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The effect of cervical traction combined with
conventional therapy on grip strength on patients
with cervical radiculopathy
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Objective: To determine if combining intermittent cervical traction with conventional
physical therapy methods is more effective than using conventional approaches
alone in the improvement of the grip strength and treatment of the patients with
unilateral cervical 7 (C7) radiculopathy.
Design: Randomized controlled trial (RCT).
Setting: An outpatient physical therapy clinic, University of Social Welfare and
Rehabilitation Science, Iran.
Patients: A sample of convenience of 30 patients with unilateral C7 radiculopathy
participated in this study. Patients were assigned randomly to a control (N= 15, mean
age=46.93+5.32) and an experimental group (N=15, mean age=47.53+5.6).
Interventions: Electrotherapy exercise treatment for control group and combined
cervical traction and electrotherapy/exercise for experimental group. Ten physical
therapy sessions, three times a week for each group.
Main outcome measures: Grip strength as an appropriate objective parameter was
measured before treatment and after 5 and 10 treatment sessions.
Results: Statistical analysis (paired t-test) revealed significant increase in grip
strength after 10 treatment sessions in control (p<0.01) and experimental group
(p<0.01) compared with pretreatment score. In the ANCOVA, controlling for pretest
scores, no significant difference was found between the two groups in the after 10
treatment sessions grip score (p=0.65). However, the change in grip strength after
five sessions was significantly greater for the experimental group than for the control
group (p=0.04).
Conclusions: The application of cervical traction combined with electrotherapy and
exercise produced an immediate improvement in the hand grip function in patients
with cervical radiculopathy.
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Introduction

Cervical radiculopathy is one of the most common
health-related complaints.' Hult estimated that
50% of the adult population will experience neck
and upper extremity pain at some time in their
lifetime. Cervical radiculopathy is a pathologic
process, which has been defined as pain in the
distribution of a specific cervical nerve root caused
by nerve root compression. In more in-depth
definition, it encompasses important symptoms
other than pain, such as paraesthesia, numbness
and muscle weakness in the dermatomal or myo-
tomal distribution of an affected nerve root.3
Cervical disc herniation and cervical spondylosis
have been attributed as the main causes of cervical
radiculopathy in the literature4,5 and the most
frequently involved nerve roots are the cervical 6
(C6) and cervical 7 (C7) cervical roots which are

typically caused by C5-C6 or C6-C7 disc hernia-
tion or spondylosis.6'7 Because the weakness of
wrist extensor and finger flexor muscles is the
common motor deficit pattern associated with C7
root involvement8'9 and considering the role of
synergistic function of these muscles in hand
grip,' it is not surprising that several studies
have shown a decrease of grip strength in patients
with cervical radiculopathy.

Physical therapy programmes play a significant
role in treatment and improvement of symptoms
in patients with cervical spine disorders. 5Of
physical therapy interventions, cervical traction
has been considered as a therapy of choice for
patients with cervical radiculopathy. 14,16- 19 Inves-
tigators have attributed the therapeutic effects of
cervical traction to various mechanisms, such as

unloading the components of the spine by stretch-
ing muscles, ligaments and functional units,9'20
reducing adhesions within the dural sleeve,9'20
nerve root decompression within central fora-
mina9'21'22 and increasing joint mobility.23 Saun-
ders stated that traction decreases intervertebral
disc pressure.22 Others suggested that it relieves
tonic muscle contraction 2 and improves vascular
status in the epidural space and perineural struc-
tures.
Review of the literature showed that only a few

randomized controlled trials (RCTs) have been
conducted to determine the effectiveness of this
modality in the treatment of various cervical

syndromes. Additionally, in most of these studies
the pain intensity, patient satisfaction or neck
range of motion has been measured to investigate
the efficacy of different treatment regimes in
patients with cervical spine disorders. 15 19
Although subject-based outcome measures such
as pain rating scales are valuable tools in the
evaluation of physiotherapy treatments, objective
measures are more reliable and should be more
utilized in assessing patients.

Grip strength has been widely accepted as an
objective index of the functional integrity of the
upper extremity24 and physical therapists usually
measure it to monitor the success or failure of their
treatment programmes.24,25 Considering the de-
crease in grip strength in patients with C7 radicu-
lopathy, " it seems that grip strength is an
appropriate objective parameter to investigate the
effectiveness of different treatment regimes.
No objective study has directly investigated the

effect of cervical traction on grip strength in
patients with cervical radiuclopathy. In this study
we measured grip strength as an objective para-
meter to investigate the efficacy of cervical traction
in addition to conventional physical therapy in the
treatment of patients with C7 radiculopathy and
compared these results with those of a conven-
tional method of treatment.

Methods

Protocol
Thirty patients with unilateral C7 radiculopathy

who had been referred by physicians for outpatient
physical therapy evaluation and intervention par-
ticipated in this study. The patient population in
this study was a sample of convenience made up of
subjects between the ages of 34 and 55 years. They
were consecutive patients who agreed to partici-
pate and fulfilled the inclusion criteria. Patients
were included if they had a history of neck pain for
more than one month and unilateral C7 radiculo-
pathy following herniated disc4 or cervical spon-
dylosis.5 All patients suffered from C7 dermatomal
numbness. Patients underwent magnetic resonance
(MR) imaging, which detected pathological lesions
corresponding to the C7 nerve root. The Spurling
(neck compression) test, which is a useful man-
oeuvre with high specificity in the diagnosis of
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cervical radiculopathy726 accentuated the symp-
toms of C7 nerve root involvement in all patients.
Because the symptoms of C7 cervical radiculo-
pathy are similar to those of some other disorders,
a differential diagnosis was considered and condi-
tions such as carpal tunnel syndrome, thoracic
outlet syndrome, T4 syndrome and lateral epicon-
dylitis were all ruled out. Patients were also
excluded if they had a history of any systematic
disease such as rheumatism and tuberculosis or
cervical myelopathy, multiple sclerosis and motor
neuron disease such as stroke and amyotrophic
lateral sclerosis (ALS). After the initial screening,
30 patients fulfilled all inclusion criteria. Before
participating in the study, all subjects signed an
informed consent form approved by the human
subjects committee.

Assignment
Patients were randomly assigned to a control

group (N- 15, mean age -46.93 + 5.32 years) and
an experimental group (N= 15, mean age =47.53 +
5.6 years). We used a block randomization method
to keep the numbers in each group similar at all
times. Physical characteristics of the patients in
each group are shown in Table 1.
The treatment regimens for control group con-

sisted of electrotherapy and isometric exercise.)4
The patients in the experimental group were
treated identically to the control group but they

Table 1 Demographic data of the subjects

Variables Control group Experimental
(n = 1 5) group (n = 1 5)

Age (years) 46.93+5.32 47.53 +5.6
Weight (kg) 68.9+11.6 70.75 +13.36
Height (cm) 168+7 165+6
Pain duration (month) 4.87 +2.67 4.8 +3.73

Sex
Male (n= 7) 46.7% (n 8) 53.300
Female (n=8) 53.3% (n =7) 46.7%

Affected side
Bight (n =9) 60% (n =8) 53.3%
Left (n 6) 40% (n 7) 46.7%

Values are means+SD.
SD, standard deviation.

also received cervical traction. Patients in each
group received 10 physical therapy treatment
sessions. Treatment frequency was three times per
week for each group. In both groups, grip strength
was measured before treatment and after the 5th
and 10th treatment sessions. The electrotherapy
modality in both groups consisted of ultrasound
based on the method explained by Jordan et al. 27
In both groups exercises included isometric
strengthening neck exercise.1 5 Subjects were in-
structed to perform all exercises daily, 25 repeti-
tions each (twice a day). All strengthening exercises
were performed to a count of 7 s. In this study, the
equipment used for intermittent cervical traction
in the experimental group was the Eltrac 471. Each
subject was instructed to lie supine with a special
pad under his or her head. A 30-lb traction force
at 24° angle of pull, was used for a period of 7 s,
with a rest period of 5 s for 20 mm in each
treatment session. Studies have shown that the
maximum mean vertebral separation occurs at
20 min without the exacerbation of patients'
symptoms.21

Grip strength as an appropriate objective para-
meter was measured before treatment and after 5
and 10 treatment sessions in both groups to
investigate the efficacy of cervical traction in
addition to conventional physiotherapy for the
treatment of patients. To measure grip strength in
an objective and quantitative fashion, a Martin
Vigorometer similar to the one used in other
studies,25,28 was used after standardized proce-
dures. The unit used in this study was calibrated
and had 99% linearity. The patient's position was
sitting with shoulder in adduction and neutral
position and elbow in 90' flexion while the forearm
and wrist were held in neutral position. The subject
was instructed to squeeze the cuff of the Vigorom-
eter as hard as possible and hold it for 5 s. No
verbal encouragements were offered during the
test. Two attempts were made and the highest
reading was recorded.

Using 15 asymptomatic male volunteers (N= 15,
mean age 42.71 +4.87), we assessed intratester
reliability of the grip strength measurement. For
this purpose, at first the examiner measured the
grip strength in subjects and then after 20 min
repeated the measurement randomly in the sub-
jects in the same procedure to reduce the memory
effect.
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Blinding
Two physical therapists were involved in this

study. One performed the physical therapy inter-
ventions in both groups, and the second, who was
unaware of the group assignment, performed the
measurements of grip strength before the first and
after the 5th and 10th treatment sessions. The
participants were also unaware of whether they
were in the experimental or control group of the
study. This study was a double-blind clinical trial
design.

Statistical analysis
The intraclass correlation coefficient (ICC), two-

way mixed effect model, was used to assess
intratester reliability of the measurement. We
calculated the ICC(3, 1) as described by Shrout
and Fleiss,29 because only one judge evaluated the
same population of subjects.
The 95% limits of agreements method of

reliability assessment providing upper and lower
limits for variation with a confidence level of 95%
was measured by plotting a Bland-Altman plot to
assess absolute reliability. Independent t-test was
used to determine any difference in grip strength
between two groups before treatment and paired t-
test to determine any significant increase in grip
strength after sessions compared with pretreatment
score in the control and -experimental groups.
Analysis of covariance (ANCOVA) was calcula-
ted to determine the significance of differences
between the control and experimental groups in
post-test grip strength scores, with pretreatment
scores used as covariates in the analysis. The test
for homogeneity of regression coeflicient was
conducted because it is a necessary condition for
valid application of the ANCOVA.

Results

The participant flow diagram in Figure 1 reports
the numbers and timing of randomization assign-
ment, interventions and measurements for each
group (Figure 1). The ICC(3,1) was 0.92 for repeat
measures of the grip strength. It indicates high
intratester reliability for the measurement of grip
strength. The Bland-Altman plot of agreement in
grip strength scores between test and retest is

shown in Figure 2. The (mean + SD) grip scores
for the first and second assessments were 19.46 +
5.3 and 19.73+5.17. The mean difference bet-
ween the test and retest was -0.3. The 95%0 limits
of agreement for the given data range from -4.4
to 3.9. The Bland-Altman plot demonstra-
ted good agreement between test and retest
(Figure 2). Statistical analysis (independent
t- test) revealed no significant difference in age
(p=0.83), weight (p=0.73), and pretreatment grip
strength score (p=0.23) between the two groups.

Pre- and postmeasurement scores for the control
and experimental group and the results of AN-
COVA are provided in Table 2. The mean grip
strength of the control group increased from 17.64
before treatment to 20.36 and 24.91 respectively
after the 5th and 10th treatment sessions. The
mean grip strength of the experimental group
increased from 14.17 before treatment to 20.33
and 22.83 respectively after 5th and 10th treatment
sessions (Table 2). The paired t-test result showed
a significant increase in grip strength after 10
treatment sessions in the control (p<0.01 ) and
experimental groups (p<O.O1) compared with pre-
treatment score. The findings of ANCOVA re-
vealed no significant difference between the
control and experimental groups after the 10th
treatment session grip score, with pretreatment
score as the covariate (Table 2). However, in a
separate analysis comparing the after 5th treat-
ment session scores with the pretreatment score as
the covariate, the change in grip strength after
the 5th session was significantly greater in the
experimental group than in the control group
(Table 2).

Discussion

Grip strength measurement is an established
method in the evaluation of hand function in
various musculoskeletal and neuromuscular dys-
functions; however, no research has been con-
ducted to determine if this objective test could be
used as an outcome measure in the treatment of
patients with cervical radiculopathy. The results of
this study showed a significant increase in grip
strength after 10 treatment sessions compared with
pretreatment scores in control and experimental
groups. We found no significant difference in the
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Total nuiiiber of patients that potentially
could have been recruited (N = 49)

Exclusion
N = 8 because they had carpal tunnel syndrome.
N = 4 because they had lateral epicondylitis. .................

N = 4 because they had cervical myelopathy.
N = 3 because they had rheumatoid arthritis.

Total nuniber of patients registered (N = 30)

Control group
N- 15

Received allocated intervention = 15
Did not receive allocated intervention = 0

Losses (N 0)

Outcome data
Time: After 5 and 10 treatment sessions
N with data = 15
Number excluded from analysis = 0
Data: grip strength scores

Received allocated intervention = 15
Did not receive allocated intervention = 0

Losses (N = 0) |

Outcome data
Time: After 5 and 10 treatment sessions
N with data = 15
Number excluded from analysis = 0
Data: grip strength scores

Figure 1 Flow diagram for randomized studies.

increase in grip strength between the two groups
after 10 treatment sessions. Our data, however,
showed a significant difference in the change of
grip strength between the groups after the 5th
session (Table 2). The fact that the experimental
group showed a significantly greater improvement
in hand grip strength after five sessions of treat-
ment, but did not maintain this dominancy after-
wards between the fifth and the tenth sessions, may
suggest early associated changes following the
application of cervical traction as the supplemen-
tary treatment in the experimental group. This
finding is in accordance with other studies showing
mechanical effects of traction in patients with

cervical radiculopathy. Martin and Corbin30 stu-
died 61 patients with cervical radiculopathy treated
by cervical traction (30-100 lb, 1-3 min, twice
daily) and found that 67.2% experienced definite
improvement at early follow-up. Saal et al. l 5
reported good to excellent outcomes in 20 of
24 patients with cervical radiculopathy follow-
ing cervical traction. In contrast, Goldie and
Landquist 13 found that although the patients
who underwent traction fared slightly better than
those who underwent no traction, the difference
was not statistically significant. This controversy
could arise from the fact that in most of these
studies pain intensity and patient satisfaction,
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Figure 2 The Bland-Altman plot of agreement in grip scores between the test and retest. The mean of the test (Gripl) and
retest (Grip2) scores is plotted on the x-axis and the differences between two scores on the y-axis. The horizontal interrupted
lines represent the limits of agreement.

which are subjective data, have been measured to
evaluate the treatment outcomes. One of the strong
points of this study is that its outcome measures

include grip strength, which is an objective mea-

sure.
The present study is also supported by recent

electrodiagnostic studies that have also shown
significant improvement of neurological deficit of
the affected nerve root in patients with cerv-

ical radiculopathy after cervical traction.' 6,31
Abdulwahab' found a significant increase in the

flexor carpi radialis H-reflex amplitude (as a

marker of root compression) and decrease in pain
and radicular symptoms immediately after cervical
traction in patients with unilateral C7 radiculo-
pathy. He attributed these findings to a rapid
remyelination of nerve root fibres following nerve

decompression due to the application of cervical
traction. According to Hattori et al.,3 I the
improvement of nerve conduction in patients
with cervical radiculopathy following traction
therapy is partially due to the blood flow shift

Table 2 Grip strength score before and after treatment and ANCOVA in control and experimental groups with pretest scores
as the covariates after 5 and 10 sessions

Grip strength scores Control Experimental p-value of ANCOVA
Mean+SD Mean+SD

Pretreatment (kPa) 17.64+6.74 14,17 +6.9
After 5 sessions (kPa) 20.36+5.57 20.33+8.35 0.04a
Mean change after 5 sessions 2.72±1 .84 6.16 +4.30
After 10 sessions (kPa) 24.91 +5 75 22.83±+876 0.65
Mean change after 10 sessions 7.27 +4.67 8.66 +4.69

aBold cell indicates significant difference in change of grip strength between groups after five treatment sessions.
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from the nerve roots to the spinal parenchyma.
The early improvement of hand grip strength seen
in the experimental group after five treatment
sessions in the present study could be explained
by the physiological changes observed in the
studies conducted by Abdulwahab,'6 and Hattori
et /1.31 Both nerve root conduction and circula-
tion improvements seem to contribute to the
restoration of nerve function early enough to
produce immediate effects in neuromuscular per-
formance of the hand and grip. According to
Erhard, traction manipulation in patients with
muscle weakness, producing an immediate re-
sponse of increase in muscle strength.32
The immediate results following the application

of cervical traction are also reflected in the work of
some other researchers who studied the anatomical
behaviour of the functional segments in response
to traction. Using MR imaging, Chung et al.33
also found quick reduction (complete or partial) in
disc herniation during cervical traction. Some
speculated that one mechanical effect of traction
is that it produces negative pressure in the inter-
vertebral discs, which would suck back a disc
protrusion and decrease the symptoms of radicu-
lopathy. However, the observation of Andersson et
al.34 did not support the belief that traction can
suck back a posterior disc protrusion by reducing
the pressure within intervertebral discs. He stated
that traction reduces the disc lesion by increasing
the tension in the posterior annulus and the
posterior longitudinal ligament.34 In contrast to
others, based on his anatomical studies, Bland213
did not emphasize the disc protrusion as the cause
of nerve root compression in cervical radiculopa-
thy and argued that because posterior longitudinal
ligament (PLL) is three- to four-fold thicker in
cervical spine than in the thoracic and lumbar
spine, and also because the posterior nerve roots
exits are below the level of the discs from C3-C4
level caudally, it is less likely for the nerve root to
be compressed by a protruded cervical disc. In fact,
he suggested that any cervical radiculopathy to be
a consequence of zygoapophyseal joint dysfunction
and its interference with the nerve root and not the
disc per se.
With respect to the result of the present study

and those conducted by Chung,33 and also Abdul-
wahab,16 and the possible mechanisms of cervical
traction in affecting the disc protrusion, it seems

that both disc protrusion reduction and hand grip
strength improvement are parallel phenomena
following traction, since they occur in the same
immediate fashion. In our study the early improve-
ment in hand grip function seen in the experi-
mental group could be attributed to the immediate
reduction of the disc protrusion, zygoapophyseal
joint mobilization23 followed by an early nerve
conduction improvement which consequently
enhances the neuromuscular function of the hand
grip.
One of the limitations and weaknesses of this

study of this study was the sample size. Since our
inclusion criteria were highly specific, the accessi-
ble population - that is patients with unilateral C7
radiculopathy and no other known related pathol-
ogy - was limited to a relatively small group of
patients for the time frame of this study. Another
area of concern in our study is an anatomical
consideration. We selected patients who had been
referred by physicians and had unilateral C7
radiculopathy either due to a herniated disc or
cervical spondylosis. With respect to the anatomi-
cal proximity of the ventral nerve root to the disc
and the dorsal nerve root to the posterior struc-
tures such as facet joints, it has been suggested that
a herniated disc is more likely to compromise the
motor component of the cervical nerve root,
whereas the sensory root is more susceptible
to posterior encroachments such as facet joint.
Having said that, and with regard to the sug-
gested mechanism for nerve root decompression

Clinical messages

* The application of cervical traction com-
bined with electrotherapy and exercise
produce an immediate improvement in
hand grip function in patients with cervical
radiculopathy.

* Cervical traction can be prescribed for
patients with cervical radiculopathy espe-
cially when increasing in grip strength is the
short-term goal of the treatment.

* Cervical traction has an advantage in
improving function quicker in patients
with cervical radiculopathy.
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following traction discussed earlier, it seems rea-
sonable to expect that when a herniated disc is the
main cause of impingement on the nerve root,
cervical traction may help reduce the pressure on
the ventral root more than the posterior sensory
root and may expect an earlier restoration of
motor functions such as grip strength. Therefore
we suggest that this study could be done on
patients with C7 radiculopathy only due to cervical
disc herniation. This may also provide more insight
into the possible mechanisms by which cervical
traction may help reduce the symptoms of cervical
radiculopathy.
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