regeneration [31]. Some authors suggest 5% dextrose
perineural injections may yield analgesia by directly affecting
sensory pathways [32,33]. Dextrose may activate potassium
channels in nerve fibers, leading to nociceptor inhibition via
[34]. Additionally,

glycine receptors that regulate nociceptive signal transmission

hyperpolarization dextrose modulates

[35]. For these mechanisms, 5% dextrose is preferred in CTS
[13,15,17,35].
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This study suggests that perineural 5% dextrose PrT may be
effective for long-term pain relief, symptom reduction, and
functional improvement in CTS. Consistent with these findings,
a 2024 meta-analysis reported dextrose PrT improved symptoms
and function in the short and long term, except for short-term
pain relief [27]. Compared to steroids, PRP, and hyaluronic acid,
dextrose demonstrated the highest long-term pain reduction
efficacy. According to Li et al. [11], 5% dextrose injection
is a safe and effective long-term treatment, with over 88% of
patients reporting more than 50% symptom improvement.
Oh et al. [13] reported that 5% dextrose improved function
more than corticosteroids and had fewer adverse effects.
Comparable results to steroids were observed in pain scores,
symptom improvement, electrodiagnostic findings, and nerve
CSA, endorsing 5% dextrose PrT as a recommended approach
in mild to moderate CTS [13]. Gao et al. [36] found dextrose
more effective than steroids in CTS. In another review, manual
therapy and dextrose PrT were superior to other therapies [27].
Still, there is no consensus on optimal PrT dose and frequency.
A study by Chao et al. [37] showed ultrasound-guided 5%
dextrose PrT yielded lasting effects in patients with persistent or
recurrent symptoms after surgery. In this study, 36 such patients
were followed for 33 months; 22 patients (61%) reported over
50% improvement after an average of 3.1 injections. In this
recent study, considering the inflammation cascade, patients
who received a total of three sessions of PrT at 3-week intervals
were included in the evaluation.

Although both injection agents effectively relieved symptoms
and improved function, limited improvements were observed
in electrodiagnostic parameters. MDL, MCV, DSL and SCV
improved significantly only in the steroid group, consistent with
previous studies showing steroids enhance conduction velocity
and reduce latency [38]. This superior electrophysiological
response is likely due to the rapid anti-inflammatory effects
of steroids, which quickly reduce perineural edema and
nerve compression, allowing earlier normalization of nerve
conduction and nerve function. The lack of electrophysiological
improvement in the PrT group suggests its benefits may not
reflect in nerve conduction studies over the follow-up period.
This may indicate PrT primarily aims to promote tissue healing
and strengthen the connective tissue surrounding the nerve; this
mechanism acts more slowly, and therefore electrophysiological
improvement may be observed later. [27]. This aligns with
prior studies showing symptom relief does not always correlate

with electrophysiological recovery [39]. Since conventional

Badil Giiloglu S, et al.

electrodiagnostics assess large myelinated fibers, they may not
detect small fiber improvement often implicated in CTS. Thus,
electrophysiological tests may be limited in predicting response
to conservative therapy. Additionally, CTS severity levels
showed similar improvement in both groups at 24th weeks. This
supports individualized CTS treatment and indicates PrT as an
effective alternative for mild to moderate CTS [11,13,26,36].

Limitations

Despite promising results, several limitations should be
acknowledged. First, the retrospective design precluded
randomization, which may have introduced selection bias.
Second, the sample size was relatively small, limiting statistical
power and generalizability. Thirdly, the injection protocols
differed between groups (single-dose steroid vs. three-
session dextrose PrT), which may have influenced outcomes
and complicates direct comparison. Electrophysiological
assessments were performed under standardized conditions
by a blinded operator, reducing the risk of measurement bias;
however, potential variability in nerve conduction reference
values could still affect the results. Although follow-up extended
to 24 weeks, this period may still be insufficient to fully capture
long-term regenerative effects of prolotherapy. Although no
major adverse events were observed in this study, the sample
size was not sufficient to detect rare complications. Future
prospective, randomized controlled trials with larger samples,
standardized protocols and longer follow-up are needed to
confirm these findings, clarify safety profiles, and investigate
the biological mechanisms of dextrose prolotherapy in CTS,
potentially incorporating advanced imaging or biomarkers to

assess nerve and connective tissue recovery.

CONCLUSION

Considering the study objectives and limitations, these findings
suggest that both ultrasound-guided perineural 5% dextrose
prolotherapy and steroid injections are effective for managing
mild to moderate carpal tunnel syndrome. While steroids may
offer quicker symptom relief and early strength gains, dextrose
prolotherapy appears to provide more sustained pain control.
However, these results should be interpreted cautiously due
to the retrospective design and the relatively small sample
size. Further large-size, well-designed, randomized controlled
trials are needed to confirm these findings and elucidate the
underlying regenerative mechanisms of dextrose prolotherapy

and determine optimal dosage and injection frequency.
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