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Halil İbrahim Bekler4

Received: 24 May 2015 / Accepted: 21 August 2015

� Springer-Verlag France 2015

Abstract This prospective randomized study aims at eval-

uating the electrophysiological results of endoscopic and open

carpal ligament release in patients with carpal tunnel syn-

drome. Included in the study were 41 patients diagnosed with

carpal tunnel syndrome (21 hands in the endoscopic group and

20 hands in the open group). The Boston questionnaire was

administered preoperatively and postoperatively to the

patients, and their functional capacities and symptom sever-

ities were recorded. Physical examination was carried out

preoperatively and in the postoperative sixth month. Demo-

graphic data and preoperative Boston symptomatic and

functional scores were similar between both groups. A sig-

nificant improvement was obtained in the Boston symp-

tomatic and functional scores of both groups, but no

significant difference was found between the groups in terms

of improvement in the symptomatic and the functional scores.

A significant shortening in median nerve motor distal latency

and an increase in the velocity of sensory conductions were

determined in both groups in the postoperative electromyo-

graphy, but no differencewas found between them in terms of

improvement in the electromyography values. It was shown

both clinically and electrophysiologically that endoscopic

carpal tunnel surgery was as effective as open surgery as a

treatment method for carpal tunnel syndrome.

Keywords Carpal tunnel syndrome � Release � Open �
Endoscopic � Electromyography

Introduction

Carpal tunnel syndrome (CTS) is a common entrapment neu-

ropathy of the median nerve as it passes through the carpal

tunnel [1]. The diagnosis of CTS is often made clinically;

however, electrophysiological methods, specifically elec-

tromyography (EMG), are the golden standard in diagnosis [2].

Demyelization that develops as themedian nerve is squeezed in

the canal and is shown objectively by EMG. Staging is carried

out by assessingmedian nervemotor distal latency and sensory

conduction velocity [3]. Conservative or surgical methods are

applied in the treatment of CTS. Conservative treatments are

primarily preferred in Stages 1 and 2 [4]. Surgical methods are

used on Stage 1 and Stage 2 patients who do not benefit from

physical treatment and on patients after Stage 3 [5]. In surgical

treatment, the aim is to incise the transverse carpal ligament to

broaden the canal and lower the pressure in the canal. Various

methods are used in surgical treatment. Open release has been

administered as the standard procedure for many years [6].

Despite the accumulation of knowledge and experience on
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open release, cosmetic concerns regarding scar and pain around

the incision have led to the search for new techniques. Thanks

to endoscopic methods that have been developed, surgical

incision has been downsized and taken away from that part of

the hand which receives pressure [7]. Furthermore, endoscopic

surgery is advantageous in terms of the time period of pain and

before going back to work [8–11]. However, results were

reported regarding the complication rates of these methods

[10–19] (Table 1).

We believe there is similar effectiveness between

endoscopic and open release in the treatment of carpal

tunnel syndrome, but endoscopic release has some advan-

tages for patients after surgery such as early return to work,

patient satisfaction and low scar pain. The aim of this

prospective and randomized study was to compare clini-

cally and electrophysiologically the effectiveness of

endoscopic release surgery versus open surgery in the

treatment of carpal tunnel syndrome.

Patients and methods

Approval of the hospital ethics committee was obtained for

this study. Patients who applied to our polyclinic between

the years 2009 and 2010 and who were considered to have

carpal tunnel syndrome were subjected to EMG examina-

tion by the standard protocol to confirm their carpal tunnel

syndrome diagnosis. The patients who were diagnosed with

CTS were informed about the treatment of their disease.

Those who supplied their written acceptance were included

in the study. Conservative treatment was primarily applied

on the Stage 1 and Stage 2 patients. Surgical treatment was

administered to those patients in whom the conservative

treatment was ineffective.

Those patients who had motor deficit, cervical disk

pathology, metabolic disease that can cause peripheral

neuropathy, history of upper extremity injury and surgery,

and limitation of movement in the wrist were excluded.

Fifty patients who supplied their acceptance to partici-

pate were divided into two groups by a simple, random

sampling (heads or tails), and 22 of them were treated with

endoscopic surgery and 28 with open carpal tunnel release

surgery. However, only 41 patients (21 in the endoscopic

surgery group and 20 in the open surgery group) completed

the study assessment period.

For the open surgery, the technique with single incision

as described by Taleisnik [6] was used. For the endoscopic

surgery, the technique with two incisions as described by

Chow [20] was used (Ectra 2, Smith & Nephew) (Figs. 1,

2). Both of the surgical methods were applied by a single

Table 1 Different results in the studies comparing endoscopic and open release

References Surgical

technique

Duration of

operation

(min)

Early return

to work

(days)

Patient

satisfaction

(excellent–

good) %

Symptom

score

Length of

scar

Electrophysiological

results (MDL/SCV)

Complication

rate

Faraj et al. [14] Mini-

transverse

(20)

12.3 ± 2.31 3.95 ± 1.82 60 – 1.4 4.6 ± 0.9/

42.52 ± 8.7

1/20

Traditional

(20)

14.3 ± 1.83 12.55 ± 4.03 80 – 5.15 4.08 ± 0.8/

44.6 ± 7.5

0/20

Heidarian et al.

[18]

Knifelight

(29)

8.5 ± 4.2 34.4 ± 21.8 – 1.38 ± 1.08 14.8 ± 3.7 – –

Open (30) 21 ± 8.9 51.9 ± 31.0 – 1.80 ± 1.58 40.7 ± 5.6 – –

Michelotti et al.

[17]

Open (25) – – 91.6 1.19 – – –

Endoscopic

(25)

– – 95.95 1.21 – – –

Ferdinand and

MacLean [15]

Open (25) 10 ± 2 Similar 84 Similar – – 3/25

Endoscopic

(25)

13 ± 4 Similar 87 Similar – – 1/25

Kang et al. [19] Mini-open

(52)

6.8 – 13/52 1.4 – – –

Endoscopic

(52)

7.5 – 34/52 1.5 – – –

Malhotra et al.

[10]

Open (31) – 20 30/31 – – 4.0 5/31

Endoscopic

(30)

– 16 30/30 – – 3.7 0/30

Saw et al. [16] OCTR (42) 13.4 26 – 108 – – 4/42

ECTR(43) 15.8 18 – 109 – – 3/43
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surgeon under standard intravenous regional anesthesia. In

both groups, bleeding was controlled by tight compressive

bandage after the operation. The bandage was loosened at

the postoperative thirtieth minute. All of the patients were

discharged within the first 24 h postoperatively. The dis-

charged patients were followed up by weekly checks in

terms of their carpal tunnel complaints and wound healing.

All of the patients were evaluated at the beginning of the

study (baseline) and postoperatively at 6 months by a

reviewer (S.A.G.) who was blinded to the study, using the

Boston scale.

Two subscales of the Boston scale were used for the

evaluation of CTS: the symptom severity and functional

status scales. Each item was rated by the patient from 1 to 5

points (5 = most severe), and higher scores indicated more

pain and disability. Scores for each scale were calculated

independently and were not combined. The score was

calculated as the unweighted mean of all answered items

for the scale (range 1–5).

Grip strength difference is a very important factor to

evaluate the treatment effect after carpal tunnel release, but

we could not perform the grip strength test because there

was not an hydraulic hand dynamometer in our clinic [21,

22]. This is a limitation of our study.

Electrophysiological assessment was performed by the

same neurologist (B.E.) in the neurology clinic of our

hospital at the beginning of the study (baseline) and post-

operatively at 6 months. While patients were laid in the

supine position, the elbow was kept in extension, the

forearm in supination and the wrist in the neutral position.

Sensory and motor conduction of the median nerve in the

symptomatic hand were tested. Median nerve motor distal

latency (MDL), compound muscle action potential

(CMAP), sensory conduction velocity (SCV) and sensory

Fig. 1 a Proximal and distal portal locations determined for endoscopic surgery, and b displacement of cannula by advancing from proximal to

distal

Fig. 2 a Image of the transverse carpal ligament before releasing and b of subcutaneous adipose tissue after releasing
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nerve action potential (SNAP) were examined, and staging

was carried out. The EMG assessments were carried out in

accordance with the CTS diagnosis criteria as determined

by the American Association of Electrodiagnostic Medi-

cine as follows: Stage 1, slight CTS (slowing SCV [\50 m/

s]); Stage 2, average CTS (slowing SCV [\50 m/s] and

extending MDL [[4.5 ms]); and Stage 3, severe CTS (no

DSAP) [3].

In our study, there was no difference according to

potentially confounding variables such as age, sex, com-

plaint period, affected hand and Boston scores between the

groups of patients at baseline. But, there are only differ-

ences between CMAP values the groups of the patients at

baseline, 5.12 ± 2.21 for endoscopic and 7.35 ± 2.39 for

open release.

Statistical analysis

The SPSS software (version 15.0; SPSS Inc, Chicago,

USA) was used to analyze the data. All data were com-

pared using a 95 % confidence interval. Parametric data are

presented as mean ± SD. Intra-group comparisons were

performed using paired sample t tests, and the Wilcox test

was used when the numeric variable was not normally

distributed. In inter-group comparisons, nonparametric data

and categorical variables, such as sex and operated hand,

were compared using the Chi-square test, and the sample

t test was used when the numeric variables, such as age and

EMG, were normally distributed. Statistical analysis of the

measurement data was carried out by the independent

samples t test, and Mann–Whitney U test was used when

the numeric variables were not normally distributed.

Results

There was no difference between the endoscopic and open

surgery group at the beginning of the study. Demographic

data are presented in Table 2.

The mean baseline symptom severity and functional

capacity scores of the endoscopic and open surgery

groups were not significantly different. However, the

mean symptom severity and functional capacity scores of

both groups improved significantly at 6 months after

treatment versus the baseline scores. The night complaints

of all the patients decreased in the early period after the

treatment. In inter-group comparisons, the mean symptom

severity and functional capacity scores in the groups were

not significantly different at 6 months. When the preop-

erative EMG values were compared, no difference was

found between the two groups in terms of MDL, SCV and

CTS stage. Significant shortening in MDL, increase in

SCV and decline in CTS stage were observed in both

groups in the postoperative EMG. All results in the pre-

operative and postoperative term are summarized in

Table 3.

Table 2 Characteristics of the

treatment groups
Endoscopic group Open group p value

Age 48.1 (29–64) 42.7 (30–59) 0.064

Sex (M/F) 2/19 0/20 0.48

Complaint period (months) 52.3 (3–180) 41.3 (3–144) 0.67

Operated hand 15R/6L 16R/4L 0.71

Pre-op BOSTON symptomatic 3.35 ± 0.65 3.51 ± 0.54 0.39

Pre-op BOSTON functional 3.11 ± 0.82 3.43 ± 0.63 0.17

Table 3 Mean scores electrophysiologically and using Boston questionnaire, and the results of inter-group comparisons

Endoscopic (E) Open (O) Inter-group

Pre-op Post-op p value Pre-op Post-op p value p value

Symptom/severity 3.35 ± 0.65 1.26 ± 0.48 0.00** 3.51 ± 0.54 1.41 ± 0.46 0.00** 0.75

Functional capacity 3.11 ± 0.82 1.20 ± 0.35 0.00** 3.43 ± 0.63 1.56 ± 0.48 0.00** 0.49

MDL 6.05 ± 1.66 4.15 ± 0.67 0.00** 5.79 ± 1.68 4.43 ± 1.12 0.00** 0.2

CMAP 5.12 ± 2.21 8.25 ± 2.04 0.001** 7.35 ± 2.39 8.81 ± 2.39 0.01* 0.052

SCV 50.65 ± 6.14 53.01 ± 3.70 0.06 50.35 ± 5.56 55.26 ± 6.42 0.005* 0.1

SNAP 7.53 ± 7.52 15.89 ± 8.39 0.00** 8.59 ± 8.05 15.93 ± 10.22 0.00** 0.76

SCV 20.79 ± 15.58 38.55 ± 10.72 0.00** 24.43 ± 13.66 34.66 ± 13.50 0.00** 0.13

Stage 3.38 ± 0.80 1.9 ± 0.85 0.00** 3.15 ± 1.13 2.20 ± 1.23 0.002* 0.11

* p\ 0.05, ** p\ 0.001
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One patient in the open surgery group developed

superficial infection. There were signs of a superficial

infection such as swelling, fever, redness and severe pain.

He did not have leucocytosis, but he had mild neutrophilia.

We could not make a culture, because there was no dis-

charge from the injury area or abscess formation. This

patient was treated with 375 mg ampicillin–sulbactam,

orally, twice daily for a week. In the examination that was

carried out in the postoperative sixth week, scar pain was

determined in three patients in the open surgery group.

Fifth finger flexor digitorum superficialis injury occurred in

one patient in the endoscopic surgery group. The injury

was noticed perioperatively. The incision was extended,

and the tendon primer was repaired. Therefore, this study

subject began as endoscopic surgery, but ended as open

surgery. Therefore, in order not to confuse study results

these cases were excluded. Due to residual pain and

numbing in a patient who was administered endoscopic

surgery, open release was performed in the postoperative

third month after endoscopic surgery. The complication

rate in the ECTR group was detected as 15.52 % (2/19),

while the complication rate in the OCTR group was

detected as 5.26 % (1/19) (p = 0.52).

We have not performed a cost–benefit analysis, which is

a limitation of our study. However, we believe that when

all costs, including loss of productivity and cost of reha-

bilitation are included, ECTR is more advantageous than

OCTR. Further studies are needed for cost–benefit analysis.

The mean Boston scores and EMG values for the ECTR

and OCTR groups did not differ significantly when com-

paring one group to the other at the baseline assessment or

at the 6-month evaluation. The complication rate after

surgery for the ECTR group was more than the OCTR

group, but there was no statistically significant difference.

Discussion

Carpal tunnel syndrome (CTS) is the most common

entrapment neuropathy of the upper limb, and various

surgical methods have been used in its treatment [1, 6, 23].

Although good results are obtained by the standard open

surgical treatment, some complications, which are difficult

to treat, such as scar pain, hypothenar or thenar pain are

frequently observed [24]. To avoid such complications, a

mini-transverse wrist incision technique is increasingly

performed and patient satisfaction, the mean duration of

operation and the mean length of scar are all better than the

standard approach. However, this technique does not allow

the surgeon to fully visualize all important structures [25].

Therefore, the endoscopic surgery technique has been

developed for protecting all important structures during the

transverse ligament release [20]. In this study, we have

compared clinically and electrophysiologically the effec-

tiveness of the endoscopic release surgery versus open

surgery in treatment of carpal tunnel syndrome. The mean

Boston scores and EMG values for the ECTR and OCTR

groups did not differ significantly when comparing one

group to the other at the baseline assessment or at the

6-month evaluation. The complication rate for the ECTR

group was higher than the OCTR group after surgery, but

there was no statistically significant difference.

Many studies that have compared the effectiveness of

open and endoscopic surgeries found that endoscopic sur-

gery was as effective as open surgery in diminishing

postoperative symptoms [13, 15, 25, 26]. Endoscopic sur-

gery has some advantages like fast healing, low postoper-

ative pain and morbidity, minimal scar formation and high

patient satisfaction [7, 25, 27]. On the other hand, it has

some disadvantages like a longer learning curve, tendon

and nerve injury, incomplete release and excessive finan-

cial burden [8, 26, 28–30]. Cost-effectiveness is very

important to choosing the surgical procedure. Particularly,

the high cost of endoscopic carpal tunnel surgery, due to

specific instrumentation, is a cause of concern [15, 16].

Despite an increase in medical costs for endoscopic carpal

tunnel release, the procedure has a potential to decrease

overall costs (need for rehabilitation, scar treatment, late

return to job) by lowering losses in productivity and wage

reimbursement [8, 15, 16]. Saw et al. [16] reported that

ECTR has the advantage of a quicker return to work for

employed people, and ECTR provides an economic benefit

of £438 over OCTR for each employed person. We also

believe that when all costs, including loss of productivity

and cost of rehabilitation are included, ECTR is more

advantageous than OCTR, although further studies are

needed for a cost–benefit analysis.

Many studies reported that no difference exists between

open and endoscopic release in terms of symptomatic

improvement [15, 27] (Table 4). Michelotti et al. [17]

reported that no difference was found between the open

and the endoscopic surgery groups who had bilateral

release surgeries, according to functional results and

symptom severity, but patient satisfaction was significantly

higher in the endoscopic surgery group. Sayegh et al. [31]

could not find a long-term difference between the open and

endoscopic surgery groups in their meta-analysis, but they

reported that return to professional life and activities were

better in endoscopic surgery groups. In their meta-analysis,

Vasiliadis et al. [32] reported that endoscopic surgery was

more useful in improving grasping strength, although open

and endoscopic surgery had similar effectiveness in

relieving symptoms and improving functional status. They

also stated that there was no difference between the rates of

major complications, although minor complications were

seen less in endoscopic surgery. Similar to the literature,
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our study determined a significant decrease in the Boston

scores of symptom severity and functional capacity.

In a study in which they evaluated the result of endo-

scopic carpal tunnel release, Chow et al. [9] found a 95 %

success rate, 0.5 % recurrence and no serious complica-

tions. Mavrogenis et al. [33] evaluated 31 patients who

were re-operated on due to complications after carpal

tunnel release and reported that the most common com-

plications were median and ulnar nerve lacerations at the

wrist and thenar regions (8 patients), neuroma, (8 patients),

wound infection (2 patients), and painful hypertrophic scar

(2 patients). Additionally, they reported incomplete release

which caused recurrent symptoms in eight patients.

Although this study design cannot give a comparison

between open and endoscopic surgeries, the authors

reported that major nerve injuries occurred after open

surgery, and in their clinical practice, the complication rate

was much higher with open surgery than endoscopic or

mini-incision techniques. In our study, fifth finger flexor

digitorum superficialis injury occurred in one patient in the

endoscopic surgery group. The injury was noticed periop-

eratively. The incision was extended, and the tendon pri-

mer was repaired. In addition, due to residual pain and

numbing in one patient who was administered endoscopic

surgery, open release was performed in the postoperative

third month. In our study, the complication rate in the

ECTR group was determined as 15.52 % (2/9), while the

complication rate in the OCTR group was determined as

5.26 % (1/19). We believe that some complications may be

seen during the early periods of ECTR due to the endo-

scopic surgery learning curve. Although the success rate

(90 %) is compatible with the literature, the high rate of

recurrence (4.5 %) might be due to the low number in our

sample. We believe that most complications of carpal

tunnel surgery can be prevented by specialized training of

the operating surgeon in hand surgery and proper operative

technique, including a properly placed incision and expo-

sure under magnification and direct vision [33].

Clinical measurements were frequently used in those

studies which showed that endoscopic surgery was more

helpful than open surgery [13, 15, 25]. EMG, which is an

objectivetoolofassessment,hasbeenusedonlyinafewstudies

forpostoperativeassessment [10,26,30].Thecriterion for the

diagnosisofCTSwasaMDLofmore than4.3 msoranSCVof

\45 m/s. Surgery was indicated if the MDL was 5.5 ms or

more,oriftheSCVwas\40 m/s.Inourstudy,allpatientswere

abnormal in both MDL and SCV in the electromyographic

evaluation [34]. Senda et al. [34] reported that the difference

between preoperative and final follow-up MDL values

(7.2 ± 2.2 and 4.3 ± 0.6 ms, respectively) and SCV values

(27.3 ± 8.8 and 40.8 ± 6.7 m/s, respectively) was signifi-

cant.Similarly,significantimprovementwasobservedinboth

MDLandSCVvalues in our study.

Itsubo et al. [35] reported that significant improvement

was observed in the patient-oriented questionnaires, and

the MDL and neurophysiological stage of the disease, but

nerve conduction studies and patient-oriented question-

naires were not parallel. Ejiri et al. [26] reported that there

was no significant difference between the open and the

endoscopic surgery groups in terms of postoperative short-

term electrophysiological results. In another study,

Uchiyama et al. [30] showed the same level of improve-

ment in both groups in the electrophysiological assessment

carried out in the postoperative 12 month. Malhotra et al.

[10] reported that the distal latency (motor and sensory) of

the median nerve decreased, and nerve conduction velocity

increased in both groups at the first month after treatment.

They stated that, at the end of a 6-month follow-up, the

distal latency decreased from 4.7 to 3.7 m/s in the endo-

scopic surgery group and from 4.8 to 4.0 m/s in the open

surgery group, while the conduction velocity increased

from 40 to 50 m/s in the endoscopic group and from 40 to

48 m/s in the open surgery group. They stated, however,

that no significant difference existed between these surgical

groups. In our study, EMG was performed, in addition to

clinical measurements, for the patients in the postoperative

sixth month. When compared to the preoperative EMG,

significant shortening in MDL, increase in SCV and

decrease in CTS were observed in the postoperative EMG

in both groups. When the rates of recovery in the two

groups were compared, no significant difference was found

between them. This result shows that endoscopic surgery is

as effective as open surgery.

As a consequence, incomplete release and nerve and

tendon injuries may be seen during the early periods of

ECTR due to an endoscopic surgery learning curve and

problems with appropriate surgical methods, including site

of insertion and exposure. Although a few complications

occurred in the first cases, we showed both clinically and

also electrophysiologically that endoscopic carpal tunnel

surgery is as effective as open surgery as a treatment

method for CTS.
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