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Abstract
Introduction In carpal tunnel release, it is yet unclear whether a learning curve exists among surgeons. The aim of our study was
to investigate if outcome after carpal tunnel release is dependent on surgeon’s experience and to get an impression of the learning
curve for this procedure.
Methods A total of 188 CTS patients underwent carpal tunnel release. Patients completed the Boston Carpal Tunnel
Questionnaire at baseline and 6–8 months postoperatively together with a six-point scale for perceived improvement.
Results Patients operated by an experienced resident or certified surgeon reported a favorable outcome more often than patients
operated by an inexperienced resident (adjusted OR 3.23 and adjusted OR 3.16, respectively). In addition, a negative association
was found between surgeon’s years of experience and postoperative Symptom Severity Scale and Functional Status Scale scores.
Discussion Outcome after carpal tunnel release seems to be dependent on surgical experience, and there is a learning curve in
residents.
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Introduction

Carpal tunnel release (CTR) is considered the most effective
treatment of CTS [1]. Many studies have been done to identify
prognostic factors for outcome, with varying results [2–8]. It is
known from previous studies regarding neurosurgical, vascu-
lar, and gastrointestinal surgery, that a more experienced sur-
geon is associated with better results [9–14]. In CTS however,
only one study has been done so far to investigate the rela-
tionship between surgeon experience and patient outcome af-
ter CTR. This study could not identify differences in outcome
between high- and low-volume surgeons [15]. A major limi-
tation of this study was that the procedures were performed in

highly specialized centers by very experienced hand surgeons.
However, in daily practice, a great number of patients suffer-
ing from CTS will be admitted to a primary hospital and will
undergo CTR by neurosurgeons, orthopedic surgeons, plastic
surgeons, general surgeons, or residents, with different levels
of experience. As the complexity of the open CTR procedure
is relatively low, the learning curve of a resident or surgeon
might flatten out at a relatively early stage. For this reason,
investigating differences in outcome between less experienced
surgeons (residents) and more experienced surgeons might be
of more interest than investigating differences between highly
specialized surgeons.

The aim of our study was to investigate if outcome after
CTR is dependent on surgeon experience in a primary hospital
with less experienced surgeons at the beginning of their train-
ing (residents) and more experienced surgeons, as well as to
get an impression of the learning curve for this procedure.

Methods

Patients

Patients with complaints suggestive of CTS were referred to
our outpatient clinic by their general practitioners. They were
eligible for the study and consecutively enrolled if they
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complained about pain and/or paresthesias in and restricted to
the territory innervated by the median nerve (whether or not
including digits 4 and/or 5) and if they fulfilled two or more of
the following clinical CTS criteria: (1) nocturnal paresthesias;
(2) aggravation of paresthesias by activities such as driving a
car, riding a bike, holding a book or holding a telephone; (3)
paresthesias relieved by shaking the hand (positive Flick
sign).

Exclusion criteria were age under 18, significant language
barrier, history or clinical signs of polyneuropathy or known
HNLPP (hereditary neuropathy with liability to pressure
palsies), previous trauma or surgery to the wrist, history of
rheumatoid arthritis, diabetes mellitus, thyroid disease, alcohol-
ism, arthrosis of the wrist, pregnancy, or severe atrophy of the
abductor pollicis brevis muscle.Written informed consent was
obtained from each individual. All patients underwent an ex-
tensive clinical examination, including sensory and motor test-
ing of the affected hand by an experienced neurologist (WV).
Moreover, electrodiagnostic tests and ultrasonography of the
median nerve were performed according to a standard protocol
described previously [16]. If CTSwas diagnosed in both hands,
only the hand with the most severe complaints was included.

Surgeons

Patients were admitted to the departments of neurosurgery,
orthopedic surgery, or plastic surgery to undergo an open car-
pal tunnel release (CTR). As our hospital is a training hospital,
surgery was either performed by residents or by certified sur-
geons. Each surgeon and date of surgery was noted, and the
years of experience were calculated from date of starting the
surgical specialty training program. If residents had not started
their training yet, this was considered as 0 years of experience.
Residents were supervised by a certified surgeon related to
their competence level. Residency programs for neurosur-
geons, orthopedic surgeons, and plastic surgeons consist of
six training years. An open CTR procedure is of relatively
low complexity. Therefore, residents within the first 3 years
of their program were considered as Binexperienced
residents,^ residents in training from 4 to 6 years as
Bexperienced residents^ and after 6 years of training, they
were qualified as Bcertified surgeons.^

Outcome measures

At baseline (T0) and about 6–8 months after CTR (T1), pa-
tients completed a self-administered outcome measure, the
Boston Carpal Tunnel Questionnaire (BCTQ), consisting of
the Symptom Severity Scale (SSS) and the Functional Status
Scale (FSS), which is frequently used and thoroughly validat-
ed [17]. Moreover, they rated their perceived treatment effect
on a six-point Likert-like scale, with 1 representing BI am
completely asymptomatic,^ 2 BI very rarely still have

complaints,^ 3 BI occasionally still have complaints,^ 4 BI
often still have complaints,^ 5 BMy complaints are the same
as before treatment,^ and 6 representing BMy complaints have
increased.^For statistical analyses, we dichotomized the six-
point scale to distinguish patients who had a Bfavorable
outcome^ (consisting of grade 1 and 2) and Bnon-favorable
outcome^ (consisting of 3 to 6).

Statistical analysis

Baseline characteristics were described as frequency (%),
mean ± standard deviation (SD) in case of normal distribution,
and otherwise as median plus range. If attributable, 95% con-
fidence intervals (CIs) were included. Comparisons between
different levels of surgeons’ experience were assessed by ap-
plying chi-square test or, if applicable, Fishers exact test for
categorical variables and Kruskal-Wallis test in case of con-
tinuous variables with non-normal distribution of the data.
The unpaired T test was used to calculate differences in im-
provement of SSS and FSS between different levels of sur-
geons’ experience. Statistical significance was assumed when
p < 0.05.

To assess whether outcome was independently associated
with surgical experience, a logistic regression was performed
using Bfavorable outcome^ as dependent variable and Byears
of experience^ as independent variable (categorized as 0–3,
4–6 and > 6 years). In addition to years of experience, the
following variables were assumed to be of prognostic value
and were tested in a univariable logistic regression model as
independent variable to investigate the association with out-
come: age, BMI, gender, wrist side, surgeon’s specialty, ab-
normal electrodiagnostic tests, abnormal ultrasonography,
weakness opponens muscle, weakness abductor pollicis mus-
cle, atrophy abductor pollicis muscle, abnormal two-point dis-
crimination, and abnormal monofilament. Variables showing
to have an association of p < 0.20 with outcome in this
univariable model (years of experience, SSS at baseline, sur-
geon’s specialty, electrodiagnostic tests, weakness of the m.
opponens pollicis) were eligible to be included in the multi-
variable logistic regression model. Backward selection was
applied to select variables which are independently associated
with outcome and can be seen as important confounders. A
p < 0.05 was set as criterion for the variables to remain in the
final model. To explore the influence of years of experience on
outcome, odds ratio (OR) was adjusted for these confounders.

Similarly, a multivariable linear regression analysis was
performed to assess whether SSS and FSS scores at T1 were
independently associated with years of experience, again
corrected for variables which proved to be significantly asso-
ciated with SSS and FSS in a univariable linear regression
analysis and were subsequently found to be independently
associated in a multivariable linear regression analysis by
backward selection (years of experience, SSS or FSS at
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baseline, surgeon’s specialty, abnormal electrodiagnostic tests,
weakness of the m. opponens pollicis).

Results

Within the group of 234 patients with clinically defined CTS
who completed the BCTQ and underwent CTR, 201 patients
completed all questionnaires at follow up (response rate =
86%).

Complete surgery reports were available on 188 patients
(Fig. 1). Data of these patients were used for this study. Mean
age of the patients operated by inexperienced residents (58.26
± 15.47) was higher than patients operated by experienced
residents or certified surgeons (50.62 ± 12.62 and 51.97 ±
12.06 respectively, p = 0.042). Moreover, abnormal
electrodiagnostic tests were less likely in the patients operated
by certified surgeons (71.4%) compared to inexperienced and
experienced residents (82.6% and 89.2% respectively, p =
0.030). More detailed baseline characteristics are shown in
Table 1.

CTRs were performed by 29 different surgeons. Sixteen of
them were certified specialists (5 of neurosurgery, 9 of ortho-
pedic surgery, and 2 of plastic surgery) and 13 were residents
(12 of neurosurgery, 1 of plastic surgery). A total of 153 CTRs
(80%) were performed by residents. Six residents were con-
sidered as inexperienced and performed a total of 23 CTRs; 7
residents were experienced and did 130 CTRs and the remain-
ing 35 CTRs were performed by certified surgeons. Median
years of training were 0, 5, and 17 in inexperienced residents,
experienced residents, and certified surgeons, respectively.
Level of experience was different between specialties
(p < 0.001). More details are shown in Table 2.

Overall, mean SSS improved from 2.93 ± 0.67 (95% CI
2.83–3.03) at T0 to 1.64 ± 0.77 (95% CI 1.52–1.75) at T1
(p < 0.001). Moreover, there was an improvement of FSS
from 2.29 ± 0.79 (95% CI 2.17–2.41) to 1.64 ± 0.75 (95%
CI 1.53–1.76, p < 0.001).

Strikingly, for SSS, this improvement was greater for pa-
tients who underwent CTR by an experienced resident (im-
provement 1.32 ± 0.89; 95% CI 1.18–1.49) or certified sur-
geon (improvement SSS 1.51 ± 0.82; 95% CI 1.22–1.79)
compared to an inexperienced resident (improvement SSS
0.89 ± 1.04; 95% CI 0.34–1.28, p = 0.030 resp. p = 0.015).
Improvement did not significantly differ between experienced
residents and certified surgeons (p = 0.332). A similar trend
was seen for FSS. Experienced residents achieved a greater
improvement than inexperienced residents (improvement
0.72 ± 0.89; 95% CI 0.56–0.47 vs 0.03 ± 0.97; 95% CI −
0.41 to 0.47, p = 0.002). In addition, improvement in certified
surgeons (0.74 ± 0.90; 95% CI 0.41–1.07) was greater than in
inexperienced residents (p = 0.01). No difference exists be-
tween experienced residents and certified surgeons (p =
0.91). There were no differences in baseline SSS and FSS
between groups (p = 0.594 and 0.279 resp.)

A favorable outcome was reported in 134 patients (71%).
As illustrated in a multivariable logistic regression analysis
(Table 3), surgical experience was independently associated
with outcome. Patients who underwent CTR by an experi-
enced resident reported a favorable outcome more often than
patients operated by an inexperienced surgeon (75% vs. 48%,
adjusted OR 3.23, p = 0.013). The same was seen for certified
surgeons (71% vs. 48%, adjusted OR 3.16, p = 0.046). There
was no difference in number of patients with a favorable out-
come between experienced residents and certified surgeons
(p = 0.633). The variance in favorable outcome explained by
surgeon’s experience only (Nagelkerke R2) is 0.050, which

Fig. 1 Flow chart for inclusion of
patients. CTS carpal tunnel
syndrome; BCTQ Boston Carpal
Tunnel Questionnaire; CTR
carpal tunnel release
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increases to 0.081 after including Babnormal electrodiagnostic
tests^ to the model.

In addition, an independent statistically significant nega-
tive association was found between years of experience of the
surgeon and SSS at T1 (for experienced residents compared to
inexperienced residents: B = − 0.332, p = 0.046 and for certi-
fied surgeons compared to inexperienced residents B = −
0.527, p = 0.019) and FSS at T1 (for experienced residents
compared to inexperienced residents: B = − 0.514, p = 0.002
and for certified surgeons compared to inexperienced resi-
dents B = − 0.571, p = 0.012). Other factors independently as-
sociated with SSS and FSS at T1 are FSS and SSS at baseline,
abnormal electrodiagnostic tests, and surgeon’s specialty. The
variance in SSS and FSS at T1 explained by experience of the
surgeon only (R2) is 0.024 and 0.027, which increases to
0.127 and 0.146, respectively, after addition of SSS or FSS
at T0, abnormal electrodiagnostic tests and surgeon’s specialty
to the model (Table 4).

No statistically significant differences in SSS, FSS, and
proportion with a favorable outcome were found across indi-
vidual surgeons (p = 0.280, resp. p = 0.176 and 0.594).

Discussion

Although a prior study failed to demonstrate an association
between patient outcome after CTR and the number of CTR
annually in highly specialized surgeons, in this study, we
showed a tendency that outcome after CTR is associated with
years of surgeon’s experience in a mixed group of certified
surgeons and residents. This is the first study which demon-
strates that patient outcome after open CTR is related to a
learning curve.

Significant differences in outcome were found in CTS pa-
tients who underwent CTR by a surgeon with 3 years’ expe-
rience or less and patients operated by surgeons with more
than 3 years’ experience. The OR of a favorable outcome was
approximately 3 when CTRwas performed by an experienced
resident or certified surgeon. CTR performed by an experi-
enced surgeon was independently associated with lower post-
operative SSS and FSS scores.

Our results are in contrast with an earlier study. The reason
is probably our relatively inexperienced group of surgeons;
153 (81%) of the CTRs were performed by residents, of
which 12% had a maximum of 3 years’ experience since start
of their training program. The previously reported study how-
ever consisted of highly specialized surgeons [15].
Apparently, open CTR is a relatively easy learnable procedure
for residents and once operation skills are at level after 3 years
of training, more experience will not further improve patient
outcome. This existence of a learning curve is supported by
our results, as we found a statistically significant higher num-
ber of patients reporting a favorable outcome when operatedTa
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by experienced residents (4–6 years’ experience) compared to
inexperienced residents (0–3 years), whereas no differences
between experienced residents and certified specialists (>
6 years) were found. A similar observation was made for
SSS and FSS. It is also demonstrated in studies regarding
endoscopic carpal tunnel release, that a learning curve exists
[18–21]. However, its steepness and length is yet unknown. It
is however somewhat peculiar that a difference in outcome is
seen since all starting residents are initially supervised by ex-
perienced surgeons before they are allowed to perform this
surgery independently. The quality of care was therefore ex-
pected to be similar. The small number of patients treated by
inexperienced surgeons might contribute to the difference.

Although surgeon’s experience is associated with outcome,
only about 2–5% of variance in outcome (SSS, FSS and six-
point scale) could be explained by surgeons’ experience alone.
As adjusted partial regression coefficient (0.332–0.527) for
SSS and FSS (0.514–0.571) will generally not exceed the
minimal clinically important difference (MCID) for SSS
(0.46 × 2.93 = 1.35) and FSS (0.28 × 2.29 = 0.64), clinical rel-
evance of surgeon’s experience alone is questionable [22]. In
clinical practice therefore, outcome will be largely determined
by other factors. Previous studies identified some other poten-
tial predictors for outcome, but results are controversial.
Examples of factors associated with outcome are
electrodiagnostic test results, gender, age, disease duration,
hand muscle weakness, atrophy, and baseline symptom scores
[3, 23, 24]. In accordance with these studies, we also found
baseline SSS, FSS, and electrodiagnostic test results to be of
prognostic value. Therefore, correction was made for these
variables in the multivariable analysis. In addition, the

specialty of the surgeon might affect outcome. In our cohort,
patients who underwent CTR by neurosurgeons reported a
better outcome than those operated by plastic surgeons. This
finding is, however, inconclusive since referral for CTR to
different specialties was not randomized in this study and
the number of patients operated by orthopedic or plastic sur-
geons was very low. In contrast, age, gender, disease duration,
hand muscle weakness, and atrophy did not prove to be inde-
pendently associated with outcome.

A major strength of our study is the heterogeneity of the
group of surgeons, including residents in different stages of
their training program. Therefore, we were able to investigate
results of surgeons with a low level of experience, but also
certified surgeons with some decades’ experience. This en-
abled us to illustrate a learning curve for this procedure.
Moreover, surgeons of different specialties were included,
which corresponds to daily practice in the Netherlands.
Referrals were however not randomized, as it was not the
scope of the study to investigate differences between special-
ties. As a result, the majority of the patients were operated by
neurosurgeons, which hampers comparing results between
specialties. Finally, sample size for the multivariable logistic
regression model and the multivariable linear regression anal-
ysis was adequate, as a maximum of 5 to 18 variables in the
models are allowed [25, 26].

A limitation of our study is that surgeon’s experience was
calculated from date of starting the surgical specialty training
program. However, annual surgeon volume would have been
more precise since experience is expressed as annual case
load. Moreover, since 28 different surgeons participated in
our study, the mean case load is only 6.5. Although this might

Table 3 Multivariable logistic
regression analysis for association
between surgeon’s experience
and favorable outcome. n = 188

Independent
variable

Favorable
outcome

No favorable
outcome

Crude
OR

Adjusted
ORa

95% CI p
value

Nagelkerke
R2

Years of experience

≤ 3 11 (48%) 12 (52%) 1 1 0.081
4–6 98 (75%) 32 (25%) 3.34 3.23 1.28–8.12 0.013

> 6 25 (71%) 10 (29%) 2.73 3.16 1.01–9.79 0.046

aAdjusted for: abnormal electrodiagnostic tests

Table 2 Surgeon characteristics
Characteristic Years of experience

Total

n = 188

≤ 3
n = 23

4–6

n = 130

> 6

n = 35

p value

Median years of surgeon’s experience (range) 5 (0–29) 0 (0–3) 5 (4–6) 17 (8–29) < 0.001

Specialty < 0.001

Neurosurgery 23 (14%) 127 (76%) 18 (11%)

Orthopedic surgery 0 (0%) 1 (6.7%) 14 (93%)

Plastic surgery 0 (0%) 2 (40%) 3 (60%)

Neurol Sci (2019) 40:1813–1819 1817



be interpreted as a weakness, it confirms our conclusion that
after a learning curve, the results after CTR are stable. In
addition, baseline characteristics were largely, but not entirely,
comparable. Patients operated by less experienced residents
were older than patients who underwent CTR by experienced
residents or certified surgeons. However, in multivariable re-
gression, age was not an independent prognostic value, and
therefore, this would not have influenced our results.
Electrodiagnostic tests were less often abnormal in the patients
operated by certified surgeons and because this factor was
independently associated to outcome, and adjustment was
made for this factor. The use of subjective outcome measures
rather than objective outcome measures (e.g., electrodiagnostic
tests or ultrasonography) could be seen as another limitation.
From the authors’ point of view, however, patients’ satisfaction
is of more importance than objectivemeasurements. It is known
from previous research that in CTS, patients reported outcome
measures (PROMs) are very helpful to determine treatment
effect, because clinical examination and well as neurophysiol-
ogy tests are not by themselves sensitive enough to adequately
evaluate outcome, and that standardized questionnaires like
BCTQ are more sensitive to the clinical change produced by
CTR [27–30]. Finally, the number of patients operated by in-
experienced residents and certified surgeons were small. As a
result, confidence intervals for OR and partial regression coef-
ficient were wide. Further research is required to establish our
results in a larger population.

In conclusion, this study shows that patient outcome after
open CTR seems to be dependent on surgical experience and
that there is a learning curve for open CTR in residents. Open
CTR seems to be a relatively easily learnable procedure for
residents and once operation skills are at level after a learning
curve, more experience will not further improve patient out-
come. However, the overall influence of surgeon’s experience
on outcome is low and other factors, such as the number of
complaints before CTR and electrodiagnostic test results, also
play a role.

Acknowledgements The authors would like to thank all the participants
who participated in this study.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics approval Permission from the local Medical Ethics Committee
(Medisch Spectrum Twente) was obtained. All procedures performed in
studies involving human participants were in accordance with the ethical
standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.Ta

bl
e
4

M
ul
tiv

ar
ia
bl
e
lin

ea
r
re
gr
es
si
on

an
al
ys
es

fo
r
as
so
ci
at
io
n
be
tw
ee
n
su
rg
eo
n’
s
ex
pe
ri
en
ce

an
d
S
ym

pt
om

Se
ve
ri
ty

Sc
al
e
an
d
Fu

nc
tio

na
lS

ta
tu
s
S
ca
le
at
T 1

C
ru
de

B
(9
5%

C
I)

A
dj
us
te
d
B
(9
5%

C
I)

p
va
lu
e

SE
B

β
R
2

R

Sy
m
pt
om

S
ev
er
ity

S
ca
le

Y
ea
rs
of

ex
pe
ri
en
ce

a

4–
6

−
0.
30
7
(−

0.
64
6–
0.
03
3)

−
0.
33
2b

(−
0.
65
7
to

−
0.
00
6)

0.
04
6

0.
16
5

−
0.
20
3

0.
12
7

0.
35
6

>
6

−
0.
42
1
(−

0.
82
6
to

−
0.
01
6)

−
0.
52
7b

(−
0.
96
6
to

−
0.
08
9)

0.
01
9

0.
22
2

−
0.
27
0

Fu
nc
tio

na
lS

ta
tu
s
Sc
al
e

Y
ea
rs
of

ex
pe
ri
en
ce

a

4–
6

−
0.
37
5
(−

0.
71
4
to

−
0.
03
6)

−
0.
51
4c

(−
0.
84
4
to

−
0.
18
4)

0.
00
2

0.
16
7

−
0.
31
5

0.
14
6

0.
38
2

>
6

−
0.
36
0
(−

0.
76
7
to

−
0.
04
6)

−
0.
57
1c

(−
1.
01
6
to

−
0.
12
7)

0.
01
2

0.
22
5

−
0.
29
3

B
pa
rt
ia
lr
eg
re
ss
io
n
co
ef
fi
ci
en
t,
SE

B
st
an
da
rd

er
ro
r
pa
rt
ia
lr
eg
re
ss
io
n
co
ef
fi
ci
en
t,
R
m
ul
tip

le
co
rr
el
at
io
n
co
ef
fi
ci
en
t,
R
2
de
te
rm

in
at
io
n
co
ef
fi
ci
en
t

a
R
ef
er
en
ce

is
≤3

b
A
dj
us
te
d
fo
r
S
ym

pt
om

Se
ve
ri
ty

S
ca
le
at
ba
se
lin

e,
ab
no
rm

al
el
ec
tr
od
ia
gn
os
tic

te
st
s,
su
rg
eo
n’
s
sp
ec
ia
lty

c
A
dj
us
te
d
fo
r
F
un
ct
io
na
lS

ta
tu
s
S
ca
le
at
ba
se
lin

e,
ab
no
rm

al
el
ec
tr
od
ia
gn
os
tic

te
st
s,
su
rg
eo
n’
s
sp
ec
ia
lty

1818 Neurol Sci (2019) 40:1813–1819



References

1. Padua L, Coraci D, Erra C, Pazzaglia C, Paolasso I, Loreti C,
Caliandro P, Hobson-Webb LD (2016) Carpal tunnel syndrome:
clinical features, diagnosis, and management. Lancet Neurol
15(12):1273–1284. https://doi.org/10.1016/S1474-4422(16)
30231-9

2. Jansen MC, Evers S, Slijper HP, de Haas KP, Smit X, Hovius SE,
Selles RW (2018) Predicting clinical outcome after surgical treat-
ment in patients with carpal tunnel syndrome. J Hand Surg Am 43:
1098–1106.e1. https://doi.org/10.1016/j.jhsa.2018.05.017

3. Bland JD (2001) Do nerve conduction studies predict the outcome
of carpal tunnel decompression? Muscle Nerve 24(7):935–940

4. Longstaff L, Milner RH, O'Sullivan S, Fawcett P (2001) Carpal
tunnel syndrome: the correlation between outcome, symptoms
and nerve conduction study findings. J Hand Surg Br 26(5):475–
480. https://doi.org/10.1054/jhsb.2001.0616

5. Conzen C, Conzen M, Rubsamen N, Mikolajczyk R (2016)
Predictors of the patient-centered outcomes of surgical carpal tun-
nel release - a prospective cohort study. BMC Musculoskelet
Disord 17:190. https://doi.org/10.1186/s12891-016-1046-3

6. Choi SJ, Ahn DS (1998) Correlation of clinical history and
electrodiagnostic abnormalities with outcome after surgery for car-
pal tunnel syndrome. Plast Reconstr Surg 102(7):2374–2380

7. Concannon MJ, Gainor B, Petroski GF, Puckett CL (1997) The
predictive value of electrodiagnostic studies in carpal tunnel syn-
drome. Plast Reconstr Surg 100(6):1452–1458

8. Chen SJ, Lin HS, Hsieh CH (2013) Carpal tunnel pressure is cor-
related with electrophysiological parameters but not the 3 month
surgical outcome. J Clin Neurosci 20(2):272–277. https://doi.org/
10.1016/j.jocn.2012.03.032

9. Warnack E, Simon J, DangQ, Catino J, BukurM (2018)Wiser with
age? Increased per-surgeon elderly patient volume is associated
with lower postinjury complications. Am Surg 84(6):1027–1032

10. Honegger J, Grimm F (2018) The experience with transsphenoidal
surgery and its importance to outcomes. Pituitary 21:545–555.
https://doi.org/10.1007/s11102-018-0904-4

11. Cahill PJ, Pahys JM, Asghar J, Yaszay B, Marks MC, Bastrom TP,
Lonner BS, Shah SA, Shufflebarger HL, Newton PO, Betz RR,
Samdani AF (2014) The effect of surgeon experience on outcomes
of surgery for adolescent idiopathic scoliosis. J Bone Joint Surg Am
96(16):1333–1339. https://doi.org/10.2106/JBJS.M.01265

12. Hsu CE, Lin TK, Lee MH, Lee ST, Chang CN, Lin CL, Hsu YH,
Huang YC, Hsieh TC, Chang CJ (2016) The impact of surgical
experience on major intraoperative aneurysm rupture and their con-
sequences on outcome: a multivariate analysis of 538 microsurgical
clipping cases. PLoS One 11(3):e0151805. https://doi.org/10.1371/
journal.pone.0151805

13. Sgroi MD, Darby GC, Kabutey NK, Barleben AR, Lane JS 3rd,
Fujitani RM (2015) Experience matters more than specialty for
carotid stenting outcomes. J Vasc Surg 61(4):933–938. https://doi.
org/10.1016/j.jvs.2014.11.066

14. Prystowsky JB, Bordage G, Feinglass JM (2002) Patient outcomes
for segmental colon resection according to surgeon's training, cer-
tification, and experience. Surgery 132(4):663–670 discussion 670-
662

15. Evers S, Jansen MC, Slijper HP, de Haas N, Smit X, Porsius JT,
Hovius SER, Amadio PC, Selles RW (2018) Hand surgeons
performing more open carpal tunnel releases do not show better
patient outcomes. Plast Reconstr Surg 141(6):1439–1446. https://
doi.org/10.1097/PRS.0000000000004369

16. Claes F, Kasius KM,Meulstee J, VerhagenWI (2013) Comparing a
new ultrasound approach with electrodiagnostic studies to confirm
clinically defined carpal tunnel syndrome: a prospective, blinded
study. Am J Phys Med Rehabil 92(11):1005–1011. https://doi.org/
10.1097/PHM.0b013e31829b4bd8

17. Leite JC, Jerosch-Herold C, Song F (2006) A systematic review of
the psychometric properties of the Boston carpal tunnel question-
naire. BMC Musculoskelet Disord 7:78. https://doi.org/10.1186/
1471-2474-7-78

18. Beck JD, Deegan JH, Rhoades D, Klena JC (2011) Results of en-
doscopic carpal tunnel release relative to surgeon experience with
the Agee technique. J Hand Surg Am 36(1):61–64. https://doi.org/
10.1016/j.jhsa.2010.10.017

19. Serra L, Panagiotopoulos K, Bucciero A,Mehrabi FK, Pescatore G,
Santangelo M, Vizioli L (2003) Endoscopic release in carpal tunnel
syndrome: analysis of clinical results in 200 cases. Minim Invasive
Neurosurg 46(1):11–15. https://doi.org/10.1055/s-2003-37966

20. Makowiec RL, Nagle DJ, Chow JC (2002) Outcome of first-time
endoscopic carpal tunnel release in a teaching environment.
Arthroscopy 18(1):27–31

21. Chow JC (1994) Endoscopic carpal tunnel release. Two-portal tech-
nique. Hand Clin 10(4):637–646

22. De Kleermaeker F, Boogaarts HD, Meulstee J, Verhagen WIM
(2018) Minimal clinically important difference for the Boston car-
pal tunnel questionnaire: new insights and review of literature. J
Hand Surg Eur 44:283–289. https:/ /doi.org/10.1177/
1753193418812616

23. Turner A, Kimble F, Gulyas K, Ball J (2010) Can the outcome of
open carpal tunnel release be predicted?: a review of the literature.
ANZ J Surg 80(1–2):50–54. https://doi.org/10.1111/j.1445-2197.
2009.05175.x

24. Straub TA (1999) Endoscopic carpal tunnel release: a prospective
analysis of factors associated with unsatisfactory results.
Arthroscopy 15(3):269–274

25. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR (1996)
A simulation study of the number of events per variable in logistic
regression analysis. J Clin Epidemiol 49(12):1373–1379

26. Harrell FE (2001) Regression modeling strategies with applications
to linear models, logistic regression and survival analysis. Springer-
Verlag, New York

27. Amadio PC, Silverstein MD, Ilstrup DM, Schleck CD, Jensen LM
(1996) Outcome assessment for carpal tunnel surgery: the relative
responsiveness of generic, arthritis-specific, disease-specific, and
physical examination measures. J Hand Surg Am 21(3):338–346.
https://doi.org/10.1016/S0363-5023(96)80340-6

28. Greenslade JR, Mehta RL, Belward P, Warwick DJ (2004) Dash
and Boston questionnaire assessment of carpal tunnel syndrome
outcome: what is the responsiveness of an outcome questionnaire?
J Hand Surg Br 29(2):159–164. https://doi.org/10.1016/j.jhsb.2003.
10.010

29. Merolli A, Luigetti M, Modoni A, Masciullo M, Lucia Mereu M,
LoMonaco M (2013) Persistence of abnormal electrophysiological
findings after carpal tunnel release. J Reconstr Microsurg 29(8):
511–516. https://doi.org/10.1055/s-0033-1348038

30. Schrijver HM, Gerritsen AA, Strijers RL, Uitdehaag BM, Scholten
RJ, de Vet HC, Bouter LM (2005) Correlating nerve conduction
studies and clinical outcome measures on carpal tunnel syndrome:
lessons from a randomized controlled trial. J Clin Neurophysiol
22(3):216–221

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Neurol Sci (2019) 40:1813–1819 1819

https://doi.org/10.1016/S1474-4422(16)30231-9
https://doi.org/10.1016/S1474-4422(16)30231-9
https://doi.org/10.1016/j.jhsa.2018.05.017
https://doi.org/10.1054/jhsb.2001.0616
https://doi.org/10.1186/s12891-016-1046-3
https://doi.org/10.1016/j.jocn.2012.03.032
https://doi.org/10.1016/j.jocn.2012.03.032
https://doi.org/10.1007/s11102-018-0904-4
https://doi.org/10.2106/JBJS.M.01265
https://doi.org/10.1371/journal.pone.0151805
https://doi.org/10.1371/journal.pone.0151805
https://doi.org/10.1016/j.jvs.2014.11.066
https://doi.org/10.1016/j.jvs.2014.11.066
https://doi.org/10.1097/PRS.0000000000004369
https://doi.org/10.1097/PRS.0000000000004369
https://doi.org/10.1097/PHM.0b013e31829b4bd8
https://doi.org/10.1097/PHM.0b013e31829b4bd8
https://doi.org/10.1186/1471-2474-7-78
https://doi.org/10.1186/1471-2474-7-78
https://doi.org/10.1016/j.jhsa.2010.10.017
https://doi.org/10.1016/j.jhsa.2010.10.017
https://doi.org/10.1055/s-2003-37966
https://doi.org/10.1177/1753193418812616
https://doi.org/10.1177/1753193418812616
https://doi.org/10.1111/j.1445-2197.2009.05175.x
https://doi.org/10.1111/j.1445-2197.2009.05175.x
https://doi.org/10.1016/S0363-5023(96)80340-6
https://doi.org/10.1016/j.jhsb.2003.10.010
https://doi.org/10.1016/j.jhsb.2003.10.010
https://doi.org/10.1055/s-0033-1348038

	Outcome after carpal tunnel release: effects of learning curve
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Patients
	Surgeons
	Outcome measures
	Statistical analysis

	Results
	Discussion
	References


