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ABSTRACT

Background: The Oswestry Disability Index (ODI) is a well-validated and widely used patient-reported outcome
instrument to evaluate lumbar spinal stenosis (LSS) patients’ treatment outcomes. The objective of the present study was to
determine long the average interval between 2 preoperative measurements can be before a clinically significant difference of 10
points or more might appear.

Methods: This was a retrospective observational study utilizing prospectively collected data from a single university
hospital database, which was compatible with the national registry. One hundred and four surgically treated LSS patients were
included in this observational study using systematic sampling. The preoperative ODI score was obtained at 2 timepoints.
The 2-month mark as a potential turning point was of special interest, as the registry in question excludes preoperative data as
outdated if the data are older than 2 months. Possible time dependence of the change in ODI scores was explored using a linear
mixed-effects model with ODI as the dependent variable and interval length, sex, age, body mass index (BMI), and the presence
of a concomitant disease as fixed effects.

Results: The mean ODI score was 41.7 points (SD = 16.0) at the first and 41.1 points (SD = 15.5) at the second
measurement. Mean time between the ODI scores was 74 days (range 8-361). On average, ODI changed by 9.17 points (SD
= 7.16) between the 2 measurements, increasing for 48 patients, remaining unchanged for 9 patients, and decreasing for 47
patients. The arithmetic mean of the changes was —0.60 points and the median was 0.00 points. The estimated change in the
population mean was —0.0005 points/day (95% CI [-0.022, 0.022], P = 0.97), meaning that we have strong evidence that the
change in the mean is not clinically significant for up to 15 months (95% CI between +10 points). Furthermore, no evidence
was found that age, sex, BMI, or concomitant diseases were associated with the change of ODI score over time. Furthermore,
the probability to observe a clinically significant change in a patient did not depend on the number of days between the 2
measurements (OR 1.003, 95% CI [0.997, 1.010], P = 0.30). Variance in ODI change did not grow over time.

Conclusions: The probability of observing a clinically significant differences does not depend on the length of the
observation interval, and ODI scores can be considered equally reliable for a significantly longer time than 2 months, even up

to 1 year.

Clinical Relevance:
treatment for LSS.

Level of Evidence: 3.

Lumbar Spine

Preoperative ODI scores do not lose reliability up to 1 year in patients undergoing operatively

Keywords: spine, lumbar spinal stenosis, patient reported outcome, oswestry disability index, ODI score, registry study

INTRODUCTION

Degenerative lumbar spinal stenosis (LSS)' is the
most common cause of spinal disability.” LSS patients
typically experience pain, numbness, or discomfort in
the lower back, buttocks, or lower extremities, distinct
or all together, while standing or walking. Decompres-
sive surgery with or without fusion has shown a positive
effect on patients’ symptoms compared with conserva-
tive treatment, especially leg pain, claudication, and

overall disability.” As with all spine surgery, the
incidence of LSS surgery has increased over past few
decades.®’

The first nationwide spine registry (the Swedish
Spine Registry, or SWESPINE) was established in
1993.® SWESPINE has since provided several peer-
reviewed publications on the results of spine surgery.’
The Finnish Spine Registry (FinSpine) development
started in 2015. Besides operative data, both registries
collect patient-reported outcome (PRO) data evaluating
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back-related symptoms such as the Oswestry Disabil-
ity Index (ODI) both preoperatively and postopera-
tively. ODI was initially developed in 1976' and first
published in 1980." It is 1 of the most commonly used
patient-reported outcome measures in spine surgery.'?
The Finnish version of ODI is currently in use in
Finland."

The adequacy of a PRO can be evaluated with dif-
ferent methods, such as validity and responsiveness.
Validity reflects the ability of a certain instrument to
measure what it is supposed to measure. The validity of
the ODI has been established previously.'®'* ODI has
acceptable internal consistency and reliability. Espe-
cially good test-retest reliability, that is, the stability of
an instrument over a specific duration, most often 1 to
6 weeks, has been reported.'>'® However, to our knowl-
edge, there are no data relating to longer time intervals
beyond 6 weeks for LSS patients. This information is
necessary for evaluating the reliability of registry data
as time intervals between outpatient clinic visit and
operative treatment tend to be longer (up to several
months) in a real-life setting.

The objective of the present study was to find out
how long the interval between 2 measurements can be
before a clinically significant difference (10 points or
more) might appear. The 2-month mark as a potential
turning point was of special interest, as the registry in
question excludes preoperative data more than 2 months
old as outdated.

METHODS

This study was an observational investigation of
consecutive patients with operatively treated LSS from
a single university hospital database that collects reg-
istry data compatible with the Finnish Spine registry
(FinSpine). All patients who had LSS diagnosed at
an outpatient clinic and were scheduled for operative
treatment between January 2019 and December 2019
were screened. All patients completed the first ODI
before their outpatient clinic visit and, due to FinSpine
requirements, the second ODI preoperatively no more
than 2 months before the operation. Due to this limit
of 2 months between the ODI score and operation set
by the registry, we decided to study patients with time
intervals <2 months and >2 months between the ODI
measurements as separate groups in addition to the full
sample analysis. Based on a power analysis, described
in more detail later, data on 104 patients were gathered
using systematic quota sampling from the registry: the
first 52 patients with an ODI time interval <2 months
and the first 52 patients with ODI interval >2 months,

Table 1. Inclusion and exclusion criteria.

Variable Inclusion Criteria Exclusion Criteria

Diagnosis  Lumbar spinal stenosis
with or without

spondylolisthesis

Any concomitant spinal
disorders (scoliosis,
vertebral fracture, isthmic
spondylolysis, tumor, and
metastases)

Incomplete or missing scores, or

ODI scores Measured at 2 timepoints
the interval was <1 week'”

prior to the operation

Abbreviation: ODI, Oswestry Disability Index.

fulfilling inclusion criteria, were included in the sample
(Table 1).

All of the study patients underwent upright lumbar
radiography or a full-body scan (EOS imaging) and
lumbar spine MRI, and they had symptoms related to
LSS such as buttock pain, neural claudication, or lower
limb radicular pain. Collected data included patient
demographics, 2 preoperative ODI scores, VAS scores
for back and leg pain, employment (employed, unem-
ployed, retired, or unable to work), smoking status
(smoker or non-smoker), duration of symptoms (<6
weeks, 6-12 weeks, 3—12 months, or >12 months),
usage of pain medication (none, occasionally, or regu-
larly), and concomitant diseases.

Sex, body mass index (BMI), age, and concomitant
diseases (diabetes mellitus, lung disease, rheumatoid
arthritis, and heart disease) were systematically inves-
tigated as potential confounding factors.

Power Analysis

Because the registry considers 2 months as a cut-off
for reliability, the sample size was determined so that
clinically significant changes in either of these 2 sub-
groups (<2 months and >2 months) could be reliably
observed. The mean (SD) minimal clinically significant
difference for ODI has been reported to be 10 (20).17
Assuming the ODI scores are normally distributed, it
is straightforward to carry out a power calculation for
a paired (ie, 1 sample) ¢ test.'® Based on these, the total
number of patients needed to achieve 95% power was
104, with 52 patients in each subgroup. This sample
size should also be sufficient for the linear mixed model
used to quantify the expected day-to-day changes, as
the use of exact interval length and additional covariates
provide additional precision.

Statistical Methods

The time dependence of ODI score change was
investigated from 3 different points of view:
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1. Does the mean change depend on the interval
length?

2. Does the probability of an individual patient
experiencing a clinically significant change
depend on the interval length?

3. Does the variation in ODI change depending on
the interval length?

Possible time dependence of the mean change in
ODI scores was explored using a linear mixed-effects
model with ODI as the dependent variable while
interval length, sex, age, BMI, and the presence of a
concomitant disease were fixed effects. A random inter-
cept term was included at the patient level. The need
to include interaction terms between the interval length
and the other covariates was systematically tested using
the Akaike Information Criterion. Initial ODI score,
smoking status, duration of symptoms, use of pain
medication, and employment status were explored in
post-hoc analyses. An analogous generalized linear
model where the response variable was whether a clin-
ically significant difference was observed (0 = no and
1 = yes) was fitted to test whether the probability of
an individual patient experiencing a clinically signifi-
cant change depends on time. The time dependence of
variation in the change of ODI scores was tested using
Levene’s test for the equality of variances. For this test,
the data set was divided into groups with 15, 30, 60, and
90 days.

The change in ODI scores was studied separately
for patients with a measurement interval of less than
61 days, those with a measurement interval of 61 days
or more, and for the whole sample. The normality of
the ODI scores in the full sample and the 2 subsam-
ples was investigated using Shapiro-Wilk test for nor-
mali‘[y,19 and no evidence for the non-normality of the
distribution was found. The statistical significance of
the difference between the 2 measurement points was
tested using a paired ¢ test with a 2-tailed alternative
hypothesis for the complete sample and the subsamples
separately. The equality of variances was also tested
between these 2 groups using Levene’s test.

All statistical analyses were carried out using the sta-
tistical software R.%° Graphical investigations with some
figures were produced using the package ggplot2.?!

Ethics

The present study was based on registry data, and
the patients were not directly contacted. Therefore, this
study was exempt from local ethical committee review.

Table 2. Results of the mixed linear model fit.

Variable Estimate® SE? P
Fixed effects
Intercept” 44.0 6.5  <0.0001
Interval (day) -0.0005 0.011 0.97
Sex (male) -8.1 2.9 0.007
Age 0.18 0.45 0.32
Concomitant diseases (yes or NA) 0.35 0.34 0.96
BMI 0.68 0.34 0.05
Random effects
Patient c=12.8
Residual c=8.3
Fit quality
R2 /R2 ° 0.09/0.73

Abbreviations: BMI, body mass index; NA, not applicable; ODI, Oswestry Disability
Index.

“For the fixed effects.

"The intercept reflects the expected ODI score for a 70-year-old woman with no
concomitant diseases and a BMI of 29.

“Marginal R? value/conditional R* value.

RESULTS

The mean age was 71 years, and 64 patients (62%)
were women. The mean (SD) ODI score at the first
measurement was 41.7 (16.0) points and 41.1 (15.5)
points at the second measurement. Mean time between
the ODI scores was 74 days (range, 8-361). On average,
ODI changed by 9.17 points (SD = 7.16) between the
2 measurements, with the ODI score increasing for
48 patients, remaining unchanged for 9 patients, and
decreasing for 47 patients. The arithmetic mean of the
changes was —0.60 points and the median 0.00 points.

For the linear mixed model, no interaction terms were
found to improve the model fit, and the final model fit
can be found in Table 2. The population-level estimates
for ODI score changes were found to be —0.0005 points/
day (95% CI [-0.022, 0.022], P = 0.97). The 95% Cl is
contained within the clinically significant limits of =10
points for the first 446 days, that is, for about 15 months.
Thus, the population-level mean is unlikely to change
in a clinically significant way over this period. Women
and patients with higher BMIs had higher ODI scores
on average, while age and concomitant diseases had no
statistically significant association with the ODI score.
For patients with <2 months between the ODI scores,
the mean (SD) ODI score at the first time point was
43.7 (17.3) points and 41.3 (17.1) points at the second
time point. For patients with >2 months between the
ODI scores, the mean (SD) ODI score at the first time
point was 39.6 (14.3) points and 40.8 (13.9) points at
the second time point (Figures 1 and 2). Also, when
patients with a time interval <2 months and >2 months
between the ODI scores were studied separately with a
t test, no statistically or clinically significant changes
were observed (2.4 points, 95% CI [-5.20, 0.37], P
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Figure 1. Time evolution of Oswestry Disability Index (ODI) results for the
individual patients between the 2 measurement times.

= 0.09; 1.2 points, 95% CI [-2.39, 4.82], P = 0.50,
respectively).

For 62 patients, there was no clinically significant
change in the ODI score between the measurement
points; for 20 patients, the ODI score decreased clin-
ically significantly (=10 points; 7 patients in the <2
months and 13 patients in the >2 months group); for
22 patients, the score increased clinically significantly
(13 patients in the <2 months and 9 patients in the >2
months group). The shortest interval associated with a
clinically significant change (-26 points) was 8 days.
Based on the generalized linear model fit, none of the
covariates nor the length of the time interval was asso-
ciated with an increased or decreased risk of having
a clinically significant difference occur. The OR for

100

75

50

oDl
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Figure 2. Time evolution between the 2 Oswestry Disability Index
measurement points with the time interval between the 2 points on the
horizontal axis.
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Figure 3. Predicted change in the population mean due to interval length
between 2 Oswestry Disability Index (ODI) measurements. The shaded area
corresponds to the 95% CI. The dotted lines denote the clinically significant
difference of 10 ODI points.

observing a clinically significant difference for an indi-
vidual 1 day longer interval was 1.003 (95% CI [0.997,
1.010] P = 0.30). Thus, there is no indication that a
longer interval between the measurements is connected
to a higher probability for an individual to experience
clinically significant changes in ODI (Figure 3).

The variance of ODI score change did not depend on
the interval length either with 15-day binning of obser-
vations (P = (0.22), 30-day binning (P = 0.36), 60-day
binning (P = 0.21), or 90-day binning (P = 0.12). No
difference in the variance of ODI score change was
found between the <2 months and >2 months groups
either (P = 0.20).

The preoperative ODI score did not have any correla-
tion with the delay for surgery (P = 0.13). Smoking or
employment status, use of pain medication, or duration
of symptoms were not found to improve the model fits.

DISCUSSION

The objective of the present study was to assess pre-
operative changes in ODI score in LSS patients waiting
for operative treatment. There was no statistically or
clinically significant difference in the means of the 2
preoperative ODI scores measured at different occa-
sions with waiting time of <2 months or >2 months.
Based on our results, it seems that ODI scores even for
patients with severe LSS do not progress within a few
months, and the decision of operative treatment does
not affect the ODI score. Furthermore, we did not find
any potential factors contributing to the change in the
ODI scores. Based on our registry data, preoperative
ODI score at outpatient clinic seems to present patient’s
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preoperative symptom state reliably even though there
would be a delay between the operative treatment deci-
sion and surgical treatment.

Medical registries have been shown to be valuable
tools for improving patient care. Proper utilization of
registry data relies on the accuracy of the data con-
tained in the database. The assessment of data quality
is of utmost importance in improving the reliability of
registry-based studies in the future.

ODI is a well validated and widely used PRO to
assess patients with spine-related conditions with
several adaptations in different languages.'®'"'**
Test-retest reliability is a feature of PRO instrument
quality that indicates how well an instrument produces
similar results on repeated measures when no change
is expected. ODI has good test-retest reliability with
an interval between measurements less than 6 weeks
used in most studies.”>** Given that it is evident that
the instrument has good measurement properties, we
were able to assess possible changes with longer inter-
vals in this study. This is relevant in clinical settings,
where a number of factors affect the interval between
the operative treatment decision and the surgery itself,
as well as for the adequacy of registry data. In our data,
longer waiting time was not associated with a clinically
relevant increase in the average ODI score when the
interval between scores was less than 15 months. For
intervals longer than 15 months, the number of observa-
tions was too low to assess the change; however, there
was no evidence that the change would be clinically sig-
nificant after this time point. It should also be noted that
the longest observed interval in our data was 361 days,
so making claims regarding intervals longer than 1 year
is not possible.

The ability of an instrument to identify possi-
ble changes in the condition to be measured is called
responsiveness. The responsiveness for the ODI has
been confirmed in a number of clinical conditions,
such as back pain and LSS.>** While test-retest valid-
ity ensures that there are no instrument-related errors
expected in repeated measures, with good responsive-
ness the change, if there is such, can be expected to
manifest between repeated measures. Even though the
prevalence of symptomatic LSS is higher in the elderly
population, in our sample, age was not associated with
the change between 2 preoperative ODI score time-
points.”

Preoperative ODI scores in our population were com-
parable to earlier registry data assessing PRO results
of patients waiting for surgical treatment for LSS.?
Weinstein et al compared results of LSS treatment in

both randomized and observational groups, and in both
groups, the ODI remained stable.” However, there was
a significant crossover between the study groups in
the randomized cohort: at 1 year only 63% from the
surgery group had undergone operative treatment and
42% from the non-surgical group had had an operation.
The mean change for ODI score for the non-surgical
treatment group was —7.4 points at 6 weeks, —8.1 points
at 3 months, and —12.7 points at 1 year. A randomized
controlled trial comparing long-term effects of opera-
tive vs nonoperative treatment of LSS by Slitis et al
showed improvement in the ODI on both groups favor-
ing the operative group, and there was no remarkable
crossover from the conservative group to the operative
group.” In their conservative treatment group, the mean
ODI change was —7.4 points at 6 weeks, —5.2 points at
3 months, and —7.2 points at 1 year. In our sample, all
patients were scheduled to undergo operative treatment
with no additional treatment provided after the deci-
sion, and there was no clinically significant change in
the ODI. In our material, the severe symptomatic LSS
symptom state seems to remain stable within our time
interval. For 20 patients, the ODI score decreased clini-
cally significantly (=10 points), and for 22 patients, the
score increased clinically significantly (=10 points). As
the number of changes to both directions was compa-
rable and there was no significant change in the mean
ODI scores, it is likely that the change in these patients
is explained by daily variation. Also, based on a recent
study, repeated preoperative MRI scans do not provide
benefit, which is in line with these findings of changes
in preoperative patient-reported outcome measure
results.?

In reliable assessment of registry data, as well as
individual patient care, it is important to consider poten-
tial contributing factors to each condition. Knutsson et
al observed that smoking and the risk of having LSS
surgery are correlated in the Swedish working popula-
tion.”” The risk was dose correlated, and heavy smokers
were more likely to undergo LSS surgery. A registry-
based study, also of a Swedish population, noted that
nonsmokers were more satisfied with the treatment
outcome and used less analgesics than smokers after
LSS surgery.”® Sekiguchi et al found an association
between lack of regular exercise, strenuous use of low
back and legs, and lower job satisfaction with LSS.?
Hypertension and diabetes mellitus were shown to be
associated in a study by Uesugi et al.* In our study, we
found no confounding covariates related to change of the
ODI. The tested covariates included sex, BMI, smoking
status, preoperative occupational status, preoperative
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use of pain medication, and concomitant diseases. One
potential factor affecting PRO scores is the operative
treatment decision and outpatient clinic visit. In our
data, the ODI scores did not change significantly, thus
suggesting that these factors did not affect the scores.
Furthermore, the preoperative ODI score had no effect
on the delay between the operative treatment decision
and surgical treatment. Based on this finding, it seems
that institutional factors affected the surgery delay more
than patients’ preoperative symptom state.

We acknowledge that our study has several lim-
itations. First, the sampling was done with the main
research question in mind, that is, the influence of
the interval between 2 measurements to the potential
change in the ODI. Therefore, in the subgroup analysis,
there are a limited number of patients, such as patients
with lung disease, and the results of this analysis must
be interpreted with care. Second, as always is the case
with a retrospective study setting, there might be some
selection bias. In surgical studies, patient selection to
nonoperative and operative treatment is a major bias,
and as all the patients included in this study were
waiting for operative treatment, we think that the risk
was low. Third, the analysis was carried out only with
subjects diagnosed with LSS. Thus, extrapolation of
these results to other spine conditions or less severe
forms of LSS must be conducted with concern.

CONCLUSION

There was no statistically nor clinically signifi-
cant change in the population mean of the ODI score
between 2 preoperative measurements when the inter-
val between ODI measurements was less than 1 year.
Furthermore, there was no evidence that the probability
of an individual patient experiencing a clinically sig-
nificant change would be associated with the length of
the interval between consecutive ODI measurements.
Finally, the variation in ODI change was not associated
with the length of the time interval. Therefore, the pre-
operative ODI score gathered at the outpatient clinic
before the surgical treatment decision can be consid-
ered to equally reliably present patient’s preoperative
symptoms as long as the score is no older than 1 year.
However, a clinically significant change could be expe-
rienced in as little as 8 days based on the data. There
was no evidence of the treatment effect of outpatient
clinic visit or treatment decision for surgery on the
change in preoperative ODI scores. Furthermore, we
did not find any other factors contributing to the change
in the ODI scores. However, until we get more data with
longer intervals, a new ODI score is needed when the

time interval between preoperative ODI measurements
exceeds 12 months to reliably assess patient’s preoper-
ative symptom state.
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