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INTRODUCTION

Carpal tunnel syndrome (CTS) is the most prevalent upper limb entrapment neuropathy, constituting 
roughly 0.6–3.4% of the general population.[2,13,14] This prevalence jumps significantly for workers 
who regularly use their hands and wrists for daily tasks, affecting up to 5% of this specific group. 
Annually, there are 105 new cases of men and 197 new cases of women of CTS diagnosed for every 

ABSTRACT
Background: Carpal tunnel syndrome (CTS) is a common nerve entrapment condition, and there is ongoing 
debate regarding the superiority of traditional open versus minimally invasive carpal tunnel surgery.

Methods: This meta-analysis reviewed six studies involving 478  patients to compare recovery and functional 
outcomes between the traditional longitudinal technique and the minimally invasive mini-transverse technique. 
The primary outcomes included the functional status scale (FSS), symptoms severity scale (SSS), pain scores, time 
to return to work, duration of operation, and incidence of complications.

Results: The mini-transverse technique was associated with lower FSS and SSS scores compared to the 
longitudinal technique, with mean differences (MD) of −0.32 (95% confidence level [CI]: −0.52, −0.12, P = 0.002) 
and −0.43 (95%CI: −0.6, −0.25, P < 0.00001), respectively. Pain scores were also lower with the mini-transverse 
technique (MD) of −0.5  (95%:CI: −0.71, −0.3, P < 0.00001). The mini-transverse group had a statistically 
significant shorter time to return to work (MD) of −8.34  (95%CI: −13.55, −3.13, P = 0.002). No significant 
differences were found in the duration of surgery (MD) of −6.96 (95%CI: −16.66, 2.74, P = 0.16) or incidence of 
complications (MD) of 0.46 (95%CI: 0.15, 1.4, P = 0.17).

Conclusion: The mini-transverse approach for CTS resulted in better outcomes, including less pain, faster 
recovery, and improved hand function. There was no significant difference in surgery time or complications 
compared to the traditional technique, suggesting it may be the preferable option.
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100,000 individuals.[14] Patients typically experience excruciating 
paresthesia or burning sensations in the radial half of their 
hand, especially at night.[19] When conservative measures fail, 
the standard surgical treatment involves dividing the transverse 
carpal ligament to release the trapped median nerve.[5]

Historically, three surgical approaches have been used: 
endoscopic, limited incision, and the classic open technique.[6] 
Open surgery has fallen out of favor due to concerns about 
longer, more painful scars, poor wound healing, pillar pain, 
and delayed return to work, all impacting quality of life.[11,20]

Minimally invasive techniques such as endoscopically assisted 
release, mini-open longitudinal, and mini-open transverse 
approaches were developed to address these issues.[7,23,30] 
Endoscopic carpal tunnel releases have shown advantages in 
terms of grip strength, pinch strength, and scar tenderness 
compared to open releases.[30] However, the evidence regarding 
symptom relief and return to work is mixed.[30] In addition, 
endoscopy has been linked to a higher risk of irreversible nerve 
damage and incomplete release of the flexor retinaculum.[4,6,10,30]

Due to this ongoing controversy and gap in knowledge 
regarding the superiority of the traditional open technique 
versus the minimally invasive technique, we conducted a 
systematic review and meta-analysis to compare the two 
techniques and their outcomes comprehensively.

MATERIALS AND METHODS

This study adheres to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidelines. This 
study was registered with PROSPERO (CRD42024548218).

Literature search

A comprehensive computerized search was performed to locate 
pertinent articles. The databases PubMed, Scopus and Web of 
Science were all searched. The following search terms were used 
from the beginning till April 2024: “Longitudinal,” “Transverse,” OR 
“Mini-transverse,” AND “ Carpal tunnel syndrome.” We did not 
apply any criteria, and we looked through the reference lists of the 
included articles to see if there were any more relevant publications 
that we missed in our search. Our search strategy resulted in a total 
of 532 articles; after duplicate removal, we screened 255 articles, as 
summarized in the PRISMA flowchart [Figure 1].

Inclusion and exclusion criteria

The inclusion criteria for this review encompass studies 
that compare the use of mini-transverse techniques and 
longitudinal techniques in the surgical treatment of CTS 
patients, specifically focusing on primary research articles 
that present original data, regardless of the language of 
publication. Exclusion criteria include studies that do not 
directly compare these two surgical techniques, as well as 
review articles, opinion pieces, or case studies.

Study screening and selection

First, articles were screened by title and abstract by four 
independent authors in a blinded fashion. Articles that did 
not meet the inclusion criteria were excluded, and the first 
author settled any differences. Full texts of articles that met 
the inclusion criteria were retrieved and screened by two 
independent reviewers, and the first author settled conflicts.

Data extraction

Data extraction was carried out independently by two writers 
using Microsoft Excel sheets. A senior author arbitrated any 
disputes among the authors. The study design, gender, age, 
and sample size were retrieved as baseline features from the 
included studies. In addition, we extracted information on 
the operation’s duration, healing period, complications, and 
satisfactory, good, or exceptional results.

Quality assessment using the Newcastle–Ottawa Scale 
(NOS) tool

We assessed the quality of cohort studies using the NOS; 
studies with a score of 7–9 were of high quality, 4–6 were 
of moderate quality, and 1–3 was of low quality.[32] The risk 
of bias (ROB) in randomized controlled trials (RCTs) was 
assessed using the Cochrane ROB-2 tool.[27]

Outcomes measured

Primary outcomes of interest were comparative outcomes 
between two techniques considering variables: functional 
status scale (FSS), symptoms severity scale (SSS), pain scale, 
and time to return to work or activities. Secondary outcomes 
included the surgery time and the incidence of complications.

Statistical analysis and heterogeneity

We conducted the meta-analysis by pooling the results using 
Review Manager V. 5.4 software. A random effect model was 
utilized in pooling with P = 0.05 and a confidence level (CI) 
of 95%. The analysis for dichotomous variables was done 
using event and total to calculate the odds ratio (OR), while 
that of continuous variables was done using mean difference 
(MD). Heterogeneity between studies was assessed using 
the I2 statistical test. P  < 0.05 was considered statistically 
significant.

RESULTS

Literature search

Our search strategy resulted in a total of532 articles; after 
duplicate removal, we screened 255 articles, as summarized 
in the PRISMA flowchart [Figure 1]. After title and abstract 
screening, nine articles entered the full-text screening 
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resulting in a total of six articles[15,24,21,26,29,31] to be included in 
our meta-analysis [Table 1].

Characteristics of the included studies

A total of 478 patients were analyzed across the six studies 
included in this review. The studies consisted of four 
cohort studies and two RCTs, with 228 patients undergoing 
mini-transverse surgery and 250  patients undergoing 
longitudinal surgery. The baseline characteristics of the 
included studies are detailed in Table 1. The age and gender 
distributions were similar across the study groups, although 
specific gender data were not consistently reported across 
all studies.

Quality assessment of included studies

The two included RCTs were assessed using the Cochrane 
RoB-2 tool and demonstrated a low ROB [Figure  2]. 
The quality of the four cohort studies was evaluated 
using the NOS. Three studies were deemed to have high 
methodological quality, while one study was considered to 
have moderate quality [Table 2].

Data analysis

The meta-analysis demonstrated that the mini-transverse 
technique consistently provided better outcomes compared 
to the traditional longitudinal approach across a range of key 

Table 1: Baseline characteristics of the included studies.

Study ID Design Sample size Age, mean (SD) Gender (Male/Female)
Transverse longitudinal Transverse longitudinal Transverse Longitudinal

Tarallo et al. 2013[29] RCT 60 60 63 (5) 65 (5) 30/30 30/30
Faraj et al. 2011[15] RCT 20 20 37.2 (8.7) 41.0 (12.16) NR NR
Korkmaz et al. 2013[21] Cohort 41 38 54 (11.8) 53 (11.8) 5,36 10,28
Oropeza‑Duarte et al. 2021[26] Cohort 8 9 46.3 (9) 48 (8) 1,7 1,8
Muhammed Fazil et al. 2022[24] Cohort 41 49 46 (9) 44 (7) 17/24 15/34
Wang et al. 2022[31] Cohort 58 74 49.6 (11.8) 47.3 (13.5) 12,46 17,57
RCT: Randomized controlled trial, NR: Not reported, SD: Standard deviation

Figure 1: PRISMA flowchart of database searching and screening process.
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measures. For functional outcomes, patients who underwent 
the mini-transverse technique had significantly lower 
scores on the Functional Status Scale (FSS), with a MD of 
−0.32 (95% CI, −0.52–−0.12; P = 0.002; I² = 59%) [Figure 3]. 
This finding suggests that these patients experienced better 
functional recovery and an overall improvement in their 
ability to perform daily tasks compared to those who had 
the longitudinal technique. In addition, the mini-transverse 
group showed significantly lower scores on the Symptoms 
Severity Scale (SSS) (MD −0.43; 95% CI, −0.6–−0.25; 
P < 0.00001; I² = 76%) [Figure  4], indicating a notable 
reduction in the severity of symptoms. This highlights the 
effectiveness of the mini-transverse approach in alleviating 
the discomfort associated with CTS. Another clear advantage 
of the mini-transverse approach was in pain management, 
with an MD of −0.5 (95% CI, −0.71–−0.3; P < 0.00001; I² = 
0%) on the Visual Analog Scale (VAS) for pain, individuals 
in the mini-transverse group reported significantly reduced 
pain [Figure 5]. The evidence suggests that the less invasive 
nature of the mini-transverse technique results in reduced 

postoperative discomfort, potentially leading to a faster and 
more comfortable recovery. In addition to reduced pain, 
patients who underwent the mini-transverse procedure 
recovered faster and returned to work and their regular 
activities. As shown in Figure 6, the MD in return-to-work 
time was −8.34  days (95% CI, −13.55–−3.13; P = 0.002; 
I²= 99%), indicating that patients in the mini-transverse 
group were able to resume their normal routines much 
sooner than those who had the longitudinal technique. This 
result underscores how the mini-transverse approach can 
lead to a quicker recovery and less disruption to personal 
and professional lives. Regarding surgery duration, no 
significant difference was observed between the two 
techniques. The meta-analysis found an MD of −6.96  (95% 
CI, −16.66–2.74; P = 0.16; I² = 99%) [Figure 7], suggesting 
that both techniques required a similar amount of time 
to perform. This indicates that while the mini-transverse 
technique offers better recovery outcomes, it does not come 
at the expense of longer operating times. Finally, there were 
no notable differences between the two groups in terms of 

Figure 2: Risk of bias (RoB) assessment of the randomized controlled trials using the Rob-2 tool.

Figure  3: Comparison between mini-transverse and longitudinal techniques regarding functional 
status scale. SD: Standard deviation, CI: Confidence interval

Figure  4: Comparison between mini-transverse and longitudinal techniques regarding symptoms 
severity scale. SD: Standard deviation, CI: Confidence interval
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complications. The OR for the incidence of complications 
was 0.46  (95% CI, 0.15–1.4; P = 0.17; I² = 0%) [Figure  8], 
indicating that the safety profiles of the mini-transverse and 
longitudinal procedures were comparable.

DISCUSSION

The present study evaluated the effectiveness and safety of 
mini-transverse versus longitudinal surgical techniques for 
patients with CTS. Notably, the results leaned in favor of 
the mini-transverse method. Patients who underwent this 
procedure showed statistically significant improvements in 
functional status scale (FSS), symptoms severity scale (SSS), 
and pain levels. Furthermore, their recovery and return to 
daily activities were faster than those who underwent the 
longitudinal technique. Despite these advantages, there were 
no significant differences in operative time or complication 
rates between the two techniques. Several studies, as 
discussed, support the superiority of the mini-transverse 
approach.

Tarallo et al. (2014)[29] conducted a randomized clinical 
trial comparing the traditional open carpal tunnel release 
(TOCTR) technique with the minimal-access carpal tunnel 
release (MACTR) for treating CTS patients. The MACTR 
method offers several advantages, making it a strong 
alternative. It is a safe and reliable procedure with a short 
learning curve for surgeons, resulting in shorter operation 
times and potentially reduced costs. In addition, the 
MACTR technique can be executed with standard surgical 
instruments, eliminating the need for specialized or costly 
equipment. Their study further highlights the benefits 
of MACTR, showing significant improvements over the 
TOCTR technique. Moreover, patients tolerate the procedure 
well, aligning with the preference for minimally invasive 
approaches in modern surgery.[29]

Faraj et al. (2012)[15] compared two surgical methods for 
CTS: the mini-transverse incision and the traditional 
open incision. Their study assessed both subjective aspects 
(patient experience) and objective outcomes (surgical 
results). Subjectively, the majority of patients in both groups 
experienced symptom relief, though a slightly higher 
satisfaction rate was observed in the mini-transverse incision 
group. There were no significant differences in nerve function 
tests between the two techniques. Objectively, the mini-
transverse approach led to a significantly smaller scar and a 
quicker return to daily activities. The researchers concluded 
that the mini-transverse incision is a safe and effective 
alternative to the traditional open method, providing the 
added advantages of a smaller scar and faster recovery.[15]

In a study by Oropeza-Duarte et al., (2021)[26], the mini-
transverse incision was compared with the traditional 
longitudinal technique for CTS. The findings showed that Ta
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Figure 5: Comparison between mini-transverse and longitudinal techniques regarding pain. 
SD: Standard deviation, CI: Confidence interval.

Figure 8: Comparison between mini-transverse and longitudinal techniques regardingcomplications. 
SD: Standard deviation, CI: Confidence interval.

patients who underwent the mini-transverse incision returned 
to work significantly faster, with a median of 17.5  days 
compared to 28  days for those who had the traditional 
technique. In addition, patients reported less pain during the 
1st week, scoring 4 versus 7 on a VAS. There were no notable 
differences in complication rates between the two groups. 
These outcomes suggest that the mini-transverse incision may 
be a more effective option for carpal tunnel surgery, offering 
shorter recovery times and reduced disability.[26]

Muhammed Fazil et al.[24] explored the differences between 
two carpal tunnel release techniques: The limited longitudinal 
palmar incision and the mini-open transverse flexor crease 
incision. Their study focused on short-term outcomes, assessing 
patients preoperatively and at 2  weeks, 6  weeks, 3  months, 
6 months, and 12 months after surgery. They used the Boston 
CTS Questionnaire scores, VAS, grip strength, and return-to-

work days to track patient progress. Based on the follow-up 
results, Muhammed Fazil et al. concluded that the mini-open 
transverse flexor crease incision technique is a simpler, safer, 
and more cost-effective method for treating idiopathic CTS 
compared to the limited palmar incision. Although long-term 
outcomes are similar, the mini-open technique offers benefits 
in terms of pain relief, esthetics, and faster recovery.[24]

A recent study by Wang et al. (2022)[31] examined a 
minimally invasive technique for CTS, comparing a novel 
mini-transverse incision method with a traditional mid-
palmar small longitudinal incision. The mini-transverse 
group experienced significantly smaller scars shorter surgery 
durations, and showed a trend toward faster recovery, 
including an earlier return to work and daily activities. Both 
groups demonstrated substantial symptom improvement, and 
while hospital stays were similar, the mini-transverse incision 

Figure 6: Comparison between mini-transverse and longitudinal techniques regarding time to return 
to work. SD: Standard deviation, CI: Confidence interval.

Figure  7: Comparison between mini-transverse and longitudinal techniques regarding operation 
time. SD: Standard deviation, CI: Confidence interval.
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group had fewer complications and better overall outcomes. 
The authors concluded that this innovative technique, which 
employs a mini-transverse incision and a specialized surgical 
tool (bush hook), presents a promising alternative for CTS 
surgery. Nevertheless, they stressed the importance of larger-
scale studies to validate these results.[31] Numerous techniques 
have been described for carpal tunnel release, including the 
traditional open approach, the endoscopic method, and, 
more recently, the limited incision approach.[3,9,23] While each 
of these methods has been associated with certain challenges 
and adverse effects, all have proven effective in alleviating 
CTS symptoms.

Although open carpal tunnel release is widely regarded as the 
gold standard for treating CTS, its failure rate ranges from 
7 to 20%.[9,18,26] In recent years, however, most cases have 
been treated using a small longitudinal incision that extends 
approximately 2–4 cm distal to the wrist crease.[28] Numerous 
studies have shown that smaller incisions lead to shorter 
recovery periods and improved functional outcomes.[3,7,16,25] 
The mini-transverse carpal tunnel release offers superior 
scar esthetics,[15] though symptom improvement may be 
slower compared to the mini-longitudinal approach.[15] Both 
of these methods are generally preferred over endoscopic 
surgery due to lower costs and a potentially reduced risk of 
complications.[15] Endoscopic carpal tunnel release, while 
advantageous in avoiding damage to palmar cutaneous nerve 
fibers and preventing scar-related discomfort,[12] has certain 
drawbacks. Research indicates incomplete ligament release 
and an increased risk of nerve injury during endoscopic 
procedures.[1] In addition, the steep learning curve, longer 
operative times, and need for specialized equipment 
contribute to higher costs, which may limit its widespread 
use among surgeons.[6]

Blind mini-open carpal tunnel release, a minimally invasive 
technique that offers faster recovery compared to open 
surgery,[3,7] involves the use of specialized instruments such 
as the Indiana Tome for ligament release.[22] While generally 
safe and effective, with a complication rate of just 0.83%, as 
reported by Lee et al., (2008)[22], there has been a documented 
case of nerve transection associated with the procedure.[8] 
Other devices, such as the Safeguard System and KnifeLight, 
utilize similar approaches for blind mini-open release.[16,17]

To the best of our knowledge, this is the first meta-
analysis comparing minimally invasive versus longitudinal 
approaches in CTS patients. However, several limitations 
may affect the generalizability of the findings. First, the 
small number of included studies limits the statistical power 
of the analysis. In addition, the overall sample size may be 
insufficient to detect significant differences. Moreover, the 
inclusion of only two published RCTs on this topic weakens 
the overall strength of the evidence. Given these limitations, 
future well-designed RCTs with significantly larger sample 

sizes are needed to definitively assess the relative effectiveness 
of minimally invasive versus longitudinal approaches in CTS 
patients.

CONCLUSION

This study demonstrates that the mini-transverse surgical 
approach emerged as the superior method for CTS patients, 
yielding significant improvements in functional outcomes, 
symptom severity, pain scores, and time to return to work 
compared to the longitudinal technique. Notably, both 
approaches demonstrated comparable procedure length and 
complication rates.
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