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ORIGINAL RESEARCH

Multicenter randomized trial of carpal tunnel release with ultrasound guidance 
versus mini-open technique
Kyle R. Eberlina, Benjamin P. Amisb, Thomas P. Berkbiglerc, Christopher J. Dyd, Mark D. Fischere, James L. Gluckf, 
F. Thomas D. Kaplang, Thomas J. McDonaldh, Larry E. Milleri, Alexander Palmerj, Paul E. Perryk, Marc E. Walkerl 

and James F. Wattm

aMassachusetts General Hospital, Boston, MA, USA; bATX Orthopedics, Austin, TX, USA; cMidwest Orthopedic Group, Farmington, MO, USA; 
dWashington University, St. Louis, MO, USA; eTwin Cities Orthopedics, Plymouth, MN, USA; fKansas Orthopaedic Center, Wichita, KS, USA; gIndiana 
Hand to Shoulder, Indianapolis, IN, USA; hSierra Orthopedic Institute, Sonora, CA, USA; iMiller Scientific, Johnson City, TN, USA; jSano Orthopedics, 
Lee’s Summit, MO, USA; kTri-State Orthopaedic Surgeons, Newburgh, IN, USA; lUniversity of Mississippi Medical Center, Jackson, MS, USA; 
mOrthopaedic Associates, Fort Walton Beach, FL, USA

ABSTRACT
Background: Comparative studies of carpal tunnel release with ultrasound guidance (CTR-US) vs. mini- 
open CTR (mOCTR) are limited, prompting development of this randomized trial to compare efficacy 
and safety of these techniques.
Research design and methods: Patients were randomized (2:1) to CTR-US or mOCTR, treated by 
experienced hand surgeons (median previous cases: 12 CTR-US; 1000 mOCTR), and followed for 3 months.
Results: Among 149 randomized patients, 122 received CTR-US (n = 94) or mOCTR (n = 28). Mean 
incision length was 6 ± 2 mm in the wrist (CTR-US) vs. 22 ± 7 mm in the palm (mOCTR) (p < 0.001). 
Median time to return to daily activities (2 vs. 2 days; p = 0.81) and work (3 vs. 4 days; p = 0.61) were 
similar. Both groups reported statistically significant and clinically important improvements in Boston 
Carpal Tunnel Questionnaire Symptom Severity and Functional Status Scales, Numeric Pain Scale, and 
EuroQoL-5 Dimension 5-Level, with no statistical differences between groups. Freedom from wound 
sensitivity and pain favored CTR-US (61.1% vs. 17.9%; p < 0.001). Adverse event rates were low in each 
group (2.1% vs. 3.6%; p = 0.55).
Conclusions: The efficacy and safety of CTR-US were comparable to mOCTR despite less previous 
surgical experience with CTR-US. The choice of CTR technique should be determined by shared 
decision-making between patient and physician.
Clinical trial registration: www.clinicaltrials.gov identifier is NCT05405218.
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1. Introduction

Carpal tunnel syndrome (CTS) is the most common compres-
sive neuropathy in the upper extremity [1]. Affected indivi-
duals may experience numbness, paresthesias, pain, thenar 
muscle atrophy, and functional deficits such as pinch/grip 
weakness. The clinical manifestations of CTS are attributed to 
localized compression of the median nerve underneath the 
transverse carpal ligament (TCL). Appropriate CTS manage-
ment options include immobilization, corticosteroid injection, 
or carpal tunnel release (CTR) [2].

CTR is a common surgical procedure that divides the TCL to 
reduce pressure on the median nerve and alleviate associated 
symptoms. CTR techniques used in clinical practice include tradi-
tional open CTR (OCTR), mini-open CTR (mOCTR), endoscopic 
CTR (ECTR), and CTR with ultrasound guidance (CTR-US). 
Although the long-term safety and effectiveness of different 
CTR techniques are generally comparable [3,4], patients often 
express preferences for procedures resulting in smaller incisions 
[5]. mOCTR is the most common CTR procedure in the United 
States [6] and is typically performed using a 1–3 cm palmar 

incision with direct visualization and division of the TCL. In con-
trast, CTR-US typically uses a <1 cm wrist incision with ultrasound 
guidance to divide the TCL and visualize the carpal tunnel, 
median nerve, adjacent nerves and vessels, and associated struc-
tures such as tendons. To the authors’ knowledge, two rando-
mized trials have compared CTR-US to mOCTR [4,7], both 
performed at single centers and with limited sample size and/ 
or follow-up duration. To overcome these limitations, we 
designed a multicenter randomized controlled trial to compare 
the efficacy and safety of CTR-US vs. mOCTR in patients with CTS.

2. Methods

2.1. Study design

TUTOR is a multicenter randomized controlled trial comparing 
the efficacy and safety of CTR-US to mOCTR in patients with 
CTS. The trial protocol was approved by a central institutional 
review board (WCG IRB, Puyallup, WA) and was registered 
prospectively at ClinicalTrials.gov (NCT05405218). Enrolled 
patients provided informed consent and confirmed 
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willingness to receive CTR-US or mOCTR before study partici-
pation. Eligible patients were randomized to receive unilateral 
CTR-US or mOCTR and remain in follow-up for 1 year. This 
manuscript presents 3-month outcomes from the trial, the 
period when most clinical improvement and complications 
occur after CTR [8,9].

2.2. Participants

Patient screening included a preoperative clinical examination 
and diagnostic ultrasound of the median nerve, a reliable and 
accurate tool for CTR diagnosis [10,11]. Key inclusion criteria 
were a clinical diagnosis of idiopathic CTS, CTS-6 score ≥ 12 
[11], median nerve cross-sectional area ≥10 mm2 in the prox-
imal carpal tunnel region (indicating median nerve swelling 
proximal to the tunnel) [11], absence of CTS in the contral-
ateral hand that interfered with normal daily activities or work, 
and failure of nonsurgical treatment. Key exclusion criteria 
were previous surgery on the affected hand or wrist, recent 
(<6 weeks) corticosteroid injection in the affected hand or 
wrist, previous CTR in the target hand, recent (<3 months) 
CTR in the contralateral hand, need for additional operative 
procedure, and planned surgical or interventional procedure 
on the contralateral hand or wrist (Supplement Table 1). 
Patients who met all eligibility criteria were randomized to 
receive CTR-US or mOCTR.

2.3. Randomization and blinding

Patients were randomly assigned to receive unilateral CTR-US 
or mOCTR in a 2:1 ratio stratified by site using random block 
sizes. The 2:1 randomization ratio was selected to provide 
additional safety data for CTR-US. The randomization 
sequence was developed by a biostatistician and maintained 
within an electronic data capture system (Viedoc, Philadelphia, 
PA). Blinding of physicians and patients was impractical due to 
apparent differences in surgical technique and the postopera-
tive wound location and appearance.

3. Procedures

Investigators completed a cadaver-based training program 
and at least 10 CTR-US procedures before trial participation. 
The CTR-US technique used an FDA-cleared, single-use, hand- 
held device (UltraGuideCTR, Sonex Health, Inc., Eagan, MN) 
inserted into the carpal tunnel through a small incision at 
the proximal wrist using real-time ultrasound guidance 
(Figure 1). Detailed procedural steps with CTR-US have been 
previously reported [12,13]. Briefly, an ultrasound probe was 
applied to the volar aspect of the wrist and hand to visualize 
the relevant anatomy (e.g. TCL, median nerve, ulnar artery), 
and ultrasound guidance was utilized throughout the proce-
dure. An incision was made proximal to the wrist crease and 
the device was inserted into the carpal tunnel until the device 
tip was distal and deep to the TCL as visualized under ultra-
sound. A pair of balloons in the distal end of the device were 
inflated to create and maintain space between the cutting 
portion of the device and the median nerve. A recessed retro-
grade cutting blade in the device was then activated to 

transect the TCL distal to proximal. After the blade was 
recessed and the balloons deflated, TCL transection was ver-
ified by probing the ligament under ultrasound visualization. 
The incisions were closed with Steri-strips, skin glue, and/or 
sutures according to the surgeon’s preference.

Trial investigators were hand surgeons experienced in 
mOCTR (median experience: 14 years; interquartile range 
[IQR]: 8–28 years). The mOCTR technique used a standard 
longitudinal palmar incision along the axis of the ring finger, 
between the thenar and hypothenar eminences. The incision 
extended distally to dissect the palmar fascia with a surgical 
blade for direct visualization of the TCL, median nerve, its 
branches, and the superficial palmar arterial arch. The under-
lying TCL was then divided longitudinally along its ulnar 
aspect. The incisions were closed with sutures. Ultrasound 
guidance was not used during the mOCTR procedures.

A key element of the trial design was standardizing post-
operative patient care instructions across all sites and in both 
treatment groups. Investigators instructed patients to ‘return 
to activities and work as tolerated based on pain, function, 
and wound healing status’ without providing specific gui-
dance on the expected recovery duration or the recom-
mended time to return to activity/work. This was 
implemented to minimize bias due to the strong association 
between physician recommendations for postoperative recov-
ery and the time to return to activity [14] and work [15] 
after CTR.

4. Outcomes

Patient follow-up was performed according to the clinical 
practice patterns at each site and remote data collection was 
performed daily for 14 days, at 1 month, and at 3 months post- 
treatment. A schedule of study assessments is provided in 
Supplement Table 2. Trial data were recorded on electronic 
case report forms and routinely monitored for accuracy. Main 
outcomes included time to return to normal daily activities, 
time to return to work in any capacity among employed 
patients, Boston Carpal Tunnel Questionnaire Symptom 

Figure 1. Device used for carpal tunnel release with ultrasound guidance. Key 
device characteristics include: 1) blunt dissecting rigid polymer tip; 2) two 
laterally located polymer balloons (inflated in figure); 3) retractable stainless- 
steel retrograde cutting blade (in active position in figure); 4) handle housing 
device controls.

598 K. R. EBERLIN ET AL.



Severity Scale (BCTQ-SSS) and Functional Status Scale (BCTQ- 
FSS), Numeric Pain Scale, EuroQoL-5 Dimension 5-Level (EQ- 
5D-5 L), and device- or procedure-related adverse events (AEs). 
Patients completed return to normal activity and return to 
work questionnaires daily for the first 14 days. Patients who 
did not return to normal activity or work in the first 14 days 
were asked to provide the date of return to these activities at 
subsequent follow-up intervals. The BCTQ-SSS and BCTQ-FSS 
questionnaires were scored from 1 to 5, where higher scores 
indicated a worse outcome [16]. Hand/wrist pain severity was 
scored from 0 to 10 on a Numeric Pain Scale. Health-related 
quality of life was assessed with the EQ-5D-5 L, which provided 
a health utility value for each patient ranging from 0 to 1 
where higher scores indicated better quality of life [17]. The 
minimal clinically important difference (MCID) after CTR is 
defined as a change from baseline of −1.14 points for BCTQ- 
SSS [18], −0.74 points for BCTQ-FSS [18], −2 points for Numeric 
Pain Scale [19], and 0.09 points for EQ-5D-5 L [20]. Device- and 
procedure-related AEs were documented periprocedurally, 
during follow-up by site or patient report, or by site review 
of wound healing images. An independent medical reviewer 
adjudicated AEs for classification, seriousness, and relationship 
to the device and/or procedure. An independent data safety 
and monitoring board provided trial oversight.

5. Statistical analysis

A power analysis determined that 102 evaluable patients pro-
vided 80% statistical power to detect a standardized differ-
ence (Cohen’s d) of 0.60, assuming 2:1 randomization, a two- 
tailed alpha level of 0.05, and a two-sample equal-variance 
t-test. Consequently, we planned to enroll at least 120 patients 
to account for patient attrition. Primary analyses were per-
formed on a modified intention-to-treat population of rando-
mized patients who received their assigned treatment. 
Baseline characteristics were reported as mean and standard 
deviation for normally distributed continuous data, median 
and IQR for non-normally distributed continuous data, and 
counts and percentages for categorical data. Time to return 
to normal daily activities and return to work were preferen-
tially reported as the median and IQR, with group comparisons 
made with the Mann-Whitney U test and Kaplan-Meier meth-
ods. Changes in BCTQ-SSS, BCTQ-FSS, Numeric Pain Scale, and 
EQ-5D-5 L were analyzed using a linear mixed model with 
treatment group, time, group-by-time interaction, and base-
line value included in the model. These results were reported 
as the baseline-adjusted least squares mean and 95% confi-
dence interval (95% CI). Adverse events were reported as 
counts, percentages, and exact 95% CIs, with group compar-
isons made using Fisher’s exact test. All statistical tests were 
two-sided with no multiplicity adjustments. Results were 
deemed statistically significant at p < 0.05.

A preplanned, intention-to-treat analysis was performed on 
all randomized patients. Missing data were replaced by Fully 
Conditional Specification multiple imputation [21]. The vari-
ables in the model were assigned treatment group, age, sex, 
employment status, CTS-6 score, and baseline values for BCTQ- 
SSS, BCTQ-FSS, Numeric Pain Scale, and EQ-5D-5 L, with 
sequential modeling of return to normal activities, return to 

work, and BCTQ-SSS, BCTQ-FSS, Numeric Pain Scale, and EQ- 
5D-5 L at 2 weeks, 1 month, and 3 months. The group differ-
ences for return to normal activities, return to work, and BCTQ- 
SSS, BCTQ-FSS, Numeric Pain Scale, and EQ-5D-5 L at 3 months 
were calculated by pooling the results of 50 imputed datasets 
using Rubin’s rules [22].

6. Results

Between July 2022 and January 2023, 149 participants from 11 
centers were randomly assigned (2:1) to receive CTR-US (n =  
101) or mOCTR (n = 48). Investigators were less experienced 
with CTR-US than mOCTR (median 12 vs. 1000 previous cases 
per investigator) before treating patients in the study. A list of 
oversight committee members and participating centers is 
provided in Supplement Table 3.

The median time between randomization and treatment 
was 18 days (IQR: 9–26). After randomization, 7 patients 
assigned to CTR-US were withdrawn from the study before 
surgery, most commonly because patients withdrew consent. 
Of patients assigned to mOCTR, 20 were withdrawn from the 
study before surgery (13 refused mOCTR). Ultimately, 122 
patients were treated in the study, 94 with CTR-US and 28 
with mOCTR. Over 3 months post-treatment, 95.7% of the CTR- 
US group and 100% of the mOCTR group remained in follow- 
up (Supplement Figure 1).

The demographic and clinical characteristics of patients 
were typical of previous CTR trials [23] and were well balanced 
between treatment groups. Comparing patients treated with 
CTR-US vs. mOCTR, the mean age was 56.7 ± 14.4 vs. 56.8 ±  
14.2 years, 63.8% vs. 75.0% were female, and 59.6% vs. 67.9% 
were employed. Employed patients predominantly held desk- 
based positions, and the distribution of desk-based, light 
manual, and heavy manual work activities was comparable 
between groups (Table 1). Carpal tunnel syndrome character-
istics, BCTQ-SSS, BCTQ-FSS, Numeric Pain Scale, and EQ-5D-5 L 
scores were similar between groups (Table 2).

All procedures were completed as planned; no CTR-US 
cases were converted to OCTR/mOCTR. Most procedures in 
each group were performed using local anesthesia. The surgi-
cal incision in the wrist with CTR-US was significantly shorter 
than in the palm with mOCTR (6 ± 2 vs. 22 ± 7 mm; p < 0.001). 
Suture-based wound closure was less common after CTR-US 
(19% vs. 100% p < 0.001) (Table 3). Representative wound 
healing images after each CTR technique are provided in 
Figure 2.

Return to normal activities and work after surgery was rapid 
in both groups. The median time to return to normal activities 
was 2 days (IQR: 1–5) with CTR-US and 2 days (IQR: 1–4) with 
mOCTR (p = 0.81). The mean time to return to normal activities 
was 5.6 ± 14.8 vs. 6.4 ± 13.5 days. The time to return to normal 
activities was comparable between treatment groups over the 
3-month follow-up period (log-rank p = 0.92) (Supplement 
Figure 2). Among employed patients, the median time to 
return to work was 3 days (IQR: 1–9) with CTR-US and 4 days 
(IQR: 1–15) with mOCTR (p = 0.61). Comparing patients with 
desk-based, light manual, and heavy manual jobs, the median 
time to return to work was 2, 4, and 9 days with CTR-US and 
3.5, 1.5, and 10 days with mOCTR. The mean time to return to 
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work was 8.6 ± 14.3 vs. 17.4 ± 33.6 days. The time to return to 
work was comparable between treatment groups over the 
3-month follow-up period (log-rank p = 0.32) (Supplement 
Figure 3).

Symptom severity, functional status, pain severity, and 
health-related quality of life improved in both groups over 
the 3-month follow-up period (all changes p < 0.001), all 
mean changes exceeded the MCID, and there were no statis-
tical differences between the groups. Comparing CTR-US to 
mOCTR, the least squares mean change was −1.46 vs. −1.54 (p  
= 0.46) for BCTQ-SSS, where the changes in each group 
exceeded the MCID of −1.14. Mean BCTQ-SSS values at 3  
months were 1.6 and 1.5, respectively. The least squares 
mean change was −0.83 vs. −0.84 (p = 0.92) for BCTQ-FSS, 
where the changes in each group exceeded the MCID of 

−0.74. Mean BCTQ-FSS values at 3 months were 1.4 in both 
groups (Figure 3). The least squares mean change was −3.2 vs. 
−3.8 (p = 0.09) for the Numeric Pain Scale, where the changes 
in each group exceeded the MCID of −2.0 (Figure 4). Mean 
Numeric Pain Scale values at 3 months were 1.3 and 0.7, 
respectively. The least squares mean change was 0.11 vs. 
0.12 (p = 0.90) for EQ-5D-5 L, where the changes in each 
group exceeded the MCID of 0.09 (Figure 5). Mean EQ-5D-5 L 
values at 3 months were 0.89 and 0.88, respectively. Patient- 
reported wound appearance and satisfaction were compar-
able between groups, while freedom from wound sensitivity/ 
pain favored the CTR-US group (61.1% vs. 17.9%; p < 0.001) 
(Supplement Figure 4). In the intention-to-treat, as- 
randomized analysis, there were no statistical differences 
between treatment groups for baseline patient characteristics, 

Table 1. Demographic characteristics of patients treated with CTR-US or mOCTR.

Variable
CTR-US 
(n = 94)

mOCTR 
(n = 28) P-value

Demographics
Age (years) 56.7 ± 14.4 56.8 ± 14.2 >0.99
Female sex 63.8% (60/94) 75.0% (21/28) 0.36
Race 0.71

White 91.5% (86/94) 89.3% (25/28)
Black/African American 4.3% (4/94) 3.6% (1/28)
Asian 1.1% (1/94) 3.6% (1/28)
Other/undisclosed 3.2% (3/94) 3.6% (1/28)

Body mass index (kg/m2) 31.1 ± 7.5 31.5 ± 7.9 0.90
Medical history
Anxiety 30.9% (29/94) 32.1% (9/28) >0.99
Depression 19.1% (18/94) 21.4% (6/28) 0.79
Diabetes 16.0% (15/94) 21.4% (6/28) 0.57
Thyroid disease 14.9% (14/94) 21.4% (6/28) 0.40
Tobacco use 12.8% (12/94) 7.1% (2/28) 0.52
Opioid use 5.3% (5/94) 3.6% (1/28) >0.99
Chronic pain syndrome 4.3% (4/94) 0% (0/28) 0.57
Nerve disorder 4.3% (4/94) 7.1% (2/28) 0.62
Employment history
Employed 59.6% (56/94) 67.9% (19/28) 0.51
Work activity >0.99

Desk 51.8% (29/56) 52.6% (10/19)
Light manual activity 23.2% (13/56) 21.1% (4/19)
Heavy manual activity 25.0% (14/56) 26.3% (5/19)

Abbreviations: CTR-US=carpal tunnel release with ultrasound guidance; mOCTR=mini-open carpal 
tunnel release. 

Table 2. Clinical characteristics of patients treated with CTR-US or mOCTR.

Variable
CTR-US 
(n = 94)

mOCTR 
(n = 28) P-value

Carpal tunnel syndrome history
Symptom duration 0.76

≤6 months 10.6% (10/94) 10.7% (3/28)
>6 months − 1 year 17.0% (16/94) 21.4% (6/28)
>1 year − 2 years 12.8% (12/94) 17.9% (5/28)
>2 years 59.6% (56/94) 50.0% (14/28)

Bilateral carpal tunnel syndrome 29.8% (28/94) 46.4% (13/28) 0.12
Dominant hand treated 58.5% (55/94) 60.7% (17/28) >0.99
CTS-6 total score 18.8 ± 4.2 19.6 ± 4.3 0.33
Median nerve cross-sectional area (mm2) 15.6 ± 3.9 14.8 ± 3.2 0.29
Patient-reported outcomes
BCTQ-SSS (1–5 scale) 3.05 ± 0.66 3.06 ± 0.75 0.95
BCTQ-FSS (1–5 scale) 2.24 ± 0.75 2.31 ± 0.79 0.66
Hand/wrist pain severity (0–10 scale) 4.5 ± 2.8 4.5 ± 3.0 >0.99
EQ-5D-5 L (0–1 scale) 0.77 ± 0.18 0.75 ± 0.23 0.60

Abbreviations: BCTQ-FSS=Boston Carpal Tunnel Questionnaire Functional Status Scale; BCTQ-SSS=Boston Carpal 
Tunnel Questionnaire Symptom Severity Scale; CTR-US=carpal tunnel release with ultrasound guidance; 
CTS=carpal tunnel syndrome; EQ-5D-5 L=EuroQoL 5-Dimension 5-Level; mOCTR=mini-open carpal tunnel 
release. 
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time to return to normal activities, time to return to work, or 
BCTQ-SSS, BCTQ-FSS, Numeric Pain Scale, and EQ-5D-5 L at 3  
months (Table 4).

No device-related AEs or device malfunctions were 
reported in the study. Three procedure-related AEs were 
reported; 2 (2.1%; 95% CI: 0.3–7.5%) in the CTR-US group 
and 1 (3.6%; 95% CI: 0.1–18.4%) with mOCTR (p = 0.55). One 
patient treated with CTR-US was diagnosed with a partial third 
common palmar digital nerve injury after surgery, presenting 
with resolution of carpal tunnel symptoms but new mid- 
palmar pain, paresthesias, and increased numbness in the 
third webspace. Complete TCL release was confirmed on 
postoperative day 17 with open exploration, revealing an 
epineurial laceration without axonal disruption on the dorsal 
aspect of the third common digital nerve, 2 cm distal to its 
median nerve origin. A nerve wrap was placed and the incision 
was closed with sutures. At the latest follow-up, carpal tunnel 
symptoms were absent, thenar and grip strength were normal 
and symmetrical, and sensation continued to improve with 
a two-point discrimination of 6 mm for the ulnar middle fin-
ger, 8 mm for the radial ring finger, and 4 mm for the 

remaining fingers. This was the only serious AE reported in 
the study. Nonserious procedure-related AEs included neura-
praxia after CTR-US that was treated with a corticosteroid 
injection, and wound dehiscence after mOCTR that resolved 
after placing additional sutures. No infections, cysts/seromas, 
or tendon, muscle, or vascular complications were reported in 
either group.

7. Discussion

There were several important findings in this multicenter 
randomized trial comparing CTR-US to mOCTR, the most 
common surgical procedure for CTS [6]. First, both treat-
ments resulted in statistically significant and clinically 
important improvements in symptoms, function, and health- 
related quality of life, with low complication rates, over 3  
months. Second, the efficacy and safety of CTR-US and 
mOCTR were comparable, despite less experience of the 
investigators with CTR-US. Finally, enrollment in this trial 
was complicated by 13 patient refusals to receive mOCTR 
after randomization. While the intention-to-treat analysis 

Table 3. Procedural details in patients treated with CTR-US or mOCTR.

Variable
CTR-US 
(n = 94)

mOCTR 
(n = 28) P-value

Anesthesia* 0.28
Local only 83.0% (78/94) 71.4% (20/28)
Regional 4.3% (4/94) 7.1% (2/28)
Monitored anesthesia care 11.7% (11/94) 17.9% (5/28)
General 1.1% (1/94) 3.6% (1/28)

Incision location <0.001
Wrist 100% (94/94) 0% (0/28)
Palm 0% (0/94) 100% (28/28)

Incision length (mm) 6 ± 2 22 ± 7 <0.001
Wound closure
Sutures required 19.1% (18/94) 100% (28/28) <0.001
Number of sutures ** 1 (1, 1) *** 4 (3, 5) <0.001

*Reported as the higher degree of anesthesia for combination anesthetic regimen. 
**Median (interquartile range). 
***Among patients receiving sutures. 
Abbreviations: CTR-US=carpal tunnel release with ultrasound guidance; mOCTR=mini-open carpal 

tunnel release. 

Figure 2. Representative wound healing images in heavy manual laborers 1 week after CTR-US using a wrist incision (left) and mOCTR using a palmar incision (right).
Abbreviations: CTR-US=carpal tunnel release with ultrasound guidance; mOCTR, mini-open carpal tunnel release. 
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results were comparable to those of the as-treated analyses, 
these enrollment challenges highlight the importance of 
patient preference in the choice of CTR technique.

An interesting result of this trial was the rapid return to 
normal activities (2 days median) and work (4 days median) in 
the mOCTR group. These are the fastest reported times among 
any previous OCTR, mOCTR, or ECTR study, and considerably 
faster than times to return to normal activities and work of 13  
days and 23 days, respectively, reported in a meta-analysis of 
CTR [14]. While we preferentially reported median values, the 
mean values in both groups were considerably higher and 
more representative of results reported in previous studies. 
A design feature of this trial may have also influenced these 
times in the mOCTR group. Postoperative patient care instruc-
tions were standardized in both groups and at all sites, with-
out specific guidance on expected recovery duration or return 

to activity/work. We implemented these guidelines to mini-
mize bias based on the known relationship between the dura-
tion of physician-recommended recovery and time to return to 
activity [14] and work [15] after CTR. Such instructions are 
typical after CTR-US; however, postoperative instructions 
after mOCTR often advise 1–3 weeks of limited activity [14]. 
A final plausible contributing factor to the rapid recovery in 
patients treated with mOCTR is that trial investigators were 
highly experienced surgeons. Consequently, the trial results 
may reflect benchmark mOCTR outcomes.

Two previous randomized trials have compared CTR-US with 
mOCTR [4,7]. Capa-Graza et al. [7] followed 40 patients rando-
mized to CTR-US or mOCTR for 3 months post-treatment. The 
mean time to return to normal activities and work was 4.4 ± 1.5  
days with CTR-US and 25.9 ± 5.4 days with mOCTR, Quick 
Disabilities of the Shoulder and Hand scores over 3 months 

Figure 3. BCTQ-SSS and BCTQ-FSS scores over 3 months following CTR-US and mOCTR. Plotted values are baseline-adjusted least squares mean change and 95% 
confidence interval. (top) at 3 months, the mean change for BCTQ-SSS was − 1.46 for CTR-US and − 1.54 for mOCTR (p = 0.46 between groups). The mean change in 
each group was statistically significant compared to baseline (both p < 0.001) and exceeded the minimal clinically important difference of a 1.14-point decrease 
denoted by the green shaded area [18]. (bottom) at 3 months, the mean change for BCTQ-FSS was − 0.83 for CTR-US and − 0.84 for mOCTR (p = 0.92 between 
groups). The mean change in each group was statistically significant compared to baseline (both p < 0.001) and exceeded the minimal clinically important difference 
of a 0.74-point decrease denoted by the green shaded area [18].
Abbreviations: BCTQ-FSS=Boston Carpal Tunnel Questionnaire Functional Status Scale; BCTQ-SSS=Boston Carpal Tunnel Questionnaire Symptom Severity Scale; CTR-US=carpal tunnel 
release with ultrasound guidance; mOCTR, mini-open carpal tunnel release. 

602 K. R. EBERLIN ET AL.



favored CTR-US, and no complications were reported in either 
group. In the randomized trial of Rojo-Manuate et al. [4], 92 
patients received CTR-US or mOCTR and were followed for 12  
months. The mean time to return to normal daily activities and 
work (4.9 ± 5.4 vs. 25.5 ± 24.3 days) and QDASH scores favored 
CTR-US, whereas complication rates were comparably low (0% 
with CTR-US vs. 4% with mOCTR). In the current trial, the time to 
return to activity and work, the improvement in patient-reported 
outcomes, and complication rates with CTR-US were comparable 
to these previous randomized trials and studies of CTR-US per-
formed in real-world settings [12,13]. The primary differences in 
the current trial were the notably shorter time to return to work 
with mOCTR and the lack of statistically significant differences in 
patient-reported outcomes favoring CTR-US. Overall, the clinical 

results achieved with CTR-US in this study appear consistent 
among studies, whereas the variability in results after mOCTR 
deserves further investigation.

The primary strengths of this study were the multicenter ran-
domized trial design, trial oversight provided by an independent 
data safety and monitoring board, AE adjudication provided by an 
independent medical reviewer, and implementation of trial design 
and data analysis elements intended to minimize bias. 
Nonetheless, several limitations of this study warrant discussion. 
First, 13 patients randomized to mOCTR refused treatment despite 
reporting a willingness to be randomized to either treatment 
group. Although the difference in withdrawal rates reflects 
a patient preference for CTR-US over mOCTR, this may have biased 
the study results. This risk was partially addressed by performing an 

Figure 4. Numeric Pain Scale scores over 3 months following CTR-US and mOCTR. Plotted values are baseline-adjusted least squares mean change and 95% 
confidence interval. At 3 months, the mean change was − 3.2 for CTR-US and − 3.8 for mOCTR (p = 0.09 between groups). The mean change in each group was 
statistically significant compared to baseline (both p < 0.001) and exceeded the minimal clinically important difference of a 2-point decrease denoted by the green 
shaded area [19].
Abbreviations: CTR-US=carpal tunnel release with ultrasound guidance; mOCTR=mini-open carpal tunnel release. 

Figure 5. EQ-5D-5 L scores over 3 months following CTR-US and mOCTR. Plotted values are baseline-adjusted least squares mean change and 95% confidence 
interval. At 3 months, the mean change was 0.11 for CTR-US and 0.12 for mOCTR (p = 0.90 between groups). The mean change in each group was statistically 
significant compared to baseline (both p < 0.001) and exceeded the minimal clinically important difference of a 0.09-point increase denoted by the green shaded 
area [20].
Abbreviations: CTR-US=carpal tunnel release with ultrasound guidance; EQ-5D-5 L=EuroQoL 5-Dimension 5-Level; mOCTR=mini-open carpal tunnel release. 
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intention-to-treat, as-randomized analysis where the results were 
comparable to the primary as-treated analysis. Additionally, the 
statistical power of the trial remained approximately 80% despite 
the differential dropout rate between groups. However, unmea-
sured factors such as differences in patient motivation, treatment 
expectations, or socioeconomic factors between groups may have 
influenced the study results. Factors that influence patient prefer-
ences when electing to undergo CTR warrant further study. 
A second limitation was that trial investigators were considerably 
more experienced with mOCTR than CTR-US, which may have 
biased the results. Third, the study investigated a CTR-US techni-
que that used inflatable balloons to create space and subsequently 
transect the TCL with a cutting blade. Multiple CTR-US techniques 
have been described that vary by approach to access the TCL, 
ability to create space in the carpal tunnel, and method of TCL 
transection [24]. Consequently, the current results may not be 
generalizable to other CTR-US techniques. Fourth, performance 
and expectation bias may have confounded the results due to 
the unblinded trial design. A final limitation is that the 3-month 
follow-up results presented here may not be fully indicative of the 
final trial outcomes at 1 year. While most clinical improvements 
and complications after CTR are typically observed in the first 3  
months after surgery [8,9], longer-term data will be crucial to 
corroborate these early outcomes. Patients in this trial will continue 
in follow-up for 1 year, after which the final results will be 
published.

8. Conclusions

In this multicenter randomized trial, the efficacy and safety of 
CTR-US performed through a wrist incision were comparable 
to mOCTR performed through a palmar incision despite less 

previous surgical experience with CTR-US. Both treatment 
groups reported rapid return to work and activity, statistically 
significant and clinically important improvements in symp-
toms, function, and health-related quality of life, with low 
complication rates, through 3 months. Overall, the choice of 
CTR technique should be determined by shared decision- 
making between the patient and physician.
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