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Abstract
Purpose of Review Carpal tunnel syndrome is the most common compressive neuropathy encountered by hand and upper
extremity surgeons. The predominant presentation includes symptomatic paresthesias in the median nerve distribution of the
affected hand, frequently causing nocturnal disturbances. Surgical treatment requires division of the transverse carpal ligament,
which can be performed through open and endoscopic means. Endoscopic techniques have evolved significantly since they were
first introduced in the late 1980s. This manuscript reviews the literature to summarize the current state of carpal tunnel surgery.
Recent Findings While endoscopic techniques have demonstrated superior early functional outcomes and a more rapid recovery,
there are lingering concerns over the potential for nerve, vessel, and tendon injuries. These concerns have not been validated by
the hand surgery literature, which ascribes similar rates of complications for both open and endoscopic surgical approaches.
Moreover, patients report greater satisfaction with endoscopic surgical approaches compared with open techniques.
Summary In summary, the debate between proponents of open versus endoscopic carpal tunnel surgery continues. While
surgeons who employ endoscopic techniques appear to be in the minority, there is a plethora of evidence to suggest that both
approaches are comparably safe and equally effective.
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Introduction

Carpal tunnel syndrome (CTS) is the most common peripheral
nerve entrapment encountered by hand and upper extremity
surgeons, accounting for over 600,000 surgeries in USA an-
nually. Symptoms of CTS include numbness, pain, burning,
weakness, and nocturnal paresthesias involving the median
nerve distribution [1]. Conservative measures include splint
immobilization and possibly corticosteroid injections for
symptomatic relief. Surgery is indicated when conservative
treatments have failed.

In 1933, Learmonth was the first to describe the surgical
release of the transverse carpal ligament to treat posttraumatic
median nerve compression [2]. In 1946, Cannon and Love [3]

then published their approach to patients suffering from
nontraumatic compression of the median nerve. However,
the concept of CTS was not popularized until Brain et al [4]
expounded upon the pathophysiology of spontaneous nerve
compression at the wrist and described the surgical release of
the median nerve in six patients. In 1950 and over the subse-
quent decades, Phalen and others reported on numerous pa-
tients with idiopathic spontaneous CTS, treated by surgical
transection of the transverse carpal ligament [5–10]. Open
carpal tunnel release (OCTR) ultimately assumed the surgical
standard of care in treating carpal tunnel syndrome.

Endoscopic surgery was not introduced until 1987 when
Okutsu, a Japanese orthopedic surgeon, first reported division
of the transverse carpal ligament in a patient with CTS using
an endoscope [11]. In 1989, Chow reported the use of two
incisions to transect the transverse carpal ligament endoscop-
ically in the English language literature [12]. Following this
introduction of endoscopic carpal tunnel release (ECTR) in
USA, significant controversy ensued regarding the efficacy,
safety, and success of these procedures. Numerous reports
were published, describing technique modifications as well
as results and complications. Among an early retrospective
analysis of 61 ECTRs [13], results were rated as excellent in
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37 cases, good in 11, and poor in 4. Nine patients were not
available for follow-up evaluation. Decreased postoperative
morbidity and a more rapid return to work were found with
endoscopic surgery. However, one patient required repair of
the median nerve. Another patient required a conventional
carpal tunnel release 1 year after the first endoscopic surgery.
The author concluded that the “results do not justify continued
use of endoscopic approaches when conventional release is
used as the standard for comparison.”

While much of the controversy has waned over the use of
endoscopic surgery, most hand and upper extremity surgeons
still prefer open or mini-open approaches to treat CTS.
According to a recent online questionnaire submitted to active
members of the American Association for Hand Surgery, ap-
proximately 34% of respondents favored a standard open
(extensile) incision, 46% favored a mini-open incision, and
20% preferred an endoscopic approach (Fig. 1) [14]. While
surgeons agree that complete surgical release of the transverse
carpal ligament should relieve CTS symptoms and improve
function [15], the technique which benefits patients most is
still contested.

For the purposes of this discussion, we will focus on a few
quantified parameters in the hand surgery literature that have
been used to compare open carpal tunnel surgery with endo-
scopic techniques. These parameters include: (1) return to
work, (2) functional outcomes, (3) complications, and (4) cost.
Unfortunately, much of the recent comparative data on this
subject has been dominated by meta-analyses of existing case
series.

Return to Work

Carpal tunnel syndrome is one of the most common disabling
workplace injuries, accounting for 1–3 cases per 1000 subjects
per year. According to the United States Bureau of Labor
Statistics, there was a median loss of 27 workdays with each
claim in 1999 [16]. Kho et al [17•] evaluated a worker’s com-
pensation population and found that 89% of all patients
returned to full duty work following carpal tunnel surgery.
The average duration before returning to workwas 12.5weeks
with a standard deviation of 11 weeks. The authors concluded
that the permanent failure of 11% of CTS claimants to return
to work imparts a significant socioeconomic cost to society
and underscores the importance of returning these patients to
work as quickly as possible.

Several studies have comparatively analyzed the ability of
patients to return to work following surgery. In 2008, the
American Academy of Orthopedic Surgeons (AAOS) pub-
lished evidence-based guidelines for treatment of CTS. In its
report, the AAOS examined pain outcomes, functional status,
symptom severity, complications, and return to work follow-
ing OCTR and ECTR. From this meta-analysis, 10 studies
were identified which specifically addressed return to work.
Three of these studies favored ECTR in returning patients
back to work more quickly [18].

In a Cochrane Collaboration meta-analysis, 14 of 20 total
studies evaluated return to work following open and endo-
scopic surgery. Eight studies found that patients undergoing
ECTR were able to return to work more quickly, while only
one study favored OCTR. A weighted mean difference was
calculated and found that the time to return to work was 6 days
earlier in patients undergoing endoscopic surgery [19].

Finally, a randomized prospective trial compared outcomes of
OCTR with ECTR found a statistically significant difference
between the two treatment groups with respect to returning to
work. On average, patients in the endoscopic group returned to
work 8 days sooner than patients undergoing open surgery.
Based on these findings, the authors of the study recommended
that “endoscopic carpal tunnel release be considered in the
employed as a cost-effective procedure.” [20]

Functional Outcomes

The superior results may be explained by the excellent func-
tional outcomes imparted by endoscopic carpal tunnel surgery.
In most of the literature, grip strength, pinch strength, and self-
reported questionnaire outcomes have been used as a proxy
for determining functional status. In a prospective randomized
multi-center study evaluating 192 surgeries, patients undergo-
ing ECTR demonstrated significantly greater grip strength,
pinch strength, and hand dexterity compared with OCTR
within the first 3 months after surgery. Scar sensitivity was

Fig. 1 According to a recent survey of the members of the American
Association for Hand Surgery, only 20% of respondents utilize
endoscopic techniques to divide the transverse carpal ligament in carpal
tunnel surgery
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also superior compared with the OCTR group, though these
findings equalized after 3 months. Carpal tunnel syndrome
symptom severity scores, carpal tunnel syndrome functional
status scores, and subjective satisfaction scores were reported
as being superior in the ECTR group. The authors concluded
that “good clinical outcomes and patient satisfaction are
achieved more quickly when the endoscopic method of carpal
tunnel release is used.” [21]

Similar findings have also been supported by other studies
[22, 23]. Even in elderly patients over 65 years of age, clinical
outcomes were found to be excellent with 79% of patients
reporting that they were satisfied or very satisfied with their
postoperative results. All 70 patients who presented with pain
pre-operatively reported complete relief by the 6-month fol-
low-up evaluation. The authors suggested that advanced
symptoms and age at presentation should not be a contraindi-
cation to endoscopic carpal tunnel approaches [23].

Finally, sleep disturbance is a common complaint of pa-
tients with CTS. Patients consistently report nighttime symp-
toms include multiple awakenings due to hand pain and
numbness. It is thought that wrist malposition during sleep
can acutely exacerbate CTS symptoms by increasing pressure

Fig. 2 a In endoscopic carpal tunnel surgery, the transverse fibers of the
transverse carpal ligament must be clearly visualized prior to its division.
b The endoscopic knife blade can then be deployed to safely cut the
ligament. c Intraoperative photograph of the cut fibers using the

SafeView Soft Tissue Release System from Mission Surgical
Innovations (Wayne, PA). The cannula is slightly rotated to see each cut
end of the ligament

Fig. 3 With endoscopic techniques, unusual or abnormal anatomy can be
visualized. The recurrent motor branch of the median nerve is shown here
while the endoscope is directed palmarly toward the transverse carpal
ligament using the synchronized endoscopic guide system by SegWay
Orthopaedics (Carlsbad, CA)

Curr Rev Musculoskelet Med



within the carpal canal [24]. For many patients, nighttime
symptoms and subsequent daytime dysfunction are a strong
impetus to seek medical care. A prospective comparison was
performed in 60 patients, randomized to undergo either OCTR
or ECTR surgery. Prior to surgery, patients were administered
three self-reported outcome measures: the Pittsburgh Sleep
Quality Index (PSQI), the Insomnia Severity Scale (ISI), and
the Quick Disabilities of the Arm, Shoulder and Hand
(QuickDASH) survey, which were subsequently administered
at various postoperative time points. In this study, all 60 pa-
tients reported significant improvements in the three outcome
scores by their first postoperative visit. ECTR provided supe-
rior improvement to OCTR at the first postoperative visit for
ISI (p = 0.006) and PSQI (p = 0.016), and at the second visit
for PSQI (p = 0.0038). There were no significant differences
between the two groups for the QuickDASH at any time
points. Therefore, endoscopic and open carpal tunnel surger-
ies both improve sleep symptoms postoperatively in the short-
term, though ECTR does so more rapidly [25].

Complications

While much of the initial skepticism surrounding endoscopic
carpal tunnel surgery has waned, many still consider endoscopic
approaches to be dangerous secondary to limited visualization
and concern for nerve/arterial injury. In contrast, these concerns
have not been strongly supported by the hand surgery literature.
In a meta-analysis evaluating complications in 22,327 endoscop-
ic cases and 5669 open cases, the incidence of structural damage
to nerves, arteries, or tendons was found to be 0.49% in OCTR
and 0.19% in ECTR. The difference was found to be statistically
significant. Interestingly, transient neuropraxias were more com-
mon with ECTR, reported in 1.45% of ECTR cases compared
with 0.25% ofOCTR surgeries. Arterial injuries occurred in only
0.02% of all patients in the endoscopic group. Therefore, selec-
tion of an open versus an endoscopic approach based on pre-
sumed structural complications or soft tissue injuries is not sup-
ported by statistical analysis of published complications [26].

Another study found that transient nerve problems were
more frequently encountered with endoscopic surgery. In this
meta-analysis, wound problems—such as infection, hypertro-
phic scar, and scar tenderness—were found to be more prev-
alent with open approaches in seven randomized trials com-
paring OCTR with ECTR [27]. Despite the slightly increased
incidence of transient neuropraxias with ECTR, complex re-
gional pain syndrome (CRPS) appears to occur with the same
relative frequency regardless of the surgical approach. In a
retrospective review, rates of CRPS were nearly identical be-
tween surgery types for both privately insured (0.3%) and
Medicare (0.1%) patients. Middle-aged and female patients
had significantly higher rates of CRPS than did the general
population. The decision, therefore, between OCTR and

ECTR should not be made from concern for development of
CRPS, as the incidence was found to be low and similar for
both approaches [28].

A recent study found that endoscopic carpal tunnel surgery
was associated with fewer overall complications than open
carpal tunnel surgery in the Medicare and private insurance
patient populations. A significantly lower percentage of pa-
tients in the ECTR group experienced a postoperative infec-
tion and wound dehiscence than in the OCTR group. In the
Medicare population, median nerve injury occurred in 0.59/
1000 ECTRs versus 1.69/1000 OCTRs [29•].

In sum, these studies demonstrate that major irreversible
nerve injury is rare with carpal tunnel surgery and that endo-
scopic approaches are safe compared with open surgery. It
appears there is an increased risk of reversible nerve injuries
or neuropraxia with ECTR, while there is an increased risk of
wound complications with OCTR. The increased risk of
neuropraxia in ECTR is most likely related to median nerve
irritation or increased carpal canal pressure induced by inser-
tion of a cannula or endoscope. Wound issues with OCTR can
probably be explained by the location of the incision at the
base of the hand between the thenar and hypothenar emi-
nences. Early motion may cause tension at the suture line,
thereby increasing the risk of infection or wound dehiscence.

Cost

While endoscopic surgery is seemingly more expensive, a cost
analysis comparing endoscopic and open carpal tunnel sur-
gery found that the incremental cost difference was $46 in
favor of endoscopic techniques, using Medicare costs and
probabilities of various outcomes [30].

A 2002 study found that the mean direct cost was $3750 for
endoscopic carpal tunnel surgery, compared with $3940 for
open carpal tunnel surgery. These direct costs included sur-
geon fees, anesthesia fees, and capital expenditures. The lower
cost of ECTR was attributed to the increased operating room
time OCTR may require in this multi-center study. The au-
thors concluded that endoscopic carpal tunnel surgery imparts
a lower indirect cost to society and is especially valuable given
the faster return to work these patients demonstrated [21].

These findings contradict more recent data suggesting
greater expenditures for endoscopic approaches. A 2019 ret-
rospective review found that ECTR costs more than OCTR for
both the Medicare populations ($1643 versus $1015 per pro-
cedure, p < 0.001) and privately insured patients ($1928 ver-
sus $1191 per procedure, p < 0.001) [29•].

In another study, time-driven activity-based costing
(TDABC) was used to characterize procedural costs of
OCTR and ECTR. Total costs were calculated by aggregating
individual resource utilization and time data and were com-
pared between the two surgical approaches. Through TDABC
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methodology, the authors found that the total procedural cost
for ECTR was 43.9% greater than OCTR ($2760 versus
$1918) at an academic medical center employing resident
trainees. The cost differences were largely driven by dispos-
able endoscopic blade assembly ($217), direct operating room
costs related to procedural duration (44.8 versus 40.5 mi-
nutes), and physician labor [31•].

Discussion

In summary, carpal tunnel surgery is effective with few com-
plications. Though patient outcomes are often similar or even
slightly superior with endoscopic carpal tunnel surgery when
compared with open approaches, patients express significant-
ly greater satisfaction with minimally invasive endoscopic
surgery.

A prospective randomized evaluation of OCTR and ECTR
found that both techniques were “well tolerated with no dif-
ferences in functional outcomes … and complications.” In
these patients, the operative approach was randomly assigned
in one hand. Approximately 1 month later, the alternative
technique was performed on the contralateral side. There were
no differences in pain scores, two-point discrimination, mono-
filament testing, or grip strength at any postoperative time
point. However, overall satisfaction was significantly greater
in the ECTR group. The authors concluded, “Although there
were no differences between the two groups, patients still
preferred the ECTR, demonstrated by significantly higher
overall satisfaction scores at the conclusion of the study.”
[32•]

With endoscopic carpal tunnel surgery, I offer my patients
improved postoperative discomfort and the potential for earli-
er return to work, balanced by the increased risk of transient
neuropraxia. Though the early advantages of endoscopic car-
pal tunnel surgery appear to be erased by 3 months, patients
express greater enthusiasm for the minimally invasive ap-
proach. Appropriate patient selection is important for success-
ful outcomes. Patients with known anatomic anomalies, frac-
ture history, previous CTS surgery, or inflammatory tenosyn-
ovitis are probably best served with an open or mini-open
approach. If inadequate visualization is encountered during
surgery, my threshold to abort endoscopic surgery and to con-
vert to a mini-open incision is low. Complications are more
likely to occur where endoscopic surgery is doggedly pursued
with inappropriate visualization of the transverse carpal liga-
ment. The transverse fibers on the undersurface of the liga-
ment should be clearly seen prior to its division (Fig. 2).

My personal experience is that endoscopic carpal tunnel sur-
gery is largely driven by patient’s demands and expectations.
Concerns over catastrophic complications appear to be
overstated, and identification of abnormal or aberrant anatomy
is still possible with endoscopic approaches (Fig. 3). From the

surgical literature, there is no true consensus on surgical out-
comes given the heterogeneity of study designs and techniques.
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