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ACKGROUND CONTEXT: Degenerative changes due to cervical spondylosis (CS) can det-

rimentally affect work ability and quality of life yet understanding of how physical exposure affects

disease progression is limited.

PURPOSE: To assess the associations between occupational physical exposures and occurrence of sur-

gically treated cervical spondylosis (ST-CS) and early exit from the labor market via disability pension.

STUDY DESIGN/SETTING: Prospective register study with 20 years follow-up period.

PATIENT SAMPLE: Swedish construction workers participating in a national health surveillance

project conducted between 1971 and 1993.

OUTCOME MEASURES: Surgically treated cervical spondylosis (ST-CS) and early labor mar-

ket exit at a minimum rate of 25% time on disability pension.

METHODS: Associations between occupational physical exposures (job exposure matrix) and

subsequent ST-CS (National Hospital in-patient register) and early labor market exit via disability

pension (Swedish Social Insurance Agency register) were assessed in a cohort of male construction

workers (n=237,699).

RESULTS: A total of 1381 ST-CS cases were present and a 20 years incidence rate of 35.1 cases per

100,000 person years (95% confidence interval (CI) 33.2−36.9). Increased relative risk (RR) for ST-

CS was found for workers exposed to non-neutral (RR 1.40, 95% CI 1.15−1.69), and awkward neck

postures (1.52, 1.19−1.95), working with the hands above shoulder height (1.30, 1.06−1.60), and
high upper extremity loading (1.35, 1.15−1.59). Increased risk was also present for workers who

reported frequent neck (3.06, 2.18−4.30) and upper back (3.84, 2.57−5.73) pain in the 12 months

prior to survey. Among workers with elevated arm exposure, higher risk was seen in those who also

had more frequent neck pain. ST-CS cases took early retirement more often (41.3%) and at a younger

age (53 years) than the total study cohort (14.8% and 56 years of age, respectively).

CONCLUSIONS: Occupational exposure to non-neutral neck postures, work with hands above

shoulders and high loads born through the upper extremities increased the risk for ST-CS and early

retirement due to disability. Decreasing postural and load exposure is salient for primary, secondary,

and tertiary prevention of CS. Neck pain was shown to be a prognostic factor for ST-CS, which

stresses the importance of acting early and taking preventative action to reduce workplace exposure,

and the need for systematic medical check-ups within primary or occupational care to mitigate disease

progression and early labour market exit due to disability. © 2022 The Authors. Published by Elsev-
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Introduction

Neck pain is a serious global public health problem. An

estimated two-thirds of the world’s population will experi-

ence neck pain at some point in their lives [1], with severe

disability resulting for approximately 5% of those [2]. Neck

pain is often persistent and is the fourth ranked global cause

for years lived with disability [3]; 50%−75% of those who

experience neck pain will report it again 1 to 5 years later

[4]. Neck pain is a contributor to poor physical health-related

quality of life [5]. Social and economic consequences include

diminished quality of life, functional and activity limitations,

productivity losses and direct health care expenditures [6].

Neck pain has been linked to both physical (force, posture,

repetition) [1,7] and psychosocial occupational exposures

(demands, decision latitude and social support) [7], as well

as hand-arm vibration [8] and whole-body vibration [9,10].

Increasing population awareness regarding risk factors and

preventive strategies for neck pain is warranted to reduce the

future burden of this condition [1].

Cervical spondylosis (CS), a common progressive

degenerative change characterized by cervical interverte-

bral disc degeneration and osteophyte formation [11,12], is

one specific cause of neck pain which can lead to severe

disease status with major consequences for the individual in

terms of work ability and quality of life. CS can include

herniation, radiculopathy and myelopathy [2]. Radiographic

evidence of CS changes are evident in nearly 50% of people

over the age of 50 and 75% of people over the age of 65, yet

CS is not always symptomatic. The majority of symptom-

atic cervical spondylosis cases are treated non-surgically

with analgesics and conservative treatments. However, for

severe cases with intractable pain, progressive neurological

deficits, and symptoms of spinal cord affection, surgical

intervention to decompress the spinal cord and/or cervical

nerve root(s) with or without fusion may be indicated [12].

The literature on cervical spondylosis is quite sparse and of

uneven quality compared to neck pain [13]. Challenges to

systematic review include few specific variables analyzed

[14], and variability in study design, population studied,

outcome measures, and length of follow-up time [2,9].

Little is known about CS risk factors other than a posi-

tive trend with age (at least up to age 50), and suggested

higher risk in women and those of shorter stature [7,14

−18]. One relatively large Chinese study also found higher

prevalence for lower education, higher body mass, sleeping

less than 7 hours/day, mental work, high housework inten-

sity, holding the same work posture 1−3 hours/day, and

commuting to work by bicycle or motor vehicle rather than

walking [16]. Increased prevalence of CS has been sug-

gested for some job titles, including interventional electro-

physiologists [19], grinders [20], heavy work, dentists,

meat carriers, and miners [21], and for workers exposed to

heavy loads on the head [22] and neck and shoulders
[20,21], however, few studies have adequately considered

occupational risk factors for CS.

The aims of this study were to address the knowledge

gap regarding occupational risk factors for the incidence of

surgically treated cervical spondylosis in a large cohort of

male construction workers, and to investigate its conse-

quences in the form of early exit from the labor market.
Materials and methods

A large cohort of male construction workers was fol-

lowed prospectively for 20 years (1997−2016) to examine

the association of occupational physical exposures with sur-

gically treated spondylosis of the cervical spine. The study

was approved by the Regional Ethical Review Board in

Umea
�
(2017/16−31).

Study cohort

The study cohort was selected from a total of 389,132

Swedish construction workers who participated in health

examinations as part of a national health surveillance pro-

gram performed by occupational health services

(‘Byggh€alsan’) conducted from the late 1960s until 1993.

While participation was voluntary, at least 80% of eligible

workers completed at least one health examination [23].
Self-reported (Q50) sub-group of study cohort

An additional questionnaire (‘Q50’) was collected dur-

ing health examinations conducted 1989−1993 which

included self-reported exposure and pain data (five response

options per question) including frequency of working with

hands above shoulders, vibration exposure, extent to which

work is variable, and frequency of pain and/or discomfort

in the previous 12 months in the neck, shoulder and upper

back regions. From the total Byggh€alsan cohort, 87,500

workers responded to at least one of these questions; of

these, 69, 875 (including 385 cases) were included in the

study cohort. We used this ‘Q50’ sub-group of our study

cohort for whom individual-level exposure assessment data

were available as complementary data to the JEM-based

occupational group-level exposure analyses conducted on

the full study cohort, as detailed below.
Case definition

The Swedish national hospital in-patient registry was

obtained for patients with main diagnoses including spondy-

lopathies (M45-49) and other back disorders (M50-54) from

the beginning of the adoption of the ICD-10 coding system

in Sweden (January 1, 1997) until December 31, 2016.

Record linkage was achieved using the unique personal num-

ber assigned to each Swedish resident. Cases were defined by

first surgical treatment for spondylosis of the cervical spine,
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including fusion, laminectomy, decompression or discec-

tomy (ICD-10 codes: ABC10, ABC20, ABC30, ABC50,

NAG39, NAG49, NAG69, NAG79).

To investigate exit from the labor market due to early

retirement via disability pension, data were obtained from

the Swedish Social Insurance Agency and registry linkage

was again made using personal identification numbers. In

Sweden, disability pension can be part- or full-time. We

defined early retirement as a minimum of 25% time on dis-

ability pension.
Exclusions

Workers for whom no job title was recorded in any med-

ical examination or who were classified in the “other work”

group were excluded since they could not be mapped onto

the JEM. We limited our analysis to men as women com-

prised only 5% of the population and most belonged to the

“other work” group. Workers were also excluded who:

were younger than 16 at their first health examination; were

unusually short (<150 cm) or tall (>200 cm); were missing

height or weight data; or had died, emigrated, or had record

of hospitalization due to cervical disc disorder prior to the

start of the observation period in 1997. To focus on aetiol-

ogy in the 16−70 age range, workers who turned 70 prior to
Fig. 1. Exclusion flow chart from total databa
the start of the observation period were excluded from fol-

low-up, and any workers turning 70 during follow-up were

excluded the year in which they reached 70.

The remaining 237,699 workers comprised the study

cohort (Fig. 1).

Individual factors

Worker height, weight, age, smoking status and specific

trade (“job title”) data were recorded on examination. BMI

was calculated and classified as underweight (BMI < 18.5

Kg*m�2), normal (18.5 ≤ BMI < 25 Kg*m�2), overweight

(25 ≤ BMI < 30 Kg*m�2), or obese (BMI ≥30 Kg*m�2).

Workers were categorized as ever, never, and unknown

smokers.

Occupational exposure − Job exposure matrix

Occupational health service experts classified job titles

into 21 occupational groups which comprised jobs with

similar tasks and workers with similar background training.

A group was also made for unclassifiable jobs. Full details

of the job-to-group mappings were previously presented

[24].

Biomechanical exposure levels were assigned to occupa-

tional groups using a job exposure matrix (JEM) developed
se to construction worker study cohort.



Table 1

Job exposure matrix for biomechanical risk factors. Assigned ratings

reflect average daily exposure levels across all workers and all jobs and

tasks for each occupational group

Exposure Rating

Frequency of static non-neutral neck postures 1 − 3a

Frequency of static extreme neck postures 1 − 3a

Frequency of awkward neck postures 1 − 3a

Frequency of work with arms above the shoulders 1 − 3a

Upper extremity loading (push/pull/lift) 1 − 3a

Hand-arm vibration exposure 1 − 3b

Whole body vibration exposure 1 − 3b

a 1 = low, 2 = moderate, 3 = high.
b 1 = none, 2 = acceptable, 3 = high.
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for the study. The JEM contained three neck and two upper

extremity exposure factors that were deemed a priori to be

aetiologically relevant based on the available literature on

cervical degeneration and disorders (Table 1). Two experts

independently rated the average exposure intensity or fre-

quency over a working day based on ergonomic assess-

ments conducted in the 1970’s for each job title (Jackson

et al., 2019). All ratings were done blinded to the number

of cases in each occupational group. Ratings were com-

pared and discussed by the experts to resolve any disagree-

ments. A single expert rated exposure to hand-arm

vibration (HAV) and whole-body vibration (WBV) for all

occupational groups. The two JEM experts reviewed the

vibration ratings and, where necessary, disagreement was

resolved through discussion with the vibration JEM rater.

Exposure estimates were assigned to each worker based

on the JEM ratings for the occupational group correspond-

ing to the job title reported at his last health examination.

JEM ratings for each occupational group and biomechanical

factor are presented in the appendix, Table A.1.

During health examinations conducted between 1989

and 1993, an additional questionnaire (‘Q50’) assessed fre-

quency of neck, shoulder and upper back pain experienced

in the 12 months prior to survey, along with self-reports on

acceptability of occupational vibration (good to bad), fre-

quency of work with hands above shoulders, and the extent

of variation within work (five response options per ques-

tion). A total of 87,500 workers responded to at least one of

these questions; 69,402 of them (including 386 cases) were

in the study cohort and were therefore included in our Q50

sub-group analyses. As this was a small proportion of the

cohort, the self-reported exposures were used as comple-

mentary data but not to replace the JEM scores.
Statistical analysis

Incidence rates of surgically treated cervical spondylosis

were calculated for the study cohort over the follow-up

period, 1997−2016 (Fig. 1). Person-years were summed

from the start of follow up (January 1, 1997) until year of

surgical treatment, or until the end of the observation period
(December 31, 2016), censoring for death, emigration, or

fulfilling the 70-year age criteria. For comparison purposes,

annual incidence rates for ST-CS were calculated for the

general Swedish population of males aged 15−69 years,

based on publicly available register data (Socialstyrelsen

website, https://www.socialstyrelsen.se/statistik-och-data/

statistik/statistikdatabasen) for the years 1998−2016 (data

unavailable prior to 1998).

To account for potential confounding due to calendar

time and age, the follow-up time was split into four periods

of five years each. Crude associations between surgical

treatment and each individual factor (age, BMI, smoking

status, height) and each time period were estimated using

Poisson regression. Potential interaction between age and

time period was assessed in a separate Poisson regression

model.

Poisson regression was then used to estimate relative

risks (incidence rate ratios) and 95% confidence intervals

(CIs) for the biomechanical factors, adjusted for age, BMI,

smoking status, height and the four time periods. Age,

BMI, and height were modelled using restricted cubic

splines with three nodes at the 10th, 50th and 90th percen-

tiles of corresponding variable. In all models, the lowest

exposure rating was used as the reference category. This

procedure was also repeated for the sub-set of the cohort

for whom self-reports were available on pain frequency and

exposure to work with hands above shoulders.

The distribution assumption of the Poisson regression

models was assessed by examining outcome dispersions.

All analyses were performed using R v4.0.3 [25] Poisson

models were fitted using the Glm function in the RMS

package [26].

Support for this study was received from the Swedish

Research Council for Health, Working Life and Welfare

(Forte) (grant 2016-01016). All study design, analysis,

interpretation and manuscript preparation and submission

were performed independently from Forte.
Results

Within the study cohort (N=237,699), 3 940 034 person-

years of observation were accrued. A total of 1381 individu-

als were treated surgically for cervical spondylosis during

the follow-up period (1997−2016) (Fig. 1), for a 20-year

incidence rate (IR) of 35.1 cases per 100 000 person years

(95% CI 33.2−36.9). The IR rate (considered in 5 years

intervals) increased across time during the follow-up period

from 24.4 (1997−2001) to 49.1 (2012−2016) per 100,000
person years (Table 2); however, the distribution of cases

across the age continuum was similar across all time peri-

ods (Fig. 2A), and there was no significant interaction

between age groups and time periods (p=.21).

The concurrent incidence rate for the same outcome

among men aged 15−69 years in the general Swedish popu-
lation was 48.0 (95% CI = 47.5−48.5). National data IR

rates also increased over time, ranging from 31.1 (1998

https://www.socialstyrelsen.se/statistik-och-data/statistik/statistikdatabasen
https://www.socialstyrelsen.se/statistik-och-data/statistik/statistikdatabasen


Table 2

Individual factors (as categorical variables) and relative risk for surgically treated cervical spondylosis (N=237 669, incl. 1381 cases): crude Poisson regres-

sion models

N Person-years Cases IR RR 95% CI

Individual factors

Height

180-190 79 136 1 385 959 490 35.4 1 −
150-160 569 7 708 4 51.9 1.47 0.55-3.93

160-170 25 126 372 141 123 33.1 0.94 0.77-1.14

170-180 125 637 2 041 402 729 35.7 1.01 0.90-1.13

190-201 7 201 132 824 35 26.4 0.75 0.53-1.05

BMI

Normal 162 885 2 810 335 910 32.4 1 −
Underweight 3 665 69 222 15 21.7 0.67 0.40-1.11

Overweight 62 495 936 020 397 42.4 1.31 1.16-1.47

Obese 8 391 120 279 54 44.9 1.39 1.05-1.82

Smoking

Never 104 114 1 829 246 465 25.4 1 −
Ever 121 416 1 918 760 839 43.7 1.72 1.54-1.93

Unknown 12 139 192 028 77 40.1 1.58 1.24-2.01

Age

26-35 * 360 227 51 14.16 1 −
15-25 * 16 799 1 5.95 0.44 0.06-3.20

36-45 * 890 959 284 31.88 1.87 1.38-2.54

46-55 * 1 221 495 459 37.58 2.12 1.58-2.85

56-65 * 1 169 584 474 40.53 2.16 1.60-2.91

66-70 * 280 970 112 39.86 2.04 1.45-2.87

N, number workers; IR, incidence rate per 100,000 person-years; RR, relative risk; CI, confidence interval.

* In assessment of age as a risk factor, workers contribute person years across all age categories in which they belong during the course of the study,

thus the notion of ‘N’ as number of cases is not applicable in the same way for age as for all other factors.
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−2001) to 61.6 (2012−2016). The increase was predomi-

nantly accounted for by increased rates of fusion surgeries

with fixation (ICD10 surgery codes NAG 49 and NAG 79).

Individual factors

Incidence rates of ST-CS were highest among workers

in the 46−65 year age range, peaking around 55 for all

decades within the follow-up period (Fig. 2A). Workers

aged 46−65 had a RR of 2.1 compared with workers aged

26−35 (Table 2). There was an increased risk of ST-CS

with higher BMI and having ever been a smoker (Fig. 2C
Fig. 2. Individual factors (modelled as continuous variables) and relative risk for

shown for each time period, (B) height and (C) BMI.
and Table 2). No clear association was evident with height

(Fig. 2B and Table 2). Relative risks are presented for

individual factors as categorical variables in the appendix,

Table A.2.

Occupational exposure

Increased risk of ST-CS was evident for plumbers,

painters, drivers, and wood, concrete, sheet-metal, ground

preparatory, asphalt and glass workers compared with the

white collar and foreman workers in the reference group

(RR 1.36−2.19) (Appendix − Table A.3)
surgery due to cervical spondylosis (n=1381) from crude models: (A) age −



Table 3

Biomechanical exposure factors and relative risk for surgically treated cervical spondylosis. Poisson regression models adjusted for age, height, BMI, smok-

ing and date of surgery. All estimates are for frequency of time spent working in the listed postures/under the listed loads, as judged by the expert JEM raters

N Person-years Cases IR RR 95% CI

Biomechanical factors

Frequency of static non-neutral neck postures

Low 30 639 464 587 120 25.8 1 −
Moderate 153 233 2 537 447 956 37.7 1.40 1.15-1.69

High 53 797 938 000 305 32.5 1.27 1.03-1.58

Frequency of awkward neck postures

Low 30 639 464 587 120 25.8 1 −
Moderate 185 364 3 111 745 1116 35.9 1.35 1.11-1.63

High 21 666 363 702 145 39.9 1.52 1.19-1.95

Frequency of static extreme neck postures

Low 50 467 786 613 258 32.8 1 −
Moderate 168 150 2 826 041 992 35.1 1.07 0.93-1.23

High 19 052 327 380 131 40 1.25 1.01-1.54

Frequency of work with hands above the shoulders

Low 64 286 1 002 793 323 32.2 1 −
Moderate 154 331 2 609 861 927 35.5 1.13 1.00-1.29

High 19 052 327 380 131 40 1.30 1.06-1.6

Upper extremity loading (push/pull/lift)

Low 45 574 692 326 199 28.7 1 −
Moderate 101 367 1 726 115 602 34.9 1.25 1.06-1.47

High 90 728 1 521 593 580 38.1 1.35 1.15-1.59

Whole body vibration

None 106 978 1 711 087 610 35.6 1 -

Acceptable 103 434 1 817 858 616 33.9 0.98 0.88-1.10

High 27 257 411 089 155 37.7 1.03 0.86-1.23

Hand-arm vibration

None 213 500 3 557 290 1227 34.5 1 -

Acceptable 11 947 189 897 90 47.4 1.29 1.04-1.60

High 12 222 192 847 64 33.2 0.87 0.68-1.12

N, number workers; IR, incidence rate per 100,000 person-years; RR, relative risk; CI, confidence interval.
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High exposure to any of the posture or load biomechani-

cal factors - awkward or static extreme or non-neutral neck

postures, working with hands above shoulders or having

upper extremity loading - was associated with increased

risk of ST-CS, with RRs in the range 1.25−1.52 (Table 3).

Further, an exposure-response pattern was observed for all

posture and load factors except frequency of static non-neu-

tral neck postures. No association was found for vibration

exposed workers (either hand-arm or whole body) and

increased risk of ST-CS.

In the Q50 subgroup (29.4% of the cohort) from whom

self-reported data were obtained, there were 385 CS cases

(27.9% of the total case group); of these, 74.7% reported

neck pain, and 82.5% reported neck and/or shoulder pain.

The Q50 sub-group and the total study cohort had highly

similar distributions of individual factors and occupational

groups (Appendix tables A.4 and A.5).

The Q50 subgroup showed an exposure-response trend

for frequency of work with hands over shoulder height

(max RR = 1.86, 95% CI 1.30−2.67) (Table 4). Expo-

sure-response trends were also suggested for pain in the

preceding 12 months in both the neck (max RR 3.1, 95%

CI 2.18−4.30), and upper back (max RR 3.8, 95% CI

2.57−5.73). Workers reporting poor working conditions
for vibration exposure also showed increased risk (IR

1.67, 95% CI 1.10−2.54). No clear association was found

with variable work or shoulder pain in the preceding 12

months and ST-CS. Finally, the exposure-response trends

in this subgroup produced higher risk estimates for work-

ers with neck pain, which also increased with pain inten-

sity (Table 5).

Early disability

In the entire male “Byggh€alsan” construction worker

cohort, 14.8% (n=35 292) took early retirement via disabil-

ity pension and the mean age for start of early retirement

was 56.2 years. In comparison, the ST-CS case group had a

substantially higher rate of early retirement - 41.3%

(n=570) - and a lower mean age at start of early retirement

(53.2 years).

Discussion

This is the largest prospective cohort study to date to

assess occupational physical risk factors for surgically

treated cervical spondylosis (ST-CS: 1381 cases) and sub-

sequent disability leave. ST-CS was associated with occu-

pational exposure to non-neutral neck postures, working



Table 4

Self reported exposure and pain ratings and the relative risk for surgically treated cervical spondylosis in the Q50 sub-group of study cohort (N=69,402

including 386 cases) who provided self-reported exposure and pain information on health examination (1989-1995). Poisson regression models adjusted for

age, height, BMI, smoking, and date of surgery

N Person-years Cases IR RR 95% CI

Self-reported exposure

How often do you work with hands above shoulders?

Rarely 11 405 190 253 40 21.0 1 −
Quite rarely 5 768 100 850 25 24.8 1.21 0.73-2.00

Sometimes 15 629 272 354 91 33.4 1.66 1.14-2.41

Fairly often 18 160 321 189 120 37.4 1.86 1.30-2.67

Often 17 429 306 525 105 34.3 1.69 1.17-2.44

What do you think about your current work environment in terms of vibrations?

Good 22 090 385 470 103 26.7 1 −
Fairly good 13 706 242 871 86 35.4 1.32 0.99-1.76

Acceptable 20 545 357 508 109 30.5 1.11 0.85-1.46

Pretty bad 6 207 107 034 35 32.7 1.18 0.80-1.73

Bad 3 406 57 771 28 48.5 1.67 1.10-2.54

Is your work varied?

Rarely 1 835 30 706 10 32.6 1 −
Quite rarely 3 087 54 198 16 29.5 0.94 0.43-2.06

Sometimes 13 946 246 415 73 29.6 0.96 0.49-1.85

Fairly often 25 302 445 013 122 27.4 0.90 0.47-1.71

Often 24 460 418 232 157 37.5 1.22 0.64-2.31

Self-reported pain/discomfort

Frequency of neck pain/ache/discomfort during the last 12 months

Never 25 321 454 050 98 21.6 1 −
Rarely 12 468 220 881 62 28.1 1.29 0.94-1.77

Sometimes 17 694 305 151 90 29.5 1.32 0.99-1.76

Often 6 884 114 468 67 58.5 2.57 1.87-3.51

Very often 4 987 76 835 53 69.0 3.06 2.18-4.30

Frequency of shoulder pain/ache/discomfort during the last 12 months

Rarely 1 835 30 706 10 32.6 1 −
Quite rarely 3 087 54 198 16 29.5 0.94 0.43-2.06

Sometimes 13 946 246 415 73 29.6 0.96 0.49-1.85

Fairly often 25 302 445 013 122 27.4 0.90 0.47-1.71

Often 24 460 418 232 157 37.5 1.22 0.64-2.31

Frequency of upper back pain/ache/discomfort during the last 12 months

Never 33 332 592 717 141 23.8 1 −
Rarely 16 103 275 713 78 28.3 1.16 0.88-1.53

Sometimes 11 591 198 789 78 39.2 1.60 1.22-2.12

Often 3 372 57 513 30 52.2 2.09 1.41-3.10

Very often 1 874 30 296 29 95.7 3.84 2.57-5.73

N, number workers; IR, incidence rate per 100,000 person-years; RR, relative risk; CI, confidence interval.

Table 5

Self-reported ratings of neck pain and exposure to work with elevated arms and the relative risk for surgically treated cervical spondylosis in the Q50 sub-

group of study cohort (N=69,402 including 386 cases). Poisson regression models adjusted for age, height, BMI, smoking and date of surgery

Neck pain in last

12 months

Frequency of work with

hands above shoulders

N Person-years Cases IR RR 95% CI

Never Rarely/quite rarely 10 965 189 824 31 16.3 1 −
Sometimes 9 518 170 967 51 29.8 1.87 1.19-2.92

Fairly often/often 167 88 306 028 76 24.8 1.56 1.03-2.38

Rarely/sometimes Rarely/quite rarely 3 577 59 854 13 21.7 1.29 0.68-2.47

Sometimes 3 713 62 711 19 30.3 1.81 1.02-3.21

Fairly often/often 10 185 179 304 57 31.8 1.92 1.24-2.98

Often/very often Rarely/quite rarely 2 147 33 352 18 54.0 3.10 1.73-5.56

Sometimes 1 906 30 305 16 52.8 3.10 1.69-5.67

Fairly often/often 7 577 124 397 85 68.3 4.05 2.68-6.12
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with the hands above shoulder height, and upper extremity

loading (RRs 1.25−1.52). An increased risk was also

observed for workers who reported neck (RR 2.57- 3.06)

and upper back pain (RR = 2.09−3.84) in the 12 months

prior to survey. Work with hands elevated had a higher

increase in risk among those who also had more frequent

neck pain. Finally, ST-CS cases took early retirement more

often (41.3%) and at a younger age (53 years) than the total

study cohort (14.8% and 56 years of age, respectively).

Surgical treatment was a proxy for a conclusive diagno-

sis. Surgery is typically reserved for cases with intractable

pain, progressive neurological deficits, and indications of

spinal cord involvement. The strict case definition would

have under-counted the total number of construction work-

ers with CS, as some would have avoided surgery. There

could be some case misclassification in the register; this

would likely be non-differential in regard to exposures and

hence tending to decrease the RR estimate.

Biomechanical exposures were assessed using a cohort-

specific JEM. Two raters independently evaluated historical

records from ergonomists who detailed biomechanical expo-

sures and tasks for each job title; this has been deemed the

best available method for retrospective exposure assessment

in cohort studies [27]. The original exposure evaluations

were insufficient to facilitate comparison of specific bio-

mechanical factors, such as specific neck postures or periods

of static loading. Since the exposure factors in the JEM

assess overlapping aspects, they are highly correlated. It is

therefore difficult to isolate the influence of any individual

factor (eg, static duration vs angle of non-neutral posture).

The results must be viewed as proxies for complex exposure

patterns and should not be interpreted simply as individual

exposure−response associations for a given factor. The

exposure factors also lack specificity for cumulative expo-

sure or latency from first exposure to the date of surgery.

JEM ratings were made at the group level and thus did

not account for any individual differences in work strategies

or specific job assignments. JEM exposures were assigned

using the job title reported at the first health examination,

without adjustment for any potential changes in job during

follow up. In Sweden, a large proportion of construction

employees are skilled workers with relatively high income

compared to other blue-collar workers, so they tend to stay

in the industry. Still, it is likely that some workers changed

jobs (trades), and also that the jobs themselves changed

over time due to different work methods and technologies.

No such changes were assessed or recorded, so they could

not be reflected in the JEM. Further, workers who were sen-

sitive to neck exposure or pain may have changed jobs ear-

lier in their careers, resulting in an over-representation of

non-sensitive persons − a so-called healthy survivor effect

[28,29]. All the above limitations would tend towards an

attenuated estimate of the risk. Any resulting over-estima-

tion in person-time of observation would lead to under-esti-

mation of disease rates. Adjustments were made in the
statistical analysis for potential confounders where data

were available, but the direction and magnitude of residual

confounding bias is difficult to assess.

In a highly representative subgroup of the study cohort

(n=69,402) with self-reported exposure and pain, risk of

ST-CS was associated with time spent working with hands

above shoulder height as measured both by JEM and self-

report. The minor difference in RR magnitude could result

either from JEM misclassification leading to underesti-

mated risk or from systematic underestimation of exposures

by workers leading to an inflated RR for self-reported data.

Self-reported exposure to vibration, which did not distin-

guish between WBV and HAV, also suggested increased

risk for ST-CS. This is consistent with an older report of

increased risk of cervical disc herniation among profes-

sional drivers [30], although it was not confirmed by the

JEM metrics where WBV and HAV were assessed sepa-

rately.

The incidence rate for ST-CS was slightly lower than the

concurrent national Swedish rate for males in the same age

range; however, the national database includes repeated

cases, while we considered only the first surgical treatment.

Similar to some previous studies, we found that rates of sur-

gically treated CS demonstrated an inverted U-shape with

age [14,16,18] −showing a peak around age 55 in the pres-

ent study. Workers with a history of smoking (current or

former smokers at health examination) showed higher risk

for ST-C which is in line with associations preciously

shown with smoking and neck pain [31] and smoking and

cervical disc degeneration [32]. In the present, study BMI

was also shown to be a risk factor for ST-CS. While consis-

tent associations between BMI and pain have previously

been demonstrated in the lumbar back region [33,34], evi-

dence for the effect of body weight status on risk of cervical

disorders or neck pain is less conclusive. Our finding of

increased risk for ST-CS with increased BMI is in agree-

ment with the positive trends [35,36] and associations [37]

reported to date between obesity and cervical disc disorders

and/or neck and/or shoulder pain. As obesity is a counter-

indicator for surgery due to increased risk for poor post-

operative outcomes [38−40], this may have led to underes-

timation of the risk in our cohort. Our data lend support to

the notion of preventive measures aimed at reducing the

incidence of overweight and obesity and support the

hypothesis that obesity adds to the burden of neck pain and

intervertebral disc disorders. The physiological mechanism

behind the increased risk of higher BMI remains unclear.

Our data did not confirm shorter stature as a risk factor [14

−16,41].
Findings from the biomechanical risk factor analyses are

in line with previously identified occupational risk factors

for neck pain, namely, non-neutral neck postures [9,10] and

heavy load in in the hands [14]. In light of the very limited

CS literature, our findings are notable given they identify

that the same risk factors are specifically implicated
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prospectively for symptomatic CS with the surgical out-

come case definition.

The association between biomechanical exposure and

risk of ST-CS may reflect both risk factors for the onset of

CS and prognostic factors for workers who had previously

developed symptoms. Decreasing non-neutral neck postures

and work with hands above the shoulders is therefore

salient for primary prevention as well as secondary and ter-

tiary prevention of CS. This recommendation to reduce

mechanical loading is in line with the broader ergonomic

literature on preventing work-related neck disorders

[42,43]. The combinatory effect of frequent work with

hands above shoulder height and frequent neck pain under-

lined the importance of neck pain as a prognostic factor.

This finding stresses the importance of systematic health

assessment within primary or occupational care and early

preventative action to reduce associated work place expo-

sures to mitigate disease progression and early labour mar-

ket exit due to disability.
Conclusion

Occupational exposure to non-neutral neck postures,

working with hands above shoulders and high loads born

through the upper extremities were associated with

increased risk for surgical treatment of cervical spondylosis

and early retirement due to disability. Decreasing postural

and load exposure is salient for primary, secondary, and ter-

tiary prevention of CS. Neck pain was shown to be a prog-

nostic factor for ST-CS, which stresses the importance of

systematic health assessment within primary or occupa-

tional care and early preventative action to reduce work-

place exposures to mitigate disease progression and early

labor market exit.
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