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The Relationship between Neck Pain and Cervical
Alignment in Young Female Nursing Staff
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Objective : Degenerative changes in the cervical spine are commonly accompanied by cervical kyphosis which can cause neck pain. This study ex-
amined the relationship between neck pain and cervical alignment.

Methods : A total of 323 female nursing staff from our hospital were enrolled. Sagittal radiographs of the cervical spine, Body Mass Index (BMI), Vi-
sual Analogue Scale (VAS) measures of neck and arm pain, Neck Disability Index (NDI) and the Short Form (36) Health Survey (SF-36 scores) were
obtained and reviewed retrospectively. Global lordosis (GL) of the cervical spine was measured on radiograph images. Correlations between GL and
questionnaire scores were investigated using the following three methods : 1) correlation between GL and questionnaire scores among the entire
sample; 2) subgroup analysis of patients with “kyphosis (KYP) : GL scores<0” vs. those with “lordosis (LOR) : GL scores>0" on questionnaire mea-
sures; and 3) subgroup analysis of patients with pain vs. those without pain, on GL and questionnaire measures.

Results : There was no significant correlation between GL and any questionnaire measure. There was a significant difference between the mean
GLs of the KYP and LOR groups, but there were no group differences in BMI, age or any questionnaire measures. There was no difference between the
pain (n=92) and pain-free (n=231) groups in age, BMI or GL, but there were differences in neck, and arm pain, and physical function and NDI scores.
Conclusions : Our data suggest that kyphotic deformity was not associated with neck pain.
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INTRODUCTION

Normal lordotic curvature represents the ideal state for the
cervical spine”, enabling fluid motion and optimal functional-
ity””. During aging, degenerative changes in the cervical spine
are commonly accompanied by segmental bone loss or global
lordosis, which can cause neck pain™®. Although lumbar sagit-
tal alignment has received a considerable amount of attention,
cervical sagittal misalignment, and its clinical symptoms, is less
understood'®"”. Several studies have demonstrated that clinical
outcomes improve when lordotic curvature is preserved after
cervical surgery', but there is a scarcity of research on patients
not undergoing operations.

Our hospital has conducted cervical radiographs, as part of
routine physical examinations, for faculty members (e.g., nursing
department staff) since 2005. Consequently, a large number of
young females with homogenous working conditions are avail-
able for analysis. A study by lizuka et al." also assessed neck and

shoulder pain among nursing staff, but the relationship between
neck pain and cervical alignment was not evaluated. The pres-
ent study examined the correlation between neck pain and de-
viations from normal cervical lordosis in young females working
under conditions of similar physical intensity who had under-
gone no previous operation.

MATERIALS AND METHODS

Patient population

Our hospital has conducted cervical radiographs during rou-
tine physical examination of faculty members since 2005. Data
from 405 nursing staff were collected between 2012 and 2013;
42 retirees, and 40 males, were excluded. Therefore, 323 female
nursing staff, working in in- and out-patient departments, were
enrolled. No participant had undergone a cervical spine operation
previously. The study was approved by the Institutional Review
Board of the Human Research Center of our hospital (approval
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Radiological assessment

A total of 323 sagittal radiographs of the cervical spine were eval-
uated. Sagittal alignment was measured using the Cobb method
at C2 and C7. Global lordosis (GL) of the cervical spine was de-
fined as the angle between the inferior endplate of C2 and the
superior endplate of C7 (Fig. 1)°. Two physicians evaluated the
radiographs independently; median values were recorded.

Clinical assessment

Standardized questionnaires were used to evaluate clinical out-
comes, pertaining to age, sex, Body Mass Index (BMI), prior ex-
perience of neck and arm pain and cervical surgery and family
medical history. Health-related quality of life and functional out-
comes were assessed using the Short Form (36) Health Survey
(SE-36) questionnaire. Neck Disability Index (NDI) scores in-
dexed chronic disability and activities of daily living. The sever-
ity of neck and arm pain was evaluated using Visual Analogue
Scales (VASs).

Statistical analysis

The data were reviewed retrospectively. Correlations between
GL and questionnaire measures were investigated using three
methods. First, correlations between GL and questionnaire mea-
sures were assessed among the entire sample, followed by sub-
group analysis of patients with “kyphosis (KYP) : positive GL scores”
vs. “lordosis (LOR) : negative GL scores’, using the clinical assess-
ment data. In a final analysis, pain and pain-free groups (distin-
guished according to their response to the question : “Have you
ever experienced neck pain?)” were compared. Group differenc-
es in sagittal alignment were assessed. Correlation analyses, and
independent t-tests for subgroup analyses, were performed using
the MedCalc"® software package (ver. 14.12.0; MedCalc Software,

Fig. 1. Global lordosis was defined as
Cobb’s angle between C2 lower endplate
and C7 upper endplate. A : Negative an-

| gle. B : Positive angle.

141 participants

NCh:ca:assess\I/n;Snt Sagittal alignment
eck and arm

SF-36 C2-7 Cobb angle
Neck Disability Index

@ Direct correlation
@ Subgroups (kyphotic vs. lordotic) analysis by clinical assessment
® Subgroups (pain vs. non-pain) analysis by sagittal alignment

Fig. 2. Study design. VAS : Visual Analogue Scale, SF-36 : Short Form (36)
Health Survey.

Oostende, Belgium). The study design is illustrated in Fig. 2.

RESULTS

Radiological assessment

A total of 323 sagittal plane cervical radiographs were assessed.
The GL, defined as the angle between the inferior endplate of
C2 and the superior endplate of C7, ranged between -11 and 44
(mean=12.9+11.0).

Clinical assessment

The mean age of the entire sample (n=323) was 30.2+7.7 years
(range : 21-55 years). Their mean BMI was 20.6+2.5 (15.6-31.2).
Mean VAS neck pain was 3.0+£2.2 (0-9) and mean VAS arm
pain was 1.7£2.0 (0-9). Patients’ mean NDI score was 6.5+4.6.
General health, bodily pain, role limitation physical, physical
function, vitality, social function, role limitation emotion, and
mental health SF-36 subscale scores were 52.6+15.8, (range :
15-100), 75.0+19.2 (23-100), 88.2+16.4 (10-100), 90.0+12.8
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Table 1. Clinical assessment

Table 2. Comprarison between pain and pain-free subgroups

Index (Mean+SD, Min-Max) Index Pain Non-pain  p-value
Global lordosis 12.2+10.5, -8.3-44.1 Age 30.7£8.5 27.146.5 0.065
Age 29.5+8.1, 23-54 BMI 21.1£2.7 20.2+2.4 0.060
BMI 20.7+2.5,16.0-314 Neck VAS 3.8£1.9 1.2+1.5 <0.0001
Neck VAS 2.9+2.2,0-9 Arm VAS 1.9+2.1 0.5£1.0 <0.0001
Arm VAS 1.48+1.9,0-9 NDI 7.9+4.0 2.7+2.1 <0.0001
NDI 6.24+4.24,0-18 SF-36
SF-36 General health 48.8+15.1 58.8+15.7 0.0004
General health 52.0+15.9, 15-85 Bodily pain 71.3+17.9 83.9+17.9 0.0002
Bodily pain 75.6+18.7,23-100 Role limitation physical 84.7+18.4 91.3+15.9 0.0395
Role limitation physical 86.9+17.9, 10-100 Physical function 89.9+10.7 95.5+6.3 0.0001
Physical function 91.7+9.8, 45-100 Vitality 40.1£16.6 48.9£16.0 0.0033
Vitality 43.0£16.9,0-81 Social function 78.4+20.7 88.6+17.0 0.0045
Social function 81.8420.1, 0-100 Role limitation emotion 79.7+21.5 87.8+17.1 0.0262
Role limitation emotion 82.4+20.5, 0-100 Mental health 59.6+14.5 65.3+13.3 0.0250
Mental health 61.5+14.3,10-95 Global lordosis 11.1+10.2 14.4+11.1 0.0905
“Have you ever experienced about BMI : Body Mass Index, VAS : Visual Analogue Scale, NDI : Neck Disability Index,
neck pain?” SF-36 : Short Form (36) Health Survey
Yes n=95 groups (Table 2).
No n=46
BMI : Body Mass Index, VAS : Visual Analogue Scale, NDI : Neck Disability Index, DlSCUSS|0N

SF-36 : Short Form (36) Health Survey

(40-100), 42.8216.9 (0-88), 82.3+18.7 (0~100), 83.3+19.0 (0~
100), and 62.2+13.6 (10-95), respectively. A total of 92 partici-
pants responded positively to the question : “Have you ever expe-
rienced neck pain?” compared to 231 who responded negatively
(Table 1).

Statistical analysis

Correlation
There was no significant correlation between GL and any clini-
cal assessment measure.

Subgroup (kyphotic vs. lordotic) analysis of clinical measures
The 44 patients in whom GL values were negative were in-
cluded in the kyphotic group; an identical number of those exhal-
ing the greatest degree of lordosis comprised the lordotic group.
There was a significant group difference in sagittal alignment
(GL value in the kyphotic group=-3.5+2.5 vs. 31.9£5.0 in the lor-
dotic group; p<0.001). However, there were no group differences
in age, BMI, neck or arm pain, NDI score or any SF-36 measure.

Sub-group (pain vs. pain-free) analysis of sagittal alignment
Age and BMI did not differ between the pain (n=92) and pain-
free (n=231) groups. VAS neck (3.8£1.9 vs. 1.1£1.5, p=0.004)
and arm (2.1+2.1 vs. 0.7+1.4, p<0.001) pain, and physical func-
tion (88.5+13.5 vs. 93.949.7, p<0.001) and NDI (8.0+4.3 vs.
2.8+2.6, p<0.001) scores, differed between the two groups.
However, there was no significant difference in the GL values
of the pain (12.5+11.15) and pain-free (14.0+10.7; p=0.684)

Commensurate with increases in office-based employment,
neck pain, which also affects industrial workers, now represents
a highly relevant issue that has received considerable attention'”.
In Western studies, neck and shoulder pain have been associat-
ed with multiple factors, including psychological distress, pain
at other bodily sites, smoking, and a range of other medical con-
ditionsl,4,l3,l4)-

This study focused on the relationship between neck pain and
cervical alignment. Several previous studies have included simi-
lar populations (i.e., nursing staff) : Tizuka et al."” reported that
neck and shoulder pain prevalence in staff at their hospital was
68.1%, which was markedly higher than the figure reported
herein (28%; 92 of 323 nurses). Although their study assessed
the association between neck and shoulder pain and several
factors, cervical sagittal alignment was not among them. Pain is
subjective, and its intensity can vary according to multiple fac-
tors (e.g., age, sex, personal characteristics, surrounding envi-
ronment). Furthermore, the scales used to index pain differed
between our study and that of Tizuka et al."”; this may account
for the marked difference in neck and shoulder pain prevalence.
Several studies report neck pain prevalence of approximately
20%, similar to our study, in the general population aged >40
years™”. Furthermore, there is general agreement that lordotic
curvature of the cervical spine represents its ideal state”, but the
relationship between neck pain and cervical lordosis remains
poorly understood. During aging, degenerative changes in the
cervical spine may include facet joint arthropathy and disc
space narrowing, which may result in neck and shoulder pain.
The relationship between neck pain and cervical spine kyphosis
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remains controversial'®'"”. Several studies have demonstrated
improved clinical outcomes when lordotic curvature is preserved
after cervical surgery : Wu et al.™ reported a correlation between
improved Japanese Orthopaedic Association scale scores and
C2 and C7 Cobb angles following anterior cervical fusion. Har-
rison et al.” suggested that sagittal malalignment after anterior
cervical fusion may be related to cervical instability, postopera-
tive axial pain, and progressive neurological detonation, all of
which could influence functional recovery. Loss of local cervical
lordosis may also alter the dynamic kinematics of the cervical
spine and increase biomechanical stress on anterior vertebral
elements of neighboring segments, thereby promoting progres-
sive degeneration. Therefore, neurosurgeons should aim for nor-
mal cervical lordosis during cervical spine operations.

Patients not undergoing operations are rarely studied. Grob et
al.” reported no association between sagittal alignment of the
cervical spine and neck pain. They included 107 volunteers (47
males), with an average age of 68 years (range : 45-90 years) who
were undergoing treatment for lower extremity problems, and
concluded that, although a degree of lordosis is physiologically
normal, the point at which a kyphotic deformity could start to
cause problems remains poorly understood. In our study, lordotic
curvature of the cervical spine was also unrelated to neck and
shoulder pain, suggesting that there is no relationship between
cervical kyphosis and neck pain in either young adults or in those
aged >45 years.

Our study provides meaningful data on the correlation between
pain and cervical alignment, particularly in young, surgically na-
ive adults. Furthermore, our large sample allowed for subgroup
analyses : we assessed the correlation between GL and neck pain
among the entire study population, in addition to differences be-
tween kyphotic and lordotic groups and pain and pain-free
groups. Among all patients, there was no correlation between
GL and neck pain. There was also no significant difference be-
tween the GL values of the kyphotic vs. lordotic or pain vs. pain-
free groups. Neck and shoulder pain may be experienced by pa-
tients in whom cervical lordosis is well-preserved; therefore,
establishing the etiology of neck pain is important. However, in-
dividuals exhibiting marked cervical kyphosis do not always re-
quire surgery; because their cervical physiology may remain normal.

This study had several limitations. First, the quality of the sag-
ittal radiographs was not validated. All radiograph images were
obtained with patients in a neutral position, but the Cobb angle
may have varied among patients. Second, our data lack general-
izability because the study was restricted to young, female nurs-
ing staff. However, evaluation of neck pain in the general popula-
tion could be biased by sex, occupation and age differences, such
that restricting analyses to a particular group may confer more-
reliable data pertaining to the relationship between neck pain and
sagittal alignment. Finally; to avoid selection bias a randomized-
controlled study design would have been preferable and is rec-
ommended for future research.

CONCLUSION

No difference in the relationship between cervical alignment
and clinical questionnaire scores was observed using the three
different methods employed herein. Furthermore, our data sug-
gest that kyphotic deformity may not represent the major cause
of neck pain, which in turn may not be associated with cervical ky-
phosis.
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