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Objectives This study explored the utility of restricted neck movement in epidemiologic case definition for
neck disorders.

Methods Data on neck pain, sensory symptoms in the arm, psychosocial and physical risk factors for neck
disorders, and the range of active neck movements were obtained through a self-administered questionnaire,
interview, and physical examination for a community-based sample of 2145 adults aged 25-64 years. The
prevalence of neck pain and sensory symptoms was examined according to the extent of neck movements.
Logistic regression was used to assess the relation of risk factors to neck disorders, defined by various
combinations of pain and restricted movement, and the associations were compared.

Results The ranges of different categories of neck movement were correlated within persons, and their sum
(“total neck movement”) was unimodally distributed across persons. The prevalence of neck pain and sensory
symptoms was elevated when total neck movement was below the 30th centile, and particularly below the 10th
centile. Associations between neck pain and low vitality and poor support at work were stronger when there was
also restricted neck movement, but the extent of neck movement did not materially modify the relation of neck
pain to physical risk factors.

Conclusions The restriction of total neck movement may serve as a marker of severity in community-based studies

of neck disorders, but no indication was found that it distinguishes a subset of cases with a distinct etiology.

Key terms

Neck pain is one of the most common work-related
musculoskeletal complaints in the adult populations of
developed countries, contributing importantly to the de-
mand for medical services and the economic burden of
sickness absence from work (1-8). The epidemiologic
investigation of its causes would be enhanced if subsets
of cases could be distinguished that differ importantly
in their etiology and pathogenesis. Often the symptom
is associated with cervical spondylosis, and, although
the correlation with radiological abnormalities of the
spine is far from perfect (9), the presence of such
changes may be one basis for a useful subclassifica-
tion of cases. However, in large community-based
epidemiologic surveys, radiological examination of
the neck may be neither practical nor ethically ac-
ceptable.

case definition; diagnosis; neck disorder; physical activity; psychosocial risk factor.

Another clinical feature that is more easily elicited,
and may be indicative of distinct underlying disease
processes, is limitation of neck movement. Using data
from a cross-sectional survey of adults in the general
population, we have previously shown that neck pain is
more likely to be associated with numbness or tingling
in the hands when there is also a reduction in the range
of neck movement (10). In that analysis, neck move-
ment was defined as abnormal if the sum of the ranges
of flexion, extension, lateral flexion, and rotation fell
more than two standard deviations below the age- and
gender-adjusted mean for the population studied. How-
ever, it is unclear whether this is the optimal method of
classification and whether the restriction of neck move-
ment distinguishes illness that has clearly distinct caus-
es or it is simply a marker for severity.
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To explore these questions, we carried out a more-
detailed analysis of patterns of neck movement and their
relation to symfptoms and risk factors, using data from
the same survey.

Study population and methods

The study sample comprised men and women aged 25—
64 years who were registered with two general practic-
es in Southampton. In Great Britain, almost everyone is
registered with a general practitioner, and practice lists
effectively provide a sampling frame for the general
population. After 156 persons were excluded on the ad-
vice of their general practitioner (eg, because of termi-
nal illness or recent bereavement), all of the 9696 men
and women who remained were sent a postal question-
naire, followed if necessary by a reminder. Among oth-
er things, the questionnaire asked about psychological
symptoms [questions on vitality and mental health tak-
en from the SF-36 questionnaire (11)], and about occu-
pational risk factors for musculoskeletal symptoms, in-
cluding measures of demand, support, and control, based
on the Karasek model (12), work with the neck bent for-
ward or twisted, use of a computer keyboard, repetitive
use of the upper limb, carrying or lifting, use of hand-
held vibratory tools, and work with the hands above
shoulder height. It also asked whether, during the past
7 days, the person had experienced pain in the neck or
arm lasting a day or longer, or numbness or tingling in
the hand or arm that had lasted at least 3 minutes. Usa-
ble replies were received from 6038 persons (62% of
those receiving mail).

Subsequently, all of the respondents who reported
pain or sensory symptoms in the arm or neck (N=3152)
were invited to take part in an interview and clinical
examination, together with a random sample (N=489)
of those without these symptoms. A total of 2145 (59%)
agreed (1960 of those with symptoms and 185 of those
without). The interviews and examinations were carried
out by four trained research nurses and a research phys-
iotherapist at an interval of 0-398 days (median 37 days,
80% within 65 days) from the return of the question-
naire. As part of the assessment, the respondents were
asked again about symptoms in their arm and neck over
the past 7 days, and the maximal extent of unassisted
active neck movement without discomfort from a neu-
tral position was determined for rotation to the right and
left (using a neck goniometer) and for flexion, exten-
sion, and right and left lateral flexion, using a plurime-
ter (Plurimeter-V inclinometer: Dr Rippstein, Zurich,
Switzerland). Neck pain was defined by a positive an-
swer to the question “During the past 7 days have you
had pain lasting a day or longer in your neck?”, and
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numbness or tingling in the hand or arm as the occur-
rence of either or both of these symptoms lasting for at
least 3 minutes during the past 7 days in at least one of
“your fingers or thumbs”, “other parts of your hands”
or “other parts of your arm”. Neck movements were
defined according to Greene & Heckman (13), and their
measurement was carried out after the interview about
symptoms (duration approximately 10 minutes) and be-
fore other elements of the physical examination. Care
was taken to ensure as far as possible that the partici-
pant was relaxed and comfortable in a sitting position.
One measurement was performed for each movement,
in the described order, and without prior training of the
participant.

In our analysis, we examined the frequency distri-
butions for each of the six categories of neck movement,
their interrelation, and their relation to gender, age, neck
pain, and numbness and tingling in the fingers and hand.
We then used a logistic regression analysis to compare
the associations between reduced neck movement and
psychosocial and physical risk factors according to the
presence or absence of neck pain. Information about the
psychosocial and physical risk factors was derived from
the results of the initial postal questionnaire. The oc-
currence of pain and sensory symptoms was determined
from the interviews at the time of the physical exami-
nation (in some cases there had been a change in symp-
toms between the completion of the postal questionnaire
and the subsequent interview).

Results

Complete measurements of neck movement were ob-
tained for 2145 participants (855 men and 1290 wom-
en) with a mean age at the time of examination of 48
years. Figure 1 shows the frequency distributions for
each of the six measures recorded. Four of the move-
ments (flexion, extension, and right and left lateral flex-
ion) were distributed more or less symmetrically about
a modal value. The distributions of maximal right and
left rotation were also unimodal, but were slightly skewed
to the left. The dispersions of the six measures were sim-
ilar (standard deviations from 11.6 to 15.5 degrees).

All of the movements were interrelated, the pairwise
correlation coefficients ranging from 0.42 (flexion ver-
sus extension) to 0.77 (right versus left rotation) (table
1). Adjustment for age and gender reduced all of the
correlation coefficients, but only somewhat (reductions
of 0.03 to 0.06).

Figure 2 shows the distribution of total neck move-
ment (calculated by adding the six measures for each
participant) according to gender and age. The distribu-
tions were again unimodal and were broadly similar for
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Table 1. Pairwise correlations between maximum neck movement in different planes. The correlations were summarized by Pearson
correlation coefficients.

Rotation Rotation Flexion Extension Lateral flexion Lateral flexion
(right) (left) (right) (left)
Adjust- Unad- Adjust- Unad- Adjust- Unad- Adjust- Unad- Adjust- Unad- Adjust- Unad-
ed? justed ed? justed ed? justed ed2 justed ed? justed ed? justed
Rotation (right) 1
Rotation (left) 0.74 0.77 1
Flexion 043 047 0.44 048 1
Extension 0.48 052 0.49 053 0.39 042 1
Lateral flexion (right) 0.48 054 0.47 053 0.42 0.46 0.55 0.59 1
Lateral flexion (left) 0.46 0.52 0.48 054 0.45 048 0.55 0.60 0.59 0.65 1

a Adjusted for gender and age (in 10-year strata).
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the men and women. The modal and maximal values
varied little with age, but there was a tendency for the
distribution to become more skewed at older ages, with
a small, but increasing proportion of participants with
an unusually low range of movement (<245 degrees).

Altogether, 581 participants (27%) reported neck
pain, and 681 (32%) had numbness or tingling in the
hand or arm. The relation of total neck movement to
neck pain and numbness or tingling in the hand and arm
is summarized in figure 3, which shows that the preva-
lence of both symptoms declined as total neck move-
ment increased. There is no clear point of inflexion in
either of the graphs in figure 3, but the maximum rate
of decline in symptom prevalence occurred between the
10th and 30th centiles of the distribution of total neck
movement. The prevalence of neck pain was some 8§%
higher for the women than for the men, and numbness
and tingling was approximately 8% less frequent below
the age of 35 years than at older ages. However, these
differences appeared to be largely independent of neck
movement. Thus, for example, among the men and
women with total neck movement of <295 degrees, the
prevalence of neck pain was 37% and 48%, respective-
ly, while, for neck movement of <245 degrees, the cor-
responding rates were 55% and 63%.

Table 2 shows the relation of neck pain and total
neck movement to psychosocial and physical risk fac-
tors. The risk factors presented are those that showed
statistically significant associations (P<0.05) with at
least one of the five combinations of pain and move-
ment when the risk estimates were mutually adjusted.
Low vitality was associated with neck pain whether or
not neck movement was limited, but associations were
stronger when the pain was accompanied by restriction

of movement. Thus, for the combination of neck pain
and total movement of <245 degrees in comparison with
no neck pain and total movement of 2295 degrees, low
vitality carried an odds ratio of 6.7 (95% confidence in-
terval 3.0-15.1). Furthermore, reduced neck movement
was more common for those who reported low vitality,
even in the absence of neck pain. A report of poor sup-
port from colleagues and managers at work was associ-
ated with a higher risk of neck pain when the latter was
accompanied by reduced neck movement, but was not
related to neck movement among the participants who
did not have neck pain. Working with the neck bent or
twisted carried an increased risk of neck pain, but was
not additionally related to impaired neck movement.

Discussion

Our findings indicate that the neck mobility of a person
can be summarized conveniently by summing the range
of flexion, extension, right and left lateral flexion, and
right and left rotation. This measure, which we have
termed “total neck movement”, was distributed unimo-
dally in the general population of young and middle-
aged adults. Lower levels of total neck movement were
associated with a higher prevalence of neck pain and of
numbness or tingling in the hand or arm. Within the dis-
tribution of total neck movements, there was no clear
threshold below which the prevalence of symptoms was
markedly higher, but, in the population studied, most of
the excess of symptoms occurred below the 30th cen-
tile (295 degrees). The associations of neck pain with
low vitality and poor support at work were stronger

Figure 3. Prevalence of neck pain and numb-
ness or tingling in the hand or arm according
to total neck movement. Each point on a graph
represents the prevalence of pain or numb-
ness-tingling among men and women whose
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Table 2. Associations of neck pain and restricted neck movement with psychosocial and physical risk factors. The odds ratios (OR)
were derived from five logistic regression models, one for each combination of neck pain and total neck movement, and were calculated
relative to the participants with no neck pain and total neck movement of >295 degrees. Each model incorporated all of the risk factors
shown as independent variables, together with gender and age (in four 10-year strata). (95% CI = 95% confidence interval)

Risk factor No neck pain Neck pain
Movement Movement Movement Movement Movement Movement
2295(?\19)grees 245-294 degrees <245 degrees >295 degrees 245-294 degrees <245 degrees)
N OR 95% Cl N OR 95%ClI N OR 95%Cl N OR 95% Cl N OR 95% Cl
Vitality
High 342 49 1 . 8 1 . 53 1 . 20 1 . 9 1 .
Medium 326 58 15 1024 19 35 14-84 81 15 1.0-22 29 16 0.9-3.0 13 2.0 0.8-49
Low 267 57 19 12-30 16 39 = 113 24 1.7-35 58 2.3-7.2 34 6.7 3.0-15.1
Support at work from colleagues or boss
Often or sometimes 735 125 1 . 31 1 . 184 1 . 73 1 . 28 1 .
Seldom or never 108 23 1.0 0.6-1.7 6 04-24 37 13 09-20 22 17 1.0-29 16 29 1.5-57
Not applicable 92 16 09 0.5-1.6 6 14 0535 26 13 0.8-21 12 1.1 0.5-22 12 31 1.4-6.7
Work with neck bent forward >2 hours/day
No 497 84 1 . 27 1 . 102 1 . 42 1 . 26 1 .
Yes 438 80 11 0816 16 07 04-14 145 14 1019 65 1.7 11-26 30 14 0.8-2.6
Work with neck twisted >0.5 hours/day
No 670 110 1 . 31 . 150 1 . 67 1 . 36 1 .
Yes 265 54 12 0818 12 11 05-24 97 15 1.1-21 40 14 09-23 20 1.2 0.6-2.3

when the symptom was accompanied by a restriction of
total neck movement to <295 degrees, and particularly
when it was <245 degrees. Moreover, low vitality was
associated with restricted neck movement even in the
absence of neck pain. However, the extent of neck
movement did not materially modify the relation be-
tween neck pain and the physical risk factors examined.

Although our study population was geographically
localized, it included a broad representation of occupa-
tional and socioeconomic groups, and we have no rea-
son to suspect that it was atypical in relation to the ques-
tions that our investigation addressed. Furthermore, al-
though the incomplete response to the two phases of data
collection may have led to an overrepresentation of peo-
ple with a higher level of education, more available free
time, or a greater personal interest in musculoskeletal
disorders, any overrepresentation is unlikely to have had
biased associations with different levels of neck move-
ment. The six measurements of neck movement that we
recorded were quick and easy to perform, and we have
previously found that they show good repeatability with-
in and between observers (14). Their validity is further
supported by the clear relation that we found with neck
pain and numbness or tingling in the hand or arm (fig-
ure 3).

The intercorrelation of the six measurements of neck
movement (table 1) could reflect a general effect on
neck mobility from disease processes in the cervical
spine. However, it is also possible that people with a
lower pain threshold or greater awareness of muscu-
loskeletal symptoms are more inclined to limit all neck
movements at their extremes. Whatever the explanation,

the pattern of mutual correlation suggests that it is rea-
sonable to combine the six measures to form a single
summary index of neck mobility.

The distribution of total neck movement within the
study sample was continuous and unimodal, and there-
fore there was no obvious cutpoint by which to distin-
guish abnormality. However, the thresholds that we
adopted for case definitions (245 and 295 degrees) cor-
responded to extremes of the range over which the prev-
alence of neck pain and sensory symptoms in the arm
increased the most steeply. Moreover, one feature of the
relation of total neck movement to age was a tendency
towards a more skewed distribution at older ages be-
cause of an increased proportion of participants with
values of <245 degrees, a finding suggesting that this
extreme 10% of the distribution may contain a high pro-
portion of people with abnormal movement. For these
reasons, if the extent of neck movement contributes use-
fully to case definition, we would expect it to have been
apparent with the cutpoints chosen.

Ultimately, the value of any case definition lies in
its utility in the prevention or management of illness. It
must distinguish a category of illness or disease that dif-
fers importantly from others, either in its causation or
in its clinical course and response to treatment. When
an illness results from a well-established pathological
process, the demonstration of such pathology may con-
stitute a gold standard against which other diagnostic
criteria can be assessed. If, however, the pathogenesis
is uncertain, as is the case with most neck pain, then the
evaluation of possible case definitions requires empirical
evidence of their potential to distinguish categories of
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illness with importantly different risk factors, prognoses,
or responses to treatment.

In this investigation, we explored the discriminato-
ry value of case definitions for neck pain in relation to
various possible risk factors. The risk factors examined
were psychosocial variables and occupational physical
activities that are known or suspected causes of neck
complaints. Several prospective studies have highlight-
ed the association between incident neck pain and poor
psychological status (15, 16), low decision latitude (17,
18), high quantitative job demands (18), low co-worker
support (18), and sustained neck flexion (19); while re-
cent reviews (20, 21) have focused on neck posture, re-
petitive arm movements, hand—arm vibration, and force-
ful work with the arms. From the set of 13 risk factors
with which we started (five psychosocial and eight phys-
ical), our final analysis was based on the four which
were statistically significant in at least one of the mod-
els presented (table 2).

A comparison of different possible case definitions
revealed that the association between low vitality and
neck pain was present at all levels of neck movement,
but it was stronger if, in addition to the pain, neck move-
ment was restricted. A similar pattern was observed for
poor support at work, although the association with neck
pain in the absence of restricted movement fell just short
of statistical significance. For the two physical risk fac-
tors examined, a concomitant restriction of neck move-
ment appeared to make no difference to associations
with neck pain. This pattern of results suggests that re-
stricted neck movements may distinguish more severe
cases of neck pain, but it gives no indication that it
serves as a marker for a distinct subset of cases with
different causes and pathogeneses. In particular, we
found no evidence that, in the general population, re-
stricted neck movement is a useful sign of pathology
resulting from repeated physical stress to the cervical
spine.

On the contrary, restricted neck movement appeared
to be more relevant to psychosocial than physical risk
factors. It may be that people suffer reduced vitality and
perceive more stresses in their work as a consequence
of neck disorders, particularly if the disorder is suffi-
ciently severe to limit neck movements. However, the
fact that reduced neck movement was associated with
low vitality even when no pain was reported suggests
that this is not the full explanation for its relation to psy-
chosocial variables. An alternative possibility is that
people who complain of low vitality are more prone to
perceive or report pain in the neck, and also to resist
extreme neck movements. This possibility would be
consistent with the observation that depressive symp-
toms have been found to predict the subsequent inci-
dence of musculoskeletal symptoms at other anatomi-
cal sites, such as the back (22, 23) and forearm (24).
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On the basis of our findings, we conclude that re-
duced total neck movement, particularly to <245 de-
grees, may serve as a marker of severity in community-
based studies of neck disorders, but we have found no
indication that it distinguishes a subset of cases with a
distinct etiology.
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