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Abstract

Introduction

Carpal Tunnel Syndrome (CTS) is a common condition characterized by compression of the median nerve at the wrist,
leading to neuropathy and associated symptoms that can significantly impair hand function and quality of life. Recent
interest has focused on the use of ultrasound-guided carpal tunnel release (CTR-US) as a treatment modality, given its
potential to facilitate faster recovery, minimize complications, and enhance patient satisfaction. This systematic review
aims to evaluate the efficacy and safety of in-office CTR-US in managing CTS in comparison to interventions performed
without ultrasound.

Methods

A systematic review and meta-analysis were conducted in SPSS v29 using PRISMA 2020 guidelines. Five databases
(PubMed, Embase, Scopus, Cochrane, and Web of Science) were searched yielding a total of 713 articles and 5 after the
exclusion criteria was applied. The review included clinical trials regarding office based carpal tunnel release (CTR)
surgeries with and without ultrasound guidance. Outcome measures included the QuickDASH at 2 weeks and 1 year.

Results

QuickDASH improved with CTR in both groups at 2 weeks and a year. There was a large effect size difference, 4.42, at 2
weeks and at 1 year, 2.15, between CTR-US and CTR without US, indicating clinical significance. However, the results
were not statistically significant, p>0.05.

Conclusion

The findings show that carpal tunnel release is effective at improving QuickDash scores at 2

weeks and 4 years post treatment. Though more research is required, CTR-US may provide superior clinical outcomes
when compared to CTR without US.

Keywords: Carpal Tunnel Syndrome (CTS), Ultrasound-Guided Carpal Tunnel Release (Ctr-Us), Carpal Tunnel Release (Ctr), Median
Nerve Compression, Quickdash, Minimally Invasive Procedures, In-Office Procedures, Surgical Intervention

1. Introduction

Carpal Tunnel Syndrome (CTS) is a prevalent and disabling
condition caused by the compression of the median nerve at the
wrist. It is characterized by symptoms such as pain, numbness,
tingling, and weakness in the hand, which can significantly impair
hand function and reduce quality of life. The condition affects a
wide range of individuals, from those with occupations requiring

repetitive hand movements to patients with underlying conditions
like diabetes or obesity that increase the risk of CTS [1]. If left
untreated, CTS can lead to persistent functional limitations and
even permanent nerve damage, making early diagnosis and
appropriate intervention crucial for optimal outcomes. Historically,
conservative treatments such as wrist splinting, steroid injections,
and physical therapy are first-line approaches for CTS. However,
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when these non-surgical measures fail to alleviate symptoms,
surgical intervention becomes necessary. The standard surgical
procedure for CTS is carpal tunnel release (CTR), which involves
cutting the transverse carpal ligament to relieve pressure on the
median nerve [2]. While CTR is generally effective, it requires a
careful balance of technique to minimize complications such as
nerve injury, scarring, and prolonged recovery time.

In recent years, there has been growing interest in ultrasound-
guided carpal tunnel release (CTR-US) as an alternative to
traditional, open surgical methods. The primary advantage of
ultrasound guidance is that it allows for real-time visualization
of the median nerve, surrounding tissues, and the carpal tunnel,
enabling surgeons to perform the procedure with greater precision
[3]. Ultrasound guidance has been associated with a reduced risk
of injury to critical structures, such as the median nerve and flexor
tendons, and offers the potential for less invasive surgery, faster
recovery, and enhanced patient satisfaction. These factors have
led to increasing adoption of CTR-US in both clinical and office-
based settings. In particular, the frequency of in-office procedures
for simple operations like carpal tunnel release under ultrasound
guidance (CTR-US) has grown significantly in recent years. This
shift toward office-based care reflects broader trends in healthcare,
emphasizing minimally invasive procedures that reduce recovery
time and optimize patient convenience. As part of this trend, in-
office CTR-US procedures have gained popularity due to their
lower costs, efficiency, and convenience [4,5].

Despite its promising benefits, the clinical effectiveness and
safety of CTR-US relative to traditional CTR without ultrasound
guidance remain unclear. Some studies suggest that CTR-US may
lead to improved outcomes, such as faster recovery times and
better functional results, while others show minimal differences
between the two techniques. There is a pressing need for more
rigorous studies to evaluate these claims systematically. The aim

of this systematic review and meta-analysis is to evaluate the
efficacy and safety of in-office ultrasound-guided carpal tunnel
release (CTR-US) compared to traditional carpal tunnel release
(CTR) performed without ultrasound. Specifically, we focus on
two primary outcome measures: the improvement in QuickDASH
(Disabilities of the Arm, Shoulder, and Hand) scores at 2 weeks
and lyear post-surgery [6]. By synthesizing the available evidence,
this review seeks to provide valuable insights into whether CTR-
US offers superior clinical outcomes in managing CTS, potentially
guiding future treatment practices and clinical decision-making.
This study will also highlight any safety concerns or complications
associated with both procedures, providing a comprehensive
evaluation of their relative advantages and risks in the treatment
of CTS.

2. Methods

A systematic review and meta-analysis were conducted using
SPSS v29 and following the PRISMA 2020 guidelines. The
review aimed to assess the efficacy and safety of in-office CTR-
US for managing carpal tunnel syndrome (CTS) in comparison to
interventions performed without ultrasound.

2.1. Literature Search

Five metabases (PubMed, Embase, Scopus, Cochrane Library, and
Web of Science) were searched for relevant articles on the topic.
Key terms were identified and incorporated into a Boolean search
string: ("in-office" OR "office-based" OR "office" OR "outpatient")
AND ("carpal tunnel release” OR "carpal tunnel surgery"). Only
manuscripts published within the last 10 years were considered.
The search initially yielded 713 articles, from which 437 duplicates
were removed using Rayyan.ai. The remaining 276 articles were
reviewed by two authors to determine eligibility based on the
inclusion and exclusion criteria. Ultimately, five studies met the
specified criteria. The screening process is summarized in Figure
1.
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Figure 1: PRISMA Flow Chart
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The flowchart illustrates the screening process for article inclusion
and exclusion for the study. The initial screening was done by AC
and AD. MS broke any ties.

2.2. Inclusion and Exclusion Criteria

The included studies were prospective cohort studies, descriptive
clinical studies, and single-center cohort studies focusing on
ultrasound-guided carpal tunnel release. Only articles published
within the last 10 years were considered. Exclusion criteria
included studies that did not involve carpal tunnel release or were
not performed in an office setting. Articles older than 10 years were
excluded due to the advent of newer, more efficient noninvasive
techniques and tools.

2.3. Data Collection and Analysis

QuickDASH scores from each of the included studies were
documented at baseline, 2 weeks, and 1 year. Statistical Analysis
was done with SPSS v29 to perform a meta-analysis of 3 studies
that used ultrasound and 2 studies that did not [7]. Hedge’s G

was used to determine the effect size of each of the articles and
to assess the differences between baseline, 2 weeks, and 1 year.
A p-value of <0.05 was used to determine if the study was
statistically significant. Cochran’s 12 ratio was used to determine
homogeneity and heterogeneity, with a value of 12<40% indicating
that differences in effect sizes could be due to random chance alone.

3. Results

3.1. Included Studies

After examining the articles for inclusion and exclusion criteria,
five studies were included for data analysis. A summary of the
baseline characteristics of population, study designs, and surgeon
experience levels with ultrasound is included in Table 1 [8-11].

The study included one retrospective review, two prospective
studies, one non-randomized control trial, and one randomized
control trial. 2 studies investigated in-office surgery without
ultrasound and 4 studies investigated in-office surgery with
ultrasound.

STUDY ID AGE SURGEON
(FIRST STUDY RECRUITMENT #OF # OF GENDER, ULTRASOUND INCLUSION OUTCOMES OUTCOMES
TITLE AUTHOR, COUNERY DESIGN PERIOD EIERVENEON HANDS | PATIENTS (Rl\:];:\lgi) %FEMALE EXPERIENCE CRITERIA COLLECTED MEASURED
YEAR) LEVEL
Office-Based Bergum et al USA Prospective March 2019 - Office-based carpal 123 88 66 (30-89) 57% Surgeon #1: 10 Patients who *BCTQ, Pre-op, 2 wks,
Carpal Tunnel 2022 single-center August 2020 tunnel release with years, Surgeon #2: 1 = completed the one **QDASH, mo, 3 mo, 1 yr
Release Using study US guidance year year followup after complications
Ultrasound undergoing CTR
Guidance in a
Community
Setting: Long-Term
Results
Minimally Invasive ~ Kamel et al USA Retrospective = July 2017 - April  Office-based carpal 69 51 60.7 54% 25 years experience Patients who met *BCTQ, Pre-op, 2 wks,
Ultrasound-Guided 2020 Review 2019 tunnel release with (21-80) with US-guided the clinical and **QDASH, lyr
Carpal Tunnel US guidance injections imaging criteria and satisfaction
Release Improves elected to undergo
Long-Term carpal tunnel release
Clinical Outcomes
in Carpal Tunnel
Syndrome
Early Postoperative = Niedermeier USA Prospective June 2017 - Outpatient Carpal 61 61 52.1 7% N/A Patients who met = **QDASH, Visual = Pre-op, 2 wks,
Improvement in etal 2018 study December 2017 Tunnel Release (26-74) the clinical and Analog Scale, 6 wks
Sleep and Pain without US (some imaging criteria and **EPSQI
After Carpal open, some elected to undergo
Tunnel Release endoscopic) carpal tunnel release
Endoscopic Versus = Vasiliadis et Greece, Non- April 2006 - April = Outpatient open vs  35vs 37 = 35vs 37 54.9 vs 80% vs84% N/A Patients with *BCTQ, Pre-op, 2 days,
Open Carpal al 2009 Sweden randomized 2007 endoscopic tunnel 53.1 positive Phalen test = **QDASH, grip 1wk, 2 wks, 1
Tunnel Release control trial release or Tinel sign, strength, key year
confirmed with pinch, pinch
EMG without strength, 2 point
underlying arthritis, discrimination
endocrinopathy, or
previous hand
surgeries
Ultra-Minimally = Rojo-Manuat Spain Randomized January 2010 - Ultra Minimally 46 vs 46 = 46 vs 46 58.21 58.6% vs Not indicated Patients who met = **QDASH, Visual = Pre-op, 1 wk, 3
Invasive eetal 2016 Control Trial December 2010 Invasive carpal (29-83) vs 63.0% the clinical and Analog Scale, wks, 6 wks, 3
Ultrasound-Guided tunnel release with 59.32 imaging criteria and = Time to full wrist mo, 6 mo, 1
Carpal Tunnel US guidance vs (30-84) elected to undergo extension and year
Release Mini open carpal carpal tunnel release flexion,
tunnel release and were discontinuation of
without US prospectively oral analgesic use,
guidance solicited return to daily

activities

*Boston Carpal Tunnel Questionnaire scores, **Quick Disabilities of the Shoulder and Hand, ***Pittsburgh Sleep Quality Index

Table 1: Summary of Included Studies
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3.2. QuickDASH

Four studies (pre: n=285, post:n=275) indicated the QuickDASH
results at 2 weeks post-operation. Both the US group and non-
US group both showed improvement in the QuickDASH at 2
weeks [6-9]. There was a significant difference in effect size, 4.42,
between the US-guided surgery group and the non-US surgery
group, demonstrating clinical significance. The group that received
ultrasound-guided surgery had a larger decrease in QuickDASH
scores, 17.5+14.1, compared to the difference in QuickDASH
scores in the non-US group, 7.9420.4. The average change in
QuickDASH for the CTR-US group met the minimal clinically
important difference (MCID) whereas the non-US group did not

[12]. There was also a large difference in effect sizes between the
two groups, 4.45, indicating clinical significance, as shown in
Figure 2.

However, the results were not statistically significant (p>0.05). The
results for the QuickDASH at 2 weeks showed high heterogeneity,
particularly in the group that had CTR-US surgery, which had
substantial heterogeneity (1>=99.6%), while the non-ultrasound
guided group had minimal heterogeneity (1>=24.3%).>'? This
indicates that there were differences within the ultrasound group
that could not be attributed to random chance alone.

QuickDASH at 2 weeks

Forest Plol

¢

Vg

}

Figure 2: Forest Plot of Effect Sizes for QuickDASH at 2 Weeks

The ultrasound group had a larger effect size (4.85) than the
non-ultrasound group (0.43), indicating clinical benefit of using
ultrasound. However, results were not statistically significant.

Five studies (pre: 316, post: 306) included the QuickDASH results
at lyear follow-up [8-12]. Both the CTR-US and non-US group
showed improved QuickDASH scores at 1 year follow-up. The

ultrasound-guided surgery group had a significantly larger effect
size than the non-US surgery group, with an effect size difference
of 2.16, as shown in Figure 3 indicating clinical significance. No
statistical significance was found between the two groups (p>0.05).
Both of the groups met the MCID with minimal difference in the
MCID for both groups. There was substantial heterogeneity in the
effect sizes of both groups as shown in Figure 4.

QuickDASH at 1 Year
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Figure 3: Forest Plot of Effect Sizes of QuickDASH at 1 Year

The ultrasound group had a larger effect size (11.34) compared to the group without ultrasound (9.18), but the results were not statistically

significant.
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Figure 4: Funnel Plot of Effect Sizes of QuickDASH at 1 Year

There was significant heterogeneity in both the ultrasound and non-
ultrasound group, with most studies outside the 95% confidence
interval.

3.3. Risk of Bias and GRADE Assessment

Based on the ROBINS-I criteria, there was risk of bias in the
included studies due to various reasons [13]. Of note, Bergum et
al. 2022 had serious risk of bias due to missing data because of the
lack of explanation for data in a large proportion of participants,
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77 patients, in addition to varying numbers of patients at follow-
up timepoints. There were more moderate risks of bias in Kamel
et al. 2020 due to the retrospective nature of the review. These
included bias in confounding, selection of participants, missing
data, and measurements of outcomes. There was low risk of bias
in the control trials, Rojo-Manuate et al. 2016 and Vasialidis et
al. 2009. Overall, there was risk associated with the data included
in the meta-analysis with the largest concern being missing data,
shown in Figure 5.

Risk of bias domains
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Figure 5: Risk of Bias in Included Studies
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Based on the ROBINS-I criteria, there was serious risk of bias due
to missing data.

There was also moderate risk of bias due to confounding,
classification of interventions, and measurement of outcomes.
Overall, there was a moderate certainty of evidence based on
the grading of recommendations, assessment, development, and
evaluations (GRADE) criteria [14]. Lowering the quality of
evidence is the moderate to serious risk of bias, high heterogeneity,
and imprecision in the studies due to varying ultrasound skill
levels and differing surgical technique. However, the effect size
between the studies is very large and indicates that there may be
clinical significance.

4. Discussion

This meta-analysis examined the effectiveness of ultrasound-
guided carpal tunnel release (CTR-US) compared to traditional
carpal tunnel release (CTR) without ultrasound. The key finding
was that both CTR-US and traditional CTR improved QuickDASH
scores at 2 weeks and 1 year. Large effect sizes favoring CTR-US
were observed at both 2 weeks (4.42) and 1 year (2.15), suggesting
potentially superior clinical outcomes with CTR-US. However,
despite these large effect sizes, the difference between the two
procedures was not statistically significant (p > 0.05). This lack of
statistical significance is likely attributable to the small number of
included studies (n=5), which limited the statistical power of the
analysis. Consequently, further research with larger sample sizes is
needed to confirm this potential benefit.

An effect size quantifies the magnitude of the difference between
groups or the magnitude of change within a group over time,
indicating the practical significance of an observed effect. In
this meta-analysis, the effect sizes compare the difference in
QuickDASH score improvement between CTR-US and traditional
CTR. The observed large effect sizes suggest that CTR-US leads to
greater improvements in QuickDASH scores compared to standard
CTR, both in the short term (2 weeks) and long term (1 year). The
larger effect size at 2 weeks indicates that this difference is more
pronounced in the immediate postoperative period. As previously
stated, this difference was not statistically significant (p > 0.05)
due to the limited number of included studies. This small sample
size reduces statistical power, increasing the likelihood of a Type 11
error (failing to detect a true effect due to increased variability and
insufficient population representation), thus limiting the ability to
demonstrate statistically significant results.

Recent research on CTR-US has reported similar findings of
improved QuickDASH scores over time [6]. However, this
improvement is not unique to CTR-US, as mini-open CTR has
also been shown to result in improved patient-reported outcomes
[15]. A key distinction between open and CTR-US is the increased
risk of complications, notably pillar pain and scar tenderness,
associated with open CTR [15].

This meta-analysis has several strengths, including a systematic
and comprehensive literature search using multiple databases,
adherence to PRISMA guidelines, and the use of a standardized
outcome measure (QuickDASH). The most significant limitation is

the small number of included studies, which limits generalizability
and statistical power. Other limitations include the moderate level
of evidence due to the lack of control trials directly comparing
CTR-US and CTR without US and the heterogeneity between the
studies. The heterogeneity between the studies may be due in part
to the small number of studies, but also because of the varying
levels of experience with ultrasound, as ultrasound usage is user-
dependent and the learning curve is steep [16]. This is evident
with the particularly high heterogeneity in the CTR-US group at
2 weeks and 1 year. More studies on how ultrasound experience
affects these results are indicated.

Despite the lack of statistical significance, the clinically significant
effect sizes suggest that CTR-US may offer benefits to both
surgeons and patients. For surgeons, CTR-US may allow for in-
office procedures, eliminating the need for surgical center and
anesthesia personnel for this procedure. This could also provide
quicker access to treatment for both surgeons and patients by
removing reliance on surgical center availability. Patients may
benefit from improved short-term outcomes [11]. However, larger,
well-designed randomized controlled trials (RCTs) with sufficient
statistical power are necessary to confirm these potential benefits.
Future research should investigate long-term outcomes of in-office
CTR-US, explore the use of different ultrasound techniques and
devices, compare cost-effectiveness with other CTR approaches,
and directly compare CTR-US with endoscopic CTR to further
refine treatment strategies for this common condition.

5. Conclusion

The findings show that carpal tunnel release, regardless of
technique, is effective at improving QuickDash scores at 2 weeks
and 4 years post treatment. When comparing the techniques of
CTR-US to CTR without US, there was a large effect size difference
between the two methods at 2 weeks and 1 year, indicating clinical
significance supporting CTR-US. However, the results were not
statistically significant, p>0.05. Though CTR-US may provide
superior clinical outcomes when compared to CTR without US,
more research is required to further support this. These findings
can be confirmed with larger randomized controlled trials and
the exploration of additional outcome measures such as patient-
reported outcomes and return-to-work rates. Additional studies in
the future should also aim to incorporate a larger sample size and
a longer follow-up in their protocol to yield results that can better
aid in establishing definitive guidelines.
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