Original Article

Physical Therapy
Rehabilitation Science

http://dx doi.org/10.14474/ptrs 2015.4.2 61
PISSN 2287-7576
elSSN 2287-7584

Phys Ther Rehabil Sci
2015, 4 (2), 61-65
www.jptrs.org

Kinematic characteristics of grip force in patients with cervical
spondylosis

Bumsuk Lee?, Naoto Noguchi®, Daiki Kakiage®, Tsuneo Yamazaki®

“Graduate School of Health Sciences, Gunma University, Gunma, Japan
bDepartment of Rehabilitation, Harunaso Hospital, Gunma, Japan
“Division of Rehabilitation Medicine, Gunma University Hospital, Gunma, Japan

Objective: The aim of this study was to objectively evaluate sensory disturbance in cervical spondylosis using grip force and in-
vestigate the relationship between the grip force and upper extremity function.

Design: Cross-sectional study.

Methods: Eleven cervical spondylosis patients with paresthesia conducted grip and lift tasks using a precision grip with the tips
of the thumb and index finger on either side. The sum of the grip force used during the first four seconds was calculated and de-
fined as the total grip force. The cutaneous pressure threshold of the fingers, the pinch power, the grip power and three subtests of
the Simple Test for Evaluating Hand Function (STEF) were also assessed. Correlations between the total grip force and cutaneous
pressure threshold, pinch power, grip power, and STEF subtest times were evaluated.

Results: We found that the total grip force correlated with the cutaneous pressure threshold (p<0.05). Moreover, the total grip
force of the dominant thumb correlated with the results of the three STEF subtests (p<0.05). There were no significant correlations
between the total grip force and pinch/grip powers.

Conclusions: We found that the total grip force correlated with cutaneous pressure threshold and upper extremity function. The
results suggest that the total grip force could serve as an objective index for evaluating paresthesia in cervical spondylosis patients,

and that the impaired ability of the upper extremity function is related to grip force coordination.
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Introduction

Gripping and lifting objects is the basis of upper extremity
function. Grip force trace indicates successive phases while
gripping and lifting objects. According to Johansson and
Flanagan [1], grip force trace can be broken down into dis-
tinct phases: the reach phase when the digits contact the ob-
ject; the load phase when contact is broken between the ob-
ject and the surface of the table; the lift phase which is the
time interval between the object lifting off the surface and
the object approaching the goal height; the hold phase which
involves holding the object in the air; the replace phase and
the unload phase. If objects are heavy and/or slippery, great-

er grip force is needed to avoid letting the objects slip.
Blennerhassett ef al. [2] compared grip force application
in stroke patients and matched control subjects, and found
fluctuating irregular forces and reduced adaptation of the
safety margin in stroke patients. The raised grip force was
considered to be a compensatory strategy to maintain grip
when sensorimotor processes are deficient. Seo et al. [3]
found that the magnitude of the paretic fingers’ grip force at
the digits was significantly deviated in comparison with
asymptomatic hands. Miiller and Dichgans [4] reported that
cerebellar patients showed an elevated pinch force level at
the start of lift force. It is also known that grip force is influ-
enced by sensory and sensorimotor systems. Johansson and
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Westling [5] demonstrated that grip force was increased by
local cutanecous anesthesia, and considered that this force
change was related to cutaneous afferent input.

Cervical spondylosis is caused by unspecified degener-
ative changes, and clinical characteristics such as pain, stiff-
ness, numbness and radicular pain to the arms and fingers
are presented [6]. Moreover, paresthesia of the upper ex-
tremity is also a common radicular symptom observed. Sen-
sory symptoms are assessed through many evaluations such
as the Nurick-score, Japanese orthopaedic association score
and Cooper myelopathy scale [7]. Moreover, Persson ef al.
[8] used the level of upper extremity paresthesia as an out-
come of surgical treatment. However, in many cases the as-
sessment of sensory symptoms is based on the patients’ per-
ceived severity or an approximated sensory test. Paresthesia
of the upper extremity in cervical spondylosis has not yet
been adequately evaluated.

The aim of this study was to objectively evaluate sensory
disturbance in cervical spondylosis using grip force. The
kinematic characteristics of the grip force trace while grip-
ping and lifting objects were monitored. Moreover, we also
investigated the relationship between the grip force and up-
per extremity function.

Methods

Eleven male inpatients (mean age, 67.2+6.5 years) par-
ticipated in the study. All patients were diagnosed as having
cervical spondylotic myelopathy (6 patients) or ossification
of posterior longitudinal ligament (5 patients), and were
waiting for surgical operations. Handedness was evaluated
with the Edinburgh Handedness Inventory, and all patients
were right-handed. Informed consents were obtained prior
to the study. The study was approved by the Research Ethics
Committee of Harunaso Hospital.

An iron cube (250 g, 31x31%31 mm) was custom manu-
factured for this study. Two pressure sensors (FlexiForce™;
Tekscan Inc., South Boston, MA, USA; sensing area diame-
ter, 9.5 mm; measurement range, 0-110 N) were attached to
the surfaces of the cube to measure the grip force at each
contact surface. The sensor acts as a resistor in the electrical
circuit. When the sensor is unloaded, the resistance is very
high. When force is applied to the sensor, this resistance
decreases. The resistance can be read by connecting an ohm-
meter to the outer two pins of the sensor connector and ap-
plying force to the sensing area. The resistance converted
voltage was converted from analog-to-digital by using a data

logger system (DL 3100; S&ME Inc., Tokyo, Japan). Data
were sampled at 1,000 Hz with a resolution of 16-bit. The re-
liability and validity were reported in previous experiments
[9,10].

The patients sat in a chair in front of a desk that supported
the cube. Verbal instructions were given to grip the cube us-
ing the thumb and index finger, lift approximately 10 cm,
and hold for 5-7 seconds. Before lifting, patients were al-
lowed to touch the cube slightly without exceeding 0.5 N.
Ten lifts were performed in each hand and the interval be-
tween lifts was approximately five seconds. Half of the pa-
tients performed the first session with the dominant hand,
and vice versa.

Some studies with healthy subjects have reported that
there is maximum grip force in the lift phase [1,11]. Our pre-
vious study also used maximum grip force to investigate du-
al task interference in a grip and lift task [12]. However, it
was not possible to identify maximum grip force in many pa-
tients in this study. Therefore, we calculated the sum of the
grip force used during the first four seconds, and defined it as
the total grip force.

The cutaneous pressure threshold of the central areas of
the thumb and index finger pulps was assessed with Touch
Test Sensory Evaluators (North Coast Medical Inc., Morgan
Hill, CA, USA), which apply a standard calibrated force of
0.07,0.4, 2.0, 40 and 300 g. The lowest perceived monofila-
ment is considered normal and higher monofilament forces
indicate the severity of the sensory disturbance.

The pinch power between thumb and index finger was
measured with the JAMAR Hydraulic Pinch Gauge (Petterson
Medical, Warrenville, IL, USA), and the grip power was
measured with the Smedley Grip Tester (Gopher, Owatonna,
MN, USA). The upper extremity function was evaluated us-
ing three subtests (number 8, 9, and 10) of the Simple Test
for Evaluating Hand Function (STEF). These three subtests
require patients to pinch objects with the thumb and index
finger. For example, in subtest 10, patients reach and pinch
apin (0.3 cm in diameter and 4 cm long) and then bring the
pin into a target space as quickly as possible, repeating this
process six times (Figure 1). Time to complete each subtest
was used for statistical analysis.

The total grip force was compared among the four fingers
using one way ANOVA. Pearson’s correlation was calcu-
lated between the total grip force and cutaneous pressure
threshold (11 patientsx4 fingers). Moreover, Pearson’s cor-
relations between the total grip force in each finger and rest
of the measurements (pinch power, grip power and STEF
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Figure 1. Subtest 10 of the Simple Test for Evaluating Hand Function. Patients reach (A) and pinch a pin (B) and bring the pin into a target
space (C) as quickly as possible, and repeat this process six times.
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Figure 2. Grip force trace while performing grip and lift task. (A) A representative patient in the study. (B) A healthy subject in our previous
study. Revised from the article of Lee et al. (Kitakanto Med J 2014;64:309-12) [12]. Reach (a), load (b), lift (c), and hold (d) phases, and
maximum grip force ( | ) were identified in Figure 2B. However, in Figure 2A the maximum grip force was not identified, and grip force

trace was not stable relatively.

subtest times) were also calculated. The statistical software
SPSS ver. 21.0J for Windows (SPSS Japan Inc., Tokyo,
Japan) was used for the analyses, and p<0.05 were consid-
ered significant.

Results

Figure 2 shows the grip force trace for a representative pa-
tient in the study (Figure 2A) and that of a healthy subject in
our previous study (Figure 2B) [12]. In Figure 2B, Reach (a),
load (b), lift (c¢) and hold (d) phases, and maximum grip force
(1) were identified. However, as shown in Figure 2A, max-
imum grip force was not identified in cervical spondylosis
patients, and grip force trace was relatively unstable.

The total grip forces were 6,042+2,905 (N/4 seconds) for
dominant thumb, 5,595+4,214 for dominant index finger,
5,739+4,839 for non-dominant thumb and 7,075+6,895 for
non-dominant index finger. Averaged across all 11 patients,
the pinch power was 6.0+1.2 kg/6.4+1.6 kg, the grip power

Table 1. Pearson’s correlation between the total grip force

(N=11)

(N/4 seconds) and cutaneous pressure threshold

Total grip force

Cutaneous pressure threshold 0417

"p<0.01.

was 33.1+£6.0 kg/33.3+6.7 kg (dominant/non-dominant).
Times to complete each subtest (dominant/non-dominant)
were 12.1+3.5 seconds/12.7+4.1 seconds for subtest 8,
12.74£2.7 seconds/13.1+3.4 seconds for subtest 9 and 14.9+
4.0 seconds/15.3+4.2 seconds for subtest 10.

When the total grip force was compared among the four
fingers using one way ANOVA, there was no significant
difference. As shown in Table 1, there were positive correla-
tions between the total grip force and cutaneous pressure
threshold (r=0.41, p<0.01). Although we did not observe
significant correlation in pinch power or grip power, there
was a positive correlation between the total grip force of the
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Table 2. Pearson’s correlations between the total grip force (N/4 seconds) in each finger and the rest of the measurements (N=11)

The total grip force

Dominant Non-dominant
Thumb Index finger Thumb Index finger
Pinch power (kg) Dominant —0.46 —0.37 - -
Non-dominant - —0.22 —0.27
Grip power (kg) Dominant —0.40 —0.03 - -
Non-dominant - 0.03 0.19
STEF subtest 8 (s) Dominant 0.76" 0.52 - -
Non-dominant - 0.10 0.20
STEF subtest 9 (s) Dominant 0.65" 0.21 - -
Non-dominant - —0.01 0.03
STEF subtest 10 (s) Dominant 0.64" 0.22 - -
Non-dominant - —0.11 —0.05

STEF: Simple Test for Evaluating Hand Function.
p<0.05; p<0.01.

dominant thumb and the STEF subtest times (r=0.64, p<
0.05) (Table 2).

Discussion

We found that the total grip force correlated with cuta-
neous pressure threshold and upper extremity function.
Although a previous study already reported increased grip
force in the digital nerves block of healthy subjects [5], to
our knowledge, this study provides the first assessment of
grip force in cervical spondylosis patients with paresthesia.
We also found that there was no correlation between the total
grip force and pinch/grip power.

Before the experiment, based on our previous study [12],
we had expected that maximum grip force would also be a
proper component in this study. However, as shown in
Figure 2A, maximum grip force was not identified in many
patients. In other words, the patients increased and de-
creased the grip force multiple times in order to avoid letting
the cube slip during the holding phase. This may be ex-
plained by upper extremity paresthesia in cervical spondy-
losis. In healthy subjects, sensory information related to
weight and friction is sent to the central nervous system
through afferent nerve fibers and used in grip force coordi-
nation. Compared to healthy subjects, the lack of sensory in-
formation in cervical spondylosis patients caused incom-
plete grip force coordination. Consequently, increasing/ de-
creasing grip force occurred multiple times during the hold-
ing phase. The influence of paresthesia in the results was in
good accordance with the previous study [5].

The influence of paresthesia was also found in the total
grip force. The fingers, which are in severe paresthesia, tend
to increase grip force. Increased grip force has been reported
in patients with carpel tunnel syndrome [13], chronic soma-
tosensory deafferentation [14] and congenital insensitivity
to pain [15]. These previous studies revealed that the lack of
sensory feedback caused a deficit of grip force coordination,
sometimes even if the motor system is intact. It is not diffi-
cult to imagine that the patients with severe paresthesia in-
crease grip force to compensate for incomplete grip force
coordination. Therefore, we suggest that the total grip force
is a proper component for measuring the characteristics of
grip force trace in cervical spondylosis patients.

There was a positive correlation between the total grip
force of the dominant thumb and the STEF subtest times. We
think this correlation implies the specific role of the thumb in
the upper extremity function. It is well known that the move-
ment of the thumb underlies all the skilled procedures of
which the hand is capable [16]. Especially, the thumb plays
a crucial role in the upper extremity movements accompany-
ing a precision pinch. Therefore, the impaired ability of up-
per extremity function in cervical spondylosis patients should
be discussed in relation to decreased grip force coordination
of the thumb. It is interesting that only the dominant thumb
correlated with upper extremity function. The results are dis-
cussed from the aspect of upper limb symmetry. Generally, a
dominant arm advantage is known to be the basis of upper
limb asymmetries. For example, the dominant arm has ad-
vantages in the generation of motor output, including in-
creases in strength, speed, and consistency of movement.
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Dominant hand superiority in the rate of rapid tapping was
observed at finger, wrist, and shoulder joints [17]. Asymme-
try in our study implies that the capability of grip force coor-
dination is closely related to upper extremity function in the
dominant rather than the non-dominant hand.

In contrast with the correlation between the total grip
force and the upper extremity function, there was no sig-
nificant correlation between the total grip force and pinch/
grip power. This may be explained by our experimental
design. The patients were asked to grip, lift and hold the cube
with minimal force as far as possible. Therefore, the total
grip force evaluated how the patients could perform the task
without strong muscle contractions. In contrast, pinch/grip
power represent strong muscle contractions. This result in-
dicates that the patients understood the aim of the experi-
ment.

On the basis of the above considerations, it seems reason-
able to assume that one of the reasons causing increased total
grip force in cervical spondylosis patients is paresthesia.
Moreover, the impaired ability of upper extremity function
in cervical spondylosis patients is related to grip force
coordination. However, some limitations of the present
study should be acknowledged. Firstly, we did not inves-
tigate magnetic resonance imaging (MRI) results. There-
fore, it is still unknown as to whether or not the correlation
between increased grip force and upper extremity function is
related to the degree of cervical spondylosis. A future study
with MRI should be considered to clarify the relationship
between grip force coordination, upper extremity function
and radiological assessment. Secondly, this study was per-
formed with a small number of subjects so the results should
be interpreted with caution.
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