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Abstract

Background Splinting is frequently used in the treatment of CTS (carpal tunnel syndrome) and is mostly preferred
at night. On the other hand, there are some studies suggesting the use of splint throughout the day. However, there
is still no consensus. The aim of this randomized controlled study was to evaluate the effects of day and night splint-
ing in terms of pain, symptom severity, functional status, and quality of life in patients with CTS.

Results Seventy wrists of 46 patients with CTS were evaluated. In the day-night splint group, according to with-

out splint group and night-only splint group, a statistically significant improvement was found in terms of pain level
assessed by Visual Analogue Scale (p=0.001, p=0.015, respectively), Boston Carpal Tunnel Questionnaire-Functional
Severity Scale (p=0.004, p=0.020, respectively), The Nottingham Health Profile-pain (p=0.001, p=0.003, respectively),
The Nottingham Health Profile-social isolation (p=0.001, p=0.001, respectively), and The Nottingham Health Profile-
total score (p=0.001, p=0.012, respectively). In addition, it was found that even the use of splint only at night resulted
in a significant reduction in pain compared to the control group (p=0.018).

Conclusions Continuation of splinting as much as possible during the daytime in addition to night splinting is ben-
eficial in terms of pain, nocturnal symptoms, functionality, and quality of life.

Keywords Splinting, Carpal tunnel syndrome, Entrapment neuropathy

Background

Carpal tunnel syndrome (CTS) is the most common
entrapment neuropathy that can cause pain, numb-
ness, and loss of strength in the hand. The prevalence
of CTS is 1-5% of the general population and is more
common in women [1]. Clinical evaluation, electro-
physiological examination, and ultrasonography can
be used in diagnosis [2].

The main goal in the treatment of CTS is to reduce
symptoms and increase hand functionality. Its treatment
options are splinting, nonsteroidal anti-inflammatory
drugs, steroid injection, and surgery [3].
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Currently, the most commonly used treatment method
other than surgery is to splint the wrist in a neutral posi-
tion. Repetitive wrist movements and forearm prona-
tion/supination may increase carpal tunnel pressure, and
in some cases, the symptoms of CTS [4]. The main goal
of splinting is to prevent conditions that increase carpal
tunnel pressure [5].

Splinting, which is used in the treatment of CTS, is
mostly preferred at night because it does not interfere
with daily life and workplace activities. Moreover, using a
splint throughout the day may prevent patients from par-
ticipating in social activities [6]. On the other hand, there
are some studies suggesting the use of splint throughout
the day [7-9]. However, there is still no consensus. In
addition, the uncertainty of the optimal treatment dura-
tion of splinting in the treatment of CTS has also been
the subject of various studies [10, 11]. A review exam-
ining the use of splint in CTS patients revealed that the

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43166-023-00214-9&domain=pdf
http://orcid.org/0000-0002-8139-3971

Kirac Unal et al. Egyptian Rheumatology and Rehabilitation

use of splint varied from 2 weeks to a year, with the most
common duration being 2—4 weeks [11].

According to our knowledge, there is no randomized
controlled study in which the effects of night-only splint-
ing or day-night splinting on pain, functionality, and
quality of life in CTS were evaluated together. Therefore,
the aim of this study is to investigate the effects of night-
only and day-night splinting in patients diagnosed with
CTS in terms of patients’ pain, symptom severity, func-
tional status, and quality of life.

Methods

This prospective, randomized controlled trial evaluated
patients treated for CTS with no splint, night-only splint,
and day-night splint. The study protocol was approved
by Health Sciences University Diskapi Yildirim Beyazit
Education and Research Hospital Local Ethics Commit-
tee (date: 07.02.2022, number: 130/07), and the study was
carried out in the same hospital. Informed consent was
obtained from all patients at the beginning of the study
and it was carried out between February 2022 and July
2022.

Inclusion criteria included the following: (1) to be over
18 years old, (2) patients diagnosed with mild or moder-
ate CTS in electrophysiological examination according to
the protocol described by Bland JD [12], (3) the presence
of symptoms for more than a month.

Study exclusion criteria included the following: (1) hav-
ing severe CTS on electrophysiological examination; (2)
excluding CTS-related splinting in the past 6 months or
have received any treatment (such as injection, physi-
cal therapy); (3) having a history of surgery for CTS; (4)
endocrine and metabolic diseases (such as diabetes mel-
litus, hypo-hyperthyroidism, acromegaly), inflammatory
rheumatic diseases, alcoholism, history of trauma, or
fracture in the affected extremity; (5) presence of accom-
panying pathology such as thoracic outlet syndrome and
cervical radiculopathy; (6) presence of progressive and
non-progressive central or peripheral nervous system
diseases; (7) history of malignancy; and (8) pregnancy.

Only the affected hands of the patients were included
in the study. If a person had bilateral CTS, both hands
were included in the study and assessments were made
for both hands separately.

The sample size was calculated with G Power version
3.1.8. (University of Dusseldorf, Germany). The smallest
sample size required for the 2-point reduction in VAS,
which provides the minimal clinically important dif-
ference, was found as 18 participants for each group (a
power of 80% at a significance level of 5% and an effect
size d=0.4). However, considering the dropouts, 30
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patients were targeted in the study for each group. This
sample size was similar to the literature [13-16].

A physician (Z2.K.U.), who was blinded to the treatment
allocations, evaluated all measurements (baseline and
after 12 weeks). All in-group and intergroup evaluations
were made by the same doctor. Demographic character-
istics of the participants, features and clinical findings
related to CTS (symptom duration, the most prominent
symptom, presence and duration of nocturnal symp-
toms, the Tinnel’s and Phalen’s tests, and electrophysio-
logical severity of CTS), and Visual Analogue Scale (VAS,
0-100) for pain levels were recorded.

The Phalen test was performed with the wrists fully
flexed and the backs of the hands touching each other
for one minute. The test was recorded as positive if the
patient reported paresthesia in the sensory distribution
of the median nerve while in this position [17]. The Tin-
nel test is temporary paresthesia in the sensory region of
the median nerve when the patient’s arms are supinated
and tapped lightly on the carpal tunnel with a hammer
[17]. The positivity of these two tests is associated with
CTS [16, 17].

All patients filled in the Boston Carpal Tunnel Ques-
tionnaire (BCTQ). The BCTQ is a scoring system
developed in 1993 for the clinical standardization of
CTS patients. It includes 19 questions and consists of
sub-scores of functional severity scale (BCTQ-ESS)
and symptom severity scale (BCTQ-SSS). An increase
in the score indicates that patients are more affected by
CTS [18].

The Nottingham Health Profile (NHP) is a general
measure of quality of life that measures the level of health
problems a person perceives and the impact of these
problems on activities of normal daily living. The ques-
tionnaire consists of 38 items and assesses six dimensions
related to the status of pain, energy, sleep, emotional
reactions (ER), physical activity (PA), and social isola-
tion (SI). Between 0 and 100 for each section scoring is
done. 0 best, 100 worst indicates health status. Within
the scope of the study, the NHP sub-scores and total
NHP score were evaluated [19]. In our study, we evalu-
ated quality of life with NHP.

From the electroneuromyography (ENMG) results of
the patients, median sensory conduction velocity (SCV),
sensory nerve action potential (SNAP), median nerve
compound muscle action potential (CMAP), motor con-
duction velocity (MCYV), and distal motor latency (DML)
were noted. The velocity correlates directly with the sen-
sory latency and therefore sensory distal latency was not
recorded [20].

Patients were randomly assigned to the without
splint group (control group, group 1), night-only splint
group (group 2), and day-night splint group (group 3).
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In addition to use while sleeping, splint use for at least
half of the waking times was considered “full-time use”
[9]. Randomization was conducted by a clinical secre-
tary who was not involved in the study by using opaque
envelope method.

Appropriate treatments were given to the groups by
another physician (E.U.) who was blinded to the ini-
tial assessments. Modification of daily living activi-
ties and 3x10 repetitions/day tendon-nerve gliding
exercises were recommended to all patients. Splinting
groups were recommended to use a neutral soft wrist
splint during the night (Fig. 1), and group 3 was recom-
mended to continue using the splint during the day as
much as possible in addition to the night. The duration
of treatment was determined as 12 weeks. Then, the
patients were called for re-evaluation after 12 weeks.

In the second evaluation, the splint usage status of
the patients and the average daily splint usage time
were noted by E.U. The patients’ current VAS, BCTQ,
and NHP questionnaires were also noted by the blinded
investigator (Z.K.U.). All participants then underwent
a second electrophysiological evaluation by another
investigator who was blinded to all initial evaluations
and treatments administered (E.U.A.). Second SNAP,
SCV, CMAP, MCV, and DML were noted.

Pain, functionality, quality of life, and changes in elec-
trophysiological examinations were evaluated in each
group. In addition, the changes in the pre- and post-
treatment parameters between the three groups were
compared, and it was revealed whether the use of splint

Fig.1 A soft splint
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and its use during the daytime created a significant dif-
ference in the success of the treatment.

Statistical analysis

Statistical Package for the Social Sciences (SPSS 25.0
for Windows) was used to analyze the data. Whether
the continuous variables showed normal distribution
or not was evaluated with the Kolmogorov—Smirnov
test. In descriptive statistics, the data were presented as
mean (standard deviation [SD]) or median (interquartile
range 25% and 75%) for continuous variables, and as fre-
quencies and percentages (%) for nominal and categori-
cal variables. Statistically significant difference among
the groups was investigated using the Kruskal-Wallis,
Mann—Whitney U, and ANOVA test. x> and Fisher’s
exact tests were used to analyze the significance of the
difference for nominal variables. In addition, the Wil-
coxon signed rank test was used for repetitive measure-
ment within the group. Values of p <0.05 were considered
statistically significant.

Results

Ninety wrists (30 wrists for each group) of 58 patients
were included in the study. Since 12 patients (20 wrists)
did not come to the follow-up evaluation, the study was
completed with 46 patients (70 wrists). They were divided
into 3 groups: without splint group (control group, group
1=20 wrists of 14 patients), night-only splint group
(group 2=28 wrists of 18 patients), and day-night splint
group (group 3 =22 wrists of 14 patients) (Fig. 2).

The mean age of the study group of 46 patients was
47.58 (SD 10.10) years, 40 (87%) of the patients were
female and 6 (13%) were male. The patients in the groups
were similar to each other in terms of demographic char-
acteristics (p >0.05) (Table 1).

The distribution and comparison of the disease char-
acteristics of the groups according to the affected wrists
are shown in Table 2. The duration of symptoms before
treatment, the most prominent symptom, the presence
and duration of symptoms at night, Tinnel and Phalen
test positivity, and the severity of CTS defined in EMG
were similar between the groups. While in group 2, the
mediation hours of splint use was 7.0 (4.0-8.0) per day;
in group 3, it was 10.0 (7.0-15.0) hours per day. In the
comparison between groups before treatment, in group
3, according to groups 1 and 2, BCTQ-SSS (p=0.037,
p=0.007, respectively), NHP-pain (p=0.004, p=0.010,
respectively), NHP-ER (p=0.008, p=0.023, respec-
tively), and NHP-sleep (p=0.025, p=0.004, respectively)
scores were worse. There was no difference between the
groups in terms of post-treatment evaluation parameters
(p>0.05).
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Number of randomized wrists (n=90)

Inclusion criteria:
- >18 years old

-presence of paresthesia and/or
pain symptoms in the median nerve

A

Exclusion criteria:

-severe CTS

- having received any treatment for
CTS in the past 6 months or

\4

distribution
-presence of symptoms for more
than a month
-diagnosis of mild or moderate

having a history of surgery for

CTS
-endocrine, metabolic, inflammatory
rheumatic  diseases, alcoholism,

history of trauma or fracture in the

CTS _on electrophysiological affected extremity

examination .
-presence of accompanying
pathology (cervical radiculopathy,
thoracic outlet syndrome, central or
peripheral nervous system diseases)
-history of malignancy
-pregnancy

4 A v
Without Splint Group Night-Only Splint Group Day-Night Splint Group
(Group 1) (Group 2) (Group 3)
Number of wrists included Number of wrists included Number of wrists included
in the study in the study in the study
n=30 n=30 n=30

Number of wrists with
dropouts

Number of wrists with
dropouts

Number of wrists with
dropouts

n=10

Number of wrists analyzed
n=20

n=2

v

Number of wrists analyzed
n=28

n=8

v

INumber of wrists analyzed
n=22

Fig. 2 Flowchart

In the comparison of pre- and post-treatment meas-
urements within the groups (Table 3), while no signifi-
cant change was detected in any parameter in group 1,
significant improvement was found in VAS and elec-
trophysiological parameters such as SNAP, SCV, and
CMAP in group 2, as well as in BCTQ-SSS, BCTQ-
ESS scales, and all quality of life parameters except
NHP-energy and NHP-SI detected (p <0.05). In the 3rd
group, the improvement was found in VAS, BCTQ-
SSS, BCTQ-ESS, and all quality of life parameters

except NHP-energy and this improvement was statis-
tically significant (p <0.05). Additionally, the decrease
in the number of wrists with nocturnal symptoms
was significant in groups 2 and 3 (p=0.006, p=0.005,
respectively).

A comparison of the change in outcome measures
between groups is presented in Table 4. In the day-night
splint group, according to both without splint and only-
night splint groups’ decrease in pain (p=0.001, p=0.015,
respectively), functional status (p=0.004, p=0.020,



Kirac Unal et al. Egyptian Rheumatology and Rehabilitation (2023) 50:46 Page 5 of 9
Table 1 Demographic characteristics of the patients
Total patients Group 1 Group 2 Group 3 p
n=46 n=14 n=18 n=14
Age (years) mean (SD) 47.58(10.10) 42,69 (11.98) 49.44 (8.78) 49.60 (8.95) 0.118"
Gender, n (%)
Woman 40 (87.0) 11 (78.6) 17 (94.4) 12 (85.7) 0451*
Man 6(13.0) 3(214) 1(5.6) 2(14.3)
BMI (%), mean (SD) 29.94 (5.15) 28.33(4.87) 31.51(5.99) 2945 (3.93) 0217
Dominant hand, n (%)
Right 45(97.8) 13(92.9) 18 (100) 14 (100) 0.608"
Left 1(2.2) 1(7.1) 0 0
Hand with CTS, n (%)
Right 15(32.6) 4(28.6) 7(38.9) 4(28.6) 0.546"
Left 4(8.7) 2(14.3) 0 2(14.3)
Bilateral 27 (58.7) 8(57.1) 11(61.1) 8(57.1)
Working status
Not working 36 (78.3) 10(714) 16 (88.9) 10(714) 0.302*
Active working 10 (21.7) 4 (28.6) 2011.1) 4 (28.6)
SD standard deviation, BMI body mass index
p <0.05 values were accepted as statistically significant
" ANOVA
# Fisher's exact test (2x 3 contingency table)
Table 2 Distribution and comparison of disease characteristics according to groups
Group 1 Group 2 Group 3 *p
n (wrists) =20 n (wrists) =28 n (wrists) =22
Median (IQR 25-75%), Median (IQR 25-75%), Median (IQR 25-75%), n (%)
n (%) n (%)
Symptom duration (months) 21.0 (12.0-60.0) 280 (12.0-72.0)° 24.0 (10.50-72.0) 0.736
The most prominent symptom
Pain 4(20) 5(17.8) 8 (36.4) 0.068
Numbness 14 (70) 15 (53.6) 14 (63.6)
Tingling 0 8(28.6) 0
Weakness 2 (10) 0 0
Nocturnal symptoms 15 (75) 24(85.7) 22 (100) 0.054
Nocturnal symptom duration (months) 40(1.50-12.0) 5.0 (1.0-14.0)* 5.5(3.0-12.0)° 0.721
Tinnel’s test positivity 8 (40) 13 (46.4) 10 (45.5) 0.900
Phalen’s test positivity 15 (75) 20(714) 15 (68.2) 0.889
CTS severity
Mild 8 (40) 16 (57.1) 8(36.4) 0.290
Moderate 12 (60) 12 (42.9) 14 (63.6)

p<0.05 values were accepted as statistically significant

" Among group comparisons—Kruskal-Wallis test

?1QR, interquartile range

respectively), pain from quality of life scales (p=0.001,

p=0.003,

respectively), social

isolation (p=0.001,

p=0.001, respectively), and total scores (p=0.001,
p=0.012, respectively), the improvement was found to be

significantly higher. In addition, in terms of pain evalu-
ated by VAS; it was found that even using night-only
splint provided a significant reduction in pain compared
to without splint (p=0.018).
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Page 6 of 9

Group 1

n (wrists) =20
Median (IQR
25-75%), n (%)

Group 2

n (wrists) =28
Median (IQR
25-75%), n (%)

Group 3

n (wrists) =22
Median (IQR 25-5%),
n (%)

P value

*p

Groups 1-2* Groups 1-3* Groups 2-3?

preT-VAS

postT-VAS

Q, group exchange p
preT-median SNAP
(nv)

postT-median SNAP
(uv)

Q, group exchange p

preT-median SCV
(m/s)

postT-median SCV
(m/s)

Q,group exchange p

preT-median CMAP
(mV)

postT-median CMAP
(mV)

Q, group exchange p

preT-median
DML(ms)

postT-median DML
(ms)

Q, group exchange p

preT-median MCV
(m/s)

postT-median MCV
(m/s)

Q, group exchange p
preT-BCTQ-SSS
postT-BCTQ-SSS

Q, group exchange p
preT-BCTQ-FSS
postT-BCTQ-FSS

Q, group exchange p
preT-NHP-pain
postT-NHP-pain

Q, group exchange p
preT-NHP-ER
postT-NHP-ER

Q, group exchange p
preT-NHP-sleep
postT-NHP-sleep

Q, group exchange p
preT-NHP-energy
postT-NHP-energy
Q, group exchange p
preT-NHP-PA
postT-NHP-PA

Q, group exchange p

70.0 (70.0-80.0)
70.0 (45.0-80.0)
0.511

4245 (26.32-53.55)

41.30(29.10-71.52)

0.778
3340 (31.70-37.80)

35.0 (30.25-38.07)

0.532
8.0(7.19-9.62)

845 (6.55-10.20)

0.717
4.01 (3.30-4.36)

3.78(3.31-4.44)

0.636
5550 (51.0-57.0)

56.0 (52.50-59.50)

0.065
2.72(2.18-3.63)
2.72(2.04-3.18)
0.057

237 (1.0-3.63)
2.56 (1.03-3.75)
0482

22.90 (13.94-72.90)
33.02 (12.91-87.70)
0.397

12.21 (0.0-26.58)
849 (0.0-26.58)
0.066
37.30(0.0-59.11)
33.54(0.0-59.11)
0317

24.0 (0.0-100.0)
29.60 (6.0-100.0)
0.167

10.95 (0.0-32.81)
11.20 (0.0-32.81)
0317

70.0 (50.0-80.0)
55.0(32.50-70.0)
0.001

43.05 (24.45-57.02)

43.70 (30.17-57.42)

0.001
3540 (31.52-37.50)

36.10(33.12-38.70)

0.001
8.65 (6.80-10.65)

9.95 (7.80-11.95)

0.002
346 (3.16-4.27)

346 (3.11-3.88)

0.102
54.0 (51.0-58.0)

55.0(51.25-59.0)

0.296
2.72(245-3.15)
2.54(2.09-3.24)
0.001

243(1.5-3.18)
1.87 (1.10-3.0)
0.003

36.5(12.91-70.22)
29.23(12.91-52.53)
0.001

12.21 (0.0-45.75)
3.54(0.0-100.0)
0.001

27.26 (1257-36.71)
16.10 (0.0-56.91)
0.003

31.60 (24.0-100.0)
29.0 (0.0-55.40)
0.171

16.76 (0.0-33.31)
11.37 (0.0-30.66)
0.001

80.0 (70.0-90.0)
60.0 (40.0-70.0)
0.001
27.20(13.32-58.32)

27.60 (14.25-58.75)

0.825
31.60 (27.07-36.05)

32.25(28.07-3645)

0.065
7.20(5.97-10.07)

7.90 (5.87-10.10)

0.161
3.95(3.47-4.74)

3.72(3.26-4.14)

0.061
54.0(51.75-57.02)

54.5(52.25-57.02)

0.604
3.81(2.76-4.36)
2.63(2.30-3.79)
0.001
3.37(2.52-4.37)
2.06 (1.26-4.0)
0.001

80.26 (41.68-88.07)
53.51(33.92-59.40)
0.001

46.13 (10.47-67.26)
22.51(0.0-58.44)
0.014

65.06 (24.64-77.63)
50.0 (0.0-68.20)
0.036

33.20 (60.60-100.0)
33.20 (54.80-76.63)
0.988

23.36 (8.65-46.14)
22.74(19.37-45.17)
0.015

0.353
0.269

0.387

0.189

0.081

0.075

0.213

0.056

0.993

0.530

0.048
0.706

0.058
0.208

0.014
0.062

0.018
0.190

0.047
0.606

0.215
0.527

0.196
0.255

0.920

0.521

0.649

0.363

0.037

0.004

0.008

0.025

0.007

0.010

0.023

0.004
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Table 3 (continued)
Group 1 Group 2 Group 3 P value
n (wrists) =20 n (wrists) =28 n (wrists) =22 " ) .
Median (IQR Median (IQR Median (IQR 25-5%), “P ~ Groups1-2® Groups1-3° Groups 2-3
25-75%), n (%) 25-75%), n (%) n (%)
preT-NHP-SI 0.0 (0.0-15.97) 0.0 (0.0-11.54) 10.06 (0.0-35.33) 0455
postT-NHP-SI 0.0 (0.0-15.97) 0.0 (0.0-63.20) 0.0 (0.0-20.72) 0.731
Q, group exchangep  1.000 0.958 0.003

112.90 (63.44-287.03)
103.60 (49.48-285.59)
0.001

preT-NHP-total 11791 (63.95-322.01)
postT-NHP-total 91.20 (43.64-322.01)
Q, group exchangep 0916

276.65 (118.81-379.69) 0.056
24968 (111.40-384.33) 0.054
0.001

VAS Visual Analog Scale, SNAP sensory nerve action potential, SCV sensorial conduction velocity, CMAP compound motor action potential, DML distal motor latency,
MCV motor conduction velocity, BCTQ Boston Carpal Tunnel Questionnaire, NHP Nottingham Health Profile, SSS symptom severity status, FSS functional severity scale,
ER emotional reactions, PA physical activity, S/ social isolation, preT pre-treatment, postT post-treatment, QR interquartile range

p<0.05 values were accepted as statistically significant

" Among group comparisons—Kruskal-Wallis test

@ Mann-Whitney U test

Q, within-group comparisons—Wilcoxon signed rank test

Table 4 Intergroup comparison of change with treatment in evaluation results

Group 1 Pvalue
n (wrists) =20

Median (IQR 25-75%),

Group 2
n (wrists) =28
Median (IQR 25-75%),

Group 3
n (wrists) =22
Median (IQR 25-75%),

**p  Groups 1-2* Groups 1-3* Groups 2-3°

n (%)* n (%)* n (%)*
VAS 0.0 (0.0-17.50) —10.0 (~30.0t0 0.0) —20.0(-30.0t0—-10.0) 0.005 0.018 0.001 0.015
Median DSAP  0.75 (-2.02 to 1.35) 140 (=17.95t0 1.55) 0.65 (—3.57 t0 6.30) 0.083
MedianSCV 0.0 (-1.35t0 1.55) 1.20 (-2.87 10 2.12) 0.60 (~2.22t0 0.0) 0.132
Median CMAP 0.0 (- 1.07 to 0.45) 0.10 (=2.55t0 0.27) 0.05 (=1.05t00.32) 0.216
Median DML 0.0 (-0.01 to 0.04) —0.01 (=0.151t0 0.39) —0.20(=0.73t0 1.24) 0.967
Median MCV 0.0 (-1.0t0 0.0) 0.0(-7.0t0 0.0) 0.0 (0.0-0.67) 0.138
BCTQ-SSS 0.0 (0.0-0.20) 0.0(-0.09t0 061) -0.36(-1.18t0-0.18) 0.974
BCTQ-FSS 00(-0.25t00.0) —0.12 (-0.09 to 0.84) -125(=171t0-032) 0.039 0.808 0.004 0.020
NHP-pain 0.0(=1.90t00.0) 0.0 (0.0-0.0) —16.88 (-2844 10 0.0) 0.005 0535 0.001 0.003
NHP-ER 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-18.74) 0.273
NHP-sleep 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-26.59) 0.525
NHP-energy 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.756
NHP-PA 0.0(0.0-0.0) 0.0 (0.0-0.0) 0.0 (~549t0-0.0) 0.059
NHP-SI 0.0 (0.0-0.0) 0.0 (0.0-0.0) -9.0(-20.13t0 0.0) 0.003 0.462 0.001 0.001
NHP-total 0.0 (0.0-0.0) —9.87(0.0-54.18) —26.2(-81421t000) 0.015 0.058 0.001 0.012

VAS Visual Analog Scale, SNAP sensory nerve action potential, SCV sensorial conduction velocity, CMAP compound motor action potential, DML distal motor latency,
MCV motor conduction velocity, BCTQ Boston Carpal Tunnel Questionnaire, NHP Nottingham Health Profile, SSS symptom severity status, FC functional severity scale,
ER emotional reactions, PA physical activity, S/ social isolation

p <0.05 values were accepted as statistically significant

"IQR, interquartile range

" "Among group comparisons—Kruskal-Wallis test
@ Mann-Whitney U test

Discussion

In this study, while no statistically significant improve-
ment was observed in the without splint group, sig-
nificant improvements were observed in nocturnal
symptoms, pain level evaluated by VAS, symptom

severity and functionality, and quality of life in both

splint groups. In addition, the improvement observed in
the electrophysiological findings in the night-only splint
group was also significant. Looking at the comparison
of changes in outcome measures between groups, it was
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found that even using night-only splint resulted in a sig-
nificant reduction in VAS compared to without splint. In
addition, the change in functionality and quality of life in
the day-night splint group with treatment was statisti-
cally significant compared to the other two groups.

Similar to the literature, in our study, the use of splints,
whether used only at night or all day, had a positive effect
on the level of pain assessed by VAS [21]. Although the
pre-treatment NHP-pain was worse in the day-night
splint group than the other 2 groups, when the change in
the outcome measures between groups was examined, a
statistically significant change was observed in the day-
night group compared to the other 2 groups and this
shows that the use of the splint during the day may also
be important in pain and related quality of life in CTS.

When researched, only one article was found com-
paring the effects of day-night splinting and night-only
splinting in CTS [9]. In this study, the amount of decrease
in symptom severity was higher in the day-night splint
group than in the night-only splint group, while the
functional status improved more in the night-only splint
group. These findings are quite different from our study,
in which the change in BCTQ-FSS was found to be sta-
tistically significantly better in the day-night splinting
group. The differences in the design of the studies and the
number of patients may have been effective in the differ-
ent results.

While BCTQ-SSS was worse in the day-night splint
group in the pre-treatment evaluation, it showed
improvement in repeated measures in both night-only
and day-night splint groups, but the change was not sta-
tistically significant. This result is similar to the result
of the previously mentioned study comparing the use
of night-only and day-night splinting. Walker et al. sug-
gested the use of splints in groups for 6 weeks, unlike our
study [9]. On the other hand, in the study by Gatheridge
et al,, it was emphasized that the use of splint for an addi-
tional 6 weeks after an initial period of 6 weeks did not
have a significant effect on electrophysiological findings,
symptom severity, and functionality [10].

In studies on splinting in CTS, it is seen that only DML
and sensory distal latency (DSL) are examined among
electrophysiological findings [6, 9]. In our study, how-
ever, DSL was not recorded; SNAP, CMAP, SCV, and
MCYV were noted in addition to DML. While significant
improvements were achieved in these parameters before
and after treatment in the night-only group, no statisti-
cally significant difference was observed in all 3 groups
when the post-treatment changes were compared. The
differences in the number of patients in the studies, the
differences in the clinical, electrophysiological and demo-
graphic characteristics of the patients before splinting,
and the short follow-up period may be the reasons for
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the lack of significant difference between the groups at
follow-up.

Quality of life in CTS is often the focus when review-
ing surgical outcomes [22]. In this study, while there was
no significant change in the control group, significant
improvements were obtained in the various subscores of
NHP and total scores in both splint groups. In addition,
when these changes were compared between the groups,
they were statistically significant in the NHP-pain, NHP-
SI, and NHP-total scores in the day-night splint group.

After all these literature comparisons, although the use
of splint is more effective in day-night use, night use is an
important factor. The reason for this result may be dur-
ing night sleep, our control over the body is lost. Incor-
rect positioning of the wrist causes increased pressure in
the carpal tunnel and prolonged pressure on the median
nerve. Studies have reported that incorrect positioning
during sleep exacerbates CTS symptoms acutely, result-
ing in nighttime symptoms [23, 24]. For this reason,
keeping the pressure in the carpal tunnel under control
during the night with a correct positioning (splint), we
think that it will reduce nighttime symptoms, which will
increase the person’s daytime functionality and quality of
life as well as good sleep quality.

Limitations of the study

Although it is one of the rare studies comparing night-
only and day-night splinting from various aspects, our
study also has some limitations. The first is the small
number of our patients and the second is the lack of long-
term follow-up results. It is not known whether the gains
achieved will continue in the long term. Another limita-
tion is that the use of splint cannot be monitored, so it
is not objective. The durations of use were noted in line
with the information given by the patients.

Conclusion

In conclusion, night splints are beneficial in mild to
moderate CTS patients. Extended usage during daytime
significantly improved pain, nocturnal symptoms, func-
tionality, and quality of life of patients. Day and night
splints could be recommended in CTS patients.

Abbreviations

BCTQ  Boston Carpal Tunnel Questionnaire
CMAP  Compound Muscle Action Potential
[ Carpal tunnel syndrome

DML Distal motor latency

ENMG  Electroneuromyography

ER Emotional reactions

FSS Functional Severity Scale

MCV Motor conduction velocity
NHP The Nottingham Health Profile
PA Physical activity

SCV Sensory conduction velocity
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