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Abstract
Purpose The Oswestry Disability Index (ODI) and the Neck Disability Index (NDI) scoring algorithms used by the Swedish 
spine register (Swespine) until April 2022 handled missing items somewhat differently than the original algorithms. The 
purpose of the current study was to evaluate possible differences in the ODI and NDI scores between the Swespine and the 
original scoring algorithms.
Methods Patients surgically treated for degenerative conditions of the lumbar or cervical spine between 2003–2019 (lumbar) 
and 2006–2019 (cervical) were identified in Swespine. Preoperative and 1-year postoperative ODI/NDI data were used to 
evaluate differences between the Swespine and the original ODI/NDI algorithms with adjustment for at most 1 or 2 missing 
items using mean imputation.
Results The preoperative as well as the 1-year postoperative ODI/NDI were approximately 1 unit out of 100 smaller for the 
Swespine algorithm, irrespective of adjustment model. The differences between preoperative and postoperative ODI/NDI 
scores were similar between the Swespine and the original scoring algorithms. There were occasional statistically significant 
differences between the preoperative–postoperative differences due to large sample sizes.
Conclusions The Swespine algorithms, used until April 2022, underestimated the ODI and NDI by approximately 1 out of 
100 units compared with the original algorithms. In addition, there were no statistically significant differences between the 
original algorithms when adjusting for at most 1 or 2 missing items. The algorithm has now been changed, also for histori-
cal data.

Keywords Missing items · Neck disability index · Oswestry Disability Index · Swespine

Introduction

The Oswestry Disability Index (ODI) [1] and the Neck Dis-
ability Index (NDI) [2] are commonly used condition-specific 
instruments for assessment of pain and disability in patients 
with spinal disorders. Alternative methods for calculating 
ODI/NDI scores have been reported [1, 3]. For example, the 
handling of missing values may differ and some questions may 
be excluded (e.g., ODI item 8 about sex life or NDI item 8 
about driving). If an instrument is modified, e.g., by omit-
ting items or by changing scoring algorithms, it is important 
to evaluate the consequences of these changes in relation to 
the original version of the instrument. It is also essential to 
thoroughly describe the changes, and the consequences of 
these changes, when reporting the results of scientific studies 
based on the modified instrument. This is important as these 
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data may be used as a decision base for advocating specific 
treatments.

The ODI has been used in Swespine for assessment of 
disability since 2003 and the NDI since 2006. In case of 
missing items, the ODI and NDI scoring algorithms should 
be adjusted according to the formula: (total score) × 100/
(5 × number of questions answered). The adjustment has 
the same effect as mean imputation of the missing items. 
In Swespine, the scoring adjustment was not used between 
2006 and April 2022, i.e., ODI and NDI was always cal-
culated as (total score) × 100/50. The primary aim of the 
current study was to evaluate the practical implications of 
the unadjusted ODI and NDI scoring algorithms. As there 
is no recommendation concerning the number of missing 
items accepted, the secondary aim was to also compare the 
ODI and NDI score changes when adjusting for at most 1 or 
2 missing items, i.e., 10 or 20% missing items.

Patients and methods

Study design

The present study was register-based, using prospectively 
collected longitudinal data from Swespine, the national 
Swedish spine register.

The Oswestry disability index (ODI)

The ODI is a single-dimensional, 10-item, self-administered 
instrument for the assessment of disability (pain, personal 
care, ability to walk, etc.) [1]. Each item has 6 possible 
answers coded on the ordinal scale 0 to 5 (0 being the best 
and 5 the worst). The final score is summarized as: (total 
score) × 100/(5 × number of items answered) [1]. There is 
currently no recommendation on the acceptable number of 
missing items.

The neck disability index (NDI)

The NDI is a single-dimensional, 10-item, self-administered 
instrument for the assessment of disability (pain, personal 
care, lifting, etc.) [2]. Each item has 6 possible answers 
coded on the ordinal scale 0 to 5 (0 being the best and 5 the 
worst). Results are reported as a score out of 50 or a percent-
age out of 100 [3]. Swespine reports NDI as a percentage out 
of 100. In case of missing items, Vernon [3] recommends 
mean imputation of at most 2 missing items.

The Swespine ODI and NDI scoring algorithms prior 
to April 2022

In Swespine, the ODI and NDI results have been reported as 
(total score) × 100/50, i.e., no adjustment for missing items. 

For ODI, there was a minor inconsistency in the handling of 
missing values. No ODI score was to be calculated if more 
than 2 items were missing, but in 0.15% of the cases, more 
than 2 missing items were allowed. For NDI, any number of 
missing items was allowed.

Patient data set

Patients, who were surgically treated for lumbar degenera-
tive conditions, i.e., central spinal stenosis with or without 
degenerative spondylolisthesis (DS), lateral spinal stenosis, 
degenerative disk disease (DDD) or disk herniation between 
2003 and 2019 (17 years), and cervical degenerative condi-
tions, i.e., radiculopathy from disk herniation or foraminal 
stenosis and myelopathy from disk herniation or central 
stenosis between 2006 and 2019 (14 years), were identi-
fied in the Swedish spine register. Preoperative and 1-year 
postoperative patient reported ODI and NDI data were used. 
Patients with missing preoperative or 1-year postoperative 
ODI/NDI were excluded from the analysis.

Primary analysis

To compare differences in ODI/NDI total score between 
the unadjusted Swespine scoring algorithms with the origi-
nal adjusted scoring algorithms accepting 2 missing items 
(referred to as scoring algorithms O2 and N2).

Secondary analysis

To compare differences in ODI/NDI total score between 
the original adjusted scoring algorithms accepting 1 miss-
ing item (algorithms O1 and N1) with the original adjusted 
scoring algorithms accepting 2 missing items (algorithms 
O2 and N2).

Simulated data set with small patient populations

To evaluate how the distributions of missing ODI and NDI 
values in Swespine affect smaller data sets, we computer-
generated 2 samples of 50 randomly selected patients from 
Swespine for each diagnosis (5 lumbar and 4 cervical) and 
then analyzed ODI and NDI outcomes using the Swespine 
and the O1/O2 and N1/N2 algorithms (R Foundation for 
Statistical Computing, Vienna, Austria, 2017), in all 18 ana-
lyzed samples.

Example studies

To illustrate how previously published ODI data might be 
affected by different ODI scoring algorithms, we recalcu-
lated ODI using the O2 algorithm (instead of the Swespine 
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algorithm) for 2 previously published studies [4, 5] of the 
first author of the current study.

Statistics

Data are presented as mean and standard deviation (SD) and/
or 95% confidence intervals (CIs). Bootstrapping was used 
to calculate CIs [6]. Standardized response means (SRMs) 
for paired data, i.e., the difference in means divided by the 
standard deviation of the difference, were used to evaluate 
effect sizes [7]. The SRMs were interpreted as follows: < 0.2 
no effect, 0.2 to 0.4 small effect, 0.5 to 0.7 moderate effect 
and  > 0.7 large effect [7].

Results

Baseline patient characteristics

The demographic characteristics of the study population are 
shown in Tables 1 and 2.

Missing items

The distributions of the missing items in the ODI/NDI are 
shown in Tables 3 and 4. More than 1 missing item was 
uncommon (less than 5%). The most common missing 
ODI item was item 8 regarding sex life (Supplementary 
Table S1A). The most common missing NDI item was item 
8 about driving (Supplementary Table S1B). The preopera-
tive and 1-year postoperative ODI and NDI scores are shown 
in Tables 5 and 6 and Supplementary Fig. S5A and S5B.

Differences in score change

The preoperative as well as the 1-year postoperative ODI 
and NDI scores were approximately 1 unit smaller for the 
Swespine scoring algorithm than for the O1/O2 and N1/
N2 scoring algorithms (Tables 5 and 6). The differences 
between preoperative and postoperative ODI/NDI scores 
were similar between the Swespine and O1/O2 and N1/N2 
scoring algorithms. The 95% CIs overlapped, indicating no 
statistically significant differences between the preopera-
tive–postoperative differences. The effect sizes (SRM) were 
similar to overlapping 95% CIs indicating no statistically 
significant differences (Tables 5 and 6). The results were 
also similar to overlapping 95% CIs whether 1 or 2 missing 
items were accepted in the ODI/NDI scores (Tables 5 and 
6). The results of the simulation study with 50 randomly 
selected patients in each group are reported in Supplemen-
tary Figs. S1 to S4. Since the CIs were wider for the smaller 
data sets, we found no statistically significant differences 
between the different scoring algorithms in any outcome 
variable. Ta
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Example studies

The ODI scores were approximately 1 unit smaller for the 
Swespine scoring algorithm compared with the O2 scoring 
algorithm. This 1-unit difference did not affect the conclu-
sions of the studies (Table S2, and Fig. S6A and S6B).

Discussion

In the present study, we used a large real-life data set, to 
evaluate different scoring algorithms for the ODI and NDI. 
The differences in the algorithms concern the handling of 

Table 4  Number of missing NDI items in Swespine for degenerative conditions of the cervical spine

Number of items Cervical disk herniation with 
radiculopathy

Cervical disk herniation with 
myelopathy

Cervical foraminal stenosis Cervical central spinal 
stenosis

Preoperatively Year 1 Preoperatively Year 1 Preoperatively Year 1 Preoperatively Year 1

0, n (%) 3702 (84.4) 3290 (89.9) 384 (81.2) 187 (88.6) 2410 (84.8) 2086 (89.5) 1497 (74.2) 1527 (77.6)
1, n (%) 495 (11.3) 293 (8.01) 63 (13.3) 18 (8.53) 347 (12.2) 197 (8.45) 338 (16.8) 323 (16.4)
2, n (%) 100 (2.28) 43 (1.18) 13 (2.75) 2 (0.948) 38 (1.34) 20 (0.858) 94 (4.66) 66 (3.35)
3, n (%) 15 (0.342) 11 (0.301) 1 (0.211) 1 (0.474) 12 (0.422) 7 (0.3) 27 (1.34) 21 (1.07)
 > 3, n (%) 75 (1.71) 21 (0.574) 12 (2.54) 3 (1.42) 36 (1.27) 21 (0.901) 61 (3.02) 31 (1.58)

Table 5  ODI preoperatively and year 1 postoperatively in Swespine for patients surgically treated for degenerative conditions of the lumbar spine

Swespine O1 O2

Lumbar spinal stenosis without DS
n 25,031 23,891 24,925
Preoperatively, mean (95% CI) 42.2 (42;42.4) 43.3 (43.1;43.5) 43.4 (43.2;43.6)
Year 1, mean (95% CI) 26.3 (26;26.5) 26.9 (26.7;27.2) 27.1 (26.8;27.3)
Difference pre-op and year 1, mean (95% CI) 15.9 (15.7;16.2) 16.4 (16.2;16.6) 16.3 (16.1;16.5)
Effect size, SRM (95% CI) 0.885 (0.87;0.9) 0.902 (0.887;0.917) 0.898 (0.883;0.912)
Lumbar spinal stenosis with DS
n 8822 8369 8799
Preoperatively, mean (95% CI) 42.9 (42.6;43.3) 44.2 (43.9;44.5) 44.4 (44;44.7)
Year 1, mean (95% CI) 25 (24.7;25.4) 25.8 (25.3;26.2) 26 (25.5;26.4)
Difference pre-op and year 1, mean (95% CI) 17.9 (17.5;18.3) 18.5 (18.1;18.8) 18.4 (18.1;18.8)
Effect size, SRM (95% CI) 1.02 (0.998;1.05) 1.05 (1.02;1.07) 1.04 (1.02;1.07)
Lumbar lateral spinal stenosis
n 5651 5454 5632
Preoperatively, mean (95% CI) 42.4 (42;42.8) 43.2 (42.8;43.6) 43.3 (42.9;43.7)
Year 1, mean (95% CI) 25.8 (25.3;26.3) 26.1 (25.6;26.6) 26.4 (25.9;26.8)
Difference pre-op and year 1, mean (95% CI) 16.6 (16.2;17.1) 17.1 (16.6;17.6) 17 (16.5;17.4)
Effect size, SRM (95% CI) 0.913 (0.882;0.944) 0.936 (0.904;0.968) 0.93 (0.898;0.961)
Lumbar degenerative disk disease
n 6518 6431 6508
Preoperatively, mean (95% CI) 43.4 (43.1;43.8) 43.7 (43.4;44.1) 43.8 (43.4;44.1)
Year 1, mean (95% CI) 24.5 (24.1;25) 24.6 (24.2;25.1) 24.7 (24.3;25.2)
Difference pre-op and year 1, mean (95% CI) 18.9 (18.5;19.4) 19.1 (18.7;19.5) 19.1 (18.7;19.5)
Effect size, SRM (95% CI) 1.07 (1.04;1.1) 1.08 (1.05;1.11) 1.08 (1.05;1.11)
Lumbar disk herniation
n 16,821 16,555 16,793
Preoperatively, mean (95% CI) 47.8 (47.6;48.1) 48.3 (48;48.6) 48.3 (48.1;48.6)
Year 1, mean (95% CI) 19.2 (18.9;19.4) 19.3 (19;19.6) 19.4 (19.1;19.6)
Difference pre-op and year 1, mean (95% CI) 28.7 (28.3;29) 29 (28.7;29.3) 29 (28.7;29.3)
Effect size, SRM (95% CI) 1.33 (1.31;1.35) 1.34 (1.32;1.36) 1.34 (1.32;1.36)
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missing items. The main finding was that the Swespine 
algorithms underestimated the ODI and NDI scores by 
approximately 1 unit out of 100 compared to the original 
algorithms. There were no statistically significant differ-
ences in the scores or effect sizes when using the different 
algorithms.

For the ODI, the most frequently missing item was item 
8, about sex life (Supplementary Table S1A). This confirms 
the findings of the validation studies for several different lan-
guages that ODI item 8 is the most frequently missing item 
and that more than 1 missing item is an uncommon finding 
[8–14]. The frequencies of responses with no missing items 
for the 5 groups of diagnoses were 75–90% (Table 3). The 
corresponding values reported in previous validation studies 
were 60–85% [8–14]. The number of missing items differed 
for different diagnoses. Missing items were most frequent 
for lumbar spinal stenosis (ODI) and cervical central spinal 
stenosis (NDI) (Tables 3 and 4). However, fewer than 5% 
of the responses for all diagnoses had more than 1 missing 
item. In summary, the distribution and frequency of miss-
ing ODI items were similar to those reported in previous 
studies. Concerning NDI, previous reports on missing items 
are inconsistent. Some authors have reported a high rate of 

missing answers to item 8, about driving [15, 16] while oth-
ers have reported only negligible numbers of missing items 
[17]. In our case, item 8 about driving was the most common 
missing item.

Kent and Lauridsen [18] studied effects of missing items 
on the Roland Morris Disability Questionnaire (RMDQ) 
and compared with the ODI. The frequency of missing ODI 
items was found to be 13.9% (59 of 424). For RMDQ, the 
authors recommended using an adjustment algorithm simi-
lar to the ODI adjustment model and not simply ignoring 
missing items.

Few studies have specified in detail how the miss-
ing items in the ODI are handled. Fairbank and Pynsent 
[1] exemplify how 1 missing item is handled. The Dan-
ish validation study by Comins et al. [19], based on the 
Danish spine register (DaneSpine), excluded all patients 
with more than 1 missing item in the ODI. Given the 
low frequency of 2 or more missing items in our study 
(Table 3), the conservative Danish approach will result 
in only minor reductions in sample sizes compared to the 
case when 2 missing items are allowed, as demonstrated 
in our current comparison (Table 5). For NDI, Vernon [3] 

Table 6  NDI preoperatively and year 1 postoperatively in Swespine for patients surgically treated for degenerative conditions of the cervical 
spine

Swespine N1 N2

Cervical disk herniation with radiculopathy
n 3242 3049 3141
Preoperatively, mean (95% CI) 43.2 (42.7;43.8) 44.3 (43.8;44.9) 44.4 (43.8;44.9)
Year 1, mean (95% CI) 25.7 (25;26.3) 25.9 (25.1;26.5) 26 (25.3;26.7)
Difference pre-op and year 1, mean (95% CI) 17.5 (16.9;18.1) 18.5 (17.9;19.1) 18.3 (17.7;19)
Effect size, SRM (95% CI) 0.964 (0.923;1.01) 1.04 (0.996;1.08) 1.03 (0.985;1.07)
Cervical disk herniation with myelopathy
n 168 155 159
Preoperatively, mean (95% CI) 36.7 (34.1;39.2) 37.7 (35;40.5) 37.9 (35.2;40.6)
Year 1, mean (95% CI) 22.3 (19.6;25.1) 23.1 (20.3;26.1) 23.2 (20.4;26.1)
Difference pre-op and year 1, mean (95% CI) 14.3 (12;16.9) 14.6 (12;17.2) 14.7 (12.1;17.1)
Effect size, SRM (95% CI) 0.833 (0.658;1.01) 0.9 (0.713;1.09) 0.902 (0.717;1.09)
Cervical foraminal stenosis
n 2137 2034 2068
Preoperatively, mean (95% CI) 41.5 (40.8;42.2) 42.7 (42;43.4) 42.7 (42;43.3)
Year 1, mean (95% CI) 26.1 (25.2;26.9) 26.5 (25.7;27.3) 26.6 (25.8;27.5)
Difference pre-op and year 1, mean (95% CI) 15.5 (14.8;16.2) 16.2 (15.5;16.9) 16.1 (15.3;16.8)
Effect size, SRM (95% CI) 0.896 (0.845;0.946) 0.972 (0.919;1.02) 0.961 (0.909;1.01)
Cervical central spinal stenosis
n 1590 1392 1486
Preoperatively, mean (95% CI) 38.6 (37.7;39.5) 40.6 (39.7;41.6) 40.8 (40;41.9)
Year 1, mean (95% CI) 28.9 (27.9;29.7) 29.7 (28.6;30.8) 30 (29.1;31.1)
Difference pre-op and year 1, mean (95% CI) 9.73 (8.93;10.6) 11 (10.1;11.8) 10.8 (9.99;11.6)
Effect size, SRM (95% CI) 0.577 (0.524;0.63) 0.679 (0.621;0.737) 0.668 (0.612;0.725)
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state that if 3 or more items are missing, the score may 
be invalid.

We found no statistically significant differences 
between the Swespine and the O1/O2 and N1/N2 algo-
rithms for the difference between year-1 and preoperative 
data (Tables 5 and 6). In addition, we found no statisti-
cally significant differences between the Swespine and 
the O1/O2 and N1/N2 algorithms for the SRM (Tables 5 
and 6). This means that the magnitudes of the Swespine 
underestimations are similar for preoperative and year-1 
data, and consequently, the differences are not affected 
by the Swespine underestimation.

The 95% CIs for all point estimates of preoperative and 
year-1 are narrow (Tables 5 and 6, Fig. S5A and S5B) 
because of the large sample sizes. The widths of the CIs 
are less than 2 for all point estimates of the preoperative 
and year-1 ODI (Table 5) and less than 3 for all point 
estimates of the preoperative and year-1 NDI except for 
cervical disk herniations with myelopathy where the CI 
widths are less than 6 (smaller sample size) (Table 6). 
Consequently, the effect of the Swespine underestimation 
is unlikely to be larger than a few units.

We found no statistically significant differences in the 
ODI and NDI between the O1/O2 and N1/N2 algorithms, 
respectively (Tables 5 and 6). Based on this observa-
tion, it seems reasonable to accept mean imputation of at 
most 2 missing items in the ODI and NDI. The absence 
of imputation in the Swespine ODI and NDI algorithms 
has now been changed (algorithms O2 and N2 are used 
starting in April 2022), as well as with adjustment of 
historical data. Because the differences are minimal, we 
do not consider this to be a problem for previously pub-
lished studies using the Swespine original algorithm. In 
addition, our recalculations of the ODI for 2 previously 
published studies, with at most 6532 included patients, 
suggest that the ODI differences are minimal. To ensure 
transparency, all authors who have used the original 
Swespine ODI/NDI algorithms will been contacted by 
the Swespine Office.

While there is a clear recommendation to allow at 
most 2 missing items for the NDI [3], the Mapi Research 
Trust provides no recommendation for the ODI [20]. Our 
data suggest that, from a Swedish perspective, there is 
no major difference when adjusting for 1 or 2 missing 
items. Nevertheless, in order to unify the management of 
missing items, nationally and internationally, we propose 
a recommendation by the Mapi Research Trust on the 
accepted number of missing ODI items.
Conclusion

The Swespine algorithms underestimated the ODI and 
NDI by approximately 1 out of 100 units compared with 
the original algorithms when the algorithms were applied 

to a large data set of real-life data. In addition, there were 
no statistically significant differences between the origi-
nal algorithms when adjusting for at most 1 or 2 missing 
items. The algorithms in Swespine have now been changed 
(April 2022) in line with the original algorithms (O2 and 
N2), as well as with adjustment of historical data. It is 
important that studies based on patient reported outcome 
measures specify algorithms used for calculation of scores.
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