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Carpal tunnel syndrome (CTS) affects over six million Americans each year, and the chief complaint are
pain and paresthesia. The US Center for Disease Control estimates an expense of $3.5 billion dollars
for this pathology, making CTS the most expensive peripheral neuropathy in the United States. The
purpose of this retrospective study was to examine the effect of using dynamic splinting on 156
patients (mean age 55.2 + 15.6) diagnosed with CTS, (2007 to 2009 May). The Levine-Katz
Function/Disability survey is commonly used in diagnosing CTS and this was the outcome measure of
this study. This study tracked patients’ results during the first two months using this new treatment
modality. There was a significant change (reduction) in the scores of the Levine-Katz
Function/Disability survey which showed decreased pain of 26%, (P < 0.0001, T = 12.624). Dynamic
splinting was effective in reducing pain and associated symptoms for patients diagnosed with CTS in

this study.
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INTRODUCTION

Carpal tunnel syndrome (CTS) affects Americans
regardless of age, gender or ethnicity. The incidence rate
is over 6 million Americans each year (American Asso-
ciation of Electrodiagnostic Medicine, 1999; Atroshi et al.,
1997; Atroshi et al.,, 1999; Banta, 1994; Berner et al.,,
2008; Burke et al., 2006; de Araujo, 1996); DeStefano et
al., 1997; Ettema et al., 2006) and the Center for Disease
Control, Occupational Safety Department estimated that
a typical CTS claim costs $5,923.00 (CDC.gov,
Occupational Safety web page 2007: http://www.cdc.gov
/elcosh/docs/d0300/d000376/summary.html)]. Therefore,
the per annum-expense of $3.5 billion dollars makes this
the most expensive peripheral neuropathy in the United
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States (Kaul and Pagel, 2002; Palmer et al., (2007). The
chief complaints of patients suffering from CTS are pain
and paresthesia. Additional complaints may include
dysfunction of the hand in coordination and
stamina. Symptoms are often exacerbated by activities
and may produce nocturnal awakening.

The biomechanics of the CTS pathology include
compression and/or entrapment of the median nerve as it
traverses through the carpal tunnel which causes
impairment of both motion and/or sensation. Symptoms
of numbness, paresthesias and pain as a result of the
median nerve compression at the wrist by hypertrophy or
edema of the flexor synovium (Atroshi et al., 1999; Kaul
and Pagel, 2002; Kerwin et al., 1996; Guyette and Wilgis,
2004; Lee et al., 1999; Mishra et al., 2006; Rotman et al.,
2004). The rigid, unyielding nature of the transverse
palmar carpal ligament and the flexor retinaculum
contribute to this compression.

A recent study by Berner et al. (2008) showed efficacy
from use of Dynamic Splinting (DS) on patients
diagnosed with CTS (Berner et al., 2008). The dependent



Figure 1. The Dynasplint carpal tunnel system.

variables in this study were nerve conduction tests
(Hilburn, 1996; Hirata and Sakakibara, 2006; Kaufman,
1996; Lee et al., 1999; Marciniak et al., 2005) scores
from the Levine-Katz pain/function survey (Levine et al.,
1993) which are commonly used in differential diagnosis
for CTS. After 60 days in this study the experimental
patients showed a significant difference in Levine-Katz
scores but this was not seen for the control patients.

Nerve conduction testing was done on both motor and
sensory nerve conduction and even the short duration
showed a significant change in the frequency of improved
nerve conduction. This was attributed to the prolonged
duration of stretching employed by the dynamic splinting
system (Mishra et al.,, 2006; Craft et al., 2007; John,
2009; Willis, 2007; Gaspar and Willis, 2009; Shulman et
al.,, 2008). The theory behind the “low-load, prolonged
stretching” employed in dynamic splinting originates with
the coiled structure of collagen (the primary component in
connective tissue). Prolonged stretching at the end-range
of motion allows the protein polypeptide binds to realign
on the coiled collagen triple helix molecules, thereby
elongating the connective tissue. This modality has been
shown effective in contracture reduction but analysis of a
larger population was recommended.

The purpose of this retrospective study was to examine
the effect of dynamic splinting on 156 patients diagnosed
with CTS. The dependant variable in this study was the
change in Levine-Katz pain/function scores and this study
examined a larger population with higher external validity
with absence of prescription or category bias (Kooistra et
al., 2009). Patients’ rights and privacy of their records
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were maintained throughout this study in accordance with
the Helsinki Declaration.

METHODS
Testing

Diagnosis of CTS is made from medical history, physical
examination, nerve conduction testing and administration of the
Levine-Katz survey. The Levine-Katz assessment survey has been
validated as a reliable and reproducible outcome measure
(American Association of Electrodiagnostic Medicine, 1999; Anto
and Aradhya, 1996; Atroshi et al., 1997; Atroshi et al., 1999; Banta,
1994; Berner et al., 2008; Burke et al., 2006; Palmer et al., 2007;
Levine et al., 1993).

This survey is a 100 point questionnaire divided into two
sections. The first section addresses frequency, intensity and
duration of pain, while the second section examines functional
abilities hindered by pain. For example a functional question asks to
rate ‘Difficulty in Writing’ on a scale of 0 (unable to do) to 5 (no
difficulty). Patients’ improvement, as evidenced in reduced Levine-
Katz scores, has been correlated to other diagnostic tests including
distal motor latency, grip and pinch strength test, Tinel's Sign,
Phalen’s test and the Semmes-Weinstein monofilament test (Anto
and Aradhya, 1996; Atroshi et al., 1997; Atroshi et al., 1999; Banta,
1994; Berner et al., 2008; Burke et al., 2006; Keese et al., 2006;
Hirata and Sakakibara, 2006; Wilder-Smith et al., 2006).

Subjects

The records of 156 patients diagnosed with CTS were examined for
this retrospective study; the mean age was 55.2 + 15.6. The
duration of treatment examined was eight weeks. Before being fit
with the DS each patient completed informed consent (as required
by the LifeBridge IRB) and took the initial Levine-Katz pain/function
test. (All patient files were held in confidence under the Helsinki
Declaration by the World Medical Association). Patient data was
retrieved from four prescribing clinics in the USA from 2007 to 2009
May.

A qualified dynamic splinting consultant customized the unit for
the patient, by making adaptations for the girth, depth and width of
each patient’'s wrist. The patient was then instructed on the
following items: donning and doffing the device, how and when to
change tension calibration (based on patient tolerance) and
patients were informed of possible side effects.

Intervention

The first two weeks of using the DS were an accommodation period
for the patient and patients were encouraged to wear the unit twice
daily for 15 min each session. Time was then increased by 2 - 4 min
each day. After the patient comfortably wore the DS for two 30 min
sessions each day for one week, instructions were then given to
increase the tension of the DS once every two weeks, based on
their tolerance. If the new tension setting caused excess joint
fatigue or “soreness”, (equivalent to soreness felt after one hour of
intense hand therapy) the patient was then instructed to reduce the
time to 15 min, twice daily and work the time back up to 30 min,
twice daily.

The goal was to wear the DS for two sessions per day lasting 30
min each and to increase the tension twice a month, based on
comfort and tolerance. Patients were instructed to communicate
about compliance weekly and informed that a second test would be
taken after eight weeks, (8.9 weeks) (Figure 1).
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Figure 2. Changes in Levine-Katz pain/function test (Levine-Katz pain function scale

and Dynasplint carpal tunnel system.

Statistical analyses

Paired T-tests were calculated to determine if a statistically
significant difference occurred for these patients. The dependent
variable was the Levine-Katz pain scores and the independent
variable was gender. All data analysis was conducted with an alpha
value of 0.05. The SPSS program (Chicago, IL) was used for
statistical calculations of data transcribed from MS Excel files

(Redmond, WA).

RESULTS

There has been a significant improvement for the 156
patients who completed this study. (P < 0.0001, T =
12.624, SD 15.1, with 155 degrees of freedom). The
mean difference between the initial Levine-Katz score
and the second score was 13 points, following duration of
8.9 weeks between tests showed that the mean pain
change was 26%. The Standard Deviation of both tests
were symmetrical, (Pre = 15.10 and Post = 15.11). There
was no difference between genders tested with post-hoc
T-tests. (P = 0.05) (Figure 2).

DISCUSSION

The purpose of this retrospective study was to examine
the effect of dynamic splinting on 84 patients diagnosed
with CTS. The success of this modality is hypothesized to
be derived from prolonged, end-range stretching of the
transverse palmar carpal ligament and the flexor
retinaculum because contracture of these structures
contributes to compression in CTS. Dynamic tension and
prolonged stretching have been successful in contracture
reduction from head to toe, trismus (Shulman et al.,
2008) to hallux rigidus (Willis, 2007). The low-load,
prolonged duration of end-range stretching is hypo-
thesized to be responsible for elongation of connective
tissue.

The patients’ perspective on this modality was that they
found it to be pleasantly comfortable. The bio-mechanics
which are engineered into the system enable the patient
to make precise adjustments and ensure comfortable
usage. Unlike traditional "positioning splints" which are
simply designed to prevent the patient from aggravating
their CTS condition, the DS patients are instructed to
simply rest the device on their lap during these treatment
periods for a cumulative 60 min per day.

The results showed efficacy of the DS in reducing pain
and associated symptoms for these patients. This report
showed that the new modality was effective in reducing
symptoms and improving function in patients diagnosed
with CTS. This study also answered recommendations
for further investigation of non surgical treatments for
CTS (Atroshi et al., 1999; Berner et al., 2008; Burke et
al., 2006; DeStefano et al., 1997; Palmer et al., 2007;
Mishra et al., 2006). The retrospective series manuscript
is limited in that it lacked randomization and control group
and future research could further measure the efficacy of
dynamic splinting in treating CTS by using cross-over trial
of this modality.
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