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ACKGROUND: In modern clinical research, the accepted minimum follow-up for patient-

reported outcome measures (PROMs) after lumbar spine surgery is 24 months, particularly after

fusion. Recently, this minimum requirement has been called into question.

PURPOSE: We aim to quantify the concordance of 1- and 2-year PROMs to evaluate the impor-

tance of long-term follow-up after elective lumbar spine surgery.

STUDY DESIGN: Retrospective analysis of data from a prospective registry.

PATIENT SAMPLE: We identified all patients in our prospective institutional registry who

underwent degenerative lumbar spine surgery with complete baseline, 12-month, and 24-month fol-

low-up for ODI and numeric rating scales for back and leg pain (NRS-BP and NRS-LP).

OUTCOME MEASURES: Oswestry Disability Index (ODI) and NRS-BP and NRS-LP at 1 year

and at 2 years.

METHODS: We evaluated concordance of 1- and 2-year change scores by means of Pearson’s

product-moment correlation and performed logistic regression to assess if achieving the minimum

clinically important difference (MCID) at 12 months predicted 24-month MCID. Odds ratios (OR)

and their 95% confidence intervals (CI), as well as model areas-under-the-curve were obtained.

RESULTS: A total of 210 patients were included.We observed excellent correlation among 12- and 24-

month ODI (r = 0.88), NRS-LP (r = 0.76) and NRS-BP (r = 0.72, all p < .001). Equal results were

obtained when stratifying for discectomy, decompression, or fusion. Patients achieving 12-month MCID

were likely to achieve 24-month MCID for ODI (OR: 3.3, 95% CI: 2.4−4.1), NRS-LP (OR: 2.99, 95%

CI: 2.2−4.2) and NRS-BP (OR: 3.4, 95% CI: 2.7−4.2, all p < .001) with excellent areas-under-the-curve

values of 0.81, 0.77, and 0.84, respectively. Concordance rates between MCID at both follow-ups were

87.2%, 83.8%, and 84.2%. A post-hoc power analysis demonstrated sufficient statistical power.

CONCLUSIONS: Irrespective of the surgical procedure, 12-month PROMs for functional disabil-

ity and pain severity accurately reflect those at 24 months. In support of previous literature, our

results suggest that 12 months of follow-up may be sufficient for evaluating spinal patient care in

clinical practice as well as in research. © 2018 Elsevier Inc. All rights reserved.
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Introduction

Patient-reported outcome measures (PROMs) are the

central tool for clinical research in spine surgery, as well as

for effective follow-up in day-to-day patient care. For this

reason, a large number of national and institutional regis-

tries have been initiated [1]. In contrast to clinical trials,

these registries capture actual care in real-world clinical sit-

uations among large patient populations and heavily rely on

PROMs. These instruments are validated, reliable, heavily

correlated with patient satisfaction, and can even be

adjusted to an individual patient’s needs [2−5]. Over 70%
of spine surgeons regularly use PROMs in their clinical

practice [6].

In recent years, the consensus has been that a minimum

follow-up of 2 years after surgery should be required for

clinical research in degenerative spine care [7−9]. This

applies foremost to outcomes after lumbar fusion surgery,

where some journals and societies even require this mini-

mum follow-up duration for clinical studies [7]. However,

primary endpoints at 1-year are being reported at an

increasing rate [10,11]. Furthermore, the maximum

improvement after spine surgery is usually met at around 1-

year postoperatively, which underlines the importance of

this timepoint when comparing treatment effectiveness [9].

Longer follow-up unquestionably adds value to capture

reoperations and adjacent segment degeneration, but multi-

ple years of follow-up are often difficult to achieve in large

studies. Additionally, at long-term follow-up, the validity

of their results can be hampered by up to 79% of dropout

[1,12].

As study methodologies evolve over the years, it may be

suitable to adopt 1-year measures as primary endpoints in

comparative clinical trials focused on PROMs [9,11,13].

Previous studies have shown that a period of 12 months is

sufficient for a comprehensive assessment after deformity

[7] and fusion [11,14] surgery. However, no analysis has

been carried out for lumbar decompression, and whereas it

has been established that short-term outcomes agree with 1-

year outcomes after lumbar discectomy [15], it is currently

unknown if 1 year of follow-up reflects long-term results in

this patient population. For this reason, the purpose of this

study was to quantify the agreement of 1- and 2-year

PROMs after surgery for degenerative pathologies of the

lumbar spine.

Materials and methods

Patient population

From a prospective institutional registry of lumbar and

cervical spine interventions, we identified all patients who

underwent lumbar spine surgery for degenerative diseases.

From these, those who had a complete baseline, as well as

12-month follow-up and 24-month follow-up in PROMs

were included in this study. All patients were operated on

between December 2010 and January 2018 at a specialized
spine center by a senior neurosurgeon. They underwent

minimally invasive robot-guided transforaminal or poste-

rior lumbar interbody fusion, transaxial lumbar interbody

fusion, anterior lumbar interbody fusion, mini-open lumbar

decompression, or tubular microdiscectomy [16,17]. This

registry was authorized by the local institutional review

board (Medical Research Ethics Committees United, Regis-

tration Number W16.065), and this study was carried out in

accordance with the Declaration of Helsinki. All the

patients included in this study provided written informed

consent.
Data collection

For baseline measurement, patients completed a stan-

dardized questionnaire including numeric rating scales

(NRS) for back pain and leg pain severity, and a validated

Dutch version of the Oswestry Disability Index (ODI) to

capture functional disability [3]. These instruments have

been widely applied in spinal patient care, and have demon-

strated good construct validity. At 12 months and 24

months after surgery, scheduled follow-up questionnaires

containing the same outcome measurements were automati-

cally dispatched to patients by use of a web-based tool

designed for this purpose by the Department of Clinical

Informatics of our institution. Clinical and surgical data

were registered in separate databases.
Statistical analysis

Continuous data are given as mean § standard deviation,

and categorical data as numbers and percentages. We con-

sidered the correlation of 12- and 24-month ODI values our

primary endpoint. A power analysis for our primary end-

point was performed to detect a correlation of 0.3 or greater

at a significance level of a = 0.05 and our sample size. The

minimum clinically important difference (MCID) was

defined as a 10 point difference among baseline and follow-

up scores for the ODI, and as a two point difference for

NRS scores, as defined by Ostelo et al. [18]. We evaluated

the association of 12-month and 24-month change scores

by Pearson’s product-moment correlation. Pearson correla-

tion coefficients (r) and significance values for convergent

validity are provided. Binomial logistic regression models

were trained and evaluated to determine the likelihood of

patients achieving MCID at the 12-month follow-up to also

achieve MCID at the 24-month follow-up. Odds ratios

(OR) and their 95% confidence intervals (CI) are provided.

The area under the receiver operating characteristics curve

(AUC) was calculated for these models. Concordance rates

for MCID at both follow-ups, defined as the proportion of

patients without change in MCID state, were also obtained.

All analyses were carried out in R version 3.4.4 (The R

Foundation for Statistical Computing, Vienna, Austria). A

p ≤ .05 on a two-tailed test was considered statistically

significant.



Table 1

Baseline patient characteristics

Characteristic Value

Active Smoker 34 (16%)

Male gender 113 (54%)

Age 52.2 § 12.4

BMI [kg/m2] 25.6 § 3.4

Indication

LDH 156 (74%)

Lumbar stenosis 36 (17%)

DDD 10 (4.8%)

Spondylolisthesis 6 (2.9%)

Synovial cyst 2 (1.0%)

ASA score

Class I 109 (53%)

Class II 95 (46%)

Class III 1 (0.5%)

Index level

L1-L2 2 (1.0%)

L2-L3 8 (3.8%)

L3-L4 30 (14%)

L4-L5 86 (41%)

L5-S1 82 (39%)

Procedure

tMD 150 (71.4%)

Decompression 40 (19%)

MI-TLIF 6 (2.9%)

MI-PLIF 7 (3.3%)

ALIF 6 (2.9%)

AxiaLIF 1 (0.5%)

Baseline PROM
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Results

The flow of patients throughout this analysis is shown in

Fig. 1. Data from 4,329 patients was available, of which

3,279 (75.7%) underwent lumbar spine surgery. All patients

had complete clinical, intra- and perioperative data. 210

(100%) patients had a complete baseline, 12-month and

24-month measurements for ODI, NRS back pain and NRS

leg pain. An overview of demographic and clinical data of

the included patients is provided in Table 1. Our post-hoc

power analysis determined a statistical power of 0.994 for

the analysis of our primary endpoint with a sample size of

210 patients.

Patient-reported outcome measures

All PROMs improved significantly from baseline to 12-

month and 24-month follow-ups (all p < .001, Table 2).

For the ODI, we measured a mean improvement of 30.3 §
22.8 after 1 year and 29.8 § 22.9 after 2 years. For NRS leg

pain, the 1-year improvement amounts to 4.9 § 3.4 and the

2-year improvement to 4.8 § 3.6. NRS back pain improved

by 2.5 § 3.5 after 1 year and by 2.6 § 3.4 after 2 years.

MCID for ODI was reached in 166 patients (79%) after 1

year and in 165 patients (79%) after 2 years. MCID for

NRS leg pain was achieved in 163 patients (78%) after 1

year and in 151 patients (72%) after 2 years, and in NRS

back pain in 105 patients (50%) after 1 year and in 98
Fig. 1. The flow of patients throughout this analysis.

ODI 44.4 § 17.5

NRS leg pain 6.9 § 5.3

NRS back pain 5.3 § 3.0

BMI, Body Mass Index; LDH, lumbar disc herniation; DDD, degenera-

tive disc disease; ASA, American Society of Anesthesiologists; tMD, tubu-

lar microdiscectomy; MI-TLIF, minimally invasive transforaminal lumbar

interbody fusion; MI-PLIF, minimally invasive posterior lumbar interbody

fusion; ALIF, anterior lumbar body fusion; AxiaLIF, axial lumbar body

fusion; PROM, patient-reported outcome measurement; ODI, Oswestry

Disability Index, NRS, numeric rating scale.

Table 2

Change scores for ODI, NRS leg pain and NRS back pain. p Values for

longitudinal differences from the baseline measurement to the 12-month

and 24-month follow-ups are provided, respectively

Measure Value p

ODI

12-month change score 30.3 § 22.8 < .001*

24-month change score 29.8 § 22.9 < .001*

NRS leg pain

12-month change score 4.9 § 3.4 < .001*

24-month change score 4.8 § 3.6 < .001*

NRS back pain

12-month change score 2.5 § 3.5 < .001*

24-month change score 2.6 § 3.4 < .001*

ODI, Oswestry Disability Index; NRS, numeric rating scale.

* p ≤ .05
patients (47%) after 2 years. Density plots (Fig. 2) demon-

strate the distribution of differences between the two

PROM measurements.



Fig. 2. Density plots illustrating the differences in patient-reported outcomes between the 12-month and 24-month follow-up for the Oswestry Disability

Index (A), as well as for numeric rating scales (NRS) for leg pain (B) and back pain (C) severity.
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Convergent validity

We observed a direct correlation of 12-month and 24-

month PROMs as measured by ODI (r = 0.88, 95% CI:

0.85−0.91), NRS for leg pain severity (r = 0.76, 95% CI:

0.70−0.81), and NRS back pain severity (r = 0.72, 95%

CI: 0.65−0.78, all p < .001). Bland-Altman plots demon-

strate a mean bias and 95% CI limits for the difference

between the two measurements of 0.57 (¡21.1 to 22.2,

Fig. 3) for ODI, 0.08 (¡4.7 to 4.9, Fig. 4) for NRS leg

pain severity, and ¡0.05 (¡5.0 to 4.9, Fig. 5) for NRS

back pain severity. When performing the same analysis
stratified by type of surgical procedure, equal results were

observed for discectomy, decompression, and spinal

fusion (Table 3). All of these Pearson correlation coeffi-

cients can be classified as “large” in effect size as defined

by Cohen [19].

Minimum clinically important difference

Concordance rates for ODI (87.2%), NRS leg pain

(83.8%), and NRS back pain (84.2%) were high (Table 4).

Logistic regression analysis revealed that patients achieving

the MCID at 12-month follow-up were also more likely to



Fig. 3. Scatterplot (A) demonstrating the correlation of 12-month and 24-month Oswestry Disability Index (ODI) values. We observed a correlation coeffi-

cient of r = 0.88. The Bland-Altman plot (B) demonstrates the mean bias of 0.57 (¡21.1 to 22.2) between ODI measurements.

Fig. 4. Scatterplot (A) demonstrating the correlation of 12-month and 24-month leg pain severity as measured by the numeric rating scale (NRS-LP). We

observed a correlation coefficient of r = 0.76. The Bland-Altman plot (B) demonstrates the mean bias of 0.08 (¡4.7 to 4.6) between NRS-LP measurements.

Plots have been jittered to illustrate density of multiple coinciding datapoints.

Fig. 5. Scatterplot (A) demonstrating the correlation of 12-month and 24-month back pain severity as measured by the numeric rating scale (NRS-BP). We

observed a correlation coefficient of r = 0.72. The Bland-Altman plot (B) demonstrates the mean bias of¡0.05 (¡5.0 to 4.9) between NRS-BP measurements.

Plots have been jittered to illustrate density of multiple coinciding datapoints.
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reach MCID at 24-month follow-up. For ODI, we measured

an OR = 3.25 (2.44−4.14, p < .001), while we measured an

OR = 2.99 (2.22−3.84, p < .001) for NRS leg pain, and an

OR = 3.39 (2.67−4.19, p < .001) for NRS back pain.
Discussion

In an analysis of 210 patients from a prospective registry

of patients that underwent surgery for lumbar degenerative



Table 4

Logistic regression models of 12-month MCID predicting 24-month MCID. Odds ratios, as well as their 95% confidence intervals, and the area under the

curve of the models are provided. The concordance rate between MCID at both follow-ups is reported

Measure Odds ratio 95% CI p AUC Concordance

ODI 3.3 2.4−4.1 < .001* 0.81 87.2%

NRS leg pain 3.0 2.2−3.8 < .001* 0.77 83.8%

NRS back pain 3.4 2.7−‘‘4.2 < .001* 0.84 84.2%

CI, confidence interval; AUC, area under the receiver operating characteristics curve; ODI, Oswestry Disability Index; NRS, numeric rating scale.

* p ≤ .05

Table 3

Association of 12-month and 24-month change scores in PROM as assessed by Pearson’s product-moment correlation. Pearson correlation coefficients, as

well as their respective 95% confidence intervals are given for the overall study population, and for each type of surgical procedures specifically

Measure Overall Discectomy Decompression Fusion

r 95% CI p r 95% CI p r 95% CI p r 95% CI p

ODI 0.88 0.85−0.91 < .001* 0.88 0.84−0.91 < .001* 0.91 0.83−0.95 < .001* 0.80 0.55−0.92 < .001*

NRS leg pain 0.76 0.70−0.81 < .001* 0.76 0.68−0.82 < .001* 0.78 0.61−0.88 < .001* 0.73 0.43−0.89 < .001*

NRS back pain 0.72 0.65−0.78 < .001* 0.72 0.63−0.79 < .001* 0.71 0.51−0.83 < .001* 0.72 0.40−0.88 < .001*

CI, confidence interval; ODI, Oswestry Disability Index; NRS, numeric rating scale.

* p ≤ 0.05
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pathologies, the agreement of 12-month and 24-month

PROMs was quantified. We found excellent correlations in

measures of functional disability as well as in back and leg

pain scales. These correlations were independent of the

type of surgical procedure. Furthermore, clinical success at

12 months exhibited a strong association and high concor-

dance with clinical success at 24 months postoperatively.

Our data suggest that 12 months of follow-up after degener-

ative spine surgery may be adequate for identification of

effective versus ineffective surgical treatment.

Our study is among the first to methodologically assess

the association of 1- and 2-year PROMs, and the first to do

so for lumbar decompression [7,11,14,15]. Data were taken

from a prospective registry that included patients who were

surgically treated for a broad spectrum of degenerative spi-

nal pathologies. This allowed us to make conclusions about

not only the individual techniques, but also about the gen-

eral patient population seen by most spine surgeons dealing

with degenerative spinal pathologies on a day-to-day basis.

Every analysis performed found significant agreement

between the two timepoints, with large effect sizes. This is

best demonstrated by the AUC values for the logistic

regression models, which range between 0.77 and 0.84 and

thus indicate a very strong relationship between clinical

success at 1 year and at 2 years. Subgroup analyses strati-

fied into discectomy, decompression, and fusion procedures

revealed effect sizes ranging around those found for the

overall cohort.

Adogwa et al. found Pearson correlation coefficients of

0.82, 0.85, and 0.90 for ODI, leg pain, and back pain after

lumbar fusion, respectively [11]. Furthermore, MCID at 1

year was highly predictive of MCID at 2 years. Glassman

et al. also found that there was no difference in 1- and 2-

year ODI or Short Form-36 after lumbar fusion [14] as well
as after deformity surgery [7]. However, they reported that

6-month outcomes did not agree with long-term results.

Asher et al. found that 3-month ODI cannot reliably serve

as a proxy for long-term patient experience, and they con-

cluded that prospective longitudinal registries should span

at least 12 months to determine effectiveness of spine care

for individual patients [20]. Parker et al. corroborated these

findings in a prospective study [21]. Whitmore et al. ana-

lyzed the agreement of 3-month and 12-month outcomes in

discectomy patients from a large prospective registry, and

determined that early follow-up is sufficient for patients

who do not have to undergo reoperation in this patient pop-

ulation [15]. They also calculated that shortening of the fol-

low up period leads to a relevant reduction in related study

costs. These previous analyses make up a solid evidence

base for this topic. Our results corroborate these findings in

a mixed patient population representative of clinical prac-

tice, and confirm that these principles are also true for lum-

bar stenosis. Symptom improvement seems to happen

primarily during the first postoperative year, after which

outcomes remain relatively stable [9,11,15]. Based on our

data, in combination with the peer-reviewed literature, it is

likely that PROMs at 12 months are an accurate representa-

tion of those at 24 months.

Patient-reported measures of health status, and particu-

larly ODI, Short For-36, and EuroQOL-5D, have become

pivotal in judging the quality of surgical intervention in the

lumbar spine. However, these measures of treatment effec-

tiveness alone may not always correspond to clinically

important improvement [5,11,22]. The concept of MCID

has been introduced to distinguish findings that are merely

statistically significant in high-powered trials from those

that actually represent a clinically meaningful improvement

for the patient. The MCID is a quantitative indicator of
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clinical relevance specific to a certain outcome measure.

Various methods to determine MCID, such as the minimum

detectable change, AUC-derived, or Delphi methods, have

been used to determine sensible MCID thresholds

[10,18,22]. We opted to use the values suggested by a con-

sensus statement that applied a combination of evidence

synthesis from the literature, a survey, and an expert panel

[18]. The choice of MCID estimation methods evidently

has a crucial influence on methodological studies, like our

present one, and on clinical trials. Thus, it is conceivable

that a different choice of MCID values could introduce a

bias in studies looking at the correlation among 1- and 2-

year results, and limits the comparability between those

studies [7,11,14,22]. Generally, there is a striking lack of

uniformity in methods and reporting in terms of MCID

choice in the lumbar spine community.

PROM assessment in a large number of patients can be

hard to achieve. It is crucial that cohort studies with long-

term follow-up are carried out to estimate the incidence of

disease recurrence, reoperation, instrumentation failure,

and mortality, among other critical parameters. However, a

significant part of the clinical studies in spine surgery pri-

marily focus on PROMs instead of the aforementioned

measures, which are only measurable with long-term fol-

low-up.

Complications and reoperations heavily influence PROMs

after the primary surgical procedure [23]. Even when including

patients who experienced complications and who have under-

gone reoperation, as we did, 1-year outcomes were highly cor-

related to those at 2-years. Both owing to the effort which long-

term follow-up requires, as well as to significant dropout of up

to 79%, it is becoming increasingly difficult to manage 2 years

of follow-up for every clinical study [1]. Methods for missing

data simulation keep improving with the introduction of data

science techniques like multiple imputation [24]. Although

these techniques have become highly effective for small pro-

portions of missing values, caution should be taken when

imputing larger amounts of data to salvage statistical power.

Research methods are constantly evolving [5,13]. A

prime example is the shift from radiological assessments

such as bony fusion rate to outcome-based assessments of

treatment effect [5,7]. As we continue improving the stand-

ards and tools for quality assessment, insisting on a mini-

mum of 2 years of follow-up may be redundant. In an

analysis of over 4,000 patients, Fekete et al. showed that

patients who required renewed intervention due to poor out-

comes are already identifiable after 12 months, and they

conclude that insistence on a 2-year follow-up could thus

result in a failure to intervene early enough [9]. Although

long-term follow-up certainly adds value for research spe-

cific to outcomes such as reoperations and adjacent level

degeneration, the vast majority of comparative trials and

registries that specify PROMs as their primary endpoint

will be well-served by 1-year outcomes. The greatest

improvement in PROMs after surgery is usually observed

at around 1 year postoperatively [9]. Thus, it is conceivable
that this is a reliable timepoint for identification of

between-group differences in comparative trials, and proba-

bly allows for the most accurate determination of treatment

effect size in cohort studies. Even in cases where long-term

outcomes are of interest, the 1-year measures could poten-

tially serve as a proxy for 2-year measures, which is only

given for discectomy at 3 months, but not for 3- or 6-month

outcomes in other patient populations [7,11,14,15,20,21].

Limitations

Although all data were taken from a registry of prospec-

tively collected data, the performed analysis was not pre-

planned, and may thus be hampered by its retrospective

nature. Furthermore, all data stem from a single center possi-

bly creating center-related bias and thereby limiting the gen-

eralizability of our findings. Only 6% of patients in our

registry fit the inclusion criteria, since a majority of patients

did not report complete 12- or 24-month follow-up requests.

This reflects the difficulty of obtaining long-term outcomes,

especially when patient incentive reimbursements are not

used [15]. Although our primary analyses were more than

adequately powered, those stratified by subgroups of surgical

procedures may not have achieved sufficient statistical

power. Such subgroup analyses, in general, must be taken

with a grain of salt. We used accepted MCID thresholds.

However, a different choice of MCID thresholds could have

produced diverging results, limiting the generalizability of

our findings. PROM values were not adjusted for periopera-

tive complications and reoperations. This could be seen as

strength since we were able to demonstrate that PROMs at

the two timepoints correlated even when including these het-

erogeneities. Based on our study, we can only make claims

on the agreement on the analyzed PROMs, but not on other

outcome measures such as measures of health-related quality

of life or objective functional tests. Lastly, we can make no

statement on the generalizability of our findings to patients

receiving conservative treatment.
Conclusions

In support of previous literature, our data indicate that

PROMs at 12 months probably are an accurate representa-

tion of those at 24 months. This is true for a broad range of

surgical interventions in the degenerated spine. It is likely

that a 1-year follow-up is sufficient to identify effective

patient care, and may even have distinct logistical and pos-

sibly economic added value for long-term registries. Pro-

spective validation in other cohorts will be necessary to

establish these findings with higher level of evidence.
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