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A dedicated device for isokinetic and
isometric measurements of neck strength
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Abstract. In many sports activities, the neck is highly stressed and therefore painful syndromes can develop after long periods of
repetitive, intense exercise. Quite a number of studies have looked into the isometric strength of the cervical spine but only a few
explored the dynamic profile of these muscles. While commercial devices are available for assessing isokinctic movements of
the knee, ankle and trunk none exist for the neck. In this paper we describe an attachment to a commercially available isokinetic

dynamometer that is meant for static and dynamic testing of cervical muscles strength in the frontal and sagittal planes.
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1. Introduction

Neck pain is acommon problem worldwide [4]. Cer-
vical spine degeneration involving the joints or discs
can affect fighter pilots [6]; participants in various
sports, including football, wrestling [26], ice hock-
ey [21], judo, sumo wrestling [22], rugby [14], and car
racing. For example, car racing is a sport in which
side accelerations can reach 4 g in bends and longi-
tudinal accelerations can reach 5 g under sharp brak-
ing, causing severe constraints to the neck in partic-
ular [17]. The development of muscular assessment
devices for the neck would allow muscular assessment
for people whose necks are at risk of injury. In ad-
dition, it could help physicians in recommending ex-
ercises in order to reduce the risk of injury or to es-
tablish a diagnosis when injury has already occurred.
Such a measurement, training and reinforcement pro-
tocol could be tailored to individual behavioral patterns
in real conditions [17]. For example, it has been shown
that, concentric conditioning can produce an increase
in eccentric strength of about 20% [16].
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White and Panjabi [24] describe three planes of ref-
erence and corresponding axes for the neck: the frontal
plane and roll axis, the sagittal plane and pitch axis,
and the horizontal plane and yaw axis. Isometric eval-
uation of the cervical spine has been widely studied [1,
9,12,23] but isokinetic assessment has been investigat-
ed only in the frontal plane [17] or in the frontal and
sagittal planes [14]. Laboratory studies in the field of
motor sports currently include work on the design of a
driving simulator [3]. Our experience indicates that the
strength of the cervical spine is an essential element of
driver performance.

To assess the capabilities of neck muscle groups, we
propose a mechanical approach based on isokinetic and
isometric measurements. To our knowledge there exists
no specific commercial device for cervical spine testing
that can be connected to an isokinetic dynamometer.
A cervical unit has been previously constructed for a
Biodex dynamometer [20] while a multi-cervical reha-
bilitation unit (Hanoun Medical Inc., Ontario) is avail-
able for measuring active range of neck motion as well
as the isometric strength of neck muscles [2].

Ideally, such a device should allow muscular evalua-
tion of all kinds of head movements, but the apparatus
described in this study is restricted to frontal and sagit-
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Fig. 1. Specific arrangement for sagittal (upper two figures) and frontal (lower two figures) plane assessment.

tal plane movements for both isokinetic and isometric
contractions.

2. Methods
2.1. Subjects

For the isometric component, nine volunteers aged
22 to0 30 and with a mean height and weight of 174 +
6 cm and 69.7 + 3.8 kgf, respectively, participated in
the study. The volunteers were in good health, were not
highly-trained sports people and had not been involved
in any special neck muscular reinforcement program.

For the isometric component only five of the nine
volunteers were available. The mean height and weight
was very similar to that of the whole group.

2.2. Mechanical design
Cervical muscles testing was carried out using a de-

vice that hooked onto a single-arm Biodex dynamome-
ter. This device consists of two sub-units:

i) A frame, connects the motor with the subject’s
head using a full-face motorcycle helmet. As
shown in Figs 1 and 2, the arm between the ap-
paratus and the dynamometer axis is adjustable
to fit the subject’s neck length.

ii) An integral seat whose height is adjustable to
align the midpoint between the spinous processes
of C7 and T1 with the dynamometer’s motor ax-
is [14,17,23]. This reference point is commonly
chosen probably because of ease of location and
palpation. The apparatus can be set at this po-
sition with a laser pointer. However, 4 different
geometric points can serve as reference using this
design: 1. the articulation point of C4-C5 [1,12];
2. the thyroid cartilage [11]; 3. C4 [23]; and 4.
the mastoid point [8,23].

Two orthogonal.arrangements were needed for test-
ing in the frontal plane and the sagittal plane (Fig. 1).
Details of helmet clamping are shown in Fig. 3. Clamp-
ing can be adjusted to any helmet.
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Fig. 2. Position of the four strain gages mounted in full bridge configuration.

Fig. 3. Details of helmet clamping.

2.3. Data recording and calibration

We have used a Biodex dynamometer which is
equipped with a built-in torque measurement unit.
However in order to monitor data acquisition and pre-
cision, a torque sensor was fitted to the lever arm. The
sensor is based on a full bridge, temperature indepen-
dent, strain gauge design (Vishay micro-measurements
& SR-4) which was glued close to the dynamometer’s
axis (Fig. 2). Data were obtained using an extensome-
ter bridge and an ADC 16 acquisition card (Pico Tech-
nology) with an RS 232 connection to the PC. The
voltage-to-torque ratio was 0.2319 Nm.mV ~! with a
sampling frequency of 12.8 Hz. It is important to note
the special shape of the ergometer shoulder (Fig. 2),
with two securing stops at 60°. The sensor accuracy
was checked using the following configuration: a S kgf
weight exerts a 49.05 N gravity force with a lever arm

of 25.3 mm leading to a 12.4 Nm torque with anti-
clockwise or clockwise rotation. Experimentally, the
maximum mean torque was found to be 12.05 Nm with
a standard deviation of 1.05 Nm. These operations
were also carried out with 10 kgf and 15 kgf weights.
The rotation velocity during the trials was verified by a
chronometer, and we obtained a deviation of 0.3°/s on
a target velocity of 30°/s.

2.4. Protocol

The research protocol was based on previous stud-
ies [8,9,17,23]. The measurements were recorded as
follows:

1. Forisokinetic side flexion (frontal planc) the head
moved £ 30° relative to the neutral vertical po-
sition, at a speed of 30°/s









