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Abstract 

Introduction: Most lumbar decompressive surgery patients experience symptom 

improvement to 3 months, after which about 13% experience a clinically relevant 

deterioration. Patient-reported outcome measures (PROMs) are accepted as 

indicators of clinical outcome, but the earliest timepoint when PROMs stabilise is 

unknown and few studies have assessed risk factors for symptom deterioration. This 

study aimed to identify risk factors for symptom deterioration and identify whether 3-

month models or observed 3- or 6-month outcomes accurately predict 12-month 

outcomes.  

 

Methods: The development cohort included 1096 prospectively collected discectomy 

or laminectomy cases with or without single-level fusion from 01/01/2008–31/12/2020 

at a single centre. Three-month models were developed using baseline clinical 

variables and 3-month PROM. The primary 12-month outcome was the Oswestry 

Disability Index (ODI), and secondary outcomes were back and leg pain. Validation 

was on 364 cases from 01/01/2021–31/12/2022. Predictive accuracy was evaluated 

by interclass correlation coefficient (ICC) and by area-under-the-curve (AUC) to 

classify to a minimal clinically important difference (MCID). MCID concordance rates 

for observed 3-month and 6-month with 12-month PROM were calculated.  

 

Results: Three-month predictors of 12-month PROM were condition duration, 

smoking, diabetes, rheumatic disorder, lower limb arthroplasty, mobility aided, female, 

scoliosis, underweight (BMI <18.5kg/m2), 3-month PROM, and 3-month 

unemployment. ODI model and observed 3-month ODI had equivalent ICC and AUC 

values. Observed 3-month ODI ICC was 0.71 [95% confidence intervals (CI) 0.68–

0.74] and AUC was 0.83 [95%CI 0.80–0.86]. Observed 6-month ODI ICC was 0.82 

[95%CI 0.79–0.85] and AUC was 0.92 [95%CI 0.89–0.95]. MCID concordance for 3-

month ODI was 84% and 6-month ODI was 91%.  

 

Conclusion: Symptom deterioration after 3 months is linked to nine baseline factors. 

This is the first study to demonstrate that 6-month PROM accurately predict individual 

patient 12-month PROM after discectomy or laminectomy. Fusion surgery requires a 

minimum 12-month PROM follow-up. 
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Introduction  

 

Pain and disability patient-reported outcome measures (PROMs) are used in 

national spinal registries to demonstrate value for money, monitor surgeon and 

hospital practice, and measure individual patient outcome [1, 2]. One- or 2-year 

PROM follow-up is recommended after lumbar decompressive surgery to allow 

outcomes to reach stability at the population and individual patient level [3, 4]. 

However, earlier PROM follow-up reduces administrative costs, limits attrition bias, 

and enables prompt appraisal of clinical practice and individual patient outcome [5-

7]. The highly correlated 6- to 12-month disability scores reported in one small study 

suggests that outcomes reach a stable state earlier than previously considered [8]. 

 

At the population level, postoperatively the mean disability score improves until 3 

months, after which the change in score is relatively small [9, 10]. However, it is 

unclear when individual patients reach the most stable state after surgery. Outcome 

improvement relevant to individual patients is frequently measured by the 

achievement of a minimal clinically important difference (MCID) in a PROM [11], with 

stability measured as the concordance in MCID status (achieved or not achieved) 

between timepoints. For individual patient disability, concordance in the MCID 

between 3 and 12 months shows slightly lower stability than that between 1 and 2 

years (77–78% versus 77–87%, respectively) [3-6, 12].  

 

Although most patients achieve improvement in disability by 3 months, 12–14% 

subsequently lose clinically relevant improvement by 12 months [4, 12]. However, 

study on clinical risk factors for symptom deterioration after 3 months is limited [13]. 

Identification of risk factors for recurrent symptoms will help focus on perioperative 

rehabilitation strategies for at-risk populations. In addition, risk factors inputted into 3-

month PROM predictive models could provide the earliest accurate evaluation of 

outcomes.  

 

This study aimed to identify 3-month risk factors for 12-month PROM after lumbar 

decompressive surgery and build 3-month clinical predictive models. The secondary 

aim is to identify whether 3-month models or observed 3- or 6-month PROMs 

accurately predict 12-month PROMs.  
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Materials and methods 

 

The study observed the guidelines for transparent reporting of a multivariable 

prediction model for individual prognosis or diagnosis [14]. We analysed 

prospectively collected clinical data from consecutive patients who underwent 

elective lumbar decompressive surgery for lumbar disc herniation or spinal stenosis, 

some with single-level arthrodesis, under the care of five consultants at a single 

centre between 01/01/2008–31/12/2022. Baseline variables, PROM, and written 

informed consent were collected preoperatively. PROMs were collected at 3 months 

after outpatient physiotherapy or via postal questionnaire (PQ), and at 6 and 12 

months via a secure web-based portal (SWBP) or PQ (6-month PROM principally via 

SWBP since 2014). 

 

The primary outcome was the Oswestry Disability Index 2.1a (ODI) and secondary 

outcomes were back and leg pain. The ODI is a 10-item disability questionnaire with 

a 0–100% (least–worst) scale range [15]. Average pain over a week was measured 

by the visual analogue scale (VAS) with a 0–10 (none–worst imaginable) range. 

MCID, the smallest change in outcome to be clinically meaningful, was defined as a 

≤30% reduction in preoperative PROM score [11]. Patients with zero baseline 

disability or pain were excluded from the respective MCID calculation. A secondary 

definition of individual patient level outcome used the patient acceptable symptom 

state (PASS), where PASS describes whether the current level of symptoms is 

acceptable and is defined as ≤22 for the ODI and ≤3 for pain [16, 17]. 

 

Ethics 

Approval was obtained from the institution and the local NHS authority review boards 

(ref: 43119). 

 

Inclusion and exclusion criteria 

Eligibility criteria was 1–2 level decompressive surgery, with or without single-level 

spinal fusion. Exclusion criteria included nonconsent, reoperation within 1-year, 

spinal infection, cauda equina syndrome, extant tumour, major psychological 

disorder, or overlapping spinal myelopathy.  
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Data handling and statistical analysis 

Cases with missing baseline data, 3-month PROM or 12-month ODI were removed. 

A subgroup of all-timepoint responders with 3-, 6- and 12-month ODI was created. 

Analysis of group categorical data was by Chi-squared, cross-sectional continuous 

data by t-test, and longitudinal continuous data by paired t-test. The development 

cohort included 1096 collected between 01/01/2008–31/12/2020. Models were 

developed via general linear regression inputted with 16 baseline variables, 3-month 

PROM, and 3-month work status (Supplementary Fig. i), with outputs of variable 

beta coefficient (ß) and p-value, and R2. The validation cohort included 364 collected 

between 01/01/2021–31/12/2022. 

 

Five methods were used to evaluate predictive performance. Calibration was 

primarily measured by score agreement via the intraclass correlation coefficient 

absolute agreement two-way random effects single measures model, (ICC) as it 

measures association and absolute differences in scores [18]. An ICC value of ≥ 

0.70 is recommended for PROM used as a group measure [18]. Calibration was 

secondarily measured by change score and, exclusive to model validation, R2 [18]. 

Discrimination was primarily measured by classification according to MCID status 

and secondarily measured by classification according to PASS achievement and 

calculated by area-under-the-curve (AUC). AUC values range from 0.5–1.0 (no 

discrimination–perfect accuracy), with a rule of thumb for intermediate values of <0.7 

as poor, 0.7–<0.8 as acceptable, 0.8–<0.9 as excellent, and ≥ 0.9 as outstanding 

measures of separability [19]. In addition, concordance rates for MCID and PASS, 

defined as no change in the respective MCID/PASS status between timepoints, were 

obtained.  

 

The predictive performances of 3-month models and observed 3-month PROM were 

compared in the validation cohort. Observed 3- and 6-month PROM predictive 

performances and concordance rates were calculated in the development cohort, 

with the reproducibility of results checked in the validation cohort. In the validation 

cohort, the probable cause of loss in 3-month MCID or PASS achievement for ODI 

was obtained from patient notes and unsolicited patient comments on the 12-month 

postal questionnaire. 
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Statistical significance was defined by p ≤ 0.05, based on a two-sided hypothesis 

test with no adjustment for multiple comparisons. No sample size analysis was 

performed. Statistical analysis was performed with SPSS version 28 (SPSS Inc., 

Chicago, IL, USA). 

 

Results 

 

Development cohort 

The development cohort flowchart is shown in Supplementary Fig. ii. Baseline 

characteristics, baseline PROM, and 3- and 12-month PROM by procedure is shown 

in Table 1. The overall baseline to 3-month PROM scores significantly improved 

(∆ODI 27.0; ∆back pain 3.63; ∆leg pain 4.76, all p-values < 0.001). 

 

Three-month model predictors  

Significant 3-month predictors of 12-month ODI were baseline condition duration, 

smoking, diabetes, rheumatic disorder, lower limb arthroplasty, mobility aided, 

female, and underweight (BMI <18.5kg/m2), and 3-month ODI, back pain, and 

unemployment status (Table 2). Each 3-month PROM was the primary predictor of 

its respective 12-month outcome. Condition duration ≥2 years, 3-month ODI, and 

diabetes were predictors for all PROMs. Lower limb arthroplasty and smoking also 

predicted back pain. Rheumatic disorder, mobility aided, scoliosis (Cobb angle 

>30°), and underweight also predicted leg pain. 

 

Model validation 

The predictive performance of 3-month PROM models was similar to the predictive 

performance of observed 3-month PROM: ∆ICC -0.03–0.00; change scores all p > 

0.05, and the ∆AUC for MCID or PASS -0.01–0.03 (Table 3).  

 

Model R2 for ODI was 0.60 (95% CI 0.53–0.66), back pain was 0.37 (95% CI 0.29–

0.44), and leg pain was 0.40 (95% CI 0.32–0.47).  

 

Observed 3-month outcome predictive performance in the development cohort 

Observed 3-month PROM predictive performance and concordance rates are shown 

in Table 4.  
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Calibration results show that 3-month ODI had sufficient ICC for group use in 

discectomy or laminectomy (ICC 0.72) but insufficient ICC in fusion (ICC 0.51), and 

pain had insufficient ICC for group use in each procedure (ICC 0.46–0.54). ODI or 

pain showed a small, but statistically significant, 3-to-12-month score change in each 

procedure.  

 

Three-month ODI had excellent discrimination for MCID in discectomy (AUC 0.89) 

and laminectomy (AUC 0.80) and acceptable discrimination for fusion (AUC 0.74). 

Three-month pain had acceptable discrimination in each procedure (AUC 0.73–0.78) 

except leg pain had poor discrimination in fusion (AUC 0.67).  

 

MCID concordance for 3-month ODI was highest for discectomy (89%) compared to 

laminectomy or fusion (79–81%). MCID concordance for 3-month pain was highest 

for discectomy (leg pain 85%) and fusion (leg pain 83%). 

 

Comparison of semi-responder and all-timepoint responder cohorts 

In the development cohort, comparison of semi-responders (3-, 12-month) versus all-

timepoint responders (3-, 6-, 12-month) showed minimal difference in baseline 

characteristics, baseline PROM (Supplementary Table i), 3-month predictive 

performance and 3-to-12-month concordance rates (Supplementary Table ii), 

indicating that the all-timepoint responder subgroup had minimal selection bias.  

 

Observed 6-month outcome predictive performance in the development cohort 

Observed 6-month PROM predictive performance and concordance rates are shown 

in Table 5. 

 

Calibration results show that 6-month ODI had sufficient ICC for group use in each 

procedure (ICC 0.74–0.81). In contrast, 6-month pain had insufficient ICC for group 

use in each procedure (ICC 0.55–0.69), although back pain had sufficient ICC for 

laminectomy (ICC 0.70). ODI and pain showed no 6-to-12-month score change in 

discectomy or laminectomy, but ODI and leg pain significantly deteriorated after 6 

months in fusion.  
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Six-month ODI had outstanding discrimination for MCID in discectomy and 

laminectomy (AUC 0.91–0.94) and excellent discrimination for fusion (AUC 0.88). 

Six-month pain had excellent discrimination in discectomy and laminectomy (AUC 

0.82–0.84) and borderline poor/acceptable discrimination in fusion (AUC 0.69–0.71).  

 

MCID concordance was similar across procedures for 6-month ODI (88–92%), back 

pain (80–86%), and leg pain (80–86%).  

 

At 3 or 6 months, AUC and concordance values for PASS were not systematically 

different to the respective MCID value.  

 

Development and validation cohort comparison 

Development and validation cohorts had equal baseline PROM scores, but 

significant differences in baseline characteristics, and 3-, 6- and 12-month PROM 

scores (Supplementary Table iii), indicating that validation was performed on a 

different case-mix. The development and validation 3-month model predictive 

performances were similar, indicating minimal overfitting of data in models 

(Supplementary Table iv). 

 

Observed PROM predictive performance results in the development cohort were 

reproduced in the validation cohort. Development and validation observed 3-month 

PROM predictive performances were similar: ∆ICC 0.03–0.10; ∆change score 1–2% 

of scale; ∆AUC for MCID or PASS -0.08–0.06; and ∆concordance for MCID or PASS 

0–4% of absolute value (Supplementary Table v). Development and validation 

observed 6-month PROM predictive performances were similar: ∆ICC 0.04–0.17; 

∆change score 0–4% of scale; ∆AUC for MCID or PASS -0.06–0.04; ∆concordance 

for MCID or PASS 0–9% of absolute value (Supplementary Table vi). 

 

Probable cause of loss in 3-month disability success  

In the validation cohort, 65 patients lost 3-month MCID or PASS achievement in the 

ODI. The probable causes were the lumbar spine (40%, 26/65), cervical spine (5%, 

3/65), lower limb joint (14%, 9/65), other comorbidities (15%, 10/65), and 

undetermined (26%, 17/65).  
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Discussion 

 

This is the first temporal validation of 3-month predictive models for change in 

symptoms between 3 and 12 months after lumbar decompressive surgery. 

Deterioration in outcome after 3 months is commonly attributed to the degenerative 

spinal condition [20] but we that found other factors contribute to worsening 

outcome. Consistent with other studies, population-level risk factors for worsening 

ODI after 3 months were smoking, and diabetes [13, 21], whereas our study found 

lower limb arthroplasty, condition duration > 2 years, rheumatic disorders, or mobility 

aided also have notable deleterious effects. Our study confirmed that 3-month 

models and observed 3-month outcomes are insufficient to predict 12-month 

outcomes at the individual patient level [4, 12, 13]. However, 6 months after non-

fusion surgery outcomes stabilise, and the observed 6-month ODI and pain can be 

used to accurately predict individual patient 12-month outcome.  

 

Models help predict the direction and average magnitude of change in populations 

and thus improve the explained variance (R2) of the 12-month outcome. Model R2 is 

ultimately limited by the random variation in PROM score in the period around follow-

up, as models cannot predict random variation. In this context, our 3-month ODI 

model 60% R2 is close to the limit set by random variation in the ODI score (R2 67–

74%) over a 5-to-6-week measurement period in clinically stable populations [22-24]. 

Our 3-month ODI model 60% R2 is greater than the 47–51% reported in another 

study with fewer significant risk factors and less robust validation by bootstrap 

resampling [13, 14]. Model performance might, however, still be improved by the 

inclusion of other postoperative measures including resilience and self-efficacy [25], 

glycaemic control [26], and access to healthcare.  

 

Our observed 6-month results indicate that outcomes reach the most stable state 6 

months after non-fusion surgery. The observed 6-month ODI agreement with 12-

month results (ICC 0.81–0.85) is close to the ODI stable state found in 5-to-6-week 

test-retest (ICC 0.82–0.86) [22-24] and between 1 and 2 years post-surgery (r = 

0.71–0.89) [3, 5, 27] with all results displaying no difference in absolute score. After 

non-fusion surgery, 6-month ODI had excellent-to-outstanding discrimination values 

(AUC 0.88–0.94) and was higher than that reported in previous studies that 
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evaluated observed 3-month ODI (AUC 0.83 [12]) or 3-month ODI model (C-index 

0.76 [13]).  

 

Similarly, 6-month pain was highly predictive of 12-month pain after non-fusion 

surgery. Six-month pain had excellent discrimination, and the 6-month MCID 

concordance (82–86%) was close to the reported 1- to 2-year MCID concordance 

(84%) [5] and 1- to 2-year concordance in pain satisfaction (85–89%) [20]. This 

provides evidence that 6 months after non-fusion surgery no further PROM follow-up 

is needed, with resources potentially better spent on performance metrics that 

evaluate adjunct interventions such as revision surgery or therapeutic spinal 

injections [1, 21]. For fusion surgery a 1- or 2-year follow-up is recommended as 

outcomes do not stabilise before 1-year [3, 20]. 

 

This study allows clinicians to advise patients at postoperative review of their likely 

'significant improvement' or 'acceptable level of symptoms' at 1 year. On the basis of 

the 6-month ODI score, 90% (±2%) of patients will maintain their improved/not 

improved ODI status at 12 months. Importantly this finding also indicates that a 

'watch-and-wait' approach to patients without ODI improvement at 6 months will yield 

poor results as only 15% (12/77) in the main study group improved between 6 and 

12 months.  

 

Finally, our study showed that new-onset or exacerbation of pre-existing 

musculoskeletal comorbidities affected outcome after the 3-month stage and account 

for a minimum 34% of patients who lost 3-month ODI improvement. This finding 

supports the widespread adoption of the Finnish Spine Register postoperative 

questionnaire enquiry about new-onset comorbidities [28]. 

 

Strengths and limitations  

Our single-centre study risks centre-related bias, which limits the generalizability of 

results. However, observed 3-month ODI predictive values were close to previously 

reported values which suggests that our results align with a common phenomenon. 

Likewise, 3-month results were reproduced in the 2021–2022 validation cohort that 

had different baseline characteristics and case-mix. The slightly poorer predictive 

performance of the observed 6-month PROM in the validation cohort is likely due to 
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proportionally more (23.3%, 10/43) achieving ODI improvement after 6 months in 

response to more patients receiving extended rehabilitation (>3 months) in 2021–

2022. Six-month pain scores had borderline sufficient agreement (ICC 0.66–0.70). 

However, 6-month pain can be considered appropriate for group use as mean 6-

month scores were stable at 12 months, and the agreement values were close to 1- 

to 2-year r values (0.71–0.78) [5] and pain 14-day test-retest ICC (0.7–0.8) [29, 30]. 

Six-month to 2-year outcome follow-up studies are needed to evaluate longer-term 

prediction. 

 

Conclusion  

This prospectively collected data study identified nine baseline factors linked to 

deterioration in symptoms 3 months after lumbar decompressive surgery. In the 

current climate of mandated data collection to justify escalating healthcare costs, this 

study shows that 6-month PROMs are reliable outcomes for discectomy or 

laminectomy. Fusion surgery requires a minimum 1-year PROM follow-up. 
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Table 1 Baseline characteristics and outcomes by procedure 
 
Variable Overall  

(n = 1096) 
Discectomy 
(n = 540) 

Laminectomy 
(n = 411) 

Fusion 
(n = 145) 

Baseline ODI (SD) 43.2 (16.9) 45.1 (17.3) 40.9 (16.3) 42.5 (16.6) 

Baseline back pain (SD) 5.52 (2.81) 5.25 (2.80) 5.85 (2.85) 5.57 (2.64) 

Baseline leg pain (SD) 6.61 (2.43) 6.58 (2.45) 6.74 (2.40) 6.35 (2.44) 

Age, years (SD) 59.4 (15.2) 52.1 (14.0) 70.1 (9.8) 56.5 (14.5) 

Sex (female), n (%) 529 (48.3%) 250 (46.3%) 202 (49.1%) 77 (53.1%) 

Current smoker, n (%) 127 (11.6%) 72 (13.3%) 39 (9.5%) 16 (11.0%) 

BMI kg/m2 (SD) 27.4 (4.5) 27.2 (4.7) 27.7 (4.1) 27.1 (4.5) 

One-level procedure, n (%) 946 (86.3%) 520 (96.3%) 305 (74.2%) 121 (83.4%) 

Fusion, n (%) 145 (13.2%) 0 (0.0%) 0 (0.0%) 145 (100%) 

Duration of leg pain, n (%)     

Up to 3 months 271 (24.7%) 189 (35.0%) 55 (13.4%) 27 (18.6%) 

3–12 months 541 (49.4%) 263 (48.7%) 202 (49.1%) 76 (52.4%) 

1–2 years 122 (11.1%) 48 (8.9%) 57 (13.9%) 17 (11.7%) 

More than 2 years 162 (14.8%) 40 (7.4%) 97 (23.6%) 25 (17.2%) 

Previous operation, n (%)     

None 906 (82.7%) 464 (85.9%) 326 (79.3%) 116 (80.0%) 

One 159 (14.5%) 67 (12.4%) 70 (17.0%) 22 (15.2%) 

2 or more 31 (2.8%) 9 (1.7%) 15 (3.6%) 7 (4.8%) 

Scoliosis Cobb >30°, n (%) 27 (2.5%) 5 (0.9%) 18 (4.4%) 4 (2.8%) 

Diabetes, n (%) 71 (6.5%) 20 (3.7%) 41 (10.0%) 10 (6.9%) 

Rheumatic disorder, n (%) 92 (8.4%) 29 (5.4%) 52 (12.7%) 11 (7.6%) 

Lower limb arthroplasty, n 
(%) 

120 (10.9%) 22 (4.1%) 82 (20.0%) 16 (11.0%) 

Mobility aided, n (%) 14 (1.3%) 2 (0.4%) 12 (2.9%) 0 (0.0%) 

Depression / anxiety, n (%) 115 (10.5%) 63 (11.7%) 40 (9.7%) 12 (8.3%) 

3-month work status, n (%)     

Unemployed 38 (3.5%) 23 (4.3%) 10 (2.4%) 5 (3.4%) 

Other ¶ ¶¶ 1058 (96.5%) 517 (95.7%) 401 (97.6%) 140 (96.6%) 

Outcome      

3-month ODI (SD) 16.2 (14.9) 14.9 (14.7) 17.5 (15.4) 17.3 (13.5) 

12-month ODI (SD) 17.1 (16.8) 15.0 (16.2) 19.5 (17.4) 18.0 (16.4) 

3-month back pain (SD) 1.89 (2.07) 1.72 (1.94) 2.07 (2.30) 2.01 (1.82) 

12-month back pain (SD)  2.24 (2.47) 1 2.09 (2.38) 2 2.49 (2.62) 3 2.09 (2.30) 4 

3-month leg pain (SD) 1.85 (2.30) 1.65 (2.09) 2.30 (2.62) 1.35 (1.86) 

12-month leg pain (SD) 2.14 (2.69) 5 1.88 (2.50) 6 2.49 (2.93) 7 2.09 (2.54) 8 
ODI, Oswestry Disability Index; SD, standard deviation 
¶ Other includes employed, sick leave, disability benefits, retired, homemaker, full-time student. 
¶¶ No workers’ compensation law or programme in the country of the study 
Incomplete 12-month back pain data: 1 n = 1087, 2 n = 538, 3 n = 407, 4 n = 142 
Incomplete 12-month leg pain data: 5 n = 1073, 6 n = 531, 7 n = 402, 8 n = 140 
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Table 2 Significant 3-month predictors of 12-month ODI, back pain, or leg pain 

Variable Oswestry Disability Index Back pain Leg pain 

 Coef. 95% CI p-value Coef. 95% CI p-value Coef. 95% CI p-value 

3-month ODI* 0.65 0.58–0.72 <0.001 0.04 0.03–0.06 <0.001 0.04 0.27–0.54 <0.001 

3-month back pain* 0.77 0.03–0.12 <0.001 0.36 0.28–0.44 <0.001 0.01 -0.08–0.10 0.846 

3-month leg pain* -0.05 -0.43–0.34 0.810 0.04 -0.02–0.11 0.209 0.40 0.33–0.48 <0.001 

Sex (female) 1.5 0.0–2.9 0.050 0.0 -0.3–0.2 0.770 0.1 -0.2–0.4 0.456 

Current smoker  3.6 1.4–5.8 0.001 0.5 0.1–0.9 0.008 0.3 -0.1–0.8 0.131 

BMI a   0.033   0.601   0.124 

< 18.5 kg/m2  11.7 4.8–18.6 <0.001 0.4 -0.8–1.7 0.505 1.5 0.2–2.8 0.029 

25–29.9 kg/m2  0.1 -1.6–1.7 0.934 -0.0 -0.3–0.3 0.983 0.2 -0.2–0.5 0.327 

30–34.9 kg/m2  0.5 -1.6–2.5 0.663 0.2 -0.1–0.6 0.185 0.2 -0.2–0.6 0.459 

35–39.9 kg/m2 1.6 -1.8–5.0 0.352 0.3 -0.3–0.9 0.342 0.5 -0.2–1.2 0.134 

≥ 40.0 kg/m2 0.1 -6.0–6.3 0.968 0.2 -0.8–1.3 0.679 -0.7 -1.9–0.5 0.253 

Work status b   0.080   0.369   0.747 

Unemployed 4.2 0.4–8.1 0.031 0.4 -0.3–1.0 0.284 0.1 -0.6–0.9 0.761 

On disability benefits 2.8 -4.5–10.0 0.451 0.6 -0.6–1.9 0.323 0.5 -0.9–1.9 0.471 

Duration of leg pain c    0.008   0.137   <0.001 

3–12 months 1.5 -0.2–3.2 0.087 0.2 -0.1–0.5 0.206 0.3 0.0–0.7 0.051 

1–2 years 2.6 0.1–5.1 0.044 0.3 -0.2–0.7 0.200 0.2 -0.3–0.6 0.524 

2 years or more 4.0 1.7–6.4 <0.001 0.5 0.1–0.9 0.022 1.0 0.5–1.4 <0.001 

Scoliosis Cobb angle >30° 2.5 -2.0–6.9 0.465 0.3 -5–1.1 0.439 0.9 0.0–1.8 0.042 

Diabetes 5.2 2.4–8.1 <0.001 0.6 0.1–1.1 0.025 0.6 0.1–1.2 0.024 

Rheumatic disorders 3.5 1.0–6.0 0.006 0.2 -0.2–0.7 0.308 0.7 0.2–1.2 0.006 

Lower limb arthroplasty 3.9 1.6–6.3 0.001 0.5 0.1–0.9 0.027 0.3 -0.2–0.7 0.231 

Mobility aided 8.0 1.9–14.1 0.011 0.5 -0.6–1.6 0.354 1.5 0.3–2.8 0.014 
Coef.: Beta coefficient with 95% confidence intervals (CI), with p-values (≥0.05) in bold 
* Increments in ODI (0–100 scale) are per 1 unit, and back or leg pain (0–10 scale) are per 1 unit 
a BMI (Body Mass Index) reference category is ‘18.5–24.9’ Kg/m2 
b Work status reference category is ‘Other’ (employed, sick leave, retired, homemaker, full-time student)  
c Duration of leg pain reference category is < 3 months 
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Table 3 Comparison of 3-month model and observed 3-month outcome predictive performance 
 
Outcome ICC (95% CI) n Change score † n AUC for  

MCID (95% CI) 
n AUC for  

PASS (95% CI) 
n 

ODI         

Model  0.74 (0.68–0.78) 364 0.2 (p = 0.711) 364 0.86 (0.82–0.90) 364 0.87 (0.83–0.91) 364 

Observed  0.74 (0.69–0.78) 364 -0.3 (p = 0.623) 364 0.87 (0.83–0.91) 364 0.85 (0.82–0.89) 364 

Back pain         

Model  0.55 (0.48–0.62) 364 0.1 (p = 0.412) 364 0.76 (0.70–0.82) 350 0.79 (0.74–0.85) 364 

Observed  0.55 (0.47–0.61) 364 -0.2 (p = 0.063) 364 0.73 (0.67–0.79) 350 0.78 (0.73–0.83) 364 

Leg pain         

Model  0.58 (0.50–0.65) 361 0.2 (p = 0.143) 361 0.80 (0.74–0.85) 358 0.81 (0.75–0.86) 361 

Observed  0.61 (0.54–0.67) 361 -0.1 (p = 0.341) 361 0.84 (0.79–0.89) 356 0.80 (0.75–0.85) 361 
ODI, Oswestry Disability Index  
ICC, interclass correlation coefficient 
CI, confidence intervals 
† Paired t-test, negative value indicates worsening symptoms 
AUC, area under curve  
MCID, minimal clinically important difference 
PASS, patient acceptable symptom state 
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Table 4 Development cohort observed 3-month predictive performance and concordance with 12-month outcomes 
 

Metric Overall n Discectomy n Laminectomy n Fusion n 

Oswestry Disability Index         

ICC (95% CI) 0.71 (0.68–0.74) 1096 0.72 (0.69–0.76) 540 0.72 (0.67–0.77) 411 0.55 (0.43–0.66) 145 

Change score † -0.9 (p = 0.015) 1096 -0.1 (p = 0.855) 540 -2.0 (p <0.001) 411 -0.7 (p = 0.572) 145 

AUC for MCID (95% CI) 0.83 (0.80–0.86) 1095 0.89 (0.85–0.93) 539 0.80 (0.75–0.85) 411 0.74 (0.63–0.84) 145 

AUC for PASS (95% CI) 0.86 (0.84–0.89) 1096 0.87 (0.84–0.91) 540 0.86 (0.82–0.90) 411 0.81 (0.73–0.89) 145 

MCID concordance n, (%) 924 (84.4%) 1095 482 (89.4%) 539 325 (79.1%) 411 117 (80.7%) 145 

PASS concordance n, (%) 888 (81.0%) 1096 446 (82.6%) 540 328 (79.8%) 411 114 (78.6%) 145 

Back pain         

ICC (95% CI) 0.52 (0.47–0.57) 1087 0.54 (0.47–0.60) 538 0.50 (0.42–0.57) 407 0.52 (0.39–0.63) 142 

Change score † -0.4 (p < 0.001) 1087 -0.4 (p <0.001) 538 -0.4 (p <0.001) 407 -0.1 (p = 0.721) 142 

AUC for MCID (95% CI) 0.75 (0.72–0.79) 1027 0.77 (0.72–0.82) 514 0.73 (0.67–0.79) 378 0.78 (0.69–0.87) 135 

AUC for PASS (95% CI) 0.77 (0.74–0.81) 1087 0.80 (0.76–0.85) 538 0.74 (0.69–0.79) 407 0.81 (0.73–0.89) 142 

MCID concordance n, (%) 792 (77.1%) 1027 402 (78.2%) 514 284 (75.1%) 378 106 (78.5%) 135 

PASS concordance n, (%) 855 (78.7%) 1087 440 (81.2%) 538 303 (74.4%) 407 112 (78.9%) 142 

Leg pain         

ICC (95% CI) 0.51 (0.46–0.55) 1073 0.52 (0.45–0.58) 531 0.49 (0.42–0.57) 402 0.46 (0.31–0.59) 140 

Change score † -0.3 (p < 0.001) 1073 -0.2 (p = 0.013) 531 -0.2 (p = 0.107) 402 -0.7 (p <0.001) 140 

AUC for MCID (95% CI) 0.76 (0.72–0.80) 1056 0.78 (0.73–0.84) 525 0.76 (0.70–0.81) 393 0.67 (0.54–0.80) 138 

AUC for PASS (95% CI) 0.76 (0.73–0.80) 1073 0.77 (0.72–0.82) 531 0.76 (0.71–0.81) 402 0.70 (0.59–0.82) 140 

MCID concordance n, (%) 861 (81.5%) 1056 444 (84.6%) 525 302 (76.8%) 393 115 (83.3%) 138 

PASS concordance n, (%) 838 (78.1%) 1073 433 (81.5%) 531 292 (72.6%) 402 113 (80.7%) 140 
ICC, interclass correlation coefficient 
CI, confidence interval 
† Paired t-test, negative value indicates worsening symptoms, (p ≤ 0.05 in bold) 
AUC, area under curve 
PASS, patient acceptable symptom state 
MCID, minimal clinically important difference  
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Table 5 Development cohort observed 6-month predictive performance and concordance with 12-month outcomes 
 

Metric Overall n Discectomy n Laminectomy n Fusion n 

Oswestry Disability Index         

ICC (95% CI) 0.82 (0.79–0.85) 481 0.81 (0.76–0.85) 238 0.85 (0.80–0.89) 160 0.74 (0.60–0.83) 83 

Change score † -1.3 (p = 0.004) 481 -0.3 (p = 0.558) 238 -1.3 (p = 0.090) 160 -4.0 (p = 0.002) 83 

AUC for MCID (95% CI) 0.92 (0.89–0.95) 480 0.91 (0.87–0.96) 237 0.94 (0.90–0.99) 160 0.88 (0.78–0.97) 83 

AUC for PASS (95% CI) 0.90 (0.87–0.93) 481 0.88 (0.81–0.94) 238 0.92 (0.87–0.97) 160 0.89 (0.82–0.97) 83 

MCID concordance n, (%) 435 (90.6%) 480 217 (91.6%) 237 145 (90.6%) 160 73 (88.0%) 83 

PASS concordance n, (%) 420 (87.3%) 481 213 (89.5%) 238 140 (87.5%) 160 67 (80.7%) 83 

Back pain         

ICC (95% CI) 0.68 (0.63–0.73) 461 0.69 (0.62–0.76) 229 0.70 (0.61–0.78) 154 0.57 (0.41–0.71) 78 

Change score † -0.1 (p = 0.190) 461 -0.1 (p = 0.292) 229 -0.1 (p = 0.639) 154 -0.2 (p = 0.472) 78 

AUC for MCID (95% CI) 0.82 (0.77–0.87) 432 0.84 (0.78–0.90) 218 0.84 (0.75–0.92) 139 0.71 (0.57–0.86) 75 

AUC for PASS (95% CI) 0.85 (0.80–0.89) 461 0.88 (0.82–0.93) 229 0.83 (0.75–0.90) 154 0.79 (0.66–0.92) 78 

MCID concordance n, (%) 361 (83.6%) 432 182 (83.5%) 218 119 (85.6%) 139 60 (80.0%) 75 

PASS concordance n, (%) 389 (84.2%) 461 200 (87.3%) 229 124 (80.5%) 154 65 (83.3%) 78 

Leg pain         

ICC (95% CI) 0.65 (0.60–0.70) 450 0.66 (0.58–0.73) 226 0.68 (0.58–0.76) 148 0.55 (0.34–0.70) 76 

Change score † -0.2 (p = 0.094) 450 0.0 (p = 0.745) 226 -0.1 (p = 0.545) 148 -0.9 (p < 0.001) 76 

AUC for MCID (95% CI) 0.79 (0.73–0.85) 446 0.82 (0.72–0.91) 223 0.82 (0.73–0.91) 148 0.69 (0.54–0.85) 75 

AUC for PASS (95% CI) 0.82 (0.77–0.87) 450 0.85 (0.82–0.90) 226 0.85 (0.78–0.92) 148 0.77 (0.62–0.89) 76 

MCID concordance n, (%) 374 (83.9%) 446 192 (86.1%) 223 122 (82.4%) 148 60 (80.0%)  75 

PASS concordance n, (%) 376 (83.6%) 450 196 (86.7%) 226 120 (81.1%) 148 60 (78.9%) 76 
ICC, interclass correlation coefficient 
CI, confidence interval 
† Paired t-test, negative value indicates worsening symptoms, (p ≤ 0.05 in bold) 
AUC, area under curve 
PASS, patient acceptable symptom state 
MCID, minimal clinically important difference  
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