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ABSTRACT

Study objective: Effect of Ultrasound with Splinting and splinting alone for CarpalTunnel Syndrome.

Design: Quasi experimental

Method and measurements: 24 female patients from Prince Sultan Military Medical City Riyadh participated in
this study. Their CTS was diagnosed by the nerve conduction velocity (NCV). Patients were divided into two
groups; group A received Ultrasound with Splinting and group B received Splinting alone. Patients completed 3
consecutive weeks of follow-up. VAS, MPQ, was used to measure the pain in both groups. Before and after 3"
week of treatment pain was measured.

Results: Subjects in-group A that received US and Splinting showed greater Improvement in pain compared with
the Splinting alone group on 3" week compared with pre treatment. (p<0.050)

Conclusion: The result of study suggests that both Ultrasound and Splinting improves the symptoms of CTS.
Splinting alone improved the pain symptoms but was too small to reach satisfactory outcome for patients. Based on
these results US and Splinting should be the treatment of choice for CTS rather than Splinting alone.

Keywords: Carpal Tunnel Syndrome, Splinting, US, VAS, MPQ.

Introduction: Carpal tunnel syndrome (CTS) is a the hand, forearm, elbow or even shoulder, and
neurological disorder involving compression of weakness of the hand are common symptoms of
median nerve in carpal tunnel of wrist12, 1t CT85’6, the patient also may experience an
is considered the most common entrapment electric-like shocking feeling. These impairments

neuropathy3’4. Numbness, tingling and pain in may cause a disability in the performance of
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activities of daily Iiving7’8. The syndrome (mechanical) mechanisms. Depending on the frequency

of the waves, US is used for diagnostic imaging,

shows improvement with rest and worsen at

night6’7’9, or with repetitive upper extremity

2’10. It is more common in women than

and affects up to 10% of populationg.

activity

men9:11

Patients complain of paraesthesia (with or
without numbness or pain) involving the
fingers innervated by the median nerve,and a
weakness of thumb abduction. Symptoms
are worst at night and often wake the

patient. Standard treatments include

splints, local injection of cortico- steroids,
and surgical decompression. Benefit from
non-surgical treatment, however, seems to be
limited,’> and not all patients respond to
surgery.t?

Idiopathic CTS can be relieved with

4,

surgical or conservative intervention™. Current

conservative treatments include splint32’3’4’7’14,

4,15

activity modification™=*, non-steroidal anti-

4,16

inflammatory drugs and local injection of

corticosteroidsl’7. In addition,

q17

physical

modalities like Ultrasoun

exercisesl4’18’, acupuncture

420,

, herve gliding

6,10,19 and laser

treatment have also been use

US refer to mechanical vibrations, which are essentially:.
the same as sound waves but of a higher frequency. US

is a deep penetrating modality capable of producing

therapeutic tissue healing or tissue destruction®..

Splinting the wrist is the most common

conservative intervention19:91° The rationale for
wrist splints was originally based on observations
that CTS symptoms improve with rest and worsen

with activity2’22. The purpose of splint is to

decrease pain, slow disease progression and

improve physical function®3. Researchers have
suggested that the therapeutic effect of wrist
splinting arises from minimizing carpal tunnel

pressure3’16

which is strongly implicated in the
pathophysiology of CTS, that pressure increases

with wrist positions other than neutral210:7.14.22

The aim of Study to investigate the effects of US
and Splitting combined with pre-defined doses,
Splinting program alone on pain intensity and
function in patients with CTS.

Methods:

Subjects’: 24 female patients with idiopathic
chronic CTS,
participated in this study. Their age ranged from
30 to 45 years (37.93 + 5.24 years) and were
recruited from Prince Sultan Military Medical

during exacerbation phase

City-Riyadh. The inclusion criteria was: female
patients aged between 30-45 years, patients with
idiopathic chronic carpal tunnel syndrome as
diagnosed with nerve conduction study, patients
who were in the exacerbation phase (acute) but

changes in tissue through both thermal and non thermal

922




Cite As: Effect Of Ultrasound With Splinting And Splinting Alone For Carpaltunnel 2015

Syndrome;Vol. 2|Issue 06|Pg:921-932

not under any anti-inflammatory medication,
patients who didn't receive physiotherapy since 3
months, and patients adherence to splint wear at
least 70% for continuous 3 weeks. The exclusion
criteria was: patient with secondary entrapment
neuropathies, trauma in the wrist area, muscle
wasting or atrophy, patients with inflammatory
arthritis, hypothyroidism, congestive cardiac
failure, diabetes mellitus, obesity (Body max
Index (BMI) > 30), patients who were pregnant
and patients who received surgery. The research
proposal was approved by the Rehabilitation
Health Science (RHS) department of King Saud
University (KSU) and the Physical and
Occupational therapy departments in Military
Hospital.

Design : Quasi experimental

Equipments and measuring tools:

Sheets, Diaries, Exercises ball, US machine, US

gel, Splints, VAS Scale, MPQ

Procedure:

Ultrasound treatment procedure and

technigue
Ultrasound treatment was administered for 15

minutes per session to the area over the carpal

tunnel at a frequency of 1 MHz and an intensity
of 1.0 W/ecm2, with pulsed mode duty cycle of

1:4 and a transducer area of 5 cm?2, using an

electrocare machine with aquasonic gel as the
couplant. The apparatus was initially standard
and the output was controlled regularly by a
simple under-water radiation balance. A total of

15 Ultrasound treatments were performed once a

day, five times a week for three weeks?*,

Figure (1) shows Ultrasound Technique

Placebo Ultrasound

Patients in placebo group received same duration
of Ultrasound with the apparatus switched on (so
that patients see lights flashing on machine) but
without any current output. In this way, patients
were blinded for Ultrasound treatment.
a) Therapeutic procedures:
Splint: Custom-made, thermoplastic,
lightweight,  neutral-positioned  wrist
splints (figure2) were given to patients
provided by the hospital, and made by the
occupational therapist at the occupational
therapy department. The researcher
instructed the patients to wear the

splints daily depending on their groups,
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for continuous successive 3 weeks. The
minimum hours of splint wear in both

groups were from 6-8 hours.

Figure (2): Custom made hermoplastic, light
weight and neutral position wrist splint. A) Palmer

view, B) Dorsal view.

Exercises: Patients were educated how to
perform strengthening exercises to maintain their
hands muscles power and self stretching

exercises to stretch the flexor retinaculum.

Patient were trained at first session and supplied
by a researcher-designed brochure that describes
the exercises, which were repeated during each
visit and used as home program exercises.

During the strengthening exercises, patients

were asked to squeeze the ball (figure 3) and hold
for 10 seconds while sitting on a chair with
supported hand on padded table, keeping neck

and shoulder in neutral position, forearm in

supination and elbow 90° of flexion.
During _self stretching exercises patients were

asked :1) to bring palms together with fingers
pointed up toward ceiling and slowly slide them

down until she felt a stretch in the inner wrist

area25, hold 20-30 second , then relax for 10
seconds and repeat the exercises. 2) to extend
their affected arm straight so their palm is
faced away from them, then used the other hand

to gently pull their fingers toward them, to stretch

the carpal tunnel area 25, hold 20-30 seconds ,
then relax for 10 seconds and repeat the

exercises. 3) to interlace their fingers and

stretched their arms out in front of them25, hold
for 20-30 seconds , then relax for 10 seconds
and repeat the exercises. All these exercises
were repeated 10 times, five sessions daily for 3

weeks.
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Assessment procedures

Figure (3): Hand strengthening exercises using
Egg squeeze ball.

The patients were treated for 3 weeks. Pain was assessed by VAS and MPQ before starting treatment and on

3" week of post treatment session. On VVAS Patient were asked to describe their pain status on a 10cms line

where left end represents no pain and right end represents maximum pain.

No pain worst pain

0 1 2 3 4 5

Figure (4) showed the Visual analogue scale

MPQ consists of a set of pain descriptor
list, and are read to a patient with the explicit
instruction that he chooses only those words
which described his feelings and sensations at that
moment.

PRI is based on the rank values of words.
In this scoring system, the word in each subclass
implying the least pain is given a value of 1, the
next word is given a value of 2, etc. The rank
values of words chosen by a patient are summed
to obtain a score separately for the sensory
(subclass 1-10), affective (subclasses 11-15),
evaluative (subclass 18) and miscellaneous

(subclasses 17-20) words, in addition to provide a
total score (subclasses 1-20).The PPI is recorded
as a number and is associated with the following
words 1-mild, 2-discomforting, 3-distrcession, 4-

horrible, and 5-excruciating.

Data Analysis:
All Data was analyzed using statistical test-pair
t test. Mean and SD for pre Rxand after 5" week
Rx pain values were calculated for each group.
Significance was accepted at 0.05 level of

probability.
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Findings:

In this study 24 female patients participated with a mean age of 36.7(5.14) in group A and 39.0(5.19) in

Group B ranging from 30 to 45 years (Table 1). .

Group A (N=12)

Group B (N=12)

Mean(SD) Mean(SD)
Age (Yrs) 36.7(5.14) 39.0(5.19)
BMI 27.1(2.80) 26.1(2.62)

Tablel: Comparison of demographic data between group A and B.

Mean reduction in PRI, PPl &VAS of group A & B with p & t values:
Mean reduction in PRI (Table 2,)

Both groups had significant difference in pre Rx to 3" week values as t and p values for group A and B were
t=13.47, p=0.000 and t=9.53,p=0.000 respectively (table 2).

Pre Rxto 3" week
Groups Pre Rx 3" week Paired
Mean=SD P value
t value
Group A
(N=12) 20.19+3.16 2.12+1.24 16.75+4.33 | 13.47 0.000
MeanxSD
Group B
(N=12) 15.35+3.54 7.554+3.72 6.23+253 | 9.53 0.000
Mean+SD

Table 2: Mean reduction in PRI values between group A and B. Mean and standard deviation at pre
treatment, 3 week and pre treatment to 3" week with t and p values.
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Both groups had significant difference in pre Ry to 3™ week values as t and p values for group A and B

Mean reduction in PPI (Table 3,)

were t=11.57, p=0.000 and t=10.58,p=0.000 respectively (table 3).

Pre Ryto 3" week
Groups Pre Rx 3" week Paired
Mean+SD P value
t value
Group A
(N=12) 4.55+0.63 0.50+0.53 2524071 | 11.57 0.000
Mean+SD
Group B
(N=12) 4.22+0.63 1.52+0.66 1.76+0.54 | 10.58 0.000
MeanxSD

Table3: Mean reduction in PPI values between group A and B. Mean and standard deviation at pre

Both groups had significant difference in pre Ry to 3™ week values as t and p values for group A and B

treatment, 3rd week and pre treatment to 3rd week with t and p values.

Mean reduction in VAS (Table 4))

were t=18.04, p=0.000 and t=11.25,p=0.000 respectively (table 4).

Pre Ryto 3™ week
Groups Pre Rx 3" week Paired
Mean+SD p value
t value
Group A
(N=12) 7.43+1.24 0.41+0.45 6.47+1.24 18.04 0.000
MeanSD
Group B
(N=12)
Mean+SD 6.37+1.41 2.79+1.14 2.93+0.84 11.25 0.000

Table 4: Mean reduction in VAS values between
group A and B. Mean and standard deviation at

pre treatment, 3 week and pre treatment to 3
week with t and p values.
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Thus, it can be concluded from above results that
both interventions (US and Splinting ) were
effective in Pain reduction as reflected by VAS

and MPQ .But, Patients (group A) that received
US with Splint showed greater improvement in
pain compared with Splint alone ( group B)on 3rd
week compared with pre treatment .

Discussion:

An increase in pressure in the carpal
tunnel is usually caused by non-specific
flexor tenosynovitis®.  Chronic  focal
compression of a nerve trunk can cause
focal demyelination by mechanical stress
deforming the myelin lamellae. Ischaemia
also plays a pathogenic role in the carpal
tunnel syndrome. It could account for
intermittent paraesthesia that occurs at
night or with wrist flexion*?,

The positive clinical effect of splint in

CTS symptoms including pain relief have

been approved in many studies which

. . . 20,22,26
investigated the effect of splint alone

or compared it with other treatment, such as

. B 19
with oral prednisone?’, yoga?®, laser , and

acupuncture %,

In addition, splint was
effective if it is combined with other

conservative treatment6’12’25.

In this study, fair inclusion and exclusion
criteria were used to ensure validity of the
results. Only females were included to
overcome the gender factor effect. It was

approved that females have lower thresholds

of pain, greater abilities to discriminate pain,
and higher pain ratings or less tolerance
of noxious stimuli than males 3031,

Women generally have an increased
sensitivity to experimental pain  when
compared to men®2, Male and female's pain
experiences might be attributed to differences
in their biology, as well as the perceptions and
behaviors of health care professionals and a
society that treats the genders differently.

All  patients were right handed.
Moreover, results showed homogeneity of
both patients groups. There were no
significant differences in their age, BMI, and
initial pain threshold. In addition there were
no significant differences of the percentage of
change of pain threshold between both the
groups. This homogeneity added to results
validity and strength.

This was not surprising because a lot of
studies have approved the long effect of

splint in CTS patient322’33’34.

The findings of the study confirm
prelimi- nary  data that Ultrasound
treatment may facilitate recovery from the
carpal tunnel syndrome.*>3¢ Given the
favourable response rate of 68% of patients
at the end of treatment, ultrasound
treatment may be similar in effectiveness to

steroid injections or wrist  splinting;
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iImprovements persisting for at least 6
months in most patients might even suggest
the potential superiority of ultrasound
treatment. Palmar wrist splints worn at
night seem suitable only when symptoms
are mainly noctur- nal,® and ergonomic

strategies have not yet been evaluated.

The findings of the study confirm that
Ultrasound treatment is more effective than laser
treatment in patients with carpal tunnel
syndrome. The rate of improvement from
ultrasound treatment was similar to that reported
in other studies (Ebenbichler et al 1998, Walling
1998) and may indicate its similar effectiveness
to steroid injection or wrist splinting (Girlanda et
al 1993, Gonzales and Bylak 2001), but without
their complications (McConnel and Bush 1990)
or limits (Burk et al 1994)%,

These all study findings support the results of the
present study.

References:

1. Muller, M., Tsui, D., Schnurr, R,
Biddulph-Deisroth, L., Hard, J., &
MacDermid, J. (2004).

Effectiveness of hand therapy intervention in
primary mangement of carpal tunnel syndrome:
a systematic review. J Hand Ther, 17(2), 210-
228.

2. Walker, C., Metzler, M., Cifu, D., & Swartz,

Conclusion:

The result of study suggests that both Ultrasound
and Splinting improves the symptoms of CTS.
Splinting alone improved the pain symptoms but
was too small to reach satisfactory outcome for
patients. Based on these results US and Splinting
should be the treatment of choice for CTS rather

than Splinting alone.

Acknowledgements:

First of all, thanks to ALLAH who enabled me to
conduct this study. I am heartily thankful to
Dr.Salwa EI-Sobkey, Assistant Professor, Health
Rehabilitation Sciences, Collage of Applied
Medical Sciences, King Saud University, A deep
thanks to my parent, my husband, and my Kid’s
for helping, supporting, understanding, and
encouraging me through my study and my whole
life. Special thanks to Kholoud Al-Mubarak,
Senior Occupational therapist, in Military
Hospital, who helped me in organizing and
making splints for all the patients.

Z. (2000). Neutral wrist splinting in carpal tunnel
syndrome: a comparison of night-only versus full-
time wear instructions. Arch Phys Med Rehabil,
81(4), 424-429.

3. Baysal, O., Altay, Z., Ozcan, C., Ertem, K.,
Yologly, S., & Kayhan A. (2006). Comparison
of

three conservative treatment protocols in

carpal tunnel syndrome. Int J Clin Pract, 60(7),

929




Cite As: Effect Of Ultrasound With Splinting And Splinting Alone For Carpaltunnel 2015

Syndrome;Vol. 2|Issue 06|Pg:921-932

820-828.

4, Shi, Q. and MacDermid, J. (2011). Is
surgical intervention more effective than
nonsurgical

treatment for carpal tunnel syndrome? a
systematic review. J Orthop Surg Res, 11, 6(1):17.
Retrieved

from http://www.josr-online.com/content/6/1/17.

5. Peters-Veluthamaningal, C., Winters, J.,
Groenier, K., & Jong, B. (2010). Randomised
controlled trial of local corticosteroid injections
for carpal tunnel syndrome in general practice.
BMC

Family Practice, 11:54.
http://www.biomedcentral.com/1471-2296/11/54.
6. Sim, H., Shin, B., Lee, M., Jung, A., Lee, H.,
& Ernst, E. (2011). Acupuncture for Carpal

Tunnel

Retrieved from

Syndrome: A Systematic Review of Randomized
Controlled Trials Critical Review. J Pain, 12(3),
307-314.

7. Celiker, R., Arslan, S., & Inanc, F.
(2002).Corticosteroid injection vs. nonsteroidal
antiinflammatory drug and splinting in carpal
tunnel syndrome. Am J Phys Med Rehabil, 81(3),
182-186.

8. Kostopoulos D. (2004). Treatment of carpal
tunnel syndrome: a review of the non-surgical
approaches with emphasis in neural mobilization.
JBMT, 8(1), 2-8. d0i:10.1016/S1360-
8592(03)00068-8.

9. Viera A. (2003). Management of carpal
tunnel syndrome. Am Fam Physician, 68(2), 265-
272.

10. Carlson H., Colbert, A., Frydl, J., Arnall,
E., Elliot, M., & Carlson, N. (2010). Current
options for

nonsurgical management of carpal tunnel
syndrome. Int J Clin Rheumtol, 5(1), 129-142.
d0i:10.2217/1JR.09.63.

11. Love C. (2003). Carpal tunnel syndrome. J
Orthop Nurs, 7(1), 33-42.

12. Dawson DM. Entrapment neuropathies
of the upper extremities. N Engl J Med
1993;329:2013-8.

13. Cotton P. Symptoms may return after
carpal  tunnel
1991;265:1921-2.
14. Brininger, T., Rogers, J., Holm, M., Baker,
N., Li, Z., & Goitz, R. (2007).

Efficacy of a fabricated customized splint and

surgery. JAMA

tendon and nerve gliding exercises for the
treatment of carpal tunnel syndrome: a
randomized controlled trial. Arch Phys Med
Rehabil, 88(11),

1429-1435

15. Giele H. (2001). (i) Evidence-based
treatment of carpal tunnel syndrome. Curr
Orthop, 15(4), 249-255.

16. Gerritsen, A., Korthals-de Bos, I., Laboyrie,
P., de Vet, H., Scholten, R., & Bouter, L.
(2003).

930



http://www.josr-online.com/content/6/1/17
http://www.biomedcentral.com/1471-2296/11/54
http://www.biomedcentral.com/1471-2296/11/54

Cite As: Effect Of Ultrasound With Splinting And Splinting Alone For Carpaltunnel 2015

Syndrome;Vol. 2|Issue 06|Pg:921-932

Splinting for carpal tunnel syndrome: prognostic

indicators of success. J Neurol Neurosurg

Psychiatry, 74(9), 1342-1344.

17. Bakhtiary, A., & Rashidy, A. (2004).

Ultrasound and laser therapy in the treatment of

carpal

tunnel syndrome. Aust J Physiother, 50(3), 147-

151.

18. McKeon, J., & Yancosek, K. (2008).

Neural Gliding Techniques for the Treatment

of Carpal

Tunnel Syndrome: A Systematic Review. J Sport

Rehabilitation, 17(3), 324-341.

19. Yang, C., Wang, N., Li, T., Hsieh, C.,

Hwang, K., Ko, W., & Chan, M. (2011). A

Randomized Clinical

Trial of Acupuncture versus Oral Steroids for

Carpal Tunnel Syndrome: A Long-Term Follow-

Up.

J Pain, 12(2), 272-279.

20. Naeser, M., Hahn, K., Lieberman, B., &

Branco, K. (2002). Carpal Tunnel Syndrome
Pain

Treated With Low-Level Laser and Microamperes

Transcutaneous Electric ~ Nerve Stimulation:

A Controlled Study. Arch Phys Med Rehabil,

83(12), 978-988.

21- Low, J & Reed, A (2000) Electrotherapy

explained: - Principles & practice, Butter Worth

Heinemann, Oxford (a) 191, 365(b) (195-207.)

22. De Angelis, M., Pierfelice, F., Di

Giovanni, P., Staniscia, T., & Uncini, A.

(2009). Efficacy of

a soft hand brace and a wrist splint for carpal
tunnel syndrome: a randomized controlled study.
Acta Neurol Scand, 119(1), 68-74.

23. Gravlee, J.,, & Durme, D. (2007). Braces
and splints for musculoskeletal conditions. Am
Fam Physician, 75(3), 342-8.

24.  Amir H Bakhtiary, Ali Rashidy-Pour-
Ultrasound and laser therapy in the treatment of
carpal tunnel syndrome —Australian Journal of
Physiotherapy 2004 Vol 50. 147-151

25. Garfinkel, M., Singhal, A., Katz, W., Allan,
D., Reshetar, R., Schumacher, H. (1998). Yoga-
based intervention for carpal tunnel syndrome: a
randomized trial. JAMA, 280(18), 1601-1603.

26- Manente, G., Torrieri, F., Di Blasio, F.,
Staniscia, T, Romano, F., & Uncini, A. (2001).
An innovative hand brace for carpal tunnel
syndrome: a randomized controlled trial. Muscle
Nerve, 24(8), 1020-1025.

27. Mishra, S., Prabhakar, S., Lal, V., Modi,
M., Das, C., & Khurana, D. (2006). Efficacy of
splinting and oral steroids in the treatment of
carpal tunnel syndrome: A  prospective
randomized clinical and electrophysiological
study. Neurol India, 54(3), 286-290.

28. Sandford, F., Barlow, N., & Lewis, J.
(2008). A Study to Examine Patient Adherence
to Wearing

24 Hour Forearm Thermoplastic Splints after
Tendon Repairs. J Hand Ther, 21(1), 44-53.

931




Cite As: Effect Of Ultrasound With Splinting And Splinting Alone For Carpaltunnel 2015

Syndrome;Vol. 2|Issue 06|Pg:921-932

29. Kumnerddee, W., & Kaewtong, A. (2010).
Efficacy of acupuncture versus night splinting for
carpal

tunnel syndrome: a randomized clinical trial. J
Med Assoc Thai, 93(12), 1463-1469.

30. Chesterton, L., Barlas, P., Foster, N.,
Baxter, G., & Wright, CC. (2003). Gender
differences in

pressure pain threshold in healthy humans. Pain,
101(3), 259-266.

31. Riley, J., Robinson, M., Wise, E., Myers,
C., Fillingim, R. (1998). Sex differences in the
perception of noxious experimental stimuli: a
Meta analysis. Pain, 74(2-3), 181-187.

32. Robinson, M., Riley, J., Myers,C.,
Papas,R.,Wise,E.,Waxenberg, L., Fillingim, R.
(2001). Gender

role expectations of pain: Relationship to sex
differences in pain. J Pain, 2(5) 251-257.

33. Armstrong, T., Dale, A., Franzblau, A., &

Evanoff, B. (2008). Risk factors for carpal tunnel
syndrome and median neuropathy in a working
population. J Occup Environ Med, 50(12), 1355-
1364.

34. Conolly, W., & McKessar, J. (2009). Carpal
tunnel syndrome--can it be a work related
condition?

Aust Fam Physician, 38(9), 684-6.

35. Edel H, Bergmann P. Studies on the
effect of Ultrasonics in different dos-

age on the neural conduction velocity in
man. Arch Phys Ther Leipz1970;22:255-9.
36. Mayr H, Ammer K. Impulsgalvanisation
und Ultraschall zur Therapie des

37- Burke DT, McHale Burke M, Stewart
GW, Cambre A. Splinting in carpal tunnel
syndrome:

in search of the optimal angle. Arch Phys Med
Rehabil 1994;75:1241-4.

932




