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Abstract

Background: Internationally, elective spinal surgery rates in workers’ compensation populations are high, as are
reoperation rates, while return-to-work rates following spinal surgery are low. Little information is available from
Australia. The aim of this study was to describe the rates, costs, return to work and reoperation following elective
spinal surgery in the workers’ compensation population in New South Wales (NSW), Australia.

Methods: This retrospective cohort study used administrative data from the State Insurance Regulatory Authority,
the government organisation responsible for regulating and administering workers’ compensation insurance in
NSW. These data cover all workers’ compensation-insured workers in New South Wales (over 3 million workers/
year). We identified a cohort of insured workers who underwent elective spinal surgery (fusion or decompression)
between January 1, 2010 and December 31, 2018. People who underwent surgery for spinal fracture or dislocation,
or who had sustained a traumatic brain injury were excluded. The main outcome measures were annual spinal
surgery rates, cost of the surgical episode, cumulative costs (surgical, hospital, medical and physical therapy) to 2
years post-surgery, and reoperation and return-to-work rates 2 years post-surgery.

Results: There were 9343 eligible claims (39.1 % fusion; 59.9 % decompression); claimants were predominantly male
(75 %) with a mean age of 43 (range 18 to 75) years. Spinal surgery rates ranged from 15 to 29 surgeries per
100,000 workers per year, fell from 2011-12 to 2014-15 and rose thereafter. The average cost in Australian dollars for
a surgical episode was $46,000 for a spinal fusion and $20,000 for a decompression. Two years post-fusion, only
19 % of people had returned to work at full capacity; 39 % after decompression. Nineteen percent of patients
underwent additional spinal surgery within 2 years of the index surgery, to a maximum of 5 additional surgeries.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: adriane.lewin@unsw.edu.au
1South Western Sydney Clinical School, UNSW; Whitlam Orthopaedic
Research Centre, Ingham Institute for Applied Medical Research, NSW,
Liverpool, Australia
Full list of author information is available at the end of the article

Lewin et al. BMC Health Services Research          (2021) 21:955 
https://doi.org/10.1186/s12913-021-06900-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-021-06900-8&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:adriane.lewin@unsw.edu.au


Conclusion: Rates of workers’ compensation-funded spinal surgery did not rise significantly during the study
period, but reoperation rates are high and return-to-work rates are low in this population at 2 years post- surgery.
In the context of the poor evidence base supporting lumbar fusion surgery, the high cost, increasing rates, and the
increased likelihood of poor outcomes in the workers’ compensation population, we question the value of this
procedure in this setting.

Keywords: Spine, Spinal, Surgery, Workers’ compensation, Outcomes, Cost, Return to work, Reoperation, Elective,
Fusion, Decompression

Background
There is little high-quality evidence supporting the ef-
fectiveness of spinal fusion surgery for most indica-
tions; spinal decompression surgery also has limited
evidence [1, 2]. Related to this lack of evidence, prac-
tice variation for spinal surgery is high in Australia.
Practice or geographic variation in surgery refers to
different rates of surgical procedures between com-
parable populations. Unwarranted variation arises
where there is uncertainty or a lack of evidence re-
garding the effectiveness or clinical indications for a
surgery. The geographic areas with the highest rates
of lumbar fusion perform surgery at a rate seven
times that of the areas with the lowest rates; this dif-
ference is five-fold for lumbar decompression. This
geographic variation may reflect low-value care that is
not evidence based [3]. In addition, there is consider-
able between-surgeon variability in surgical technique
and indications for many spinal procedures [4]. Inter-
nationally, rates of spinal surgery are increasing [5–
12]. In Australia, the rate of lumbar fusion performed
in the private sector increased by 175 % between 1997
and 2006 [6]. In 2012-13, the total cost of spinal fu-
sion in Australia was AUD 650 million for approxi-
mately 14,000 surgeries, making it the most expensive
reimbursed procedure in terms of cost per surgery
and the fourth highest overall cost behind knee and
hip replacements and childbirth [3]. Internationally,
reoperation rates are high and return-to-work rates
are low [5, 13–15].
Outcomes after spinal surgery are worse in the Workers’

Compensation-insured population compared to non-
compensated groups [16, 17]. Authors of a 2012 study of
476 patients treated under workers’ compensation in
NSW found low return-to-work rates, and high rates of
ongoing physiotherapy and opioid use two years after
lumbar spinal surgery [13]. Otherwise, little work has
measured the use and outcomes of elective spinal surgery
in the Workers’ Compensation population in Australia.
The aim of this study was to provide an accurate

measure of the rates, costs, return to work and reop-
eration following elective spinal surgery in a popula-
tion of insured workers in NSW, Australia from 2010
to 2018.

Methods
Study design, setting and participants
For this retrospective cohort study, we used administra-
tive data from the State Insurance Regulatory Agency
(SIRA) to identify all adult workers (aged ≥ 18 years)
who underwent workers’ compensation-funded elective
spinal surgery in the Australian state of New South
Wales (NSW) between January 1, 2010 and December
31, 2018, with follow-up to December 31, 2018. We ex-
cluded workers who sustained a traumatic brain injury
as well as those with any missing cost or surgical data.
To identify elective surgeries, we excluded claims for
fracture or dislocation as they indicate trauma (Supple-
mental Table S1). This research involved deidentified
administrative individual-level patient data, and was per-
formed in accordance with the Declaration of Helsinki;
ethical approval was granted by the South Western Syd-
ney Local Health District Human Research Ethics Com-
mittee (HREC/16/LPOOL/189; LPN HE16/097).

Data Source
SIRA (www.sira.nsw.gov.au) is the government organisa-
tion responsible for regulating and administering
workers’ compensation insurance in NSW and for en-
suring that people who experience workplace injuries
have access to treatment. Databases held by SIRA cap-
ture injury date, nature and bodily location of injury;
type, cost and date of treatment received and work sta-
tus for all claims; data are updated regularly by the in-
surer until the claim is closed. No other data sources
were used in this study. Treatment type includes billing
by medical professionals using the Australian Medical
Association (AMA) List of Medical Services and Fees
and items for medical and allied health services (e.g.
physiotherapy) specific to SIRA. Work status is recorded
monthly by the insurer while a claim remains open and
identifies whether a claimant is working at full capacity,
working at reduced capacity, not working, retired or de-
ceased. An internal audit of data quality found 97 % of
surgical items were billed appropriately.

Case ascertainment
Using item numbers from the AMA fees list we identi-
fied fusion, disc replacement and decompression surgery
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(Supplemental Table S2). We used a hierarchical defin-
ition for surgery type: any surgery including fusion (i.e.,
fusion with or without disc replacement and/or decom-
pression) was classified as a fusion; a disc replacement
with or without decompression was classified as a disc
replacement; and decompression alone was classified as
decompression. We identified spine region (cervical,
lumbar), using item descriptions in the AMA fees list
and the ‘bodily location of injury’ variable captured by
SIRA (Supplemental Table S3).

Rates, costs and outcomes
SIRA supplied denominator data on the total number of
insured workers in NSW by fiscal year, allowing calcula-
tion of spinal surgery rates.
We identified four cost categories: direct surgical costs

(surgical item numbers from the AMA Fees List); med-
ical treatment (pharmacy, anaesthesia, imaging, path-
ology, specialist consultations, diagnostic procedures,
intensive care unit procedures, general practitioner ser-
vices, public hospital medical reports/health records,
surgical assistant); hospital costs (private/public bedstay,
private operating theatre fees, surgeon instrument fees,
surgical items, other therapies/treatments (prosthesis
fees)); and physical treatment (chiropractic, exercise

physiology, rehabilitation, osteopathy, physiotherapy,
massage, other allied health). Total episode-of-surgery
cost comprised surgical billing plus medical and hospital
costs; costs calculated up to two years also included
physical treatment costs.
We defined return-to-work status at two years as the

work status nearest to but not exceeding the 24-months-
post-surgery date. We defined reoperation as any spinal
surgery with a surgery date after the initial spinal sur-
gery. People with > 1 open claim at the time of surgery
were excluded from the return- to-work analysis as it
could not be determined which of the claims was associ-
ated with work status.
Ascertainment of cumulative cost, return-to-work and

reoperation outcomes at 24 months post-surgery was re-
stricted to index surgeries at least 24 months prior to
the end of the study period (December 31, 2018) to
allow at least 2 years between spinal surgery and the end
of follow-up.

Statistical methods
Characteristics of the study cohort are presented as
means/medians or proportions, as appropriate. Surgery
rates were calculated as the number of surgeries in a
given fiscal year divided by the insured population for

Fig. 1 Study cohort

Table. 1 Characteristics of the study cohort by surgery type

Fusion Decompression

Overall N = 3690 claims N = 5653

Mean (SD) age, years 43 (10) 43 (11)

Male, n (%) 2650 (71.8) 4353 (77)

Median (IQR) time to surgery, months 26 (10, 63) 9 (4, 25)

Mean (SD) follow-up time, years 3.5 (2.1) 3.2 (2.2)

Working prior to surgery, n/N (%)a 1036/3183 (32.5) 1796/4538 (39.6)

SD standard deviation; IQR interquartile range
a Work status measured in the 31-day period prior to surgery; pre-operative work status was available for 86.2 % (3183/3690) of the fusion cohort and 80.3 %
(4538/5653) of the decompression cohort

Lewin et al. BMC Health Services Research          (2021) 21:955 Page 3 of 10



that year, presented per 100,000 insured workers. We
presented mean costs (Australian dollars [AUD]) to de-
scribe cost to the workers’ compensation system. Reop-
eration and return-to-work outcomes are presented as
proportions. Analyses to 24 months (cumulative costs,
return to work and reoperation) are restricted to surger-
ies at least 24 months prior to study end date to allow
adequate time for outcome ascertainment. All analyses
were performed using Stata, version 15 [18].

Results
Study Population
We used data from 9,762 spinal surgery claims (any
spine region) under the workers’ compensation scheme
in NSW that were active between January 1, 2010 and
December 31, 2018. We excluded 242 claims (n = 184
acute fracture/dislocation; n = 24 traumatic brain injury;
n = 22 aged under 18 years; and n = 12 with missing/in-
complete data), leaving 3,690 (38.8 %) fusion (with or
without decompression), 177 (1.9 %) disc replacement
and 5,653 (59.4 %) claims for decompression alone
(Fig. 1). Due to low disc replacement numbers, this ana-
lysis focuses on fusion and decompression, for a total of
9,343 claims. The cohort was predominantly male, com-
prising 72 % of fusion and 77 % of decompression claims.
The mean age was 43 (range 18 to 75) years; 91 people
(~ 1 %) were over 65. Median time from injury to sur-
gery was 26 months for fusion and 9 months for decom-
pression. Claims remained open for a mean 3.3 years
after spinal surgery, with individual follow-up times

ranging from 1 month to 9 years. In the 31-day period
preceding surgery, 33 % of fusion and 40 % of decom-
pression claimants were working (in either full or re-
duced capacity) though pre-operative work status was
only available for 83 % of the cohort (Table 1).

Surgery rates
Between fiscal years 2011-12 and 2015-16, spinal fusion
and decompression rates declined by 39 % (from 29 to
17 procedures per 100,000 person-years) and 43 % (from
24 to 15 procedures), respectively. Rates rose in the sub-
sequent two years to fiscal 2017-18: fusion by 41 % and
decompression by 26 % (Fig. 2).

Surgical, medical, hospital and physical treatment costs
The mean (standard deviation [SD]) total cost of a single
episode of surgery, including surgeon, hospital and med-
ical costs, was $46,288 (SD 22,112) for fusion and
$20,490 (SD 6,843) for decompression. Two years post-
surgery, the mean cumulative surgical, hospital, medical
and physical costs increased by 59 % to $74,560 (SD
42,915) for fusion and by 122 % to $45,487 (SD 32,501)
for decompression. Physical treatment such as physio-
therapy and rehabilitation added $11,069 and $10,576
for fusion and decompression, respectively (Fig. 3).

Reoperation rates
Reoperation rates were calculated for index surgeries
that occurred to December 31, 2016 to allow at least 2
years between spinal surgery and the end of follow-up.

Fig. 2 Rates of spinal fusion and decompression surgery by fiscal year, 2010-11 to 2017-18
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Two years after fusion surgery, 18 % (511/2,841) of
people had undergone at least one additional spinal sur-
gery, to a maximum of 5 reoperations. Reoperation was
20 % (906/4,485) following decompression surgery, with
a maximum of 4 additional surgeries within two years.

Return to work rates
Only 19 % of people were working at full capacity by
two years post-surgery following fusion, compared to
39 % following decompression. For both surgery types,
an additional 13 % were working at reduced capacity at
two years. Approximately 3 % of claimants retired or
died and thus were ineligible to return to work. The pro-
portion of people not working in any capacity at two

years was 64 % following fusion and 45 % after decom-
pression (Fig. 4; Supplemental Table S4).

Outcomes by spine region
We were able to establish region of surgery (cervical,
thoracic or lumbar) for 5,793 claims (62.0 % of the in-
cluded cohort; Fig. 5). Due to low numbers, we excluded
thoracic spinal surgery (n = 119; 1.3 % of the original eli-
gible cohort) from this analysis. People undergoing cer-
vical surgery were slightly older than those undergoing
lumbar surgery, with a mean age of 45.0 versus 41.2
years, respectively, for fusion, and 45.7 versus 41.6 for
decompression. Most spinal surgery patients were male,
regardless of spine region. Median (interquartile range
[IQR]) time from injury to surgery was shortest for

Fig. 3 Mean cost per patient for surgical episode (top) and cumulative costs to 24 months (bottom) by surgery type, Australian dollars
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lumbar decompression at 7.8 (4.0, 21.8) months, and
longest for lumbar fusion, at 32.3 (14.2, 82.3) months
(Table 2).
Results by spine region broadly mirrored those seen in

the overall cohort, though lumbar fusion was associated
with higher costs, higher reoperation rates and lower
return-to-work rates than cervical fusion. There was lit-
tle difference between cervical and lumbar decompres-
sion in terms of costs (Fig. 6), reoperation
(Supplemental Figure S1) or return to work (Fig. 7)

Discussion
In this study of the workers’ compensation population in
NSW, annual spinal surgery rates ranged from 15 to 29

surgeries per 100,000 workers, depending on surgery
type, increasing modestly since 2015. Within two years
of surgery, nearly one in five people had received at least
one reoperation, and 64 % of people had not returned to
work in any capacity after spinal fusion.
Our results are similar to those seen in prior research.

Spinal surgery rates have been increasing globally, both
in the workers’ compensation and general populations,
with the greatest increase seen in people over age 65, a
group who comprise only a small proportion of those
undergoing surgery insured by workers’ compensation
[5, 8, 19]. It is difficult to ascribe a clinical or demo-
graphic reason for the decline to 2015 and subsequent
rise in spinal surgery rates in NSW during the study
period, though 2015 marked the introduction of struc-
tural reforms in the administration and delivery of
workers’ compensation in NSW. This included the es-
tablishment of the State Insurance Regulatory Authority
- an independent insurance regulator - and the creation
of a new nominal insurance provider to deliver the
State’s insurance schemes [20]. This changed regulatory
environment, combined with a lack of clinical practice
guidelines for back pain and high practice variation in
elective spinal surgery may explain at least some of the
variability in spinal surgery rates over the study period.
The Second Australian Atlas of Healthcare Variation

(the Atlas) reported annual lumbar fusion rates (per
100,000 population) of 26 nationwide and 27 (range 12
to 47 by local area) in NSW from 2012-13 to 2014-15.
[21]. Another study reported lumbar fusion rates of 23.1
in 2006 in private hospitals in Australia and 20.5 for

Fig. 4 Return-to-work status at 24 months post-surgery by surgery type

Fig. 5 Study cohort with spine region data available
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NSW, with an additional 5.2 lumbar fusion surgeries
performed in public hospitals in NSW.[6] These are
comparable to fusion rates reported in our study, which
ranged from 15 to 24 (per 100,000 workers) annually be-
tween 2010 and 2018. The Atlas reported decompression
rates of 81 nationwide, and 85 (range 45 to 156 by local
area) in NSW, substantially higher than our results,
which ranged from 17 to 29 decompression surgeries
per 100,000 workers. There are a few possible explana-
tions. The rates of surgery reported in our study repre-
sent a subset of those reported in the Atlas, which
includes public, private and workers’ compensation-
funded surgeries. The Atlas counted surgeries rather
than individuals, whereas our study reported on individ-
uals as the unit of analysis; given the high reoperation
rate, this may explain some of the disparity. Finally, the
highest rates and biggest increases in lumbar surgery
occur in the population outside of that considered in
this study, people above age 65, whereas only 1 % of our
cohort was over 65. In Norway between 1999 and 2013,
lumbar decompression surgery increased 5-fold among
people over 75 years, reaching 167.8 surgeries per
100,000 in 2013 [5]. Similar findings have been reported
in the US [10, 19]. In a report on all spinal surgeries (~
31,000) undertaken in Japan in 2011, the most frequent
age group was 70–79 years, and 63.1 % of the cohort was
over 60 years of age in 2011, compared to 49 % in 2001.
Unfortunately, the Atlas does not report age-specific
rates, making a direct comparison impossible.
The cost of an episode of lumbar fusion in this study

was AUD 52,379, slightly higher than the AUD 43,000
reported by the Australian Commission on Safety and
Quality in Health Care in 2016 [3]. This may reflect the
higher amounts paid for workers’ compensation claims,
for which providers are reimbursed up to 150 % of the
AMA listed fees, which are in turn higher than the

government-subsidized fees listed in the Australian
Medical Benefits Schedule. Lumbar fusion costs rose to
AUD 81,297 at 24 months, which is lower than data
from the US at USD 72,000 to 90,000 [11, 22]. A cervical
fusion cost AUD 37,291 in this study compared to USD
42,401 in the US, the latter of which included physio-
therapy costs [23].
Previous studies have reported reoperation rates of

21 % after lumbar decompression and 23 % following
lumbar fusion, similar to our results [22, 24]. A NSW
study of 476 workers’ compensation patients found 9.2 %
of people underwent revision surgery at 24 months after
any lumbar surgery, though this may be an underesti-
mate as it was based on chart review without access to
the administrative data now available [13]. Reoperation
following cervical fusion was 15 % at two years in our
cohort, slightly higher than the 12 % seen in in other
studies [23, 25].
Authors of a 2015 systematic review found return to

work (RTW) at 40 % following lumbar fusion in the
workers’ compensation population, though duration of
follow-up was unclear, whereas a more recent study re-
ported 20 % RTW after 2 to 3 years [22, 26]. A smaller
study in a workers’ compensation cohort in NSW found
RTW after lumbar surgery was 50 %, with only 14 % of
patients working at pre-injury duties at 24 months (3 %
for lumbar fusion surgery). Further, 78 % of participants
were still undergoing treatment with physical therapy
and/or opioids at two years [13]. Results were similar in
our cohort, with 16 % working at full capacity and 13 %
at reduced capacity by two years after lumbar fusion.
Prior studies found higher rates of RTW after decom-
pression and after cervical fusion compared to lumbar
fusion, similar to the current study.
A strength of this study was the use of a large

population-based database covering over 3 million

Table. 2 Characteristics of the study cohort by surgery type and spine region

Fusion N = 2298 Decompression N = 3495

Cervical N = 701 N = 416

Mean (SD) age, years 45 (8.8) 45.7 (9.3)

Male, n (%) 476 (67.9) 333 (80)

Median (IQR) time to surgery, months 14.7 (5.8, 35.5) 10.2 (4.6, 25.4)

Mean (SD) follow-up time, years 3.3 (2.1) 3.2 (2.2)

Working prior to surgery, n/N (%)* 233/581 (40.1) 153/323 (47.3)

Lumbar N = 1597 N = 3079

Mean (SD) age, years 41.2 (10.3) 41.6 (11.4)

Male, n (%) 1176 (73.6) 2400 (77.9)

Median (IQR) time to surgery, months 32.3 (14.2, 82.3) 7.8 (4, 21.8)

Working prior to surgery, n/N (%)a 435/1412 (30.8) 985/2473 (39.8)

SD standard deviation; IQR interquartile range
aWork status measured in the 31-day period prior to surgery; pre-operative work status was available for 81 % of the cohort with spine region available
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workers annually in NSW over a 9-year period. SIRA is
the regulator of workers’ compensation in NSW and we
were unable to discern indication for surgery, though
spinal fractures and dislocations were excluded in order
to restrict our analysis to elective surgery. We were not
always able to determine whether any surgery subse-
quent to the initial spinal surgery occurred in the same

spine region due to data limitations, so it is possible that
some reoperations occurred at different levels. This
study did not have a control group, precluding compari-
son between our cohort and people with workplace-
related back pain who did not receive surgery. Finally,
the database does not capture patient-reported outcome
measures such as pain, function and quality of life,

Fig. 6 Mean cost per patient for surgical episode (top) and cumulative costs to 24 months (bottom), by surgery type and spine region
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which would add richness and depth to our results.
However the low rates of return to work and high rates
of reoperation provide indirect evidence that health-
related quality of life is likely undermined over the lon-
ger term (i.e., at least for two years) in this cohort.

Conclusions
This is the first comprehensive study to report on spinal
surgery outcomes in a workers’ compensation cohort at
a population level in Australia. In the context of the
poor evidence base supporting lumbar fusion surgery,
the high cost, increasing rates, and the increased likeli-
hood of poor outcomes in the workers’ compensation
population, we question the value of this procedure in
this setting. Consideration should be given to generating
better evidence through comparative studies to better
determine the effectiveness of this common and costly
procedure, and to using this procedure more judiciously.
Further work in this area would benefit from established
quality benchmarks.
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