
O
rig

in
al

 A
rt

ic
le

350

Copyright © 2019  The Korean Society of Plastic and Reconstructive Surgeons
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ 
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. www.e-aps.org

INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common peripheral 
nerve entrapment syndrome worldwide [1]. Its incidence peaks 
in the age group of 40 to 60 years, and it is three times more 

common in women than in men [2]. Various non-surgical and 
surgical treatment options exist for CTS. Currently, surgical 
treatment is indicated when symptoms are severe or when con-
servative treatment has failed [3]. The basic principle of CTS 
surgery is to increase the volume of the carpal tunnel, thereby 

Effectiveness of mini-open carpal tunnel release: 
An outcome study
Lieselotte R. van den Broeke1, Willem. J. Theuvenet1, Jan. J. van Wingerden1,2

1Department of Plastic, Reconstructive and Hand Surgery, Gelre Hospital, Apeldoorn; 2Department of Plastic, Reconstructive and Hand 
Surgery, Academic Medical Center, University of Amsterdam, Amsterdam, the Netherlands

Background Carpal tunnel syndrome (CTS) is the most common peripheral entrapment neu-
ropathy with a high morbidity and healthcare-related costs. Currently there is no consensus 
about the best treatment option. The purpose of this prospective cohort study conducted at a 
single institution was to evaluate the clinical outcomes and patient satisfaction following a 
mini-open carpal tunnel release for idiopathic CTS. 
Methods A total of 72 patients (53 female and 19 male patients; mean age, 57.8±15.3 years; 
range, 24–94 years) had a mini-open carpal tunnel release performed by a single senior sur-
geon between June 2015 and June 2016. The patients were evaluated preoperatively, and at 3 
and 12 months post-intervention. At every follow-up, the Boston Carpal Tunnel Syndrome 
Questionnaire (BCTSQ) and visual analogue scale (VAS) scores for pain and satisfaction were 
completed. Digital sensibility (using Semmes- Weinstein monofilaments) was assessed and 
pinch and grip strengths were measured.
Results Statistically significant and clinically relevant improvement was found in terms of dig-
ital sensibility, grip and pinch strength (except for 2-point pinch), BCTSQ scores and pain scores. 
The complication rate was minimal, and no major complications occurred. Two patients experi-
enced recurrence. The availability of follow-up records (including patient-reported outcomes, 
BCTSQ and VAS scores, and the complication rate) at 1-year post-intervention varied between 
69% and 74% (50–53 patients) depending on which parameter was assessed. Patient satisfac-
tion was high (mean, 80.9±26.0; range, 0–100). 
Conclusions This study demonstrates that mini-incision carpal tunnel release is clinically effec-
tive in the short and long term.

Keywords Carpal tunnel syndrome / Patient reported outcome measures / Treatment outcome / 
Decompression, surgical

Correspondence:  
Lieselotte R. van den Broeke
Department of Plastic, Reconstructive 
and Hand Surgery, Gelre Hospital, 
Albert Schweitzerlaan 31, Apeldoorn 
7334 DZ, the Netherlands
Tel: +31-612-786-833
Fax: +31-55-581-1249
E-mail: lieselottevandenbroeke@
hotmail.com

The authors gratefully acknowledge the 
assistance of Hanna van Eijsden, 
physiotherapist (data collection) and Dr. 
Hester van der Zaag-Loonen, 
epidemiologist (data analysis).

Received: 26 May 2018 • Revised: 23 Dec 2018 • Accepted: 1 Feb 2019
pISSN: 2234-6163 • eISSN: 2234-6171 • https://doi.org/10.5999/aps.2018.00535 • Arch Plast Surg 2019;46:350-358

Article published online: 2022-03-28

http://crossmark.crossref.org/dialog/?doi=10.5999/aps.2018.00535&domain=pdf&date_stamp=2019-07-15


Vol. 46 / No. 4 / July 2019

351

releasing pressure on the median nerve [4]. Approaches for car-
pal tunnel release (CTR) have been extensively investigated, 
and several distinct techniques and instruments have been in-
troduced to increase the success rate of carpal tunnel surgery. 
The traditional surgical approach is a standard open CTR. 
Modified open CTR involves an incision of a similar length (ap-
proximately 5 cm), but specific care is taken to preserve the su-
perficial nerve branch crossing the incision site. In the mini-
open CTR, the transverse carpal ligament is divided through a 
significantly smaller incision (1–3 cm). The transverse carpal 
ligament can also be divided with the use of an endoscopic cam-
era, optical fiber light source, monitor and 1 or 2 portals [5,6]. 

The high prevalence of CTS, its effect on quality of life, and 
the resultant healthcare costs make it essential to identify the 
most cost-efficient and patient-friendly treatment method. This 
study aimed to generate insights into short- and long-term clini-
cal outcomes and patient satisfaction after mini-open CTR.

The aim of this study was to evaluate the clinical and patient-
reported outcomes of mini-open incision CTR in the short and 
long term, and to serve as a basis for future outcome studies of 
mini-open CTR. For the purpose of this study, “short-term” was 
defined as 3 months post-intervention and long term as 1-year 
post-intervention.

METHODS

Study design
This was a single-group prospective cohort study designed to 
determine the clinical outcomes and patient-reported satisfac-
tion following a mini-open CTR in the short and long term. 
The institutional Review Board (IRB) approved the study (RF 
TCO nr.16.29). Informed consent was obtained from all pa-
tients for the operation and the preoperative and postoperative 
assessments. Demographic and preoperative clinical data were 
collected preoperatively (T0). All patients (n = 72) had received 
a mini-open CTR done under local anesthesia. Clinical and pa-
tient-reported outcomes were evaluated on an outpatient basis 
at 3 months (T1) and 1 year (T2) post-intervention. Motor and 
sensory tests were performed on a randomly selected group 
(n = 52) of patients. Postoperative complications were recorded. 
Each patient (n = 72) was sent the Boston Carpal Tunnel Syn-
drome Questionnaire (BCTSQ) by post to gain insight into the 
degree of recovery and patient satisfaction. Unsatisfied patients 
and patients with incongruent answers were contacted by tele-
phone to avoid misinterpretation or miscommunication. Pa-
tients lost to follow-up were contacted when possible to verify 
their reasons for stopping participation. 

Participants
The inclusion of participants is summarized in the flowchart 
presented in Fig. 1. A total of 72 patients were included between 
June 2015 and June 2016 at the Outpatient Clinic of the Depart-
ment of Plastic, Reconstructive and Hand Surgery of Gelre 
Hospital. Only patients with idiopathic CTS (not caused by an 
acute trauma or any systemic disease) who had not previously 
undergone carpal tunnel surgery and who were considered suit-
able for a mini-open incision under local anesthesia were includ-
ed. The diagnosis of CTS was required to comply with the 
guidelines of the Dutch Society of Neurology [3] and was only 
made following a complete anamnesis, a thorough physical ex-
amination and nerve conduction studies (NCSs). The exclusion 
criteria were post-surgical recurrence of CTS, inflammatory ar-
thropathy, deformities of the affected hand/wrist, candidates for 
CTR under general anesthesia (because of co-morbidities or 
anxiety), neuropathies or myopathies or an age of less than 18 
years. 

Intervention
All patients underwent CTR through a mini-open incision, per-
formed by a single senior surgeon (WJT) in an outpatient setting 
under local anesthesia with the aid of a tourniquet inflated to 100 
mmHg above systolic blood pressure. The upper limb was 
placed on an arm board in an abducted position. The forearm 
was supinated and the wrist was kept in slight extension. A lon-
gitudinal incision of 1–2 cm was made distal to the transverse 
skin fold in the extension of the palmaris longus tendon. The in-
cision was located closer to the ulnar side of the median nerve 
to decrease the risk of injury to the palmar cutaneous and recur-
rent motor branches (Fig. 2). Following the skin incision, the 
palmaris longus tendon, where present, was held aside radially. 
In this way the roof of the carpal tunnel was exposed while the 
more superficial subcutaneous tissue, which was retracted bilat-
erally, was preserved. A plane superficial to the transverse carpal 
ligament was created by spreading the Stephens scissors. The 
transverse carpal ligament was cut under direct vision. Com-
plete release was ensured and a depot of 0.5% bupivacaine was 
instilled prior to skin closure with 5/0 absorbable (either poly-
glactin 910 or polyglycolic acid) interrupted sutures. A light 
pressure dressing was applied for a week and patients were dis-
charged directly post-intervention. Movement of the fingers was 
started immediately postoperatively and encouraged as much as 
the light compression dressing allowed. 

Measurements
Preoperative NCSs were done in accordance with the current 
guidelines of the Dutch Society of Neurologists [2], measuring 
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the distal motor and sensory latency, amplitude, and conduc-
tion velocity of the median nerves across the carpal tunnel and 
all along its course. Multiple compression neuropathies were 

ruled out. The results were classified according to the American 
Association of Electrodiagnostic Medicine criteria (Table 1), for 
the severity of median nerve lesions [4]. 

Preoperatively and postoperatively, motor and sensory func-
tion tests were done by a qualified hand therapist. The motor 
tests included measurements of hand grip and pinch strength 
(key, 2-point and 3-point). These tests were performed accord-

A total of 174 patients were assessed for eligibility between June 2015 and June 2016 at the outpatient clinic of the department of plastic, re-
constructive and hand surgery. Only patients with idiopathic carpal tunnel syndrome (CTS) with no history of carpal tunnel surgery who were 
suitable for mini-open incision under local anesthesia were included (n=72). Patients with a post-surgical recurrence, deformities of the hand/
wrist, carpal tunnel release (CTR) under general anesthesia, no informed consent, arthropathies, neuropathies or myopathies, or age under 18 
years were excluded (n=102). A total of 19–22 patients did not attend follow-up visits depending on which parameter was assessed, resulting in 
50 to 53 participants with complete data available for analysis at 1-year post-intervention. 

Fig. 1. Flowchart of included participants

Enrolment at outpatient plastic surgery clinic

Assessed for eligibility (n=174)

Included: idiopathic CTS & CTR under 
local anesthesia (n=72)

Analysis (n=50–53)

Lost to follow-up (n=19–22)
Dropped out at T1 (n=17)
Dropped out at T2 (n=2–5)

Excluded (n=102)
1. Post-surgical recurrence
2. Deformities of the hand/wrist
3.  Candidates for CTR under general 

anaesthesia
4. No informed consent
5. Arthropathies, neuro- or myopathies
6. Age under 18 years

Motor and sensory tests were only 
performed in a randomly selected group 

(n=52)

(A) The incision is less than 2 cm and stops at the distal wrist crease. 
(B) Adequate exposure is obtained to completely release the trans-
verse carpal ligament.

Fig. 2. Mini-open carpal tunnel release

A B

The AAEM classification Criteria

1. Mild CTS Only sensory peak latency and falling sensory 
amplitude

2. Moderate CTS Abnormal median sensory interaction with 
addition of motor distal latency prolongation

3. Severe CTS Median motor and sensory distal latency 
prolongation in addition to sensory and motor 
amplitude decrease

4. Very severe CTS No median sensory or motor responses

AAEM, American Association of Electrodiagnostic Medicine; CTS, carpal tunnel 
syndrome.

Table 1. The AAEM classification for determining the degree 
of CTS
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ing to standard procedures (3 recordings per measure, the best 
result being registered) using a dynamometer and a pinch meter 
(E-Link, Biometrics Ltd., Newport, UK). Digital sensibility of 
the thumb, index, and middle fingers was measured using 
Semmes-Weinstein monofilaments (Touch-Test Sensory Evalu-
ator, Morgan Hill, CA, USA). 

Patient-reported outcomes were evaluated using a questionnaire. 
Patients reported a visual analogue scale (VAS) score for pain at 
rest and during activity. The VAS was a horizontal 100-mm line 
with a scale from 0 to 100 (0 equaling no pain and 100 corre-
sponding to the most intense pain). Patients were asked to grade 
their pain by drawing a stripe along this line. Satisfaction with sur-
gery at follow-up at 3 (T1) and 12 months (T2) was evaluated in 
the same manner. The severity of symptoms was quantified using 
the BCTSQ, a validated, patient-orientated, and highly reproduc-
ible questionnaire [7]. The BCTSQ evaluates symptoms with 11 
parameters and function with eight parameters. Each parameter is 
scored on a 5-point scale, with higher scores indicating more se-
vere symptoms and lower function. When complications (hema-
toma, necrosis, complex regional pain syndrome type 1 [CRPS 
type 1], delayed wound healing, infection, arterial or nerve dam-
age) occurred, they were registered.

Statistical analysis
Statistical analyses were performed using SPSS version 17.0 
(SPSS Inc., Chicago, IL, USA). The evaluation of the data in-
cluded descriptive statistical methods (mean, standard devia-
tion, ranges, absolute numbers, and percentages) and statistical 
comparisons. The paired t-test was used to analyze preoperative 
and postoperative assessments if the data were normally distrib-
uted and continuous (grip and pinch strength), and the Wilcox-
on signed-rank test was used for non-normally distributed con-
tinuous or ordinal data (sensibility, overall BCTSQ score). The 
Mann-Whitney U test was used to analyze the relationships of 
the BCTSQ score with the duration of symptoms and NCS ab-
normalities. The chi-square test was used to analyze the rela-
tionship between postoperative paraesthesia and age. The dura-
tion of symptoms, NCS abnormalities, and age were dichoto-
mized to create sufficient power for analysis. Analyses were per-
formed at the group level and represented by P-values. A two-
tailed P-value < 0.05 was considered to indicate statistical signif-
icance. The data were analyzed using completed datasets. 

RESULTS

Baseline and follow-up
Demographic and baseline clinical data for the patient cohort 
are shown in Table 2. In total, 72 patients were included (time 0, 

T0). All patients underwent mini-open CTR. Follow-up exami-
nations were performed at 3 months post-intervention (time 1, 
T1) and at 1-year post-intervention (time 2, T2). 

Clinical outcomes
Table 3 presents patients’ grip and pinch strengths at 3 months 
(T1) and 1 year (T2) post-intervention compared with the pre-
operative measurements (T0). Relative to the preoperative mea-
surements, statistically significant mean improvements in total 
grip strength (P < 0.05), 3-point pinch strength (P = 0.002), and 
key pinch strength (P < 0.007) were found at 1-year post-inter-
vention. Two-point pinch strength did not significantly improve 
(P = 0.232).

The sensibility of the first 3 digits (thumb, index finger, and 
middle finger) improved significantly when the preoperative 
measurements were compared to those made at 1-year post-in-
tervention (P = 0.011) (Table 4). Sensibility improved on aver-
age from a target bending force of 5.24 ± 21.1 g (range, 0.07–
102.67 g) at baseline to 0.49 ± 0.7 g (range, 0.07–3.33 g) at 
1-year post-intervention. At baseline, six patients (13%) had loss 
of protective sensation in digit I, five patients (11%) had loss of 

Parameter Baseline characteristics T0 
(n=72) 

Age (yr) 57.8±15.3 (24–94)
Sex
   Male 19 (26)
   Female 53 (74)
Employment status
   Yes 39 (54)
   No 33 (46)
Hand dominance
   Right 63 (88)
   Left 8 (11)
   Unknown 1 (1)
Operated hand
   Right 40 (56)
   Left 32 (44)
Duration of symptoms (mon)
   1–6 23 (32)
   6–12 9 (13)
   >12 40 (56)
AAEM degree of CTSa )

   Normal 1 (1)
   Mild 7 (10)
   Moderate 37 (51)
   Severe 23 (32)
   Extremely severe 2 (3)
   Unknown 2 (3)

Values are presented as mean±SD (range) or number (%).
AAEM, American Association of Electrodiagnostic Medicine; CTS, carpal tunnel 
syndrome.
a )See Table 1.

Table 2. Patient characteristics
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protective sensation in digit II and three patients (7%) had loss 
of protective sensation in digit III. At 1-year post-intervention, 
only two patients continued to have loss of protective sensation 
(1 patient in digit I and 1 patient in digit II) (Table 5). 

Two patients (3.8%) required re-exploration for inadequate 
symptom relief and improvement within the year of follow-up. 
None of the other patients suffered any major complications, 

such as injury to the median nerve or its branches, CRPS type 1, 
hematoma, or deep infection. A superficial infection was ob-
served in one patient, and was successfully treated with antibi-
otic therapy. Pillar pain was the most common complaint (5.7%, 
n = 3) (Table 6).

Patient-reported outcomes 
Complete patient-reported outcome data were available from 
51 patients at 1 year after surgery (T2), as one patient did not 
complete the VAS pain score. Table 7 shows the number and 
percentage of complaints preoperatively and postoperatively. 
Preoperatively, the majority of the patients reported night pain 
(97.2%, n = 70), numbness (93.1%, n = 67), and paraesthesia 
(97.2%, n = 70). At the 3-month follow-up, 69.8% (n = 37) of the 
patients had no night pain, 58.5% (n = 31) no numbness and 
64.2% (n = 34) no paraesthesia. At 1-year post-intervention, 
84.3% of patients (n = 43) had no night pain, 68.6% (n = 35) no 

Sensory test (Semmes-
Weinstein monofilaments) 

Preoperative (T0) 
(n=46)

At 1 year (T2) 
(n=35)

Digit I
   6.65 3 (6.5) 0 
   4.56 3 (6.5) 1 (2.9)
   4.31 10 (21.7) 4 (11.4)
   3.61 18 (39.1) 21 (60.0)
   2.83 12 (26.1) 9 (25.7)
Digit II
   6.56 1 (2.2) 0 
   4.56 4 (8.7) 1 (2.9)
   4.31 6 (13.0) 2 (5.7)
   3.61 22 (47.8) 19 (54.3)
   2.83 13 (28.3) 13 (37.1)
Digit III
   6.56 1 (2.2) 0 
   4.56 2 (4.3) 0 
   4.31 6 (13.0) 4 (11.4)
   3.61 23 (50.0) 11 (31.4)
   2.83 14 (30.4) 20 (57.1)

Values are presented as number (%). Semmes-Weinstein monofilaments: 2.83=  
normal sensibility, 3.61=diminished light touch, 4.31=diminished protective 
sensation, 4.56= loss of protective sensation, 6.65=deep pressure sensation only.

Table 5. Digital sensibility preoperatively versus at 1-year 
post-intervention

Strength (kg) Preoperative (T0) (n=52) At 3 months (T1) (n=32) At 12 months (T2) (n=33) P-valuea)

Grip 22.4±10.9 (4.0–51.5) 22.4±8.5 (11–48) 24.9±10.9 (4–57) 0.05

Key pinch   5.8±2.2 (1.3–10.3)  5.5±6.3 (7–30)    6.6±2.4 (1–11) 0.007

3-point pinch   5.1±2.3 (0.8–10.1)  5.3±2.0 (2–10)    6.2±2.6 (2–14) 0.002

2-point pinch  4.1±1.9 (0.8–8.9) 4.3±1.8 (2–9)    4.5±1.8 (1–9) 0.232

Values are presented as mean±SD (range).
a )Paired t-test: P<0.05 testing the significance of the difference between T0 and T2.

Table 3. Grip and pinch strength preoperatively, 3 months and 1-year post-intervention

Sensibility target force (g) Preoperative (T0) (n=52) At 1 year (T2) (n=35) P-valuea)

Digit I 14.22±62.3 (0–300) 0.60±0.8 (0.07–4) 0.037

Digit II 0.84±1.1 (0.07–4) 0.47±0.8 (0.07–4) 0.023

Digit III 0.67±0.9 (0.07–4) 0.39±0.6 (0.07–2) 0.005

Average of digits I, II, III 5.24±21.1 (0.07–102.67) 0.49±0.7 (0.07–3) 0.011

Values are presented as mean±SD (range). Target bending force (g) of Semmes-Weinstein monofilaments. 
a )Wilcoxon signed-rank test: P<0.05.

Table 4. Digital sensibility (target forces in grams) preoperatively versus at 1-year post-intervention

No. (%)

No complications 47 (89)
Complications
   Hematoma 0 
   CRPS type 1 0 
   Neurovascular 0 
   Pillar pain 3 (5.7)
   Re-exploration 2 (3.8)
   Infection 1 (1.9)
   Total 6 (11)

CRPS type 1, complex regional pain syndrome type 1.

Table 6. Complications over a period of 1 year (n=53)
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numbness, and 76.5% (n = 39) no paraesthesia. Preoperatively, 
half of the patients (n = 36) had had severe to very severe night 
pain, 26.4% (n = 19) severe to very severe numbness and 40.3% 
(n = 29) severe to very severe paraesthesia. Extremely severe 
night pain and paraesthesia completely disappeared postopera-
tively. At 1-year post-intervention, a minority of patients report-

ed that they still had severe night pain (3.9%, n = 2), paraesthe-
sia (3.9%, n = 2) or severe to very severe numbness (5.9%, 
n = 3). No relationship was found between persistent postopera-
tive paraesthesia and older age (above 60 years) (Table 8). 

The mean overall BCTSQ scores were 49.6 ± 11.8 (range, 23–
75) preoperatively (T0), 29.0 ± 10.5 (range, 18–56) at 3 months 
(T1), and 26.7 ± 9.8 (range, 18–57) at 1-year post-intervention. 
The BCTSQ scores showed a significant improvement (P <  
0.0001), with a difference in the mean score of 22.9 points over 
1 year (Table 9). No relationships were found between postop-
erative recovery, as represented by the BCTSQ score, and the 
preoperative degree of NCS abnormalities or duration of symp-
toms. Patients with mild to moderate pain, and those with se-
vere to extremely severe NCS abnormalities, had nearly the 
same BCTSQ scores preoperatively and postoperatively, as did 
patients whose symptoms had lasted for more or less than 1 year 
(Table 10). 

At baseline, for pain during activity, patients reported a mean 
VAS score of 46 ± 29.1 (range, 0–94), and for pain at rest, a mean 
VAS score of 38 ± 31.5 (range, 0–93). At 3 months post-inter-
vention, the scores were 24.7 ± 16.4 (range, 0–69) and 11.3 ±  
25.0 (range, 0–87) respectively, and at 1-year post-intervention, 
they were 12.7 ± 14.0 (range, 0–78) and 7.0 ± 19.3 (range, 
0–67) respectively. Patient satisfaction was 78.4 ± 23.4 (range, 
6–100) at the 3-month follow-up and 80.9 ± 26.0 (0–100) at 
the 1-year follow-up (Table 11).

DISCUSSION 

This prospective, single-center study demonstrated the benefits 
of mini-open CTR under local (infiltrating) anesthesia, in terms 
of clinical recovery and relief of symptoms in the short and long 
term (3 and 12 months, respectively). These improvements 
were of both statistical significance and clinical relevance. 

The strengths of this study were the prospective data collec-
tion, a wide range of predefined validated outcome measure-
ments, comparisons between subjective and objective findings, 
short-term (3 months) and long-term (12 months) follow-up, 

Preoperative (T0) (n=68) At 3 months (T1) (n=53) At 12 months (T2) (n=51) P-valuea)

BCTSQ score 49.6±11.8 (23–75) 29.0±10.5 (18–56) 26.7±9.8 (18–57) <0.0001
VAS painb )

   During activity 46.0±29.1 (0–94) 24.7±16.4 (0–69) 12.7±14.0 (0–78)
   At rest 38.0±31.5 (0–93) 11.3±25.0 (0–87) 7.0±19.3 (0–67)

Values are presented as mean±SD (range).
VAS, visual analogue scale (in the range of 0 to 100, 0=no pain and 100=maximum of pain); BCTSQ, Boston Carpal Tunnel Syndrome Questionnaire.
a )Wilcoxon signed rank test: P<0.05 testing the significance of the difference between T0 en T2; b )T0 (n=72), T1 (n=53), T2 (n=50).

Table 9. VAS and BCTSQ scores preoperatively, 3 months and 1-year post-intervention

At 3 months (T1) 
paraesthesia 

(n=53)a) 

At 12 months (T2) 
paraesthesia 

(n=51)b)

Yes No Yes No

Age <60 yr 7 21 7 18
Age >60 yr 12 13 6 20

a )P-value for T1 with the Pearson chi-square=0.081; b )P-value for T2 with the 
Pearson chi-square=0.687.

Table 8. Post-intervention paraesthesia related to age

Complaints
Preoperative 

(T0) 
(n=72)

At 3 months 
(T1) 

(n=53)

At 12 months 
(T2) 

(n=51)

Night pain
   No 2 (2.8) 37 (69.8) 43 (84.3)
   Mild 11 (15.3) 11 (20.8) 4 (7.8)
   Moderate 22 (30.6) 5 (9.4) 2 (3.9)
   Severe 27 (37.5) 0 2 (3.9)
   Extremely severe 9 (12.5) 0 0 
Numbness
   No 5 (6.9) 31 (58.5) 35 (68.6)
   Mild 14 (19.4) 14 (26.4) 12 (23.5)
   Moderate 34 (47.2) 4 (7.5) 1 (2.0)
   Severe 13 (18.1) 3 (5.7) 2 (3.9)
   Extremely severe 6 (8.3) 1 (1.9) 1 (2.0)
Paraesthesia
   No 2 (2.8) 34 (64.2) 39 (76.5)
   Mild 11 (15.3) 14 (26.4) 8 (15.7)
   Moderate 29 (40.3) 3 (5.7) 2 (3.9)
   Severe 25 (34.7) 2 (3.8) 2 (3.9)
   Extremely severe 4 (5.6) 0 0 

Values are presented as number (%).

Table 7. Night pain, numbness, and paraesthesia 
preoperatively, 3 months and 1-year post-intervention
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and follow-up of patients who provided inconsistent answers. 
The use of only questionnaires only has been shown to be infe-
rior to verbal consultations due to the risk of misinterpretation 
and misunderstanding; follow-up by telephone compensated 
for this shortcoming. An additional strength of this study is that 
each patient received the same intervention (mini-open CTR) 
performed by the same surgeon, which further limited con-
founding factors. Previous descriptions of the advantages of the 
mini-open approach have been published [8,9], but they either 
had a shorter follow-up or a smaller sample than this study. In 
our study, 11% of patients suffered from an early complication 
(within 3 months post-intervention) (Table 6), which is in ac-
cordance with the published rates in the literature, which range 
from 1% to 25% [10]. No patients suffered from more than one 
complication. The re-exploration rate was 3.8% (n = 2) and no 
patients suffered other major complications. This is currently 
the only study with this length of follow-up after a mini-open 
CTR. Comparisons of our outcomes with those of other studies 
are therefore not possible. A remarkable finding was the tempo-
rary increase in mild paraesthesia at 3 months post-intervention. 
Although it is known that the median nerve cross-sectional area 
(swelling) decreases over time following CTR, this may not 
necessarily correlate with the improvement of symptoms [11], 
and it is also possible that strain of the median nerve [12] may 

not have increased rapidly enough in this group of patients. Our 
study did not show a relationship between the duration of 
symptoms or the extent of NCS abnormalities preoperatively 
and the degree of postoperative recovery. This is in agreement 
with a large retrospective study by Choi and Ahn [13], which 
reported no association between postoperative outcomes and 
the severity of electromyography findings or duration of symp-
toms. In contrast to a previous study [14] that suggested that 
age was mildly predictive of post-release distal motor latency 
changes, this study found no correlation between the persis-
tence of early (within 3 months post-intervention) paraesthesia 
and patients’ age (Table 8). 

The 22.9-point difference between the preoperative and post-
operative BCTSQ scores significantly exceeded the clinically 
relevant difference of 1.7 points (Table 9) [15,16]. The VAS 
score also showed clinically relevant improvements for pain dur-
ing activity and at rest (33.3 and 31 points respectively) (Table 
9), which may suggest that using only the BCTSQ for CTR out-
come studies may be sufficient in the future [17]. 

Our study showed a discrepancy between the clinical and pa-
tient-reported outcomes and patient satisfaction. Symptom re-
lief was less or occurred after a longer period of time than pa-
tients expected, resulting in early patient disappointment, de-
spite clear improvements in clinical outcomes. Preoperative ex-
pectations have previously been shown to influence postopera-
tive satisfaction [18]. The findings of our study suggest that 
there seems to be room for more thorough preoperative coun-
selling on the expected time of recovery. 

This study has some limitations that should be noted, such as 
its limited power (a patient cohort of 72 patients) and the lack 
of a case-control design. Another limitation is the disappointing 
proportion of incomplete datasets (with variation between sub-
jective and objective measurements), which ranged from 26% 

BCTSQ score 
P-valuea)

Preoperative (T0) (n=68) At 12 months (T2) (n=51)
Symptomsb )

   <1 yr 51.4±13.9 (23–75), n=32 27.0±10.8 (18–57), n=25 <0.0001
   >1 yr 48.8±10.5 (26–71), n=40 25.5±8.7 (18–49), n=26 <0.0001
NCSc )

   Mild to moderate 48.9±11.1 (23–70), n=45 26.6±9.4 (18–49), n=32 <0.0001
   NCS severe to very severe 49.9±12.6 (28–75), n=25 27.0±10.8 (18–57), n=19 <0.0001

Values are presented as mean±SD (range).
NCS, nerve conduction study; BCTSQ, Boston Carpal Tunnel Syndrome Questionnaire.
a )Wilcoxon signed-rank test: P<0.05; b )The distribution of the BCTSQ score preoperatively (Mann-Whitney U test P-value=0.335) and at 1-year post-intervention (Mann-
Whitney U test P-value=0.801) did not differ significantly across patients with complaints existing for more or less than 1 year; c )The distribution of the BCTSQ score 
preoperatively (Mann-Whitney U test P-value=0.291) and at 1-year post-intervention (Mann- Whitney U test P-value=0.801) did not differ significantly across patients with 
moderate versus severe NCS abnormalities. 

Table 10. Relationships of the duration of symptoms and preoperative NCS abnormalities with the improvement of BCTSQ scores 
over a period of 1 year

Patient satisfaction At 3 months (T1) 
(n=53)

At 12 months (T2) 
(n=51)

VASa ) 78.4±23.4 (6–100) 80.9±26.0 (0–100)

Values are presented as mean±SD (range). 
a )VAS, visual analogue scale (in the range of 0 to 100, 0=dissatisfied to 100=  
completely satisfied).

Table 11. Patient satisfaction at 3 months and 1-year 
post-intervention
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to 31%, depending on which parameter was assessed, at 1 year 
following surgery. Data from the cohort that completed the 
study may thus not necessarily be absolutely representative of 
the group as a whole. Nevertheless, the demographic and clini-
cal characteristics, NCS abnormalities, and duration of symp-
toms were similar in the study group and the group that was lost 
to follow-up. The reasons for stopping participation were un-
known in most cases, but a possible explanation is that patients 
were reluctant to bear the costs of travelling and absence from 
work without financial compensation. 

The outcomes of this study reflect the effectiveness of our cur-
rent approach. The cost advantage, and thus the efficiency of 
the mini-open approach CTR has also been underscored by a 
very recent study by Zhang et al. [19]. Finally, several additional 
conclusions can be drawn from our study. First, a longer dura-
tion of symptoms (more than 1 year) and severity of abnormali-
ties on NCS did not influence the postoperative outcomes, sug-
gesting that preoperative NCSs are of no prognostic value and 
that a long duration of median nerve compression does not nec-
essarily lead to irreversible nerve damage. Secondly, we found 
that the recovery period was longer than expected, especially re-
garding paraesthesia. The guidelines of the Netherlands Society 
of Neurology suggest that a period of 3 to 6 months post-inter-
vention is normal for the persistence of complaints (loss of 
strength and coordination, pillar pain, scar pain, desensitization 
[also at the long term], mild paraesthesia) [2], which may in fact 
be too short. If similar results are obtained in the future, it might 
be useful to adapt the information obtained from patients pre-
operatively. Our study showed that some patients likely had did 
unrealistic preoperative expectations. Clearer or more specific 
preoperative counselling is therefore necessary. A well-informed 
patient and a well-performed mini-open CTR are the prerequi-
sites for a good outcome. 
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