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Abstract

Background: Carpal tunnel syndrome (CTS) is the most common compressive neuropathy presenting with sharp pain, parenthesis,
dysfunction of the hand in coordination and gripping. Splinting is the most common conservative intervention to improve pain and
enological symptom of this Syndrome (CTS). With regard to the importance of these interventions and controversies about different
designs of splints, the aim of this study was to compare the therapeutic effects of volar wrist cock-up orthosis and dorsal lock wrist
hand orthosis on pain, sensory and motor latency in carpal tunnel syndrome.

Methods: In this Randomized controlled trial study, 30 patients diagnosed with mild to moderate CTS were recruited. The subjects
were randomly divided into two equal groups. Both groups received one form of splints for three weeks. Before receiving the splints,
Electromyography (EMG) and Visual analog scale (VAS) were performed. Then, two different designs of splints were used for a
period of three weeks. After that, EMG and Numerical Rating Scale (NRS-11) were repeated to reveal the effects of splints on
reducing pain, sensory and motor latency in CTS. Independent t and paired t-tests were done uding SPSS software version 19.0 . P-
value was set at 0.05.

Results: All the variables in both groups showed significant improvement. The NRS-11 test was significantly improved in the dorsal
lock wrist hand orthosis group (p<0.05).

Conclusion: This study showed that the use of the dorsal lock wrist hand orthosis for about three weeks was significantly improved
pain and neurological symptoms of patients with CTS because of maintaining the wrist in the neutral position. Knowing this fact helps
us to design and make a less cumbersome and restrictive splint with an accurate position for the wrist and distal joints.
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Introduction

Carpal tunnel syndrome (CTS) is the most common
compressive neuropathy in the upper extremity, causes
motor and sensory impairment in the median nerve distri-
bution of the hand (1-5). The main symptoms of this dis-
order are sharp pain, parenthesis, dysfunction of the hand
in coordination and gripping (1,6, 7) that are often wors-
ened by daily activities or at night (1, 7, 8). Frequent,
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forceful grasping and flexed wrist posture for a long time,
or hand-held vibration tools were exposed subjects to CTS
(1-3, 7). To determine the sensory deficit of CTS, two-
point discrimination test, vibration, and monofilament
testing were used (1, 7, 8). The prevalence of this syn-
drome was estimated at about 9.2%—15.6% in females and
6%—11.3% in males (2, 6, 7). Age and gender are related

1What is “already known” in this topic:

Several techniques have been introduced for the treatment of
Carpal Tunnel Syndrome (CTS). Wrist splints reduce pain and
other symptoms of CTS.

— What this article adds:
The result of this study showed that the use of the dorsal design

cock-up splint relieves signs and symptoms of CTS. The results
help us to make a better decision for the treatment for CTS.
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to the incidence of CTS (7).

For motor and sensory nerve evaluation of this syn-
drome, electromyography (EMG) and nerve conduction
velocities were used to diagnosis and define the severity
of CTS (2, 4, 6, 9-13). The most common conservative
non-surgical intervention of mild to moderate CTS in re-
habilitation is to use night (static) splints. That seems to
reduce pain and other symptoms of CTS (6, 12, 14), with
rest and evoked with activity and reduced carpal tunnel
pressure (5, 6). These devices immobilize the wrist in the
neutral position (less until 10 degrees) (6, 11, 12, 14). This
position seems to reduce pain and other symptoms of CTS
by maximizing carpal tunnel volume and minimizing the
pressure on the median nerve (2, 4, 13, 14).

Several studies have demonstrated the efficacy of wrist
splints in relieving the signs and symptoms of CTS; how-
ever, the chosen angle of immobilization, selected design
and effects of these designs on pain and symptoms of CTS
were confusing (1, 4, 13-15). The rationale for these splint
designs was based on the concept of positioning the fin-
gers, which affected the carpal tunnel size. These designs
alter the shape of the carpal tunnel by moving the lumbri-
cals more distal out of the carpal tunnel and decrease pres-
sure on the median nerve. The results of some researches
were indicated that the measurements of the electromyog-
raphy/nerve conduction study (EMG/NCS) provide infor-
mation about the probability effects of splinting (1, 2, 15,
16).

Nonetheless, a lot of debates have always existed about
the best designs and positions for splinting the hand and
wrist (7). Furthermore, no study has been performed on
different aspects of splinting like volar or dorsal designs
and wrist position in the splint.

In the current study, two designs of splint (one volar and
one dorsal) that keep the wrist in a neutral position (0-5
degree) were used.

Therefore, the aim of this study was to compare the
therapeutic effects of volar wrist cock-up orthosis and
dorsal lock wristhand orthosis on pain, sensory and motor
latency in carpal tunnel syndrome.

Methods

This interventional study was designed as a randomized
controlled trial to explore the effects of two types of
splints on the symptoms of CTS. This study was approved
by the ethics committee of Isfahan University of Medical
Sciences. The protocol has been registered in the Iranian
Registry of Clinical Trials (registration code:
IRCT1389903224157N1).

Thirty patients (18 females, 12 male) with a mean age
of 58.2 (£ 12.1) years and mean weight of 87.6 (5.5) Kg
were recruited and enrolled in this study. All the subjects
in the treatment group were right-handed. The mean age
of the control group was 45.76 (£ 11.6) years and the
mean age of the treatment group was 47.42 (+ 6.1) years.
CTS diagnosis was confirmed with physical examination
and nerve conduction test of the median nerve according
to the American Association of Electro-diagnostic Medi-
cine guidelines (mild to moderate cases) (17). Once re-
cruited and selected for participation, patients were ran-
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domly assigned to either the two equal groups and re-
ceived randomly one of the splints for a period of three
weeks. Every patient had EMG and NAS tests before
starting the treatment (19, 20).

All participants received trial information and provided
written informed consent. All patients signed for informed
consent prior to the start of the study and the study proto-
col was approved by the Medical Ethics Committee.

Patients with mild to moderate CTS (9) were qualified
for participation based on the inclusion criteria of 1) hav-
ing positive clinical examination finding consistent with
CTS (Tinel’s sign or Phalen maneuver), including 2) hav-
ing reported night time pain, numbness, and tingling for at
least 12 weeks, 3) patients with sensory conduction laten-
cy with a peak greater than 4.00 ms using ring pick up on
the volar surface of the index finger measured 14 cm from
stimulation across the wrist at the median nerve, 3) pa-
tients with motor conduction latency of greater than 4.2
ms measured with disc pick up on the abductor pollicis
brevis muscle 8 cm from the stimulation site across the
wrist at the median nerve.

Patients with a history of hand surgery, systemic diseas-
es, those had a steroid injection into the carpal canal with-
in the previous 6 months, pregnancy, wrist-fracture histo-
ries, a lack of cooperation, and a lack of nerve-conduction
velocity were excluded (9, 18, 19). Furthermore, patients
who presented with neuropathy or radiculopathy, thenar
atrophy as a symptom of severity, patients with a ganglion
cyst of the wrist, lack of cognition, history of hand sur-
gery, sensory conduction latency to peak less than 3.7 ms
when measured with ring pick up on the volar surface of
the index finger measured 14 cm from stimulation across
the wrist at the median nerve were excluded (18, 19).

The electromyography test was carried out by a
“MEDLEC SYNERGY VIASIS 3/05” electromyography
device with two 6-mm felt tip bar electrodes as the stimu-
lators and recorders (with a diameter of pads 23 mm
apart). The antidromic sensory nerve action potentials
evoked at the wrist were recorded from the middle finger.
Standard distances (7 cm from the recorder at mid-palm
and 14 cm from the recorder at the wrist) were kept be-
tween the stimulator and the recorder electrodes. The sen-
sory nerve conduction velocity was recorded in meters per
second and the sensory distal latency was recorded in mil-
liseconds.

After giving written informed consent and a baseline as-
sessment, participants of the current study were divided
into two groups (those who wore a neutral wrist splint in a
form of short cock up and those who wore a neutral wrist
in a form of dorsal lock using a randomized allocation
between participants (21, 22).

The patients were taught how to use the splint correctly.
The initial evaluations were repeated after three weeks for
both groups and data was gathered.

Two types of prefabricated splints (volar cock up and
dorsal lock) were used in the current study and all patients
received these prefabricated splints after accurate meas-
urement of hand and wrist for better fitting (Fig. 1) (20,
21).

Dorsal lock splint puts the wrist in neutral position of
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(0°-5) (20) and sets the MCP joints positioned between 0°
and 10° of flexion and PIP in 20-30 degree flexion DIP
and the MCP joint of the thumb was free to move in all
direction (Fig. 1) (21-23).

In volar wrist cock-up, the splint just embraces the wrist
in neutral position of (0°-5) and ended just proximal to
the MCP; as MCP and PIP joints are free from restriction,
and set the MCP joints positioned between 0° and 5 de-
grees of flexion (20, 21). The distal palmar crease and
proximal palmar crease of the hand must be fully cleared
when fabricating a volar-cock up splint. Then non elastic
Velcro closures were used to increase the fitness of splints
and reduce relative movement between the hand and wrist.
Patients were instructed to wear the splint during the night
for at least 3 weeks and during the day only if they wished
to. There were no restrictions for the patients in their work
or normal daily activities. EMG and the Numeric Rating
Scale (NRS-11) were accomplished (24).

After 3 weeks of using splints, the EMG and the Nu-
meric Rating Scale (NRS-11) test were repeated. Accord-
ing to some study we used two main characteristics of
EMG measurement, sensory latency difference greater
than 0.4 m/sec or distal motor latency (DML) greater than
4.2 m/sec as CTS. We also repeated the EMG measure-
ment to know about the effect of splint on sensory latency
difference and distal motor latency.

Then, all patients were given the NAS (Numeric Analog
Scale) which has been validated as a reliable and repro-
ducible outcome to measure the severity of symptoms and
functional status in CTS (1).

Numeric Analog Scale

The Numeric Rating Scale (NRS-11) is an 11-point
scale for patients’ self-reporting of pain. It is for adults
and children older that 10 years of age (Table 1) (22-28).

Patients reported their maximum pain at the start of the
examination and at the end of 3 weeks after using splints

Fig. 1. Volar wrist cock-up and dorsal lock wrist hand orthosis

Table 1. The Numeric Rating Scale (NRS-11) with 11-point scale

for pain

Rating Pain Level

0 No Pain

1-3 Mild Pain (nagging, annoying, interfering little with ADLs)

4-6 Moderate Pain (interferes significantly with ADLs)

7-11 Severe Pain (disabling; unable to perform ADLs)
24).

Statistical analysis

All statistical analysis were performed using SPSS Sta-
tistic 19.0, (SPSS, Inc., Chicago, IL, USA) with a P-value
set at 0.05. The data were tested for normal distribution
using the Kolmogorov—Smirnov test. The test of normali-
ty, independent t and paired t-tests with a 95% confidence
interval (¢=0.05).

Results

The results of this study showed a significant difference
between using the two splints (dorsal lock/short cock up)
and without splint (p<0.05) (Tables 2 and 3).

The results of this study showed a significant difference
between using the two splints of dorsal lock and short
cock up (p<0.05) (Table 4).

Table 2. The mean, standard deviation and comparison of the p-value, before splint and short wrist cock-up

Variables (Without splint, short cock up splint) p
Pre-test. Post test
Mean £SD
Motor latency (second) 456+ 0.13 326+0.17 0.022
Sensory latency (second) 434+012 3.37+ 021 <0.001
Numeric Analog Scale 4.85+£0.10 4.17£ 0.8 0.015

Table 3. The mean, standard deviation and comparison of the p-value, before splint and dorsal lock

variables (Without splint, dorsal lock) p
Pre-test. Post test
Mean £SD
Motor latency (second) 427 +£0.17 3.99+0.18 0.030
Sensory latency (second) 4.24+0.15 3.87£0.23 0.012
Numeric Analog Scale 4.75+0.10 4.27+0.13 0.020

Table 4. The mean, standard deviation and comparison of the p-value, between wearing dorsal lock than short wrist cock-up

Splints

Mean £SD p
Variables Dorsal lock short wrist cock-up
Motor latency (second) 3.53+0.19 4.04+0.16 0.015
Sensory latency(second) 3.20+0.20 3.85+0.26 0.050
Numeric Analog Scale 4.02+0.12 4.31+0.12 0.040
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Discussion

The aim of the current study was to compare the effec-
tiveness of two designs of splints in reducing symptoms
included pain of carpal tunnel syndrome (CTS).

The results of current study showed that the use of the
two types of splints has a significant effect on the pain and
symptom of CTS. There has been no similar study on the
comparison of different kinds of splints; (28, 29) some
studies were found in this study with similarities to this
research (6,9, 11, 20, 22, 25, 26). This study addresses the
need for different types of splints as modalities that may
treat the signs and symptoms of CTS (6, 9, 11, 20, 22, 25,
26). However, selected angles for wrist immobilization are
varied in different designs of splints and in our experi-
ence, some physicians prescribe splints without attention
to the wrist angel; this leads to disappointment of the pa-
tients regarding the effects of splint (26, 27).

Moreover, there are a variety of splint designs from var-
ious manufactures which reduces the pain and other signs
and symptoms of CTS (27). Some of these designs hold
the wrist near functional angel (more than 20) which
seems to increase inter-carpal pressure (27, 28) (18, 19).

These splints not only assist these patients with CTS to
perform ADL, but also reduce the symptoms and the pain
of their upper extremity (16).

The motor latency and the sensory latency were signifi-
cantly improved with dorsal lock compared to short cock
up (p< 0.05).

This study briefly compared the two designs of splint
which has an effect in reducing pain of CTS. However
dorsal lock seems to improve the pain more significantly
than the short cock up.

Some authors believe that special designs may reduce
inter carpal pressure and symptoms of carpal tunnel; how-
ever, according to our study dorsal design splint signifi-
cantly improved the symptom and pain of CTS compared
to the volar one (27, 28).

Some authors believe that splint should be removed as
quickly as possible, unless necessary to accomplish a
short-term task (29-31). We do not agree that using splint
increases the inter-carpal pressure or presses the muscles,
but further studies are needed.

In this regard, Walker et al. (14) mentioned that part
time use of splints in night had a more positive effects on
functional activities than full-time use. Furthermore, a
full-time use of splints was not preferred by patients and
most of the time, they rejected splints.(5).

Finally, it seems that EMG, as a diagnostic tool, may be
a useful tool to categorize different levels of tunnel injury,
including cases that were improved with splint and severe
cases candidate for surgery (29).

Our study does not show long-term results. Therefore,
we could not predict long-term effect of splints (28, 29).

There are some limitations in this study. First, this study
sample size was relatively small. Moreover, in our pa-
tients, wrist splints were worn basically at night, and also
during the daytime in some patients according to their
symptoms. In addition, this study did not have a non-
interventional control group.
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Conclusion

This study showed that the use of the wrist hand splints
for three weeks could have a significant effect on the pain
and symptom of patients with CTS. Furthermore, by
maintaining the wrist in neutral position that keeps the
inter-tunnel pressure at the lowest level or using dorsal
design compared to circumferential or palmar splints may
improve the result of this intervention. Knowing this fact
helps us to design and make less cumbersome and restric-
tive splint with an accurate position for the wrist and distal
joints.
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