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Abstract: Spinal surgeries to treat chronic low back pain (CLBP) have variable success rates, and
despite the significant personal and socioeconomic implications, we lack consensus for prognostic
factors. This systematic review and meta-analysis evaluated the evidence for preoperative predictors
of return to work (RTW) after spinal surgery for CLBP. We searched electronic databases and referen-
ces (January 1984 to March 2021), screened 2,622 unique citations, and included 8 reports (5 low and
3 high risk-of-bias) which involved adults with >3 months duration of CLBP with/without leg pain
undergoing first elective lumbar surgery with RTW assessed >3 months later. Narrative synthesis and
meta-analysis where possible found that individuals less likely to RTW were older (odds ratio
[OR] = .58; 95% confidence interval [Cl]: 0.46—0.72), not working before surgery, had longer sick leave
(OR = .95; 95% CI: 0.93—-0.97), higher physical workload, legal representation (OR =.61; 95% Cl: 0.53
—0.71), psychiatric comorbidities and depression (moderate quality-of-evidence, QoE), and longer
CLBP duration and opioid use (low QoE), independent of potential confounders. Low quality and
small number of studies limit our confidence in other associations. In conclusion, RTW after spinal sur-
gery for CLBP likely depends on sociodemographic and affective psychological factors, and poten-
tially also on symptom duration and opioid use.

Perspective: This systematic review and meta-analysis synthesizes and evaluates existing evi-
dence for preoperative predictors of return to work after spinal surgery for chronic low back pain.
Demonstrated associations between return to work and sociodemographic, health-related, and psy-
chological factors can inform clinical decision-making and guide further research.

© 2022 The Author(s). Published by Elsevier Inc. on behalf of United States Association for the Study of
Pain, Inc. This is an open access article under the CCBY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Low back pain affects 40% of people at some pointin
their lives®® and is the leading cause of years lived with
disability in the world.***> The personal and

socioeconomic burden is particularly high for persistent
or recurring low back pain, estimated to affect 60% of
people a year after an initial acute episode.?” When con-
servative treatment fails to reduce painful symptoms
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and improve function, surgical interventions can be con-
sidered to address the underlying spinal pathology.'*’
The previous decade has seen more than a twofold
increase in the number of lumbar spine surgeries per-
formed in the UK and US.**** While spinal surgery is
one of the most invasive and expensive approaches to
manage chronic low back pain (CLBP), its benefit is
often suboptimal. A minimal clinically important reduc-
tion in pain intensity is reported only by 60% of patients
undergoing first lumbar spine surgery*>>*>"*% and
long-term healthcare costs of CLBP that persists or recurs
after surgery are 50% higher than those for patients
without ongoing pain. Nearly 80% of the total cost of
low back pain can be attributed to indirect costs associ-
ated with work absence and productivity loss."

Indeed, return to work (RTW) rates after lumbar spine
surgery are highly variable (3—100%),3> partly due to
patient heterogeneity. ldentifying which factors can
reliably predict the likelihood of RTW could inform
development of clinical prediction models, facilitate
managing patients’ expectations, which are strongly
associated with work participation outcomes in CLBP
more generally,”® and help to determine the most bene-
ficial and cost-effective course of treatment based on
individual socioeconomic, health-related, and psycho-
logical characteristics. For example, preoperative cogni-
tive-behavioral therapy has been shown to improve
outcomes of spinal fusion surgery.*®

Two previous systematic reviews suggested that
patients who are older, female, have comorbidities and
longer symptom duration, who are not working before
surgery, have higher physical workload, occupational
mental stress, passive pain coping, or depression are less
likely to RTW after surgery for radiculopathy due to lum-
bar disc herniation.>>*** These results were almost all
based on single studies and could not be pooled for
meta-analysis. Insufficient or conflicting evidence regard-
ing prognosis of spinal surgery outcomes precludes devel-
opment of clinical guidelines on relevant predictors.’>>’
Furthermore, the existing reviews were restricted to a
specific population, while prognostic factors for RTW
may be common across different spinal pathologies and
surgical measures and thus provide stronger evidence for
the examined associations. Importantly, chances of recov-
ery and response to treatments decrease with longer
duration of low back pain.'*'8274252 \While this may
affect the prognosis of RTW,® so far there has been no
evidence synthesis focusing on surgical candidates with
CLBP. Therefore, we aimed to identify and evaluate pre-
operative predictors of RTW after spinal surgery for CLBP
with or without radicular pain.

Methods

This review was prospectively registered on PROS-
PERO (CRD42020180845) before commencing the
screening stage. Our methodology and reporting fol-
lowed the general principles for conducting reviews in
health care outlined in the Centre for Reviews and Dis-
semination (CRD) guidance’® and the Preferred
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Reporting Items for Systematic reviews and Meta-Analy-
ses (PRISMA).** The current article is 1 of the 2 planned
review papers on the predictors of spinal surgery out-
comes. The current paper focuses on predictors of
return to work, and the second paper concerns predic-
tors of patient-reported pain and disability outcomes.*’

Search Strategy

Electronic databases MEDLINE, EMBASE, PsycINFO,
CINAHL, and Cochrane Central Register of Controlled trials
(CENTRAL) were searched on April 08, 2020 and updated
March 29, 2021, following a search strategy developed in
collaboration with an information specialist (M.M.; for full
search strategy, see Supplementary Text S1). Search results
were exported to EndNote Library and deduplicated. A
manual search for additional primary studies was also con-
ducted through the reference lists of relevant systematic
reviews and included studies.®

Eligibility Criteria

Eligibility criteria are outlined according to a modi-
fied PICOTS format for reviews of prognostic studies
(Population, Index and Comparator prognostic factors,
Outcomes, Timing, Setting).*’

Population consisted of adults with CLBP, defined as
pain lasting or recurring for >3 months,3® with or with-
out lumbar radicular pain, defined as pain radiating to
the leg due to nerve root compression.”’ Only patients
undergoing primary lumbar or lumbosacral spine sur-
gery, without history of previous spinal surgery, were
eligible. We excluded spinal pathologies such as cancer /
tumor, inflammatory disease, infection, or trauma, as
well as spinal cord stimulator implantation, injections,
radiofrequency, chemical interventions, and studies
which investigated the impact of pre- or postoperative
interventions. There was no requirement for all patients
to be working before surgery.

Index prognostic factors included variables assessed
prior to surgery and investigated for their potential abil-
ity to predict RTW after surgery. Radiographic, genetic,
and any postoperative or intraoperative predictors were
beyond the scope of the current review and were
excluded, unless used as potential confounders. We
examined both adjusted prognostic effects from multi-
variate analyses, that is, independent effects of particu-
lar index prognostic factors over and above other (ie,
comparator) prognostic factors, and unadjusted prog-
nostic effects from univariate analyses, if reported.*’
There is no consensus on a minimum set of comparator
prognostic factors, therefore, this criterion did not
restrict study eligibility.

Eligible studies reported outcomes including RTW, as
an objective measure of functional recovery. Any defini-
tion of RTW was acceptable. The timing of outcome
assessment was >3 months after surgery, with no upper
limit. Study settings such as spinal surgery sites or regis-
tries of operated patients were eligible for inclusion.

Study designs had to allow investigation of associa-
tions between preoperative prognostic factors and
postoperative RTW outcomes, and could include
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randomized or nonrandomized controlled studies,
cohort, case-control, or registry-based studies, with pro-
spective or retrospective designs. Case reports and case
series were excluded as providing only low level of evi-
dence in prognosis research.>>®

Publication formats included original peer-reviewed
studies published between January 1984 (when diagno-
sis of spinal pathologies and surgical treatments could
be informed by magnetic resonance imaging)*® and
March 2021 in English language. Conference abstracts
or unpublished research were not included.

Study Selection

Titles and abstracts of deduplicated records, and then
full texts, were screened against the eligibility criteria by
2 independent reviewers (M.H. and R.D.) using a piloted
form. Disagreements were resolved by consensus or seek-
ing opinion from a third reviewer (M.W.) where neces-
sary. If eligibility was unclear based on the abstract, the
report was moved to full text screening. In case of uncer-
tainty about eligibility based on the information available
in the full text, supplement, and any related publications,
study authors were contacted to request additional
details. The selection process is illustrated in a PRISMA
diagram® (Fig 1) and presents the primary reasons for
exclusion recorded as the first category for which eligibil-
ity criteria were not met with certainty.

Data Extraction

A data extraction form was developed based on the
Checklist for Critical Appraisal and Data Extraction for

§ [Records identified through
=] £ 2935
5 database searching
%, Records removed -
g MEDLINE (Ovid) 572 before screening
- Embase 1309 Duplicate records 946
Cochrane (CENTRAL) 456
CINAHL 554
PsycINFO 44
Eﬂ | Records screened by i | l
c < 1989 Records excluded 1879
o title/abstract
&3
[Records sought for retrieval 110 |
Faltext re[fo'rt.s ?SSESSEd 110 | Reports excluded 91
for eligibility
Ineligible population 71
Ineligible predictors 4
Ineligible outcomes 9
Ineligible timing 0
Ineligible study design 7
Ineligible publication type 0
Other 0
T [ Studies included in review
° 21
= across all outcomes
£ [Reports of included studies 26
In process
Outcome: Pain
QOutcome: Disability

Outcome: Return to work
Studies included 6
Reports of included studies 8
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Systematic Reviews of Prognostic Factor Studies
(CHARMS-PF)*” and piloted by 2 independent reviewers
(M.H. and S.C.; for the final template, see Supplemen-
tary Table S1). Each reviewer then extracted the data
from half of the included reports and verified the accu-
racy of the data extracted by the other reviewer from
the remaining reports. Any inconsistencies were
resolved by discussion and consensus.

The following information was extracted from the
included reports: study design, setting, method and
time of participant recruitment and eligibility criteria,
baseline participant characteristics, type of surgery, sam-
ple size estimation, number of included participants and
participation rate, number, definition, method and time
of measurement of index and comparator prognostic
factors and outcomes, method of handling continuous
factors and missing data, response rate, reasons for loss
to follow-up and characteristics of lost participants,
analysis methods, assumptions, methods and criteria for
selecting predictors for and during multivariable model-
ling, adjusted and unadjusted effect estimates where
available, signs of selective reporting, appropriateness
of interpretation and discussion.”’

The desired common effect estimate for binary RTW
outcomes was odds ratio (OR) with confidence interval
(Cl) or standard error (SE), however, depending on the
analysis type, regression coefficients or mean differen-
ces were also extracted. Where the desired effect esti-
mates were not provided, we calculated these from
available data (eg, 2 x 2 tables or means and standard
deviations) or transformed the reported estimates using
effect size calculators.’>%3°

Additional records identified

through other sources 1037

Records removed
before screening
Duplicate records 404

Citation searching 1037 A0d

| Records screened by Records excluded 569

title/abstract 633 l |

[ Records sought for retrieval 64 |

| Full-text reports assessed

for eligibility 64 ‘ Reports excluded 57

S

P ONOR WO

Ineligible population
Ineligible predictors
Ineligible outcomes

Ineligible timing

Ineligible study design
Ineligible publication type
Other

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.**
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Risk of Bias Assessment

Risk of bias (RoB) of included reports was assessed
using the Quality in Prognosis Studies (QUIPS)
tool?"?*?% in 6 domains, each rated as being at high,
moderate, or low RoB: study participation, study attri-
tion, prognostic factor measurement, outcome mea-
surement, study confounding, and statistical analysis
and reporting. RoB ratings were guided by prompting
items suggested by Grooten et al’' and adapted to the
current review question (for the final QUIPS template,
see Supplementary Table S2). Two reviewers (M.H. and
S.C.) independently assessed half of the included
reports, and each checked the judgements of the other
reviewer for agreement or domains with unclear RoB.
Any inconsistencies were resolved by discussion and con-
sensus. Finally, the overall ‘low’ or ‘high’ RoB ratings
were assigned to each report, reflecting whether all
QUIPS domains had low-moderate RoB (‘low’), or if >1
domain had high RoB (‘high’).? Results of QUIPS assess-
ment were considered during synthesis of the results
and grading the quality of evidence.

Data Synthesis

Where there was sufficient and appropriate data for
quantitative synthesis, we performed meta-analysis of
the effects of index prognostic factors on RTW. Analyses
were conducted in R software using meta package.”*®
A minimum of 2 studies reporting data on the same pre-
dictor were required to pool the results. Precalculated
prognostic effect estimates (ORs with SE or 95% Cl) of
included factors were pooled using random effects
generic inverse variance. Random effects models were
preferred as a degree of clinical and methodological
heterogeneity was present among the included studies.
The results of each meta-analysis were presented in a
forest plot as pooled estimate of the average effect of
the predictor with 95% Cl and estimates of statistical
heterogeneity (1> and tau®). Tau? was estimated using
Paule-Mandel procedure as a recommended method
when outcomes are binary and the number of pooled
studies is small.>>* Substantial between-study heteroge-
neity was indicated by 1 >75% or 95% Cl of tau® not
including 0 and P < .05.3" Meta-analyses were perform-
ed for the following candidate predictors deemed suit-
able for quantitative synthesis: age, gender, marital
status, work status, duration of sick leave, worker’s com-
pensation, legal representation, income, disability, and
symptom duration. For a large proportion of these asso-
ciations, only unadjusted effect estimates could be
pooled. Due to small number of studies contributing to
each meta-analysis, we did not conduct sensitivity analy-
ses that would include only low RoB studies.

Meta-analyses were not conducted for other associa-
tions due to methodological heterogeneity or insuf-
ficient data. Specifically, it was not possible to
quantitatively combine evidence from adjusted and
unadjusted analyses, and with different definitions of
predictors (eg, timescales of opioid use and other anal-
gesics). Insufficient results reporting (missing effect esti-
mates and / or their precision), and only single studies
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contributing evidence for certain associations (eg, per-
sonality traits / disorders, pain-related psychological
factors), further prevented meta-analyses.

Since quantitative synthesis was only possible for
some predictors, we included a tabular summary of all
extracted adjusted and unadjusted associations with
RTW, with a narrative synthesis of the findings. This syn-
thesis presented the number of studies investigating
each association of interest, the magnitude and direc-
tion of any reported effects, and assessed the consis-
tency of available evidence between contributing
studies. The evaluation of the findings also accounted
for the RoB judgements at the study and outcome level.

Grading of Evidence

Grading of Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) framework?? adapted
for reviews of prognostic studies®® guided the evalua-
tion of the quality of evidence for associations between
predictor categories and RTW. Two reviewers (M.H. and
M.C.) collaboratively determined the overall quality of
evidence as high, moderate, low, or very low, respec-
tively reflecting high, moderate, limited, and very lim-
ited confidence that the true effect lies close to the
observed estimate of that effect.??

The starting quality of evidence depended on the
phase of investigation, specifically, it was high for
phase-3 and phase-2 studies (assessing prognostic path-
ways / mechanisms, and independent associations
between hypothesized predictor and outcome, respec-
tively), and moderate for phase-1 studies (exploring
potential associations between prognostic factors and
outcome).>* If any hypotheses-driven studies presented
only unadjusted analyses or investigated broad classes
of multiple predictors, they were classified as phase-1.
Following the recommendations by Huguet et al,** the
starting quality rating could be downgraded for severe
study limitations (due to dominant evidence from high
RoB studies or unadjusted analyses), clinically meaning-
ful inconsistency in the effect estimates, indirectness
(eg, if it was not possible to verify chronic pain status of
all included participants), imprecision (due to inade-
quate sample size or insufficient results reporting), and
publication bias (if certain relationship was investigated
in <4 studies); and upgraded if moderate (OR >2.5 or
<0.4) or large (OR >4.25 or <0.24) effect size, or ‘dose’
effect (where higher levels of the predictor would lead
to greater effect sizes) were present, resulting in an
overall quality rating.

Results
Study Selection

We screened 2,622 unique records and their flow
through the selection process is illustrated in Figure 1. A
list of excluded articles with reasons is provided in Sup-
plementary Text S2. The most common reason for exclu-
sion was ineligible population where patients without
chronic pain or those who underwent previous spinal
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surgery were included. We were not able to confirm
the chronic pain status of all participants in 3 studies,
however, available average symptom duration data sug-
gested that they were likely eligible.*'®%? This uncer-
tainty was taken into account during the evaluation of
the quality of evidence. Studies without any informa-
tion about symptom duration, or surrogate indicators
such as duration of conservative treatment, were
excluded. Reports that assessed surgical and nonsurgical
cohorts were included if data specific to eligible surgical
group could be extracted.?**" Overall, 8 eligible reports
of 6 studies assessing predictors of RTW after surgery
were included in the current review.

Study Characteristics

Table 1 provides an overview of study characteristics.
Five reports were based on prospective studies (2
single->*° and 3 multicenter'®?32%), Since 2 of them ana-
lyzed the same participants from the Swedish Lumbar
Spine Study, we considered them to reflect a single
cohort.>*>?* Three reports included retrospective cohorts
from the Ohio Bureau of Workers' Compensation.**"4?
They used the data from overlapping time periods,
therefore, 2 reports that focused on fusion surgery were
considered to correspond to a single cohort,**" while
another report on single-level discectomy was consid-
ered to reflect a separate cohort.*” Three of the
included studies were based in the United States and
the remaining ones in the Netherlands, Sweden, and
Switzerland. The most common pathologies were disc
herniation, degenerative disc disease and spondylosis,
and surgical measures included fusion and discectomy.
All participants were employed prior to surgery, except
for Haag's study (86% employed),”>?* and unclear
employment status in Anderson’s 2006 study as not
working could also refer to being on sick leave.” Most
studies defined RTW outcome as return to any (part- /
full-time) work, 2 required RTW to be sustained for >6
months, and 1 considered only RTW in full capacity rela-
tive to before symptom onset. Follow-up duration
ranged from 6 to 36 months, and RTW rates were
between 26% and 90% across included studies.

Risk of Bias in Included Studies

The reviewers made consistent RoB judgements
on 83% of QUIPS domain ratings, with Cohen’s
kappa = .70, 95% Cl: 0.52 to 0.88, suggesting substantial
agreement,*'? before they reached final consensus. RoB
ratings in each domain across all reports are illustrated
in Figure 2. Overall, 5 reports were judged to have low,
and 3 high RoB (where at least 1 QUIPS domain was
rated as high).’

Most reports had low RoB in study participation,
prognostic factor and outcome measurement, study
confounding, and statistical analysis and reporting
domains. Moderate RoB in study attrition domain in
almost all included reports resulted from missing infor-
mation about reasons for and / or characteristics of par-
ticipants lost to follow-up, despite overall high attrition

Predictors of Return to Work After Spinal Surgery

rates (min. 81% and >90% in most studies). RoB in 2
studies that retrospectively recruited only participants
with complete follow-up®*? was also rated as moderate.
Serious study limitations were identified in study partici-
pation, confounding, and statistical analysis and report-
ing domains in single studies. Specifically, high RoB in
these domains was due to insufficient information
regarding baseline characteristics, recruitment setting,
and number of screened participants;” not adjusting for
any confounders;** and missing information about sta-
tistical assumptions and partial results reporting.*’

Results of Syntheses

Predictors of RTW were examined in 6 unique patient
cohorts (4616 participants in total). Table 2 details the
results for the associations analyzed in each included
study. Where both adjusted and unadjusted effects
were available, we only present the synthesis of inde-
pendent associations below. Synthesis of unadjusted
relationships can be found in Supplementary Text S3.

Sociodemographic Predictors of RTW

Five studies (6 reports) investigated the associations
between demographic and socioeconomic factors and
RTW in 5 cohorts including a total of 4,574 unique
patients.

Older age was an independent negative predictor of
RTW in 2 low RoB studies*?* but not in another high
RoB study reporting adjusted analysis.” This observed
inconsistency does not appear to be explained by sam-
ple characteristics, specific RTW criteria, duration of fol-
low-up, or whether age was analyzed as a continuous
or categorical factor; however, this discrepancy is
unlikely to be clinically meaningful, and low RoB studies
that did find a significant effect of age consistently
reported its negative direction (including in unadjusted
analyses). The pooled adjusted effect of age (defined as
a categorical predictor, >48 or >50 years) supported a
significant negative association (Fig 3A).

The independent effect of preoperative work status
on RTW was examined in 1 phase-2 high RoB study,
which found a large positive effect of working before
surgery.®

Three low RoB studies assessed the prognostic value
of being on sick leave and / or its duration for RTW out-
comes in adjusted analyses. Inability to continue work-
ing during the week before surgery negatively
predicted RTW (small effect).” Longer duration of sick
leave was also a negative predictor of RTW in 3 studies
(small effects),'®?>*" however, its independent effect in
1 study did not reach statistical significance.'® Pooled
adjusted OR of sick leave duration indicated a signifi-
cant small negative effect on RTW (Fig 3B).

A relationship between having legal representation
and RTW was assessed in 2 low RoB studies, both report-
ing small-moderate negative effects in adjusted
analyses.**"*? pooled adjusted OR was consistent with
a significant small negative effect of having legal repre-
sentation on RTW (Fig 3Q).



Table 1. Study Characteristics

Stupy ID, sETTING Stupy TYPE

PoruLATION

INCLUSION / EXCLUSION CRITERIA'

SAMPLE CHARACTERISTICS DiaGNOSIs (PATHOLOGY) SURGERY (TYPE, LEVELS)

INDEX & COMPARATOR
PROGNOSTIC FACTORS*

MEAsuRes

Ourcomes* TiMiNG

Measure (RTW RATE) FoLLow-up (RESP. RATE)

Anderson 2006;° Ortho-
pedic Surgery and
Rehabilitation Depart-
ment, University Hospi-
tal
(US)

Anderson 2015%;* Ohio
Bureau of Workers'
Compensation (US)

Prospective cohort

Retrospective cohort
(registry-based)

Den Boer 2006; '© 4 Hos-
pitals (the Netherlands)

Prospective cohort,
post hoc analysis

Hagg 2003%%* 19 Ortho-
pedic Departments
(Sweden)

RCT, post hoc
analysis

Hagg 2003¢%° 19 Ortho-
pedic Departments
(Sweden)

Exclusion: significant psychosocial
abnormalities upon psychologi-
cal assessment

Inclusion: fusion between 1993
and 2013, >3y follow-up avail-
able; Exclusion: smoking, per-
manent disability

Inclusion: failure of conservative
treatment, employed before the
symptom onset; Exclusion: phys-
ical comorbidity that could inter-
fere with postoperative
rehabilitation

Inclusion: severe chronic LBP, >2 'y
duration, back pain more severe
than leg pain, no radiculopathy,
>1y of sick leave / equivalent
disability / failed conservative
treatment, >7/10 Function and
Working Disability Score; Exclu-
sion: psychiatric illness, spondy-
lolisthesis, spinal stenosis,
painful and disabling arthritic hip
joints

N = 106; Age <48 and
>48; Duration >6 mo;
47% working

Discogenic LBP Anterior lumbar interbody

fusion

57% disc herniation,
51% lumbar sprain,
28% degenerative disc
disease, 17% spondylo-
listhesis, 13% radicul-
opathy, 10% spinal
stenosis, 7% spondylo-
sis, 2% spondylolysis,
<1% scoliosis

Disc herniation with
radiculopathy

Fusion (68% 1-level, 32%
multilevel; 34% instru-
mented, 16% device,
41% instrumented and
device, 9%
noninstrumented)

N =2,799; Age M =43,
SD =10; 72% male;
Duration M = 25.5,
SD =20.64 mo; 100%
employed, 12% work-
ing week before
surgery

N =182; Age 19to 61,
M =41; 59% male;
Duration M = 9.25,
SD =7 mo; 100%
employed, on sick leave
M =14, SD =20 wk

Disc surgery

Posterolateral fusion
(67% instrumented,
33% noninstrumented)

N =201; Age 25 to 64,
M=43,SD =8;49%
male; Duration 24
—408, M =94.08,

SD =81.84 mo; 86%
employed, 91% on sick
leave, M = 25, SD = 30
mo

Degenerative spondylosis

Work status at time of surgery;
Smoking; Gender; Worker’s
compensation; Age; Baseline
pain; Baseline disability; Levels
fused; Cage type

Depression; Working before sur-
gery; Age; Opioid use before
surgery; Legal representation;
Spinal pathology; Lumbar sur-
gery after index fusion; Type of
fusion; Graft type

Education level; Baseline disability;
Neurological deficits; Postopera-
tive pain intensity; Fear of move-
ment; Pain coping; Physical
workload; Job satisfaction;
Duration of sick leave; Age;
Gender; Baseline pain; Symptom
onset; Medication; Duration of
current pain episode; Outcome
expectations

Pain drawing

Age; Gender; Occupation; Work
status; Marital status; Comor-
bidity; Worker's compensation;
Duration of back pain; Duration
of sick leave; Smoking; Personal-
ity traits (neuroticism, aggres-
siveness, social introversion,
impulsiveness); Personality disor-
ders; Depressive symptoms; Pain

Working, including home- 24 mo (81%)
maker / students
resuming duties and
return to different work
/ with restrictions
(67%)
Return to work within 2y 36 mo (100%)
sustained for >6 mo
(32%)

Return to work in full
capacity, relative to
before symptom onset
(78%)

6 mo (91%)

Working part-/ full-time 24 mo (91%)

(38%)

le 18 expljeH
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(continued on next page)m



Table 1. Continued

Stupy ID, seTTING

STupDY TYPE

PoruLaTION

INCLUSION / EXCLUSION CRITERIA'

SAMPLE CHARACTERISTICS

DIAGNOSIS (PATHOLOGY) SURGERY (TYPE, LEVELS)

INDEX & COMPARATOR
PROGNOSTIC FACTORS*

MEeAsuRes

Ourcomes* TiminGg

Mensure (RTW RATE) FoLLow-UP (RESP. RATE)

Nguyen 20115*" Ohio
Bureau of Workers'

O'Donnell 2018;*” Ohio
Bureau of Workers'
Compensation (US)

Retrospective case-
control (registry-
Compensation (US) based)

Retrospective cohort
(registry-based)

Inclusion: injury between 1999 and
2001; Exclusion: surgery after
2003, injuries to body parts
other than lumbar spine, head
trauma, pregnancy

Inclusion: >3y follow-up; Exclu-
sion: spondylolisthesis, spinal
deformity, epidural hematomas /
abscess, smoking, multilevel
surgery

Schade 1999;"° Orthope-  Prospective case-con- Inclusion: 6 to 8 wk of failed con-

dic and Neurosurgery
Departments
(Switzerland)

trol, post hoc
analysis

servative treatment, availability
for clinical and MRI examination
before surgery; Exclusion: rapid
progressive motor deficit, cauda
equina syndrome, no Swiss
residentship

48% disc herniation,
24% disc degeneration,
12% radiculopathy,
9% spondylolisthesis,
6% spinal stenosis

N =725; Age 18 to 70,
M=40,SD=9; 72%
male; Duration M = 21,
SD =12 mo; 100%
employed, on sick leave
M=337,SD=277d

multilevel)

N =1,286; Age 18 t0 80, Disc herniation 1-level discectomy
M = 40; 76% male;
Duration M =13,

SD =13 mo; 100%
employed

N = 46; Age 20 to 50,

M = 35; 74% male;
Duration 46% 3 to 6,
26% 6t012,28% >12
mo; 100% employed

Disc herniation with
radiculopathy

Discectomy

Fusion (68% 1-level, 32%

behavior; Back pain; Leg pain;
Disability; General Function
Score; Finger to floor distance;
Pain on flexion / extension; Pain-
ful segment; Motor function;
Tendon reflexes; Sensation

Age; BMI; Time off presurgery;
Time from injury to surgery;
Diagnosis; Education; Gender;
Legal representation; Marital
status; Smoking; Wages; Com-
plications; Daily morphine;
Reoperation

Opioid use before surgery; Time
from injury to surgery; Legal
representation; Psychiatric
comorbidity; Household income

Job-related resignation; Baseline
pain/disability; Depression;
Occupational mental stress;
Vitality; Anxiety; General job
satisfaction

uled jo jeuinof ayl {eel

Return to part-/ full-time 24, M = 57 mo (99%)

work 2 y after surgery
(26%)

Return to same / different 36 mo (89%)
work within 2y sus-
tained for >6 mo (55%)

Return to any work (90%) 24, range 23—30 mo
(91%)

Abbreviations: BMI, Body Mass Index; LBP, Low Back Pain; M, mean; MRI, Magnetic Resonance Imaging; RCT, Randomized Controlled Trial; RTW, return to work; SD, standard deviation.

*Only eligible index prognostic factors or those included in eligible analyses as comparator prognostic factors are listed; only eligible outcomes are listed.

fListed only inclusion/exclusion criteria that were not covered by the eligibility criteria for the systematic review.
1Studies based on the same or overlapping populations: Anderson 2015 and Nguyen 2011 (the same database, partially overlapping dates); Hagg 2003 and Hagg 2003 (the same cohorts from the Swedish Lumbar Spine Study).
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Halicka et al The Journal of Pain 1325
Study ID Bias Domains -
- :
s o 8 s £ _2._ %
& s % _ s gs g Bsf &
5& &% af8s 6= &8 ne& ¢%
- N o0 < ) © o
Anderson 2006 [3] H M L M L M High
Anderson 2015 [2] M M M L M L Low
Den Boer 2006 [6] L L L L L L Low
Hagg 2003 [22] L M L L H M High
Hagg 2003 [21] L M M L M M Low
Nguyen 2011 [39] M M M L L L Low
O'Donnell 2018 [40] L M L L M L Low
Schade 1999 [47] L M M M L H High

Figure 2. Risk of bias judgements based on Quality in Prognosis Studies (QUIPS).?® Overall assessment of RoB: Low = all domains
low or moderate; High = one or more domains high.? Abbreviations: L, low; M, moderate; H, high risk of bias.

One low RoB study investigated the effect of physical
workload, showing a small independent negative asso-
ciation between higher physical workload score and
RTW.'®

An independent association between income and
RTW was found in 2 low RoB studies, where participants
with higher weekly wages and household income had
higher odds of RTW after surgery (small effects).*'*?
However, the pooled adjusted OR was not statistically
significant and there was some indication of heteroge-
neity (Fig 3D).

We found no significant independent associations
with RTW for other sociodemographic factors, that is,
gender (1 high RoB study),” general education level
(1 low RoB study),16 or workers’ compensation status
(1 high RoB study).” Marital status was only investigated
in unadjusted analyses in 2 low RoB studies,”>*" with
pooled OR indicating no significant effect (Fig 3E).

Health-Related Predictors of RTW

Six studies (7 reports) examined the associations
between health- and symptom-related factors and RTW
outcomes in 6 cohorts including a total of 4617 unique
patients.

One low RoB study assessed whether type of spinal
pathology affected RTW, showing a small independent
effect of having spondylosis on lower odds of RTW.*
Notably, several pathologies were considered in the
adjusted analysis, yet only spondylosis was significant
and reported.

Independent prognostic value of symptom duration
for RTW was examined in 1 low RoB study. Longer time
from injury to surgery was a significant negative predic-
tor of RTW after surgery,*” and this association was sup-
ported by a pooled unadjusted OR from 3 other low
RoB studies'®?>*" (see Supplementary Text S3).

Two low RoB studies, including a phase-2 study, inves-
tigated the independent effect of analgesics use on

RTW. Both found significant associations indicating that
using (compared to not using) opioids before surgery,*?
and using them for longer than (compared to less than)
a year,4 was associated with lower odds of RTW (small
effects).

No significant independent associations with RTW
were found for other health-related factors, including
preoperative pain (1 high RoB study),® disability (1 low
and 2 high RoB studies),>'®“° sensory and motor neuro-
logical signs (1 low RoB study),'® and smoking status
(1 high RoB study).® Effects of acute symptom onset (1
low RoB study),'® comorbidities (1 low RoB study),?* and
BMI (1 low RoB study)*' were only investigated in unad-
justed analyses, showing no significant associations
with RTW after surgery.

Psychological Predictors of RTW

Five studies (6 reports) assessed the relationships
between psychological factors and RTW in 5 cohorts
including 4510 unique patients in total.

One low RoB study assessed the association between
psychiatric comorbidity and RTW. Participants with any
psychiatric comorbidity (including affective disorders
and schizophrenia) had lower odds of RTW after surgery
in adjusted analysis (moderate effect size).*?

Two studies (1 low, 1 high RoB)**° examined indepen-
dent effects of depression on RTW. Participants with a
clinical diagnosis of depression in 1 phase-2 study,* and
those with higher depression scores in another study,*
had lower odds of RTW relative to those without
depression diagnosis or lower scores in adjusted analy-
ses (moderate and small effect sizes, respectively).

The prognostic value of pain coping was assessed in 1
low RoB study, suggesting that passive pain coping was
associated with reduced work capacity in adjusted anal-
ysis (small effect).'®

The same low RoB study assessed the effect of kinesio-
phobia (fear of movement-related pain) on RTW,



Table 2. Effects of Prognostic Factors on Return to Work

Stupy ID PROGNOSTIC FACTOR Ourcome SAMPLE SIZE ANALYSIS EFFECT ESTIMATES
MEASURE, DEFINITION MEASURE, DEFINITION FotLow-up (m0) N ANALYZED METHOD, ADJUSTED FOR FACTORS* / UNADJUSTED Esimare (95% CI)'
Demographic
Age
Anderson 2006° Age <48y versus >48'y Work status at follow-up, work- 24, M =30 106 I. Logistic regression adjusted for: baseline work status |. Age <48y: OR=1.41(0.37-5.33),
ing versus not working (working), smoking (yes), gender (NR), worker’s com- P=.61;
pensation (yes), age >48, baseline pain (0—10 VAS), Age >48y: OR =.39(0.07-2.22),
baseline disability (RMDQ), levels fused (single), cage P=.29
type (BAK)
Anderson 2015* Age >50 versus <50y Return to work within 2 y after 36 2799 (612 >50, . Logistic regression adjusted for: depression (yes), work-  I. OR =.58 (0.46—0.73), P < .001
surgery sustained for >6 mo 2187 <50) ing within a week before surgery (yes), opioids use for
versus failure to return to >1y before surgery (yes), legal representation (yes),
work spinal pathology (spondylosis), another lumbar surgery
after index fusion (yes), type of fusion (ALIF,
PLF + PLIF), graft type (allograft)
Hagg 2003% Age (y) Work status at follow-up, work- 24 169 |. Stepwise forward regression analysis adjusted for: |. Beta =-.05; OR = .95 (0.91-0.99)
ing (part- or fulltime) versus current sick leave (mo)
not working
201 (74 working, II. Independent t-test (unadjusted) Il. Working M = 40, SD = 7.3, not work-
127 not working) ingM =44,SD=8.5;P=.001; d=-
.50 (-0.79t0 0.20)
Nguyen 2011 Age (y) Return to work (part- or full- 24 725 I. Logistic regression (unadjusted) |.OR=1.00(0.98-1.02), P= .81
time) 2 y after surgery versus
failure to return to work in
any capacity
Den Boer 2006'® Age (y) Full return to work (100%) ver- 6 182 (141 full, 41 . Logistic regression (unadjusted) |.b=-.03, P> .05; fullM = 40.4,
sus reduced work capacity reduced capacity) SD=9.1, reduced M =43,SD =9.7;
(<100%; self-reported % of ‘OR=.6(0.32—1.13)
work capacity compared to
before symptom onset)
Gender
Anderson 2006° NR Work status at follow-up, work- 24, M =30 106 . Logistic regression adjusted for: baseline work status |.OR=.56(0.17—-1.82), P= .34
ing versus not working (working), smoking (yes), worker’s compensation (yes),
age <48, age >48, baseline pain (0—10 VAS), baseline
disability (RMDQ), levels fused (single), cage type (BAK)
Nguyen 2011 Male versus female Return to work (part- or full- 24 725 I. Logistic regression (unadjusted) |.OR=.90(0.60—1.32), P= .57
time) 2 y after surgery versus
failure to return to work in
any capacity
Hagg 2003%° Male versus Female Work status at follow-up, work- 24 201 (99 male, 102 I. 2 x 2 frequency table (Chi-squared test) (unadjusted) |. 44 female, 30 male were working at
ing (part- or fulltime) versus female) follow-up; P> .05; “OR = .57 (0.32
not working —1.02)
Den Boer 2006'® Male versus female Full return to work (100%) ver- 6 182 (107 male, 75 . Logistic regression (unadjusted) |.b=-.04, P> .05; “OR = .96

sus reduced work capacity
(<100%; self-reported % of
work capacity compared to
before symptom onset)

female)

(continued on next page)
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Table 2. Continued

Stupy ID PROGNOSTIC FACTOR Ourcome SAMPLE SizE ANALYSIS EFFECT ESTIMATES
MEASURE, DEFINITION MEASURE, DEFINITION FotLow-up (m0) N ANALYZED METHOD, ADJUSTED FOR FACTORS* / UNADJUSTED Estimate (95% CI)'
Marital status
Hagg 2003%° Married or cohabitating Work status at follow-up, work- 24 200 (159 married, I. 2 x 2 frequency table (Chi-squared test) (unadjusted) |. 60 married, 14 not married were
versus not married ing (part- or fulltime) versus 41 not married) working at follow-up; P> .05;
not working “OR =1.19(0.58—2.45)
Nguyen 2011%! Divorced / married / wid- Return to work (part- or full- 24 725 |. Logistic regression (unadjusted) |. P=.49; divorced OR = 1.26 (0.70
owed versus single time) 2 y after surgery versus —2.26), P=.44; married OR = 1.37
failure to return to work in (0.89-2.11), P=.16; widowed
any capacity OR=.61(0.07-5.62), P= .66
Education
Nguyen 20114 Education level: high-school Return to work (part- or full- 24 725 |. Logistic regression (unadjusted) |. P=.06; high-school OR = 1.99 (1.12
/no college / college or time) 2 y after surgery versus —3.51), P=.02; no college OR = 1.44
higher versus no high- failure to return to work in (0.69—3.00), P = .34, college/higher
school any capacity OR=3.13(1.06—9.28), P=.04
Den Boer 2006'® Educational level: primary Full return to work (100%) ver- 6 182 (51 primary, 86 |. Logistic regression adjusted for: fear of movement l.b=-.02,SE=.14,P=.91,0R=1.02
(<8y) versus secondary (8 sus reduced work capacity secondary, 45 (TSK), passive pain coping (Pain Coping Inventory), Il.Lb=-.18, P<.05; "OR = .84
—14y) versus tertiary (<100%; self-reported % of tertiary) negative outcome expectancies, physical workload, job
(>14y) work capacity compared to satisfaction, duration of sick leave (wk), gender (male),
before symptom onset) age, baseline disability (RMDQ) and pain (0—100 VAS),
3 d postoperative pain (0—100 VAS), analgesics week
before surgery (types), neurologic deficits (none / sen-
sory or motor, both), duration (wk) and onset (acute)
of symptoms;
Il. Logistic regression (unadjusted)
Work status
Anderson 2006° Working (including home Work status at follow-up, work- 24, M =30 105 (49 working, I. Logistic regression adjusted for: smoking (yes), gender |.OR=10.5(2.64—41.4), P=.001;
working and studies) ing versus not working 56 not working) (NR), worker's compensation (yes), age <48, age >48, Il. 45 working, 24 not working were
versus not working baseline pain (0—10 VAS), baseline disability (RMDQ), working at follow-up; “OR = 15.00
levels fused (single), cage type (BAK); (4.74—47 .44)
Il. 2 x 2 frequency table (unadjusted)
Hagg 2003% Employed versus Work status at follow-up, work- 24 201 (173 employed, 1. 2 x 2 frequency table (Chi-squared test) (unadjusted) |. 64 employed, 10 unemployed were
unemployed ing (part- or fulltime) versus 28 unemployed) working at follow-up; P> .05;
not working ‘OR = 1.06 (0.46—2.43)
Sick leave
Nguyen 20114 Number of days off prior to Return to work (part- or full- 24 725 |. Stepwise logistic regression adjusted for: weekly |.OR=.94(0.92—-0.97), P < .001;
surgery time) 2 y after surgery versus wages, complications (early major systemic / implant Il. OR=.93(0.91-0.95), P < .001
failure to return to work in /late spinal / neurologic / wound / none), legal repre-
any capacity sentation (no), daily morphine, reoperation (yes);
II. Logistic regression (unadjusted)
Den Boer 2006'® Duration of sick leave for Full return to work (100%) ver- 6 182 (141 full, 41 |. Logistic regression adjusted for: fear of movement l.b=-23,SE=.19,P= .24, OR=.79;

the current pain episode
(wk)

sus reduced work capacity
(<100%; self-reported % of
work capacity compared to
before symptom onset)

reduced capacity)

(TSK), passive pain coping (Pain Coping Inventory),
negative outcome expectancies, physical workload, job
satisfaction, gender (male), age, education level (pri-
mary / secondary / tertiary), baseline disability (RMDQ)
and pain (0—100 VAS), 3 d postoperative pain (0—100

Il.b=-.46,P<.01;full M=125,
SD=22.1, reduced M = 17.5,
SD =12.5; "OR = .64 (0.34—1.21)

(continued on next page)
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Table 2. Continued

Stupy ID PROGNOSTIC FACTOR Outcome SAMPLE SiZE ANALYsIS EFFECT ESTIMATES
MEASURE, DEFINITION MEASURE, DEFINITION FoLLow-up (m0) N ANALYZED METHOD, ADJUSTED FOR FACTORS * / UNADJUSTED Estimate (95% Cl)'
VAS), analgesics week before surgery (types), neuro-
logic deficits (none / sensory or motor, both), duration
(wk) and onset (acute) of symptoms;
II. Logistic regression (unadjusted)
Hagg 2003%* Duration of current sick Work status at follow-up, work- 24 169 |. Stepwise forward regression analysis adjusted for: age |. Beta =-.036; OR = .96 (0.94—0.99)
leave (mo) ing (part- or fulltime) versus (y)
not working
179 (59 working, II. Independent t-test (unadjusted) Il. Working M = 14, SD = 14, not work-
120 not working) ing M =31, SD=35; P<.001;
'd=.57(0.25—0.89)
On sick leave versus not on 201 (183 on sick lll. 2 x 2 frequency table (Chi-squared test) (unadjusted) lIl. 64 on sick leave, 12 not on sick leave
sick leave leave, 18 not on were working at follow-up; P=.01;
sick leave) 'OR =.27(0.09-0.74)
Anderson 2015% Inability versus ability to Return to work within 2 y after 36 2799 (349 working, I. Logistic regression adjusted for: depression (yes), age I.OR=.47(0.36—0.60), P < .001

Anderson 2006°

Hagg 2003%°

Nguyen 20114

Anderson 2015%

O'Donnell 2018%

continue working within
the same week as surgery

Worker's compensation
Compensation claim versus
no compensation

Compensation claim versus
no compensation

Legal representation

Having versus not having
legal representation

Having versus not having
legal representation

Having versus not having
legal representation

Physical workload

surgery sustained for >6 mo
versus failure to return to
work

Work status at follow-up, work-
ing versus not working

Work status at follow-up, work-
ing (part- or fulltime) versus
not working

Return to work (part- or full-
time) 2 y after surgery versus
failure to return to work in
any capacity

Return to work within 2 y after
surgery sustained for >6 mo
versus failure to return to
work

Return to (same/different) work
within 2 y sustained for >6
mo versus no sustained return
to work

24 (mean 30)

24

24

36

36

2450 not
working)

106 (50 compensa-
tion, 56 no
compensation)

192 (105 compen-
sation, 87 no
compensation)

725

2799 (1821 with,
978 without legal
representation)

1286 (700 with,
586 without legal
representation)

(>50y), opioids use for >1 y before surgery (yes), legal
representation (yes), spinal pathology (spondylosis),
another lumbar surgery after index fusion (yes), type of
fusion (ALIF, PLF + PLIF), graft type (allograft)

Logistic regression adjusted for: baseline work status
(working), smoking (yes), gender (NR), age <48, age
>48, baseline pain (0—10 VAS), baseline disability
(RMDQ), levels fused (single), cage type (BAK);

II. 2 x 2 frequency table (unadjusted)

.2 x 2 frequency table (Chi-squared test) (unadjusted)

Stepwise logistic regression adjusted for: weekly
wages, complications (early major systemic / implant /
late spinal / neurologic / wound / none), days off pre-
surgery, daily morphine, reoperation (yes);

Il. Logistic regression (unadjusted)

. Logistic regression adjusted for: depression (yes), work-
ing within a week before surgery (yes), age (>50), opi-
oid use for >1 y before surgery (yes), spinal pathology
(spondylosis), another lumbar surgery after index
fusion (yes), type of fusion (ALIF, PLF + PLIF), graft type
(allograft)

. Stepwise logistic regression adjusted for: opioid use

before surgery (yes), time from injury to surgery (mo),

psychiatric comorbidity (yes), mean household

income ($)

.OR=.69(0.20-2.32), P=.54;
Il. 28 compensation, 42 no compensa-
tion were working at follow-up;
‘OR =.42(0.19-0.97)

. 30 compensation, 39 no compensa-
tion were working at follow-up;
P=.035; “OR = .49 (0.27-0.90)

OR=.29(0.13-0.63), P=.002;
II. OR =.25(0.14-0.46), P < .001

.OR=.64(0.53-0.77), P < .001

.OR=.57(0.44-0.73), P< .01

(continued on next page)
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Table 2. Continued

Stupy ID PROGNOSTIC FACTOR Ourcome SAMPLE SIZE ANALYSIS EFFECT ESTIMATES
MEASURE, DEFINITION MEASURE, DEFINITION FotLow-up (m0) N ANALYZED METHOD, ADJUSTED FOR FACTORS* / UNADJUSTED EsTimaTe (95% CI)
Hagg 2003% Having a heavy job versus Work status at follow-up, work- 24 181 (55 heavy, 126 I. 2 x 2 frequency table (Chi-squared test) (unadjusted) |. 26 heavy job, 47 not heavy job were
not heavy job ing (part- or fulltime) versus not heavy job) working at follow-up; P> .05;
not working ‘OR = 1.51(0.80—2.87)
Den Boer 2006'° Physical workload score (5 Full return to work (100%) ver- 6 182 (141 full, 41 . Logistic regression adjusted for: fear of movement l.b=-.17,SE=.06, P< .001, OR = .84,
—20; Questionnaires on sus reduced work capacity reduced capacity) (TSK), passive pain coping (Pain Coping Inventory), IlLb=-.12,P<.01;fulM=9,
Musculoskeletal Load and (<100%; self-reported % of negative outcome expectancies, job satisfaction, dura- SD = 3.8, reduced M =10.9,SD =3.7;
Health Complaints) work capacity compared to tion of sick leave (wk), gender (male), age, education “OR =.40(0.21-0.76)
before symptom onset) level (primary / secondary / tertiary), baseline disability
(RMDQ) and pain (0—100 VAS), 3 d postoperative pain
(0—100 VAS), analgesics week before surgery (types),
neurologic deficits (none / sensory or motor, both),
duration (wk) and onset (acute) of symptoms;
Il Logistic regression (unadjusted)
Income
Nguyen 2011%! Weekly wages ($) Return to work (part- or full- 24 725 . Stepwise logistic regression adjusted for: complications 1. OR=1.12(1.03—1.21), P=.008;
time) 2 y after surgery versus (early major systemic / implant / late spinal / neurologic IIl.OR=1.13(1.05-1.20), P < 0.001
failure to return to work in /wound / none), days off presurgery, legal representa-
any capacity tion (no), daily morphine, reoperation (yes);
Il Logistic regression (unadjusted)
O'Donnell 2018* Mean household income ($,  Return to (same/different) work 36 1286 . Stepwise logistic regression adjusted for: opioid use I.OR=1.01(1.00-1.02), P < .01
estimated based on zip within 2 y sustained for >6 before surgery (yes), time from injury to surgery (mo),
codes and US census mo versus no sustained return legal representation (yes), psychiatric comorbidity (yes)
data) to work
Health-related
Pain
Anderson 2006° VAS (0—10) pain intensity Work status at follow-up, work- 24 (mean 30) 106 . Logistic regression adjusted for: baseline work status |.OR=.82(0.60—1.12), P= .22

Den Boer 2006'®

Hagg 2003%

VAS (1—100) average inten-
sity of back and leg pain
intensity over the past
week

VAS (0—100) average of
worst, least, and current
back pain intensity

VAS (0—100) average of
worst, least, and current
leg pain intensity

Pain on flexion versus no
pain on flexion

ing versus not working

Full return to work (100%) ver-
sus reduced work capacity
(<100%; self-reported % of
work capacity compared to
before symptom onset)

Work status at follow-up, work-
ing (part- or fulltime) versus
not working

24

182 (141 full, 41
reduced capacity)

199 (73 working,
126 not working)

199 (73 working,
126 not working)

197 (126 pain, 71
no pain)

(working), smoking (yes), gender (NR), worker’s com-
pensation (yes), age <48, age >48, baseline pain (0
—10 VAS), levels fused (single), cage type (BAK)

. Logistic regression (unadjusted)

. Independent t-test (unadjusted)

. 2 x 2 frequency table (Chi-squared test) (unadjusted)

.b=-.01, P> .05; full M =45,

SD =20.9, reduced M =52.5,
SD=21.7; "OR = .52 (0.28—0.99)

. Working M = 64, SD = 13.2, not work-

ing M =64, SD=15; P> .05; ‘d = .00
(-0.29t0 0.29)

. Working M = 35, SD = 23.6, not work-

ing M =35, SD = 26.5; P> .05;
d=.00(-0.29 t0 0.29)

. 50 pain, 21 no pain on flexion were

working at follow-up, P> .05;
OR = 1.56 (0.84—2.89)

(continued on next page)
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Table 2. Continued

Stupy ID

PROGNOSTIC FACTOR

MEASURE, DEFINITION

Ourcome

MEASURE, DEFINITION

FoLLow-up (m0)

SAMPLE SIZE

N ANALYZED

ANALYSIS

METHOD, ADJUSTED FOR FACTORS ™ / UNADJUSTED

EFFECT ESTIMATES

Estimate (95% Cl)'

Anderson 2006°

Den Boer 2006'®

Hagg 2003%°

Shade 1999

Hagg 2003%°

Pain on extension versus no
pain on extension

Positive versus negative
springing test (localization
of painful segment by
palpation)

Disability

RMDQ score (0—24)

RMDQ score (0—24)

General Function Score (0
—100)

ODlI score (0—100)

Finger-floor distance at
maximum flexion (cm)

Preoperative level of pain
and RMDQ score (0—24)*

Neurological signs

Normal versus abnormal
reflexes

Normal versus abnormal
sensation

Normal versus abnormal
motor function

Work status at follow-up, work-
ing versus not working

Full return to work (100%) ver-
sus reduced work capacity
(<100%; self-reported % of
work capacity compared to
before symptom onset)

Work status at follow-up, work-
ing (part- or fulltime) versus
not working

Return to any work

Work status at follow-up, work-
ing (part- or fulltime) versus
not working

24 (mean 30)

24

24 (23-30)

24

196 (141 pain, 55
no pain)

198 (182 positive,
16 negative)

106

182 (141 full, 41
reduced capacity)

201 (74 working,
127 not working)

178 (66 working,
112 not working)

a2

202 (171 normal,
31 abnormal)

177 (132 normal,
45 abnormal)

201 (175 normal,
326 abnormal)

. Logistic regression adjusted for: baseline work status
(working), gender (NR), worker’s compensation (yes),
age <48, age >48, baseline pain (0—10 VAS), baseline
disability (RMDQ), levels fused (single), cage type (BAK)

. Logistic regression adjusted for: fear of movement
(TSK), passive pain coping (Pain Coping Inventory),
negative outcome expectancies, physical workload, job
satisfaction, duration of sick leave (wk), gender (male),
age, education level (primary / secondary / tertiary),
baseline pain (0—100 VAS), 3 d postoperative pain (0
—100 VAS), analgesics week before surgery (types),
neurologic deficits (none / sensory or motor, both),
duration (wk) and onset (acute) of symptoms;

Il. Logistic regression (unadjusted)

I. Independent t-test (unadjusted)

|. Stepwise regression adjusted for: depression, occupa-
tional mental stress

I. 2 x 2 frequency table (Chi-squared test) (unadjusted)

Il. 52 pain, 20 no pain on extension were
working at follow-up, P > .05;

‘OR =1.00(0.52—1.91)

. 46 positive, 6 negative were working
at follow-up, P> .05; "OR = .54 (0.19
—1.58)

uled jo jeuinof ayl Q€gl

.OR=.93(0.81-1.07), P=.30

b=-.01,SE=.07, P=.83, OR=.98;
II.Lb=-.10, P<.05; full M = 14.8,

SD =3.2, reduced M =16.3,SD =4.2;
'OR = .45 (0.24—0.86)

. Working M =46, SD = 14.3, not work-
ingM=49,SD=16.9; P> .05; "d=-
.19 (-0.47 10 0.10)

. Working M = 46, SD = 9.7, not work-

ingM=48,SD=12.3; P> .05; "d = -

18(-0.47t00.11)

Working M = 29, SD = 17, not working

M=31,SD=19;P> .05 ‘d=-.11

(-0.41-0.20)
|.Beta=-.26, T=1.87,P<.10;
'OR=.77

65 normal, 9 abnormal reflexes were
working at follow-up, P > .05;
‘OR =1.43(0.62—-3.27)

.48 normal, 15 abnormal sensation
were working at follow-up, P> .05;
'OR=1.14(0.56—-2.34)

. 67 normal, 8 abnormal motor function
were working at follow-up, P> .05;
OR =1.36(0.56—3.31)
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Table 2. Continued

e 13 expijeH

versus failure to return to
work

opioid use for >1'y before surgery (yes), legal represen-
tation (yes), another lumbar surgery after index fusion

Stupy ID PROGNOSTIC FACTOR Ourcome SAMPLE SiZE ANALYsIS EFFECT ESTIMATES
MEASURE, DEFINITION MEASURE, DEFINITION FoLLow-up (M0) N ANALYZED METHOD, ADJUSTED FOR FACTORS ™ / UNADJUSTED Estimate (95% CI)'
Den Boer 2006'® No deficits versus sensory or Full return to work (100%) ver- 6 182 I. Logistic regression adjusted for: fear of movement l.b=-42,SE=.29,P=.12,0R= .64,
motor deficits versus sen- sus reduced work capacity (TSK), passive pain coping (Pain Coping Inventory), II.Lb=-.51, P<.05; ‘OR = .60
sory and motor deficits (<100%; self-reported % of negative outcome expectancies, physical workload, job
(L4, L5, and S1 function work capacity compared to satisfaction, duration of sick leave (wk), gender (male),
assessed by before symptom onset) age, education level (primary / secondary / tertiary),
physiotherapist) baseline disability (RMDQ) and pain (0—100 VAS), 3 d
postoperative pain (0—100 VAS), analgesics week
before surgery (types), duration (wk) and onset (acute)
of symptoms;
Il. Logistic regression (unadjusted)
Symptom onset
Den Boer 2006'° Acute versus nonacute Full return to work (100%) ver- 6 182 . Logistic regression (unadjusted) l.b=-.54, P> .05; "OR = .58
onset of complaints sus reduced work capacity
(<100%; self-reported % of
work capacity compared to
before symptom onset)
Symptom duration
Den Boer 2006'° Duration of the current epi- Full return to work (100%) ver- 6 182 (141 full, 41 I. Logistic regression (unadjusted) I.b=-.01,P> .05; ful M =37.2,
sode of back and leg pain sus reduced work capacity reduced capacity) SD =27.5, reduced M =36.1,
(wk) (<100%; self-reported % of SD =29.8; "OR=1.07(0.57—-2.02)
work capacity compared to
before symptom onset)
Nguyen 20114 Time from injury to surgery Return to work (part- or full- 24 725 I. Logistic regression (unadjusted) I.OR=.98(0.97-1.00), P=.03
(d) time) 2 y after surgery versus
failure to return to work in
any capacity
O'Donnell 2018* Time from injury to surgery Return to (same/different) work 36 1286 I. Stepwise logistic regression adjusted for: opioid use I.OR=.98(0.97-0.99), P< .01
(mo) within 2 y sustained for >6 before surgery (yes), legal representation (yes), psychi-
mo versus no sustained return atric comorbidity (yes), mean household income ($)
to work
Hagg 2003%° Duration of low back pain Work status at follow-up, work- 24 201 (74 working, I. Independent t-test (unadjusted) I. Working M = 8.6, SD = 7.5, not work-
(y) ing (part- or fulltime) versus 127 not working) ingM=7.4,SD=6.4, P> .05;
not working 'd=.18(-0.11 t0 0.46)
Spinal pathology =
Nguyen 20114 Herniated disc / radiculop- Return to work (part- or full- 24 725 . Logistic regression (unadjusted) I. P=.41; herniated disc OR = .81 (0.56 g
athy / spondylolisthesis time) 2 y after surgery versus —1.18), P=.27; radiculopathy -
/spinal stenosis versus failure to return to work in OR=2.00(0.70-5.75), P = .20; spon- g
degenerative disc disease any capacity dylolisthesis OR = .80 (0.37—1.34), 3
P =.58; spinal stenosis OR = 1.75 QL
(0.11-28.45), P=.70 =}
Anderson 2015% Spondylosis versus no Return to work within 2 y after 36 2799 (199 . Logistic regression adjusted for: depression (yes), I.OR=.65(0.43-0.96), P < .027 -
spondylosis surgery sustained for >6 mo spondylosis) working within a week before surgery (yes), age (>50), g.
-—
w
w
-

(continued on next page)



Table 2. Continued

Stupy ID PROGNOSTIC FACTOR Outcome SAMPLE SizE ANALYsIS EFFECT ESTIMATES
MEASURE, DEFINITION MEASURE, DEFINITION FoLLow-up (m0) N ANALYZED METHOD, ADJUSTED FOR FACTORS * / UNADJUSTED Estimate (95% Cl)'
(yes), type of fusion (ALIF, PLF + PLIF), graft type
(allograft)
Comorbidity
Hagg 2003%° Comorbidity versus no Work status at follow-up, work- 24 196 (78 comorbid- I. 2 x 2 frequency table (Chi-squared test) (unadjusted) I. 25 comorbidity, 48 no comorbidity
comorbidity ing (part- or fulltime) versus ity, 118 no were working at follow-up, P> .05;
not working comorbidity) ‘OR =.68(0.37—1.23)
BMI
Nguyen 20114 BMI (kg/mz) Return to work (part- or full- 24 725 I. Logistic regression (unadjusted) |.OR=.99(0.96—1.02), P= .42
time) 2 y after surgery versus
failure to return to work in
any capacity
Smoking
Anderson 2006° Smoking versus not Work status at follow-up, work- 24 (mean 30) 106 |. Logistic regression adjusted for: baseline work status I.OR=.96(0.31-3.02), P= .94
smoking ing versus not working (working), gender (NR), worker's compensation (yes),
age <48, age >48, baseline pain (0—10 VAS), baseline
disability (RMDQ), levels fused (single), cage type (BAK)
Hagg 2003%° Smoking versus not Work status at follow-up, work- 24 200 (84 smoking, I. 2 x 2 frequency table (Chi-squared test) (unadjusted) I. 32 smoking, 42 not smoking were
smoking ing (part- or fulltime) versus 116 not smoking) working at follow-up, P> .05;
not working ‘OR=1.09 (0.61—1.95)
Nguyen 2011% Current smoker / ex-smoker Return to work (part- or full- 24 725 I. Logistic regression (unadjusted) I. P=.008; current smoker OR = .53
versus never a smoker time) 2 y after surgery versus (0.36—0.79), P=.002; ex-smoker
failure to return to work in OR=.70(0.36—1.34), P= .30
any capacity
Analgesics use
O'Donnell 2018% No opioid use versus short- Return to (same/different) work 36 1286 (566 no opi- I. Analysis of variance, Bonferroni-corrected post hoc t- 1. 64% (363) no opioid, 64% (80) short-

Anderson 2015*

Den Boer 2006'®

term (0—14 d) versus
moderate (15—90 d) ver-
sus long-term opioid use
(>90 d) before surgery

No opioid use versus opioid
use before surgery

Prescription opioid analgesia
for >1y before surgery
versus none or <1y

Regular medications in the
past week: no analgesics

within 2 y sustained for >6
mo versus no sustained return
to work

Return to work within 2 y after
surgery sustained for >6 mo
versus failure to return to
work

Full return to work (100%)
versus reduced work capacity

oid, 126 short-
term, 315 moder-
ate, 279 long-
term)

1286 (566 no opi-
oid, 720 opioid)

36 2799 (637 opioids,
2162 no opioids)

6 182

tests (unadjusted)

. Stepwise logistic regression adjusted for: time from
injury to surgery (mo), legal representation (yes), psy-
chiatric comorbidity (yes), mean household income ($)

. Logistic regression adjusted for: depression (yes), work-
ing within a week before surgery (yes), age (>50), legal
representation (yes), spinal pathology (spondylosis),
another lumbar surgery after index fusion (yes), type of
fusion (ALIF, PLF + PLIF), graft type (allograft)

. Logistic regression (unadjusted)

term, 53% (166) moderate, 37%
(103) long-term returned to work;
effect of opioid group P < .01: no opi-
oid > moderate P < .01, no opioid >
long-term P < .01, short-term > long-
term P < .01, moderate > long-term P
< .01, no opioid versus short-term

P =1.00, short-term versus moderate
P=.21

Il. OR = .54 (0.39-0.75), P< .01

OR =.58(0.43-0.80), P < .001

b=-.10, P> .05; "OR =.90

(continued on next page)
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Table 2. Continued

Stupy ID

PROGNOSTIC FACTOR

MEASURE, DEFINITION

Ourcome

MEASURE, DEFINITION

ANALYSIS

METHOD, ADJUSTED FOR FACTORS * / UNADJUSTED

EFFECT ESTIMATES

Estimate (95% Cl)'

O'Donnell 2018

Schade 1999

Den Boer 2006'°

Schade 1999*°

Hagg 2003%°

Anderson 2015%

versus acetaminophen
versus NSAID versus com-
bination of NSAID and
acetaminophen versus
opioid versus combination
of opioid and acetamino-
phen or NSAID

Psychological

Psychiatric comorbidity

Having versus not having
any psychiatric comorbid-
ity (depression, anxiety,
adjustment disorder,
bipolar disorder, PTSD,
schizophrenia)

Anxiety

Anxiety subscale from Psy-
chological general well-
being index

Fear of movement

TSK score (13—52)

Depression

Depression subscale from
Psychological general
well-being index

Zhung Depression Scale
(transformed from 20—80
to 0—100, higher scores
indicating more severe
depressive symptoms)

Clinically diagnosed depres-
sion (ICD-9 codes for
depressive disorder, major
depressive disorder,

(<100%; self-reported % of
work capacity compared to
before symptom onset)

Return to (same/different) work
within 2 y sustained for >6
mo versus no sustained return
to work

Return to any work

Full return to work (100%) ver-
sus reduced work capacity
(<100%; self-reported % of
work capacity compared to
before symptom onset)

Return to any work

Work status at follow-up, work-
ing (part- or fulltime) versus
not working

Return to work within 2 y after
surgery sustained for >6 mo
versus failure to return to
work

SAMPLE SIZE
FoLLow-up (m0) N ANALYZED
36 1286 (37 with,
1249 without
psychiatric
comorbidity)
24 (23-30) 42
6 182 (141 full, 41

reduced capacity)

24 (23-30) 42

24 198 (72 working,
126 not working)

36 2799 (123 depres-
sion, 2676 no
depression)

. Stepwise logistic regression adjusted for: opioid use
before surgery (yes), time from injury to surgery (mo),
legal representation (yes), household income ($)

. Parametric univariate analysis (unadjusted)

Logistic regression adjusted for: passive pain coping
(Pain Coping Inventory), negative outcome expectan-
cies, physical workload, job satisfaction, duration of
sick leave (wk), gender (male), age, education level
(primary / secondary / tertiary), baseline disability
(RMDQ) and pain (0—100 VAS), 3 d postoperative pain
(0—100 VAS), analgesics week before surgery (types),
neurologic deficits (none / sensory or motor, both),
duration (wk) and onset (acute) of symptoms;

Il. Logistic regression (unadjusted)

. Stepwise regression adjusted for: baseline pain/disabil-
ity (NR), occupational mental stress (sum index);
II. Parametric univariate analysis (unadjusted)

. Independent t-test (unadjusted)

. Logistic regression adjusted for: working within a week
before surgery (yes), age (>50 y), opioids use for >1y
before surgery (yes), legal representation (yes), spinal
pathology (spondylosis), another lumbar surgery after
index fusion (yes), type of fusion (ALIF, PLF + PLIF),

I.OR=.36(0.14-0.90), P= .02

l.P<.05

l.b=-.09, SE= .04, P= .03, OR=.92;
I.Lb=-11,P<.01; full M=39.2,
SD =6.3, reduced M =42.1,SD=5.8;
OR =.43(0.23-0.81)

|.Beta=-.37,T=2.63,P<.01;
‘OR = .69;
Il. P< .05

I. Working M = 37, SD = 13.9, not work-
ingM =40,SD=13, P> .05;'d=-.23
(-0.52 t0 0.07)

I.OR=.38(0.20—0.72), P < .002;
II. 13 with depression, 884 without
depression returned to work;
‘OR =.24(0.13-0.43)

(continued on next page)
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Table 2. Continued

Stupy ID PROGNOSTIC FACTOR Outcome SAMPLE SiZE ANALYSIS EFFECT ESTIMATES
MEASURE, DEFINITION MEASURE, DEFINITION FotLow-up (m0) N ANALYZED METHOD, ADJUSTED FOR FACTORS * / UNADJUSTED Estimate (95% Cl)'
dysthymic disorder) versus graft type (allograft);
no diagnosis of II. 2 x 2 frequency table (unadjusted)
depression
Vitality
Schade 1999%° Vitality subscale from Psy- Return to any work 24 (23-30) 42 |. Parametric univariate analysis (unadjusted) I.P<.05
chological general well-
being index
Coping
Den Boer 2006'® Passive pain coping subscale Full return to work (100%) ver- 6 182 (141 full, 41 . Logistic regression adjusted for: fear of movement I.b=-.08, SE=.04, P=.03, OR =.93;
score (21—84; Pain-Cop- sus reduced work capacity reduced capacity) (TSK), negative outcome expectancies, physical work- II.b=-.10, P<.001; full M = 39.8,
ing Inventory) (<100%; self-reported % of load, job satisfaction, duration of sick leave (wk), gen- SD =7.8, reduced M =44.8, SD = 7.6;
work capacity compared to der (male), age, education level (primary / secondary / "OR =.31(0.16—0.59)
before symptom onset) tertiary), baseline disability (RMDQ) and pain (0—100

VAS), 3 d postoperative pain (0—100 VAS), analgesics
week before surgery (types), neurologic deficits (none /
sensory or motor, both), duration (wk) and onset
(acute) of symptoms;
II. Logistic regression (unadjusted)

Expectancies

Den Boer 2006'® Negative outcome expec- Full return to work (100%) ver- 6 182 (141 full, 41 . Logistic regression (unadjusted) I.b=-.18, P> .05; ful M=10.2,
tancies score (5—20; 5 sus reduced work capacity reduced capacity) SD=1.7, reduced M =10.7, SD = 1.5;
items scored on 4-point (<100%; self-reported % of 'OR = .58 (0.31-1.09)

Likert scale) work capacity compared to
before symptom onset)
Personality

Hagg 2003% Neuroticism subscale from Work status at follow-up, work- 24 189 (73 working, I. Independent t-test (unadjusted) I. Working M = 49.8, SD = 8.3, not

KSP (standardized T score) ing (part- or fulltime) versus 115 not working) workingM =52.9,SD =9.3, P=.02;

not working ‘d =-.35(-0.64 to -0.05)

Social introversion subscale . Working M =45.1, SD = 7.3, not

from KSP (standardized T workingM =46.4,SD =7.4, P> .05;
score) ‘d=-.18(-0.47-0.12)

Aggressiveness subscale I. Working M =51.1, SD = 4.6, not
from KSP (standardized T working M =50.3, SD = 4.5, P> .05;
score) ‘d=.18(-0.121t00.47)

Impulsiveness subscale from . Working M = 50.1, SD = 8.9, not
KSP (standardized T score) working M =48.4, SD = 8.9, P> .05;
'd=.19(-0.10—-0.49)

Cluster A (paranoid, schiz- 140 (62 working, I. Working M = 4.5, SD = 2.9, not work-
oid, schizotypal) personal- 78 not working) ingM=4.2,SD=3.1, P> .05;
ity disorder score from '‘d=.10(-0.23t0 0.43)

modified SCID-II (exclud-
ing antisocial personality)

(continued on next page)
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Table 2. Continued

Stupy ID PROGNOSTIC FACTOR Ourcome SAMPLE SIZE ANALYSIS EFFECT ESTIMATES

MEASURE, DEFINITION MEASURE, DEFINITION N ANALYZED METHOD, ADJUSTED FOR FACTORS™ / UNADJUSTED Estimare (95% CI)'

Cluster B (borderline, histri- I. Working M = 5.0, SD = 3.6, not work-
onic, narcissistic) person- ingM=5.1,SD=4.2, P> .05; 'd=-
ality disorder score from .03(-0.36t00.31)
modified SCID-II (exclud-
ing antisocial personality)

Cluster C (avoidant, depen- I. Working M = 5.9, SD = 4.7, not work-
dent, obsessive-compul- ingM=6.1,SD=4.69, P> .05; 'd=-
sive, passive-aggressive) .04 (-0.38100.29)
personality disorder score
from modified SCID-II
(excluding antisocial
personality)

Any personality disorder ver- 120 (1 personality II. 2 x 2 frequency table (Fisher’s exact test) (unadjusted) II. 0 personality disorder, 54 no personal-
sus no personality disor- disorder, 119 no ity disorder were working at follow-
der (SCID-IN) personality up; “not possible to calculate OR

disorder)

Pain behavior

Hagg 2003%° UAB Pain Behavior Scale Work status at follow-up, work- 196 (74 working, I. Independent t-test (unadjusted) I. Working M = 2.2, SD = 1.4, not work-
score (0—10) ing (part- or fulltime) versus 122 not working) ingM=25,SD=1.6,P>.05;°d=-
not working .20(-0.49 t0 0.09)

Waddell inappropriate signs 200 (74 working, I. Working M = .8, SD = 1.3, not work-
and symptoms test score 126 not working) ingM=.8,SD=1.3,P>.05; "d=.00
(0—-10) (-0.2910 0.29)

Pain Drawing

Hagg 2003%* Pain Drawing (Gatchel et al, Work status at follow-up, work- 201 (76 working, I. Mann-Whitney U test (unadjusted) I. Working M = 27, SD = 21.4, not work-

1986 scoring, 0—256)

Pain Drawing (Sivik et al,
1992 scoring) nonorganic
(high somatization ten-
dency, >6/20) versus
organic (low somatization
tendency, <6/20)

Pain Drawing (Ransford
et al, 1976 Penalty Points
scoring) nonorganic
(abnormal, >3/15) versus
organic (normal, <3/15)

Pain Drawing (Udén et al,
1988 scoring) nonorganic
(nonorganic, possibly
nonorganic) versus

ing (part- or fulltime) versus
not working

125 not working)

201 (97 nonor-
ganic, 104
organic)

201 (52 nonor-
ganic, 149
organic)

201 (77 nonorganic
124 organic)

II. Fisher's exact test (unadjusted)

ing M =25, SD =20.2, P> .05;
d=.10(-0.1910 0.38)

. 38 nonorganic, 38 organic were

working at follow-up, P= 1.0,
SOR=1.12(0.63—1.98)

. 19 nonorganic, 37 organic were

working at follow-up, P=.9,
'OR =.93(0.48-1.79)

. 33 nonorganic, 43 organic were

working at follow-up, P= 1.0,
‘OR = 1.41(0.79-2.53)

(continued on next page)
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Table 2. Continued

Stupy ID PROGNOSTIC FACTOR Outcome SAMPLE SiZE ANALYsIS EFFECT ESTIMATES
MEASURE, DEFINITION MEASURE, DEFINITION FoLLow-up (m0) N ANALYZED METHOD, ADJUSTED FOR FACTORS * / UNADJUSTED Estimate (95% Cl)'
organic (organic, possibly
organic)
Job satisfaction
Schade 1999%° 4-item General job satisfac- Return to any work 24(23-30) 42 |. Parametric univariate analysis (unadjusted) I.P<.01
tion scale (1-5 Likert
ratings)
Den Boer 2006'° Job satisfaction scale score Full return to work (100%) ver- 6 182 |. Logistic regression adjusted for: fear of movement |.b=-.02,SE=.04, P= .64, OR = .98;
(13-65) sus reduced work capacity (TSK), passive pain coping (Pain Coping Inventory), II.b=.49, P< .05 ‘OR=2.18(1.15
(<100%; self-reported % of negative outcome expectancies, physical workload, -4.11)
work capacity compared to duration of sick leave (wk), gender (male), age, educa-
before symptom onset) tion level (primary / secondary / tertiary), baseline dis-
ability (RMDQ) and pain (0—100 VAS), 3 d
postoperative pain (0—100 VAS), analgesics week
before surgery (types), neurologic deficits (none / sen-
sory or motor, both), duration (wk) and onset (acute)
of symptoms;
Il. Logistic regression (unadjusted)
Job-related resignation
Schade 1999%° 4-item Job-related resigna- Return to any work 24 (23—-30) 42 |. Parametric univariate analysis (unadjusted) I.P<.05
tion scale (15 Likert
ratings)
Occupational stress
Schade 1999*° Sum index of occupational Return to any work 24 (23-30) 42 I. Stepwise multiple regression adjusted for: baseline l. Beta=-.28, T=2.13, P> .05;

mental stress (3 items
rated none / mild / severe)

pain/disability (NR), depression (subscale from Psycho-
logical general well-being index);
Il. Parametric univariate analysis (unadjusted)

'OR=.76;
Il. P<.05

Abbreviations: ALIF, anterior lumbar interbody fusion; b, unstandardized regression coefficient; BAK, Bagby and Kuslich cage; beta, standardized regression coefficient; BMI, body mass index; Cl, confidence interval; ICD, International Classi-
fication of Diseases; KSP, Karolinska Scales of Personality; M, mean; NR, not reported; NSAID, nonsteroid anti-inflammatory drugs; ODI, Oswestry Disability Index; OR, odds ratio; PLF, posterior lumbar fusion; PLIF, posterior lumbar interbody

fusion; RMDQ, Roland Morris Disability Questionnaire; SCID-II, Structured Clinical Interview for DSM-IV axis Il disorders; SD, standard deviation; SE, standard error; TSK, Tampa Scale for Kinesiophobia; VAS, Visual Analog Scale.

*If categories not specified, factor analyzed as a continuous variable; nonsignificant PFs removed in a stepwise manner in adjusted analyses are not listed, but included: worker’s compensation, being on sick leave, neuroticism;21 age, BMI,
diagnoses, education, fusion approach, sex, marital status, N of levels with degenerative changes, N of rehabilitation / vocational sessions;39 age, gender, labor occupation, marital status, permanent disability, psychotherapy / physiotherapy
/ chiropractic care use;40 for Schade 1999, only the final model including significant PFs from domain-specific models is reported, but the following nonsignificant PFs were removed from within-domain stepwise models: demographics, low
back pain history, physical and MRI findings (medical); anxiety, self-controls, wellbeing, general health, vitality (psychological factors); job satisfaction, social support (psychosocial aspects of work).*”

1Statistics reported where available. 95% confidence interval provided in brackets where available. The sign of bs from Den Boer 2006 was reversed along with the outcome definition for consistency with the remaining studies. The sign of

betas from Schade 1999 was also reversed as the context and narrative indicate that the reported factors were negative predictors of return to work and thus original prediction was likely made towards negative outcome.

tUnclear if the PF was a composite measure of pain and disability or one of these factors, and which was adjusted for in the analysis.
§Effects estimated from available data where possible.
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Halicka et al The Journal of Pain 1337
A. Study logOR SE Age (adj.) OR 95%-Cl Weight
Anderson 2006 -0.94 0882 T 0.39 [0.07;220] 18%
Anderson 2015 -0.54 0.118 = 0.58 [0.46;0.73] 98.2%
Random effects model = 0.58 [0.46; 0.72] 100.0%
Heterogeneity: 12 = 0%, =0, p =066 | ' T
0.1 05 1 2 3
B. Study logOR SE Sick leave duration (adj.) OR 95%-Cl Weight
Den Boer 2006 -0.24 . | 0.79 0.0%
Hagg 2003 -0.04 0.013 096 [094;099] 507%
Nguyen 2011 -0.06 0.014 094 [092;097] 49.3%
Random effects model ¢ 0.95 [0.93; 0.97] 100.0%
Heterogeneity: /= 19%, t° < 0.001, p = 07 ' ' o
01 05 1 2 3
C. Study logOR SE Legal representation (adj.) OR 95%-Cl Weight
Anderson 2015 -0.45 0.095 L3 064 [0.53;0.77] 64.8%
O'Donnell 2018 -0.56 0.129 = 057 [0.44;073] 352%
Random effects model <> 0.61 [0.53; 0.71] 100.0%

Heterogeneity: 12 = 0%, t=0,p =047 !

0.1 05 1 2 3
D. Study logOR SE Income (adj.) OR 95%-Cl Weight
Nguyen 2011 0.11 0.041 | 112 [1.03;1.21] 422%
O'Donnell 2018 0.01 0.005 ] 1.01 [1.00;1.02] 578%
Random effects model ) L 1.06 [0.95; 1.17] 100.0%
Heterogeneity: /% = 84% [34%; 96%], t° = 0004, p = 0.01 ! ! r
01 05 1 2 3
E. Study logOR SE Marital status (unadj.) OR 95%-Cl Weight
Hagg 2003 0.17 0.368 —+=—— 119 [058;2.45] 26.4%
Nguyen 2011 0.39 0.220 T 147 [095;226] 736%
Random effects model i:} 1.39 [0.96; 2.01] 100.0%
Heterogeneity: 1= =0%, 1 =0, p = 0.62 ' ' Tl
0.1 05 1 2 3

Figure 3. Forest plots of pooled effects of (A) age, (B) duration of sick leave, (C) legal representation, (D) income, and (E) marital
status on return to work after surgery. If standard error or confidence interval of effect estimate was missing, that effect was not
included in meta-analysis, but its magnitude is presented alongside other eligible studies (B). Abbreviations: adj., adjusted; Cl, confi-
dence interval; logOR, log-odds ratio; OR, odds ratio; SE, standard error; unadj., unadjusted effect.

showing a small significant negative relationship with
work capacity in adjusted analysis.'®

We found no significant independent associations
between RTW and 2 work-related psychological factors,
that is, job satisfaction (1 low RoB study)16 and occupa-
tional mental stress (1 high RoB study).*’

The prognostic value of several psychological fac-
tors was only examined in unadjusted analyses. A single
high RoB study”® reported significant negative relation-
ships of anxiety and job-related resignation, and a posi-
tive relationship of vitality, with RTW after surgery,
although effect estimates were not available. There
were no significant associations between RTW and other
psychological factors, including pain behavior (1 low
RoB study),”® pain drawing (1 high RoB study),”* nega-
tive outcome expectancies (1 low RoB study),'® and per-
sonality traits and disorders (1 low RoB study,'23 except
for a small unadjusted negative effect of neuroticism).

Quality of Evidence

An overview of GRADE judgements of the quality of
evidence is presented in Figure 4, and more detailed
assessment is available in Supplementary Table S3.

There was moderate-quality evidence that demo-
graphic, socioeconomic, and affective psychological fac-
tors predict RTW. In particular, older age demonstrated
independent negative prognostic value, gender, how-
ever, was unrelated to RTW outcomes. Regarding socio-
economic factors, participants who were employed
before surgery were more likely to RTW even after
accounting for potential confounders, whereas longer
duration of sick leave, higher physical workload, and
having legal representation showed independent nega-
tive associations with RTW. Income, workers' compensa-
tion, and general education level did not predict RTW
after adjusting for other factors. Among affective
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Predictors of Return to Work After Spinal Surgery

Return to work Sig. association:
Bas?Iine N of cghorts Effect Overgl/ Yes \{’ No X .
predictors (patients) quality | Quality of evidence:
Sociodemographic OOO@ High
Demographic 4 (3288) v 00 88 ) : E/:s:lerate
Socioeconomic 5 (4574) v 0000 | 9000 Very low
Health-related
Pain 3 (487) X O
Disability 4 (529) X @0
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Figure 4. Overall quality of evidence for the reviewed associations according to Grading of Recommendations, Assessment, Devel-

opment and Evaluations (GRADE) framework.?*>*

psychological factors, particularly depression and hav-
ing any psychiatric comorbidity were found to be impor-
tant independent negative predictors of RTW.

There was also low-quality evidence for independent
prognostic value of symptom duration and analgesics
use. Specifically, participants with longer duration of
CLBP and those with opioids prescription and using
opioids for longer were less likely to RTW after surgery.

The quality of evidence for the remaining associa-
tions was very low. Type of spinal pathology, in par-
ticular presence of spondylosis, and pain-related
psychological factors such as passive coping and fear
of movement, were identified as potential indepen-
dent negative predictors of RTW. Finally, preoperative
disability, pain intensity or pain in response to move-
ment or touch, comorbidities, personality, and work-
related psychological factors appeared unrelated to
RTW outcomes.

The reasons for downgrading the quality of evidence
can be summarized as follows. The data came largely
from exploratory phase-1 studies, and only 3 of the
examined relationships were supported by confirma-
tory phase-2 studies (analgesics use, depression, and
work status).*>*? Lack of adjustment for any con-
founders further affected the confidence in some
examined associations, especially in the psychological
domain. Another issue that decreased the quality of
evidence and limited the opportunities for its

quantitative synthesis was imprecision related to inad-
equate sample size and insufficient results reporting,
affecting half of the reviewed relationships. Limited
number of studies for several candidate predictors pre-
sented potential publication bias.

Discussion

We systematically reviewed the evidence for preop-
erative predictors of RTW after spinal surgery for
CLBP, and performed narrative and quantitative syn-
thesis of results where possible. Our main findings
indicate that sociodemographic and affective psycho-
logical factors likely predict RTW. Symptom duration
and opioid analgesic use also have potential prognos-
tic value. The evidence for other health-related and
psychological predictors is less certain.

Sociodemographic Predictors

We found moderate-quality evidence supported by
meta-analysis that older age independently predicts
decreased likelihood of RTW after spinal surgery, in line
with previous systematic reviews.>>** This seems partic-
ularly relevant in light of increasing prevalence of CLBP
with age. Its burden will likely increase with aging pop-
ulation,? and so may the number of people in need of
spinal surgery.
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The independent prognostic value of several socio-
economic work-related factors is supported by moder-
ate-quality evidence. Patients working before surgery,
with shorter duration of sick leave, lower physical work-
load, and without legal representation are more likely
to RTW after surgery. These findings, with the effects of
sick leave and legal representation confirmed in meta-
analyses, reinforce the consistent evidence from previ-
ous reviews regarding RTW after surgery based largely
on unadjusted associations,®>** and from noninterven-
tional studies on RTW in CLBP.>® We further found that
income may be less relevant to RTW after adjusting for
stronger predictors such as legal representation or
opioids use (although this evidence may be limited by
statistical heterogeneity), and that the previously
reported effect of workers’ compensation claims on
RTW?> may lose its predictive ability after adjusting for
work status. The value of socioeconomic predictors of
RTW may depend on national healthcare and insurance
systems, yet, the limited number of studies prevented
sensitivity analysis to explore this further. Effects of
legal representation, income, and work status were
only assessed in US-based studies, however, association
between sick leave and RTW was found across US, Swed-
ish, and Dutch studies.

Health-Related Predictors

Pertinent to our review question regarding CLBP, we
found low-quality evidence for an independent effect
of longer symptom duration on reduced RTW, further
supported by their pooled unadjusted association.
These findings are in agreement with a previous review
of RTW rates after spinal surgery,> and with strong evi-
dence from nonsurgical CLBP studies that delay in refer-
ral for intervention has adverse effects on RTW.*°
Preoperative opioid prescription and prolonged opioid
use also independently predicted reduced RTW in the
current review (low-quality evidence). Opioids are com-
monly prescribed for moderate and severe pain that
could not be managed with other treatments, therefore
these patients likely represent more severe cases.'® Neg-
ative side effects of prolonged opioid use could further
interfere with RTW."” Very low-quality evidence sug-
gests that spinal pathology, particularly presence of
spondylosis, may be a negative independent predictor
of RTW. Patients with spondylosis are often older and
present with more persistent symptoms. Overall, these
prognostic effects, in line with the duration of sick
leave, appear to suggest that chances of RTW decrease
with increasing duration and severity of CLBP. However,
preoperative disability (seemingly closely related to
functional recovery indexed by RTW) only predicted this
outcome in unadjusted meta-analysis, but not after
adjusting for socioeconomic and psychological factors
(very low-quality evidence).

Psychological Predictors

Recommendations regarding the prognostic value of
psychological distress for spinal surgery outcomes are
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scarce and vary across countries. For instance, in the case
of disc herniation with radiculopathy, the UK National
Institute for Health and Care Excellence advises not to
use such information during patient selection for sur-
gery, whereas the North American Spine Society sug-
gests that patients should be assessed for signs of
psychological distress, such as somatization and depres-
sion, based on fair evidence that these signs predict
worse outcomes.’>3” Our review, considering a broader
range of degenerative spine diseases, found no evi-
dence for pain behavior or nonorganic signs, but passive
pain coping and fear of movement may be related to
RTW after surgery (very low-quality evidence). Impor-
tantly, we found moderate-quality evidence that
patients who are depressed or have a psychiatric comor-
bidity are less likely to RTW, even after controlling for
potential confounders. Although the data was not suit-
able for meta-analysis, this evidence was supported by
moderate effect sizes from large studies, including a con-
firmatory investigation. Unadjusted effects of anxiety
and low vitality were consistent with the conclusion that
negative affective factors likely predict reduced RTW.

Strengths and Limitations

This review provides a comprehensive evaluation of
33 candidate predictors for RTW, objectively reflecting
functional recovery after surgery. We expand upon the
previous literature®>** by including a broader range of
degenerative diseases of the lumbar spine, while spe-
cifically focusing on patients with chronic pain. Iden-
tifying a larger set of relevant studies allowed to
pool the effects of some associations in meta-analy-
sis. Furthermore, our robust quality assessments pro-
vide a transparent overview of the certainty in
available prognostic evidence in this filed, highlight
prevalent methodological issues, and signpost direc-
tions for further research.

Low quality of evidence was a concern for predictors
other than sociodemographic and affective psychologi-
cal factors. Specific shortcomings of the available evi-
dence are outlined in the Risk of bias and Quality of
evidence results sections. The current review also has
some limitations. First, several examined associations
included indirect evidence, where it was not possible to
verify chronic pain status of all participants,”'®** thus
these samples may not accurately reflect the review
question. Nonetheless, available data strongly sug-
gested their eligibility and any uncertainty was reflected
in the quality assessments. Second, in 2 included studies,
not all patients were working before surgery.>?3%4
While this may seem suboptimal considering RTW out-
come, it allowed us to examine the prognostic effect of
preoperative work status. Third, definitions of RTW
were not consistent across all studies, with some specify-
ing sustained RTW, and others work capacity. Although
all these definitions were relevant to our review ques-
tion, they added a degree of study heterogeneity. How-
ever, outcome definition was not identified as a
potential source of inconsistencies in the results. Fourth,
the reviewed evidence comes from various American
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and European economic contexts, adding heterogeneity
of the healthcare and compensation systems. Ideally,
the impact of the above-mentioned limitations should
be examined in sensitivity analyses, yet these were not
possible due to the small number of studies. This also
limits our confidence in the precision of pooled esti-
mates, based only on 2 to 3 studies for each association
examined in meta-analysis. It also affected the feasibility
of quantitative synthesis for other candidate predictors.
Moreover, moderate or large effect sizes contributed
only to prognostic effects of socioeconomic and affec-
tive factors, while the magnitude of all pooled estimates
was small. Finally, the current article is part of a broader
review including predictors of patient-reported pain
and disability outcomes. While the decision to report
them in a separate article was not made a priori, it
allows to provide more in-depth assessment of these dis-
tinct outcomes.

Implications

The identified limitations of the existing evidence
suggest specific directions for further research. Issues
preventing meta-analysis could be addressed at the
levels of study design and results reporting, where
consensus on consistent measures and definitions of
the same predictors and outcomes would reduce
heterogeneity''*; monitoring and reporting attri-
tion could ensure representativeness of the studied
samples; and transparent reporting of both positive
and negative results with precision estimates would
allow quantitative synthesis and increase certainty in
presented evidence. This review further highlights
the importance of controlling for potential alterna-
tive explanations in prognosis research. For instance,
possible effects of education level, workers’ compen-
sation, disability, and work-related psychological fac-
tors were found in unadjusted analyses, but could
not be replicated after adjusting for other factors. As
there is no recommended set of relevant confound-
ers, we suggest that age, socioeconomic, and affec-
tive factors should be adjusted for in future
prognosis research. Additional high-quality confirma-
tory studies should verify the independent prognostic
value of symptom duration, analgesics use, pain-
related psychological factors, and spinal pathology,
which is currently supported by low or very low-qual-
ity evidence. Despite overall small effect sizes arising
from the current syntheses, combining several prog-
nostic factors could increase the accuracy of outcome
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prediction, thus the identified likely predictors of
RTW after spinal surgery should be considered in the
development of clinical prediction models.

There are several practical implications of the pre-
sented findings. For instance, the negative effects of
socioeconomic factors and symptom duration on RTW
suggest that patients might benefit from being oper-
ated earlier in the course of CLBP, or working as long as
possible until surgery but perhaps with reduced work-
load. Furthermore, patients with CLBP with signs of
depression or maladaptive pain coping may benefit
from preoperative cognitive-behavioral therapy.*® Ide-
ally, multidisciplinary approaches to pain management
should be sought as an alternative to opioid pain relief,
which, if necessary, should only be prescribed for short
periods.

Conclusions

The likelihood of RTW after spinal surgery for CLBP
appears to depend on patients’ demographics, socioeco-
nomic situation, medical history, and affective psycho-
logical characteristics. We found likely negative
prognostic value of older age, longer sick leave, having
legal representation, higher physical workload, not
working before surgery, having psychiatric comorbid-
ities and depression for RTW. Longer symptom duration
and opioid use also potentially predict reduced RTW,
whereas the prognostic value of other preoperative fac-
tors is less certain. The current level of evidence may not
be sufficient for the development of clinical guidelines
regarding prognosis, and more high-quality prospective
data would increase confidence in the above associa-
tions.>® However, the identified predictors could inform
the design of future confirmatory studies and clinical
prediction models, help to estimate the likelihood of
functional recovery and choose the best course of treat-
ment at the right time, to reach individual patient goals
and maximize the benefit from surgery.
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