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Patient-reported outcomes and their associated factors at 1- and 2-year follow-up after lumbar
spine surgery: A surgery registry study

ABSTRACT

Purpose Degenerative lumbar conditions are a leading cause of disability worldwide, often requiring
surgery when conservative treatments fail. Data on surgical outcomes from patients' perspectives and
influencing factors remain limited. This study aimed to assess 1-year and 2-year Patient-Reported
Outcomes (PROs) following lumbar spine surgery and identify factors associated with these outcomes.
Methods This surgery registry study included 1,195 adult patients who underwent lumbar spine
surgery between 2017 and 2022 at a tertiary hospital in Singapore. Patients completed the EQ-5D-3L
and Oswestry Disability Index before surgery, and one year (n=741) and two years (n=440) after surgery.
Multivariable logistic regression identified factors influencing PRO improvements at the dimension
level.

Results The mean age of the patients was 58.1 years (SD 16.1). From baseline to 1-year, patients
experienced the largest improvements in pain/discomfort (6 = 0.55-0.56) and social functioning (6 =
0.48-0.53), while improvements in ADLs and functional tasks were smaller, with negligible change in
lifting (6 = 0.04); these effects largely persisted at 2 years. Patients with poorer baseline PROs
consistently improved across all PROs at 1 year. Higher education and conditions affecting only the
L4/5 spinal level were associated to better outcomes in activities of daily living, pain/discomfort, and
social functioning. Higher education and prolapsed disc diagnosis were associated with functional task
improvements. At 2 years, poorer baseline PROs remained influential, while the absence of
comorbidities emerged as a significant factor.

Conclusions Substantial improvements in pain and social domains occurred within the first year and
persisted to year two, while physically demanding tasks such as lifting remained difficult to restore.
Patients with poorer baseline PROs and higher education derived the greatest benefit, emphasising
tailored pre-operative interventions to optimise outcomes.
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Plain English summary

This study investigated the outcomes of lumbar spine surgery in 1,195 patients in Singapore.
Significant improvements in patient-reported outcomes (PROs), such as pain reduction and
improved social function, were observed within the first year after surgery, with limited
further improvement in the second year. Higher education and conditions affecting only the
L4/5 spinal level were associated to better outcomes in activities of daily living,
pain/discomfort, and social functioning. Higher education and prolapsed disc diagnosis were
associated with functional task improvements. At 2 years, poorer baseline PROs remained
influential, while the absence of comorbidities emerged as a significant factor. These findings
emphasize the importance of pre-operative assessments and patient education to optimize

surgical outcomes.



Introduction

Degenerative lumbar conditions are a major cause of disability worldwide, affecting approximately 266
million people, or 3.63% of the global population [1]. The broad range of symptoms complicates their
identification, diagnosis, and treatment [2-4]. International clinical guidelines usually recommend a
conservative treatment approach initially, as non-surgical interventions resolve most cases within
three months. While guidelines acknowledge that lumbar surgery can outperform conservative
treatment, it is not always the first choice due to risks and the uncertainty of which patients benefit
most from non-operative methods [2-4]. Therefore, surgery is considered a secondary option,
specifically for cases where thorough diagnostic evaluations confirm its necessity and when symptoms
persist for more than 12 weeks despite conservative management.

With the growing emphasis on patient-centred care in lumbar spine surgery [5], clinicians
increasingly value patient-reported outcomes (PROs) alongside traditional epidemiological measures
in clinical decision-making [6, 7]. PRO measures, or PROMs, are validated methods used to assess
patient-reported functionality, measure outcomes, and evaluate recovery [5]. Reviews consistently
show significant improvements in postoperative PRO scores following lumbar spine surgery [8, 9].
Several major cohorts, including the Spine Patients Outcome Research Trial (SPORT), the Canadian
Spine Outcome Research Network (CSORN), and the Swedish National Register for Lumbar Spinal
Surgery, have reported significant improvements in PROs up to one year post-surgery [10-12], with
benefits persisting into the second year [13-17]. However, much of the data from these cohorts were
collected over a decade ago, which may not reflect current surgical practices [11]. Additionally, these
studies were mostly conducted in Western countries, limiting their applicability to Asian populations.
The only study from Asia involved a small sample size, further limiting the comparability of its findings
[18].

A recent review also identified baseline PROs and various socio-economic factors as valuable
predictors of post-operative disability and PROs [19]. While evidence consistently shows that patients
with severe baseline PROs often improve following surgery [12, 20-22], findings on other factors
remain mixed, including gender [12, 23], age [12], education level [23-25], ethnicity [12, 20], presence
of comorbidities [12, 21, 26], and body mass index [27]. Only four studies have examined clinical
variables related to different lumbar conditions [12, 20, 28, 29], and only one has investigated the
spine level involvement [30], revealing a significant gap in research on these factors. Most existing
studies are from Western countries, and their findings may not apply to Asia due to the subjective
nature of PROs, which are influenced by language, culture, and lifestyle.

Given the identified research gaps, this study aims to (1) determine 1-year and 2-year PROs at

both the individual dimension and overall levels for patients with degenerative lumbar conditions



following surgery, and (2) investigate factors associated with improvements in PROMs at these

intervals in Singapore, a multi-ethnic and multicultural city-state in Southeast Asia.

Methods

Ethical approval

This study was performed in line with the principles of the Declaration of Helsinki. Approval was
granted by the Domain Specific Review Board, National Healthcare Group, Singapore (Date 21 January
2021/DSRB 2020/01075). We reported the study following the REporting of Studies Conducted Using
Observational Routinely-Collected Health Data (RECORD) and Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement (Table S1) [31, 32].

Study design, setting, and data collection

This surgery registry study analysed data from patients enrolled in the Spinal Surgery Registry at the
Spine Centre, National University Hospital (NUH), a university-affiliated tertiary healthcare facility in
Singapore. We screened all patients who underwent primary elective lumbar spine surgery for
degenerative lumbar conditions, with or without lower limb radicular symptoms, from 2017 to 2022.
Eligible patients were prospectively enrolled into an institutional review board-approved longitudinal
cohort. Study data were collected and managed using REDCap electronic data capture tools hosted at
NUH [33, 34]. REDCap (Research Electronic Data Capture) is a secure, web-based software platform
designed to support data capture for research studies, providing 1) an intuitive interface for validated
data capture; 2) audit trails for tracking data manipulation and export procedures; 3) automated export
procedures for seamless data downloads to common statistical packages; and 4) procedures for data

integration and interoperability with external sources.

All enrolled patients first underwent a physiotherapy trial lasting up to three months before
considering surgery. Surgery was indicated for persistent symptoms despite physiotherapy, progressive
neurological deterioration, or worsening deformity. Patients underwent procedures such as
microdiscectomy, decompression laminectomy, and instrumented fusions. The division of spine
surgery, comprising over five fellowship-trained spine surgeons, routinely conducts pre-operative

audits to review surgery indications and determine the most appropriate procedure.

After obtaining informed consent, a trained staff member from the NUH Spine Centre collected
PRO data using three questionnaires: the EQ-5D-3L, the Short Form 36 Health Survey (SF-36), and the
Oswestry Disability Index (ODI). Patients completed these questionnaires at surgery enlistment for pre-

operative assessment and during follow-up visits at 3-6 months, one year, and two years post-surgery.



If patients missed an appointment or returned an incomplete questionnaire, the staff contacted them

to ensure data completeness.
Eligibility criteria

The cohort included patients who met the following criteria: 1) a clinical diagnosis of stenosis,
prolapsed disc, spondylolisthesis, and degenerative disc disease; 2) underwent lumbar spine surgeries,
such as microdiscectomy, decompression laminectomy, or instrumented fusion, at the Spine Centre of
the tertiary hospital between 1 January 2017 and 31 July 2022; and 3) had PROs assessed both pre-

and postoperatively with complete data documentation.
PROMs

The EQ-5D-3L is a generic health status measure developed by the EuroQol Group that covers five
dimensions of health-related quality of life: mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression [35]. Each dimension has a three-point response scale (no problems, moderate
problems, extreme problems). An EQ index score reflects respondents’ overall health utility based on
their responses to the five dimensions. The index ranges from -0.769 (worse than death) to 1 (full
health) [36], with higher scores indicating better health status. Additionally, a visual analogue scale
(EQ VAS) asks respondents to rate their health from 0 (worst imaginable health) to 100 (best
imaginable health). The EQ-5D-3L was selected because it was routinely collected in our spine registry
during the study period and remains widely used in clinical practice. While the 5L version provides
increased sensitivity, the 3L version has demonstrated adequate validity, responsiveness, and

feasibility in patients undergoing spine surgery [37, 38].

The ODI assesses disability caused by spinal diseases.[39] It contains ten items (pain intensity,
personal care, lifting, walking, sitting, standing, sleeping, sex life, social life, and travelling), each
measuring disability in a different domain on a six-point response scale. An ODI score can be calculated,
ranging from 0% (no disability) to 100% (maximum disability). The ODI has demonstrated strong
psychometric properties in assessing patients undergoing lumbar disc surgery [40].

Outcome and exploratory variables

PROs were the outcome variables, defined as the outcomes measured by individual items and scales
of the PROMs. Each item of the EQ-5D and ODI was considered a specific PRO, totalling 15 PROs: five
from the EQ-5D and ten from the ODI. These were grouped into five categories: 1) activities of daily
living (ADLs) (mobility, walking, self-care, personal care); 2) functional tasks (lifting, sleep, sitting,
standing); 3) mental health (anxiety/depression); 4) pain or discomfort (pain/discomfort, pain

intensity); and 5) social functioning (usual activities, social life, travelling, sex life). As each PROM used



a Likert-type response scale, the raw PRO data were converted into binary outcomes to indicate
whether the PROs improved (yes/no) from baseline to 1- and 2-years post-surgery. This approach was
selected to enhance clinical interpretability and reduce model complexity given the ordinal structure

of the data and small cell counts across multiple response levels.

Baseline patient socio-demographics and medical comorbidities were documented, and
clinical data were obtained from medical records and linked to the PRO data. This included
comorbidities, BMI, clinical diagnosis, type of surgery, and spine level. The study focused on nine key
exploratory variables: baseline PROs (moderate vs severe), gender (male vs female), age (older adults
(>65) vs younger adults (<65, including young and middle-aged)), ethnicity (Chinese vs non-Chinese;
Malay and Indian were grouped as non-Chinese to ensure sufficient sample size given Singapore's
demographics of ~74% Chinese, 13% Malay, and 9% Indian), BMI (normal vs overweight/obese),
education level (college, diploma, university vs primary and secondary), comorbidities (presence vs
absence), diagnosis (spondylolisthesis vs degenerative disc disease vs prolapsed disc vs stenosis vs
non-specific pathologies), and spine level. Spine level was classified into five groups: mixed level
(involving more than one segment), L4/S1 (two-level surgeries spanning L4/5 and L5/S1), L4/5 only,
L5/S1 only, and others (e.g., L2/3 or L3/4). For the five EQ-5D PROs, the response options of "no
problems", "some/moderate problems", and "extreme/unable" were coded as no, moderate, and

severe, respectively. For the ten ODI PROs, the six-point response levels were coded into three levels:

no (level 1), moderate (level 2 or 3), and severe (level 4, 5, or 6).
Statistical analysis

Descriptive statistics were used to present the socio-demographic and clinical variables of the patients,
as well as their PROs at both dimensional and overall levels. Mean and standard deviation, or median
and interquartile range, were reported for continuous variables, while counts and percentages were
used for categorical variables. EQ-5D index, EQ-VAS, and ODI scores were summarised using means
and standard deviations at baseline, 1 year, and 2 years. Paired t-tests were conducted among
participants with complete data at both timepoints to assess within-person changes. For each PRO
item, we calculated the proportion of individuals with pre-operative problems who showed
improvement, defined as a shift to a better response, at one- and two-years post-surgery. Cliff’s delta
(6) was computed to quantify the magnitude and direction of change, interpreted as negligible (<0.14),

small (0.14-0.33), medium (0.33-0.47), or large (>0.47) [41].

Patients who reported “no problems” at baseline were excluded from each outcome analysis,
as no improvement was expected in these groups. Fisher’s exact tests were used to explore

associations between each exploratory variable and binary improvement outcomes. Univariate logistic



regressions were then conducted within each imputed dataset to identify candidate predictors.

Variables with a p-value <0.05 and deemed clinically relevant were selected for multivariable modelling.

For each PRO, multivariable logistic regression models were constructed using backward
elimination [42], with a p-value threshold of <0.05 for variable retention. Analyses were performed
separately for one- and two-year post-surgery outcomes to capture temporal differences in PRO
improvement. Complete-case analysis was conducted as the primary analytical approach to enable full
assessment of model fit and regression diagnostics. Statistical significance was set at a two-sided p-
value <0.05, with no adjustment for multiple comparisons, given the exploratory nature of the analysis
and the potential for overcorrection to increase Type Il error. Multicollinearity was assessed using
variance inflation factors (VIF) and tolerance statistics; VIF values 0.2 or 5.0, or tolerance values <0.1,
indicated collinearity and prompted further review. Model fit was evaluated using the Hosmer—
Lemeshow goodness-of-fit test and the Pregibon link test. A non-significant p-value (p > 0.05) from the
Hosmer—Lemeshow test indicated adequate goodness-of-fit, while a non-significant squared predicted

value (hat?, p > 0.05) from the link test suggested correct model specification.

To assess potential attrition bias, we compared baseline socio-demographic, clinical
characteristics, and PROs between patients who completed follow-up and those lost to follow-up. To
further examine the robustness of our findings, multiple imputation by chained equations (MICE) was
performed as a sensitivity analysis, assuming data were missing at random [43]. Twenty imputed
datasets were generated using ordered logistic regression. Socio-demographic and clinical predictors
were included in the imputation model. Passive imputation was applied to derive change scores
(follow-up minus baseline) and to generate binary indicators of improvement. All multivariable models
were then refitted using the mi estimate procedure, and pooled estimates were reported using Rubin’s

rules. All analyses were conducted using Stata version 18.0 (StataCorp, College Station, TX, USA).
Results
Socio-demographic and clinical characteristics

Atotal of 1,195 patients underwent surgery and completed baseline PROMs (Figure 1). Table | presents
the baseline characteristics of this cohort. The mean age was 58.1 years (standard deviation [SD] =
16.1), with 57.6% being under 65 years of age. Most patients were male (51.5%), of Chinese ethnicity
(70.3%), and had completed primary or secondary education (51.4%). The mean BMI of the patients
was 26.3 kg/m? (SD = 4.7), and 44.6% reported having comorbidities. The most common diagnosis was

stenosis (40.5%), followed by prolapsed disc (22.9%) and spondylolisthesis (19.8%). The lumbar region



was the most commonly affected spine level, with L4/5 being the most frequently involved specific
level (36.6%).

Of the 1,195 patients at baseline, 741 completed the 1-year follow-up, and 440 completed the
2-year follow-up. The distribution of socio-demographic and clinical characteristics was comparable
between the first- and second-year follow-up periods. Table Il presents the outcome categories and

the improvements in PROs among individuals with baseline PRO problems at different time points.

PROs at 1- and 2-years after lumbar surgery

Most patients with pre-operative PRO problems experienced significant improvements following
lumbar surgery (Table Il). From baseline to 1-year follow-up, individuals with problems in pain intensity
(6 = 0.56) and pain/discomfort (6 = 0.55) experienced large improvements. Large effects were also
observed in social functioning domains such as travelling (6 = 0.53), sex life (6 = 0.48), and social life (&
= 0.48). In contrast, improvements in ADLs were generally moderate, with Cliff’s delta ranging from
0.33 to 0.45, except for self-care (6 = 0.22), which showed a small effect size. Mental health
(anxiety/depression) showed a moderate effect (6 = 0.34). Improvements in functional tasks such as
sitting (6 = 0.34), standing (6 = 0.52), and sleeping (6 = 0.32) were moderate to large. Lifting (6 = 0.04),

however, showed negligible improvement, despite 46.9% of patients reporting better function.

These patterns largely persisted at the 2-year follow-up, with 56.4%—86.7% of patients
continuing to report improvement across domains. Effect sizes remained stable, with pain intensity (&
= 0.59) and pain/discomfort (6 = 0.53) sustaining large effects, and social functioning domains
continuing to show large improvements. Functional domains such as lifting (& = 0.04) again showed
negligible change, while ADLs and mental health remained in the small-to-moderate range. Notably,
90.7% (399/440) of patients completed both the 1- and 2-year follow-up assessments. Consistent with
these domain-level findings, the EQ-5D index, EQ VAS, and ODI total scores improved significantly from
baseline to 1 year, with minimal further gains up to 2 years (Figure 2). Paired t-tests showed significant
improvements from baseline: EQ-5D increased by 0.33 (95% Cl: 0.30 to 0.36) at 1 year and 0.32 (0.29
to 0.36) at 2 years; EQ-VAS increased by 6.83 (5.44 to 8.21) and 5.38 (3.55 to 7.22); ODI decreased by
—23.36 (—25.07 to —21.65) and —24.41 (-26.45 to —22.37) (p < 0.001 for all) (Table S2).

Factors associated with improvements in PROs in univariate analysis

Tables S3-6 show the factors associated with improvements in PROs based on univariate analysis. At
the 1-year follow-up, poorer baseline PROs were consistently associated with improvements in almost
all PROs, except for walking, self-care and personal care. Other significant factors included education,

comorbidities, and spine levels for ADLs; education and diagnosis for functional tasks; education for
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mental health and pain/discomfort; and age, education, comorbidities, and spine levels for social
functioning. At the 2-year follow-up, baseline PROs and comorbidities remained associated with
improvements in ADLs and social functioning, while only baseline PROs were consistently associated

with functional tasks, mental health, and pain/discomfort.

Factors associated with improvements in PROs in multivariable analysis

Table Il and Tables S6-9 show the factors associated with improvements in PROs based on
multivariable logistic regression analysis. At the 1-year follow-up, several key factors were consistently
associated with greater odds of improvement across different PRO categories. For ADLs, poorer
baseline PROs (ORs: 1.80-9.30), younger age (ORs: 1.87-3.15), and Chinese ethnicity (ORs: 1.73-2.13),
higher education (ORs: 2.35-3.67) were significantly associated with higher odds of improvement. For
social functioning, poorer baseline PROs (ORs: 2.45-19.1), higher education (ORs: 2.57-3.52), and L4/5

spine level conditions were significant factors for improvement in all PROs.

Regarding functional tasks, poorer baseline PROs (ORs: 2.12—4.84), higher education (ORs:
1.68-2.53), and a diagnosis of prolapsed disc were associated with improvements in nearly all PROs.
In terms of mental health, patients with higher education had greater odds of improvement in anxiety
or depression (OR: 1.94). Similarly, patients with poorer baseline PROs (ORs: 4.82-21.5) and higher

education (ORs: 2.23-2.59) were more likely to report improvement in pain/discomfort.

Some key factors for improvements observed in the first year persisted into the second year.
At the 2-year follow-up, patients with poorer baseline PROs continued to show significant
improvements in all PROs for functional tasks (ORs: 2.01-5.54), anxiety/depression (ORs: 3.08-23.7),
and social functioning (ORs: 2.84-7.20). Similarly, younger age was associated with sustained
improvements in walking/mobility (ORs: 2.21-2.59) and lifting (OR: 2.10). A notable difference was the
emergence of comorbidities as a significant factor, with patients without comorbidities showing higher
odds of improvement in some ADLs, such as mobility and self-care (ORs: 2.62—3.21), pain/discomfort

(OR: 2.20), and social functioning (ORs: 1.96—3.96).

Model diagnostics indicated acceptable fit in almost all multivariable models, with non-
significant Hosmer—Lemeshow and Pregibon link test results (p > 0.05), suggesting good calibration
and correct specification. No evidence of multicollinearity was observed (Tables S7-510). Findings from
the imputed regression models were consistent with those from the complete-case analysis (Tables

$11-514).

Discussion



This study found significant improvements in overall PROs from baseline to the 1-year follow-up, with
a plateau observed at 2 years. Poorer baseline PROs, higher education, a diagnosis of prolapsed disc,
and L4/5 spinal level conditions were associated with 1-year improvements in PROs. By the 2-year
mark, poorer baseline PROs remained influential, with the absence of comorbidities also emerging as
a significant factor.

Consistent with previous studies in the USA and Australia [13-16], the greatest improvements
occurred within the first-year post-surgery The initial 3- to 6-month period may be affected by tissue
healing from surgical (iatrogenic) trauma, which may not accurately represent the true efficacy of the
surgery [44]. By the 1-year mark, these effects usually subside, making this time point optimal for
assessing the true impact of lumbar spine surgery without the influence of natural biological healing
processes [45]. The sustained positive effects at two years indicate both the initial success and long-
term efficacy of the surgery in managing underlying conditions. This continued improvement may
result from ongoing rehabilitation, patient compliance, and resolution of the underlying issue. As one
of the few studies examining PROs in lumbar spine surgery in Asia—where socio-cultural factors differ
significantly—this study confirms previous findings from larger registry cohorts. Future research
should examine outcomes beyond two years to understand the mid- to long-term effects of these
surgeries in diverse Asian populations [16, 17].

Our study is among the few to report domain-level improvements in PROs following lumbar
surgery, particularly within a multi-ethnic Asian cohort. While improvements in pain/discomfort (6 =
0.55-0.59) are consistent with prior evidence showing that surgical interventions offer substantial
relief from radicular and nociceptive symptoms [10, 11], our finding of large and sustained
improvements in social functioning, specifically in travelling, sex life, and social life (6 = 0.48-0.53),
adds a novel and underexplored dimension to patient recovery. These domains are rarely reported
independently in the literature, despite being critical to patients’ lived experiences. However, the
interpretation of these findings should be tempered by the possibility of reporting bias, particularly in
culturally sensitive areas such as sex life, where disclosure may be influenced by social norms.
Moreover, differences in cultural perceptions of health, modesty, and recovery may shape how
patients respond to items on social functioning. Improvements in social functioning may also reflect a
broader recovery of confidence, mobility, and autonomy, driven by reduced pain and increased
participation in previously avoided activities [46]. The durability of these gains at two years suggests
lasting reintegration into social roles, with potential spillover benefits for mental well-being and quality
of life [47, 48]. Our findings underscore the value of including social domains in outcome measurement
and support rehabilitation approaches that address not only physical function but also patients' return

to meaningful social engagement.
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Our study highlights the value of focusing on specific PROs rather than overall scores, an
approach that offers detailed insights into the recovery of different functions within a multi-ethnic
Asian cohort. This is particularly important for physically demanding tasks like lifting, which showed
negligible improvement (6 = 0.04) despite nearly half of patients reporting gains, suggesting that
physically demanding tasks remain resistant to surgical recovery. Lifting requires significant strength,
coordination, and stability, which are harder to regain, particularly for those with comorbidities or
prolonged symptoms. The difficulty in improving 'lifting' tasks may result from greater physical
demands compared to simpler postures like sitting or standing. Variability in improvement could also
be due to differences in rehabilitation adherence, tissue recovery, and surgical invasiveness [49, 50].
Conversely, most patients showed significant improvement in personal and self-care tasks. This
improvement is mainly attributed to the increased back bending capacity following surgery, which
made these tasks less strenuous. Understanding these nuanced recovery patterns is key to developing
personalised interventions for patients who derive less benefit in specific functional domains. For
individuals whose daily activities or occupations involve substantial lifting, our data indicate the need
to move beyond standard rehabilitation. A tailored pathway could incorporate pre-operative physical
therapy focused on core and back strengthening, followed by a post-operative programme
emphasising safe lifting techniques and gradual weight progression. Importantly, patients who fall
outside the typical recovery curve, such as those with persistent deficits in lifting ability, may require
more individualised strategies. By explicitly addressing this resistant functional domain, clinicians can
better manage expectations and optimise long-term outcomes in this challenging subgroup.

Patients with greater disability was associated with higher odds of reported improvement,
consistent with previous literature [12, 19-22]. This observation has two plausible explanations. First,
these patients may notice more improvements because they have a higher potential for recovery. For
example, a patient with severe mobility issues might regain the ability to walk, a significant gain
compared to a patient with mild limitations who only improves slightly. Greater recovery potential
leads to more noticeable gains in those with poorer baseline functionality. Second, patients with
greater severity may have heightened awareness of their limitations, resulting in lower expectations
for improvement. This may stem from their prolonged experience with the condition, where past
treatments brought minimal change. Our findings highlight the importance of considering baseline
disability in surgical decisions for lumbar surgery.

Our findings highlight an association between higher education and greater improvements in
PROs, which aligns with previous research.?> 2% 271 These studies show a positive link between higher
education and enhanced PROs, patient satisfaction, physical function scores, and return-to-work rates

after surgery. Higher education is associated with better health-seeking behaviours and adherence to
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rehabilitation programmes, crucial for recovery [50]. This may be because individuals with higher
education tend to have better health literacy, allowing them to understand health conditions, surgical
procedures, and post-surgical care more effectively. Additionally, better-educated patients may make
more informed decisions and have realistic expectations, leading to more positive PROs [50, 51].
Conversely, patients with lower education levels may be less likely to experience improvement,
potentially due to lower health literacy and limited understanding of post-operative care. This
underscores the need for a more personalised, patient-centred education model, particularly for
patients with less formal education. While some educational materials [52, 53] are provided to patients
post-discharge, our findings suggest that a one-size-fits-all approach is insufficient. A multi-modal
strategy could be implemented, combining simplified written materials, visual aids, and dedicated care
navigators to reinforce instructions and serve as a consistent point of contact. Coupled with a
structured follow-up plan featuring clear milestones and regular check-ins, this approach can help
overcome barriers related to health literacy and improve adherence to rehabilitation protocols.
Ultimately, such personalised patient support may foster more informed decision-making, set realistic
expectations, and enhance long-term post-surgical outcomes in this vulnerable subgroup.

Regarding clinical factors, a diagnosis of prolapsed disc was associated with better surgical
outcomes, especially for functional tasks like lifting and sitting, with benefits lasting up to 2 years.
Consistent with previous research [12, 20] , isolated prolapsed discs are more easily diagnosed and
can be treated with greater precision through surgery, such as discectomy, which minimises soft tissue
damage and leads to better postoperative outcomes [54-56]. Conversely, other degenerative lumbar
conditions may involve more complex pathology and uncertainty, complicating diagnosis and
potentially affecting surgical precision. Our analysis also shows that outcomes vary between single
levels (L4/5, L5/S1), double levels (L4 to S1), and combinations with other spinal levels, particularly in
ADLs and social functioning. This variability may be due to differences in anatomical levels and
biomechanics, as the affected tissues may vary across spinal levels. However, the underlying reasons
remain unclear, highlighting the need for further research.

The improvements in ADLs, pain/discomfort, and social functioning seen at two years post-
lumbar surgery among patients without comorbidities may be due to several factors. Initially, it may
take time for these patients to fully benefit from rehabilitation, resulting in less noticeable
improvements at one year. However, without comorbidities, they were more able to engage
consistently in rehabilitation and healthy activities, leading to significant improvements in functionality
and reduced disability by the second year [57]. Additionally, the absence of comorbidities allows for a
more focused recovery process, which may take longer to show substantial benefits but ultimately

results in better long-term outcomes [58]. Lastly, comorbidities often require medications or
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treatments that can hinder healing or post-surgical rehabilitation, so their absence may lead to clearer

improvements over time.

Strengths and limitations

A major strength of this study is its ethnically diverse cohort and two-year follow-up, enhancing
generalisability and providing a robust understanding of recovery across subgroups. To our knowledge,
this is the first study to quantify effect sizes for improvements in each individual PRO dimension
following lumbar spine surgery. Analysing outcomes at the dimension level reveals clinically relevant

patterns of recovery and allows for more tailored, patient-centred interventions.

Our study has several limitations. Firstly, attrition was considerable, with 38% of patients lost
at the 1-year follow-up and a further 23% by 2 years, raising concerns about non-response bias and
reduced statistical power. Although baseline characteristics were similar between those retained and
those lost to follow-up (Table S15), bias may still exist if patients who dropped out had systematically
poorer outcomes. Reasons for attrition could include dissatisfaction, poor recovery, full recovery, or
logistical barriers. To further mitigate this risk, we performed multiple imputation as a sensitivity check
under the missing-at-random assumption. The consistency between imputed and complete-case
results lends confidence to the robustness of our findings. Secondly, this retrospective cohort from a
tertiary centre may over-represent patients with more complex conditions, introducing potential
selection bias. This bias is difficult to avoid, particularly in the absence of a non-surgical comparator
group to assess the relative effectiveness of surgery. Prospective studies including both surgical and
non-surgical cohorts are needed to enable more balanced comparisons and strengthen causal
inference. Thirdly, we excluded patients who reported no problems across all EQ-5D and ODI items at
baseline, as ceiling effects would have limited the ability to detect change. Including them could have
biased treatment effects towards the null. Their characteristics are detailed in Table S16. Fourth, the
precision of some model estimates was limited, as indicated by wide confidence intervals. This likely
reflects small sample sizes, low event frequencies, or potential model misspecification. Lastly, residual
confounding from unmeasured surgical or social factors may have influenced the observed
associations [59, 60]. In addition, interaction terms were not included in our models due to insufficient
power to detect such effects reliably, as our primary focus was on identifying main effects associated
with PRO improvement. To address these issues, future studies with larger samples should consider
stratified analyses and more advanced modelling approaches to improve estimate precision and more

thoroughly explore potential effect modifiers.

Conclusion
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This longitudinal study shows significant improvements in all PROs from baseline to the 1-year follow-
up, with a plateau at 2 years. Pain and social functioning domains showed large and sustained gains,
while improvements in functional tasks such as lifting were negligible, despite subjective reports of
improvement. It highlights the importance of pre-surgical assessments in predicting post-operative
outcomes, particularly for patients with poorer baseline PROs and lower education levels. These
findings suggest a need for tailored rehabilitation programmes that address specific functional
limitations, such as lifting, and provide additional support for patients with lower education levels,
who may benefit from simplified instructions, visual aids, and structured follow-up. Communication
strategies should be adapted to enhance health literacy, and perioperative support could be expanded
to include pre-operative coaching or care navigators for vulnerable subgroups. However, these results
should be interpreted cautiously due to substantial attrition, which may have introduced non-response
bias. Addressing attrition proactively in future studies could strengthen the reliability of these results

and better inform pre-operative counselling, especially within Asian populations.
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Figure Legends

Fig. 1. STROBE diagram outlining the flow of patients within the study. To= Baseline, T = 1-year follow-

up, and T, = 2-year follow-up.

Fig. 2. 1- and 2-Year PROs for lumbar spine surgery in patients with degenerative lumbar conditions.
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Table Click here to access/download;Table;Table.docx =

Table | Socio-demographics, clinical data, and PROs for entire cohort

Variables Baseline (N=1,195) 1stYear Follow-up (N=741) 2nd Year Follow-up (Baseline (N=440)
Mean (SD) Median [Range] Mean (SD) Median [Range] Mean (SD) Median [Range]

Age, n (%) 58.1(16.1) 61 [19-84] 57.9 (15.9) 61 [19-84] 57.9 (16.0) 61 [18-84]
Younger adults (<65) 688 (57.6) 440 (59.4) 260 (59.1)

Older adults (265) 507 (42.4) 301 (40.6) 180 (40.9)

Gender, n (%)

Female 579 (48.5) 363 (49.0) 235 (53.4)
Male 616 (51.5) 378 (51.0) 205 (46.6)
Ethnicity, n (%)
Chinese 840 (70.3) 531 (71.7) 321 (73.0)
Malay 145 (12.1) 94 (12.7) 62 (14.1)
Indian 103 (8.6) 63 (8.5) 32(7.2)
Others 107 (9.0) 53(7.2) 25 (5.7)

BMI, n (%) 26.3 (4.7) 25.6 [17.8-41.0] 26.2 (4.6) 25.6 [18.0-41.0] 26.3 (4.6) 25.6 [18.4-41.0]
Overweight/Obese (>25) 674 (56.4) 410 (55.3) 244 (55.5)
Normal/Underweight (<25) 521 (43.6) 331 (44.7) 196 (44.5)

Level of education, n (%)

Primary 237 (19.9) 149 (20.1) 83 (18.9)

Secondary 376 (31.5) 245 (33.1) 148 (33.6)

College/Diploma 308 (25.8) 188 (25.4) 122 (27.7)

University & above 273 (22.9) 159 (21.5) 87 (19.8)
Comorbidities, n (%)

Absence 662 (55.4) 418 (56.4) 246 (55.9)

Presence 533 (44.6) 323 (43.6) 194 (44.1)

Diagnosis, n (%)

Stenosis 484 (40.5) 287 (38.7) 175 (39.8)
Prolapsed Disc 273 (22.9) 166 (22.4) 84 (19.1)
Spondylolisthesis 236 (19.8) 136 (18.4) 72 (16.4)
Degenerative Disc Disease 202 (16.9) 152 (20.5) 109 (24.8)
Level of spine, n (%)
Lumbar
- L4/5 437 (36.6) 286 (38.6) 166 (37.7)
- L4/s1 128 (10.7) 85 (11.5) 50 (11.4)
- L5/51 202 (16.9) 122 (16.5) 69 (15.7)
- Others 345 (28.9) 202 (27.3) 122 (27.7)
Mixed level 82 (6.9) 46 (6.2) 33(7.5)
Pain score (0-100) 56.0 (29.5) 60 [0-100] 18.6 (24.8) 0 [0-85] 17.1(23.8) 0 [0-80]
EQ-5D Index (-0.769-1) 0.48 (0.34) 0.62 [-0.48-1.00] 0.81(0.25) 0.81[-0.17-1.00] 0.80 (0.23) 0.80 [-0.10-1.00]

EQ VAS (0-100) 65.5 (16.3) 70 [20-95] 72.9(13.3) 75 [30-100] 71.2 (14.5) 70 [30-100]


https://www2.cloud.editorialmanager.com/qure/download.aspx?id=644461&guid=c498c23e-26a0-4e27-b982-a6686bcc44cb&scheme=1
https://www2.cloud.editorialmanager.com/qure/download.aspx?id=644461&guid=c498c23e-26a0-4e27-b982-a6686bcc44cb&scheme=1

Variables Baseline (N=1,195) 1stYear Follow-up (N=741) 2nd Year Follow-up (Baseline (N=440)

Mean (SD) Median [Range] Mean (SD) Median [Range] Mean (SD) Median [Range]

0DI (0-100%) 42.0(20.5) 420-88] 18.9 (19.4) 12 [0-76] 18.5(18.1) 12 [0-70]




Table Il Improvements in PROs among individuals with pre-operative health problems at different time points

PRO cluster

Baseline to 1%t Year Follow-up

Baseline to 2" Year Follow-up

N2 % of improved 6 (95% Cl) Interpretation N2 % of improved 6 (95% Cl) Interpretation
individuals individuals
Activities of Daily Living (ADLs)
Mobility (EQ-5D item 1) 573 65.6 0.42 (0.38, 0.46) Moderate 352 61.9 0.39 (0.34, 0.44) Moderate
Walking (ODI item 4) 593 75.2 0.45 (0.41, 0.50) Moderate 359 78.3 0.43 (0.37,0.48) Moderate
Self-care (EQ-5D item 2) 308 81.8 0.26 (0.22, 0.29) Small 200 82.0 0.27 (0.23, 0.31) Small
Personal care (ODI item 2) 342 84.5 0.33(0.29, 0.36) Moderate 195 86.7 0.34 (0.29, 0.38) Moderate
Functional tasks
Lifting (ODI item 3) 670 46.9 0.04 (-0.01, 0.09) Negligible 392 56.4 0.04 (-0.03, 0.10) Negligible
Sleeping (ODI item 7) 368 82.6 0.32(0.27, 0.36) Small 217 81.6 0.31(0.26, 0.35) Small
Sitting (ODI item 5) 438 81.5 0.34 (0.29, 0.38) Moderate 255 82.4 0.34 (0.29, 0.39) Moderate
Standing (ODI item 6) 643 80.1 0.52(0.48, 0.57) Large 388 80.4 0.52(0.47, 0.57) Small
Mental health
Anxiety/ depression (EQ-5D item 5) 397 78.3 0.34 (0.30, 0.38) Moderate 224 67.9 0.27 (0.22,0.32) Small
Pain and discomfort
Pain/discomfort (EQ-5D item 4) 690 63.8 0.55 (0.51, 0.58) Large 410 60.2 0.53(0.48, 0.57) Large
Pain intensity (ODI item 1) 590 83.7 0.56 (0.52, 0.60) Large 349 84.2 0.59 (0.55, 0.64) Large
Social functioning
Usual activities (EQ-5D item 3) 635 63.2 0.46 (0.42, 0.50) Large 376 63.0 0.47 (0.42,0.52) Large
Social life (ODI item 9) 624 73.6 0.48 (0.43, 0.52) Large 366 74.3 0.49 (0.43, 0.54) Large
Travelling (ODI item 10) 630 81.1 0.53 (0.49, 0.58) Large 310 84.0 0.54 (0.49, 0.59) Large
Sex life (ODI item 8) 544 82.0 0.48 (0.44, 0.52) Large 330 85.2 0.50 (0.45, 0.54) Large

3 Individuals with pre-operative health problems; &: Cliff’s delta; Cl: Confidence interval.



Table Il Odds ratios of improvement for each factor across different PROs and follow-up periods

Odds of improvement ADLs Functional tasks Mental Pain/discomfort Social functioning
in each PROs MO Walking SC  Personal Lifting Sleeping Sitting Standing AD PD Pain UA Social Travelling Sex
care life life

Follow-up at 15 Year
Baseline PROs (Ref: Level 2)

Severe (Level 3) 9.30 1.80 4.84 2.12 3.56 3.22 21.5 4.82 19.1 6.18 3.00 2.45
Gender (Ref: Female)
Male
Age (Ref: Older adults)
Younger adults 1.87 3.15 1.52 0.50 1.58
Ethnicity (Ref: Non-Chinese)
Chinese 2.13 1.73 1.59
BMI (Ref: Overweight/Obese)
Normal/Underweight 1.91
Level of education (Ref: Primary & Secondary)
Tertiary 2.63 3.67 2.52 2.35 1.68 2.34 2.53 1.94 2.59 2.23 2.57 261 3.52
Comorbidities (Ref: Presence)
Absence 1.57 1.66
Diagnosis (Ref: Stenosis)
Prolapsed Disc 1.79 2.14 2.86 3.12 2.01 1.04 1.77
Spondylolisthesis 1.12 1.07 1.09 0.95 1.24 0.60 0.95
Degenerative Disc 1.02 1.38 2.38 1.84 0.80 1.23 0.93
Disease
Level of spine (Ref: Lumbar - L4/5)
Lumbar - L4/S1 0.86 2.22 6.13 0.89 2.04 0.50 1.06 1.35
Lumbar —L5/S1 0.93 0.71 0.62 1.11 0.87 0.54 0.58 0.90
Lumbar — Others 0.76 0.50 0.57 0.59 1.94 0.40 0.63 0.54
Mixed level 0.32 0.28 0.65 0.45 0.72 0.30 0.37 0.34

Follow-up at 2" Year
Baseline PROs (Ref: Level 2)

Severe (Level 3) 18.1 5.54 4.08 2.01 2.05 23.7 3.08 7.20 6.59 3.01 2.84
Gender (Ref: Female)

Male 2.06
Age (Ref: Older adults)

Younger adults 2.59 2.21 2.10 1.99

Ethnicity (Ref: Non-Chinese)
Chinese 1.94



0Odds of improvement ADLs

Functional tasks

Mental

Pain/discomfort

Social functioning

in each PROs MO Walking SC

Personal Lifting
care

Sleeping Sitting Standing

AD

PD Pain

UA Social Travelling
life

Sex
life

BMI (Ref: Overweight/Obese)
Normal/Underweight
Level of education (Ref: Primary & Secondary)
Tertiary
Comorbidities (Ref: Presence)
Absence 2.62 3.21
Diagnosis (Ref: Stenosis)
Prolapsed Disc 1.88
Spondylolisthesis 2.46
Degenerative Disc 1.07
Disease
Level of spine (Ref: Lumbar - L4/5)
Lumbar - L4/51
Lumbar — L5/51
Lumbar — Others
Mixed level

3.41
1.14
1.34

331
1.01
1.82

1.72
1.51
0.55
0.91

1.60
3.09
1.49

2.20

0.98
0.68
0.51
0.79

1.84

196 3.01 3.96

Tertiary: College, Diploma & University; ADLs: Activities of daily living; MO: Mobility; SC: Self-care; UA: Usual activities; PD: Pain/discomfort; AD: Anxiety/depression; Pain: Pain intensity;
Mental: Mental Health; Ref: Reference group; Numbers: Odds Ratio (E.g., Those with severe problem is 1.85 times more likely to improve in walking that those with some problem at
baseline); Light grey coloured cell: Non-significant; Dark grey coloured cell: Statistically significant.



Figure 1

Lumbar Spine Surgery
(01 Jan 2017 to 31 Jul 2022)
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Plain English summary

Plain English summary

This study investigated the outcomes of lumbar spine surgery in 1,195 patients in Singapore.
Significant improvements in patient-reported outcomes (PROs), such as pain reduction and
improved social function, were observed within the first year after surgery, with limited
further improvement in the second year. Higher education and conditions affecting only the
L4/5 spinal level were associated to better outcomes in activities of daily living,
pain/discomfort, and social functioning. Higher education and prolapsed disc diagnosis were
associated with functional task improvements. At 2 years, poorer baseline PROs remained
influential, while the absence of comorbidities emerged as a significant factor. These findings
emphasize the importance of pre-operative assessments and patient education to optimize

surgical outcomes.



