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Background   The Swedish Lumbar Spine Register has 
been collecting patient-based data since 2000, and more 
than 80% of all spinal units in Sweden are now includ-
ing their patients. In a few years, it will produce useful 
clinical information just as arthroplasty registers have, 
but to permit proper interpretation of data in the future, 
the reliability of the protocol must be tested.

Methods   Between January 2000 and March 2003, a 
sample of 122 patients was asked to fill in the question-
naire twice: 63 preoperatively and 59 postoperatively. 
Test-retest reliability was calculated with intra-class 
correlation coefficient (ICC) or weighted kappa when 
appropriate.

Results   Test-retest interval varied (range 0–235 
days); in the “worst case scenario”, the lowest ICC for 
SF-36 was 0.62 for the postoperative RE. Other values 
were above 0.70; for non-SF variables, ICC was in the 
range 0.79–0.89. Kappa values for the ordinal outcomes 
were high (0.74–0.91).

Interpretation   When separate reliability analysis 
was performed according to the time interval, a 0–2 days 
interval produced a significant memory effect; after 3 
weeks, the reliability seemed to drop in the preoperative 
group, whereas results were reproducible up to 9 weeks 
postoperatively. The protocol studied can reliably detect 
postoperative improvements between large groups of 
patients such as in a register.

■

The Swedish Lumbar Spine Register was offi-
cially started in 1993, but it was only after a major 

reorganization in 1998 that data collection began 
in a consistent way on a national basis. Changes 
introduced at that time included administrative and 
computer support for participating departments, 
and also the adoption of a patient-based protocol 
of data collection (Strömqvist et al. 2001) which 
simplified the routines for registering surgeons 
and played a major role in achieving satisfactory 
national coverage, which is crucial for the validity 
of any register.

The choice of patient-oriented outcomes was 
made mainly from scientific considerations, since 
meantime psychometrics (Deyo et al. 1994, Hägg 
2002) and, in the clinical field, the outcomes move-
ment (Swiontkowski et al. 1999) had already gone 
a long way to proving the validity of self-adminis-
tered questionnaires and standardization methods, 
producing an even too large number of different 
questionnaires (Zanoli et al. 2000).

Among other demographic variables and ques-
tions on local pain, radiating pain, analgesic intake, 
walking ability and patient satisfaction, the SF-36 
health survey (Ware and Sherbourne 1992) was 
chosen to evaluate health-related quality of life 
(HRQoL). Even though this instrument has been 
extensively validated and can be considered to be 
one of the standards of outcomes measurement for 
spinal disorders (Deyo 1998, Bombardier 2000, 
Ware 2000, Walsh et al. 2003), its inclusion in a 
more comprehensive data collection protocol (Hun-
saker et al. 2002) and use in a specific clinical set-
ting (Hanscom et al. 2002) usually requires some 
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form of standardization and re-evaluation (Streiner 
and Norman 1995, Zanoli 2001) of the new pro-
tocol. We have already addressed the issues of 
normative standardization (Zanoli et al. 2002) and 
responsiveness (Zanoli et al. 2005) in this group 
of patients. In the present study, we evaluated test-
retest reliability of the prospective data collection 
protocol adopted by the Swedish Lumbar Spine 
Register in a sample of patients at our institution.

Methods

Data were obtained using a prospective observa-
tional registration protocol (Strömqvist and Jöns-
son 1993) of patients operated at our institution 
and included in the Swedish National Lumbar 
Spine Surgery Register. Details of the data col-
lection protocol and patient selection have been 
reported elsewhere (Strömqvist et al. 2001). More 
information and downloadable forms are available 
at http://www.4s.nu. In addition to SF-36 question-
naire responses, separate local and radiating pain 
(intensity on a VAS, duration in months), change 
in pain, analgesic intake, working status, walk-
ing ability and patient satisfaction were recorded, 
together with other variables not included in the 
present analysis (age, sex, duration of sickleave, 
number of previous operations, smoking habits, 
number and type of preoperative diagnostic pro-
cedures performed). The patients completed the 
preoperative questionnaires independently on the 
day of admission for surgery and after 1 year post-
operatively during a follow-up visit or, if no visit 
was planned, by mail using a prepaid envelope. 
Demographic variables and duration of symptoms 
were recorded only preoperatively. Pre- and post-
operative VAS scores were obtained in standard 
fashion, i.e. by measuring the distance in mm 
from the origin of a horizontal line (total length 
100 mm) and the point indicated by the patient 
as representing his/her level of pain during the 
previous week. Zero represented “no pain at all” 
and 100 represented “the worst pain imaginable”. 
Analgesic intake was recorded on a 3-point Likert 
Scale (regular, intermittent, none). Walking dis-
tance was recorded on a 4-point Likert Scale (less 
than 100 m, 100–500 m, 500 m–1 km, more than 
1 km).

Postoperatively, changes in leg and back pain 
were recorded on a 5-point Likert Scale (Pain-
free, Much Better, Somewhat Better, Unchanged, 
Worse) as compared to preoperative status. The 
patient’s working status was recorded on a 6-point 
Likert Scale (Back to previous activity, Back to 
lighter activity, Sick leave because of back, Sick 
leave because of other problems, Unemployed, 
Retired). Patient satisfaction was recorded on a 3-
point Likert Scale (Satisfied, Uncertain, Dissatis-
fied). 

To the best of our knowledge, this procedure is 
standard for all units in Sweden.

Between November 2000 and March 2003, 
a sample of 122 patients was asked to fill in the 
questionnaire twice. 63 (median age 55 (26–84) 
years, 34 men) were given it at the time of the last 
preoperative visit (in order for us to be able to 
compare the results with the standard preoperative 
questionnaire) and they were asked to fill in the 
questionnaire at home 1 week before coming to 
the hospital and to bring it when being admitted 
to hospital. 59 (median age 53 (22–81) years, 30 
women) received a second copy at the time of the 
1-year follow-up visit (in order for us to be able to 
compare the results with those of the standard 1-
year follow-up) and were asked to fill in the ques-
tionnaire at home after 1 week and then to return it 
to the department by mail. The patients could only 
belong to one of the 2 groups, depending on what 
stage of their registration they were cross-section-
ally during the study period. In the same period, 
302 other patients were registered; a Mann-Whit-
ney test was performed to ensure that there were 
no significant differences between the sample and 
the whole population regarding demographics and 
preoperative variables. Diagnoses in the sample 
were distributed as follows (herniated disc = 35, 
central stenosis = 28, degenerative/segmental 
pathology = 17, spondylolisthesis = 12, lateral ste-
nosis = 28, other/combination = 2). This distribu-
tion is comparable to that observed in previously 
published material (Zanoli et al. 2006) and was 
representative of the present selection of patients 
at our institution. For a more detailed description 
of the diagnostic criteria used, see also (Zanoli et 
al. 2003). In all cases, the date of completion of 
the questionnaire was entered by the patients on 
the same forms.
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Test-retest reliability for continuous variables 
(VAS, SF-36 scores) was calculated using a two-
way random model intraclass correlation coef-
ficient (ICC) for each score as the ratio of vari-
ance between subjects and the total variance 
(Streiner and Norman 1995, Nichols 1998). ICCs 
range from 0 (least reliable) to 1 (most reliable). 
Weighted kappa calculation (Cohen 1968) was 
used to assess agreement between the first and the 
second survey for ordinal variables such as change 
in pain, analgesic intake, working status, walking 
ability and patient satisfaction. Kappa also ranges 
from 0 (worst agreement) to 1 (best agreement). 
For two SF-36 scores (RP and RE) which present 
continuous values but actually have only a limited 
number of possible levels of answers (7 for RP and 
5 for RE), both ICCs and kappas were calculated.

Data collection and analysis

Data were collected in a personalized Filemaker 
Pro database (Knutson 1993–2002) using Micro-
soft Excel 2002. Statistical analysis was performed 
by using SPSS for Windows version 11.5. Med-
Calc 7.6.0.0 (www.medcalc.be) was used for cal-
culation of weighted kappa.

Results

3 of 63 patients in the preoperative sample were 
not included because they did not return the ques-
tionnaire. After examining the self-entered date 
of completion in the returned forms, we realized 
that not all patients had complied with the 1-week 
recommendation, but had answered the question-
naire after different lengths of time (Table 1). Thus, 
we decided to run separate reliability analyses for 
different subgroups, which were established post 
hoc, as this scattered response was not expected. 
The rationale for group categorization was to 
exclude memory effect (at least 3-day interval) and 
to explore the effect of time as if it had been an 
inclusion criterion of the study, thus excluding all 
the patients who did not fit in the specified interval 
(Table 2). Cutpoints are absolutely arbitrary and 
should be considered as such in the interpretation.

No significant difference (Mann-Whitney test, 
p < 0.05) was found regarding demographics and 
preoperative variables between the patients who 
were included and other patients registered in the 
same period, and no significant difference was 
found between subgroups.

Reliability results for the whole sample and the 
different time-related subgroups are presented in 
Tables 3–6. Apart from providing the necessary 
data to fulfill the aim of our study, we believe that 
providing the reliability coefficients for the differ-
ent subgroups may be a useful source of reference 
for future studies on reliability or outcome studies 
in similar clinical settings. 

In the “worst case scenario”, i.e. analyzing the 
total material irrespective of time elapsed between 

Table 1. Interval between test and retest in the preop-
erative and postoperative sample

Sample: Preoperative Postoperative Total
 n=60 n=59 n=119

Days between test and retest 
 Minimum 0 3 0
 Maximum 235 118 235
 Median 12 32 24

Table 2. Interval between test and retest in the 5 preoperative and 5 postoperative subgroups

 Preoperative sample Postoperative sample 
Subgroups:a 3–63d 3–19d 3–30d 20–63d 0–2d 3–63d 3–19d 3–30d 20–63d 0–2d
 n=44 n=30 n=42 n=14 n=10 n=54 n=9 n=24 n=45 n=0

Days between test and retest 
 Minimum 4 4 4 20 0 3 3 3 20 –
 Maximum 46 19 30 46 1 63 19 30 63 –
 Median 12 10 12 24 0 31 10 25 33 –

a Subgroups after time interval in days (3–63d = time interval between 3 and 63 days; 3–19d = time interval between 
3 and 19 days; 3–30d = time interval between 3 and 30 days; 20–63d = time interval between 20 and 63 days; 0–2d = 
time interval between 0 and 2 days)
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Table 3. Intraclass correlation coefficients for the outcome variables in the preoperative sample

 Preoperative subgroups (see Table 2)
  Whole sample Pre 3–63d Pre 3–19d Pre 3–30d Pre 20–63d Pre 0–2d
Variables a  n    ICC b  n    ICC a  n    ICC a  n    ICC a  n    ICC a  n    ICC a

Back pain (months) 60   0.85 44   0.84 30   0.87 42   0.89 14   0.80 10  1.00 
   95% CI        0.77–0.91        0.73–0.91        0.74–0.93        0.80–0.94        0.50–0.93        –
Leg pain (months) 60   0.84 44   0.81 30   0.92 42   0.81 14   0.08 10   0.99 
   95% CI        0.75–0.90        0.67–0.89        0.85–0.96        0.67–0.89       –0.46–0.57        0.98–1.00
Back pain (VAS)  60   0.78 44   0.74 30   0.85 42   0.77 14   0.43 10   1.00
   95% CI         0.66–0.87        0.56–0.85        0.70–0.92        0.61–0.87       –0.14–0.78        –
Leg pain (VAS)  60   0.88 44   0.89 30   0.93 42   0.88 14   0.80 10   1.00 
   95% CI         0.81–0.93        0.80–0.94        0.85–0.96        0.79–0.94        0.50–0.93        –
PF  60   0.82 44   0.81 30   0.85 42   0.82 14   0.75 10   1.00 
   95% CI        0.72–0.89        0.67–0.89        0.70–0.93        0.70–0.90        0.40–0.91           –
RP  60   0.85 44   0.79 30   0.79 42   0.79 14   0.77 10   1.00 
   95% CI         0.76–0.91        0.65–0.88        0.60–0.89        0.64–0.88        0.44–0.92           –
BP  60   0.69 44   0.64 30   0.67 42   0.64 14   0.61 10   0.87 
   95% CI         0.51–0.80        0.38–0.80        0.34–0.84        0.38–0.80        0.17–0.85        0.57–0.96
GH  60   0.86 44   0.87 30   0.85 42   0.86 14   0.91 10   0.91 
   95% CI         0.77–0.92        0.72–0.93        0.69–0.93        0.72–0.93        0.60–0.97        0.71–0.98
VT  60   0.67 44   0.62 30   0.64 42   0.62 14   0.60 10   0.87 
   95% CI         0.46–0.80        0.34–0.79        0.27–0.83        0.34–0.79        0.15–0.85        0.57–0.96
SF  60   0.77 44   0.76 30   0.86 42   0.75 14   0.35 10   0.72 
   95% CI         0.65–0.86        0.60–0.86        0.74–0.93        0.58–0.86       –0.21–0.73        0.25–0.92
RE  60   0.67 44   0.62 30   0.74 42   0.59 14   0.36 10   1.00 
   95% CI         0.51–0.79        0.40–0.77        0.53–0.87        0.36–0.76       –0.21–0.74        –
MH  57   0.89 42   0.88 29   0.89 40   0.88 13   0.84 9   1.00 
   95% CI         0.83–0.94        0.78–0.93        0.79–0.95        0.78–0.93        0.54–0.95        –

a Variables: Back pain (months) = Preoperative duration of back pain  in months.
Leg pain (months) = Preoperative duration of leg pain in months.
Back pain (VAS) = Preoperative VAS for back pain intensity. 
Leg pain (VAS) = Preoperative VAS for leg pain intensity. 
Preoperative SF–36 domains: PF = Physical Function, RP = Role Physical, BP = Bodily Pain, GH = General Health,  
VT = Vitality, SF = Social Function, RE  = Role Emotional, and MH = Mental Health,
95% CI = 95% confidence interval of ICC.
b ICC = two–way random model Intraclass Correlation Coefficient. 

Table 4. Intraclass correlation coefficients for the outcome variables in the postoperative sample 

 Postoperative subgroups (see Table 2)
 Whole sample Post 3–63d Post 3–19d Post 3–30d Post 20–63d
Variable   n   ICC     95%CI  n   ICC     95%CI  n   ICC     95%CI  n   ICC     95%CI  n   ICC     95%CI 

Back pain a 55  0.89  0.82–0.93 52  0.90  0.83–0.94 9  0.98  0.91–0.99 24  0.89  0.76–0.95 43  0.88  0.79–0.93
Leg pain a  55  0.85  0.75–0.91 52  0.87  0.78–0.92 9  0.90  0.63–0.98 24  0.91  0.80–0.96 43  0.86  0.75–0.93
PF  59  0.86  0.78–0.92 54  0.91  0.84–0.94 9  0.93  0.75–0.98 24  0.93   0.85–0.97 45  0.90  0.83–0.94
RP  59  0.71  0.56–0.82 54  0.71  0.55–0.82 9  0.66  0.11–0.91 24  0.76  0.52–0.89 45  0.73  0.56–0.84
BP  59  0.86  0.78–0.92 54  0.89  0.82–0.94 9  0.84  0.45–0.96 24  0.87  0.72–0.94 45  0.91  0.83–0.95
GH  59  0.80  0.68–0.88 54  0.84  0.70–0.91 9  0.91  0.67–0.98 24  0.91  0.79–0.96 45  0.82  0.67–0.91
VT  59  0.87  0.79–0.92 54  0.88  0.81–0.93 9  0.93  0.71–0.98 24  0.88  0.74–0.95 45  0.88  0.79–0.93
SF  59  0.65  0.48–0.78 54  0.71  0.54–0.82 9  0.69  0.08–0.92 24  0.67  0.36–0.84 45  0.72  0.54–0.84
RE  59  0.62  0.43–0.76 54  0.62  0.42–0.76 9  0.31  0.45–0.79 24  0.65  0.34–0.83 45  0.69  0.50–0.82
MH  59  0.83  0.73–0.89 54  0.85  0.76–0.91 9  0.84  0.48–0.96 24  0.86  0.67–0.94 45  0.85  0.75–0.92

For abbreviations, see Table 3
a Postoperative VAS for pain intensity
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completion of questionnaires, the lowest ICC for 
SF-36 scores was 0.62 for the RE scale in the post-
operative group, which also showed only “moder-
ate “ agreement using kappa values. Most other 
kappa values were above 0.70, and for non-SF 
variables they were in the range 0.79–0.89 (Tables 
3–6). Kappa values for the other ordinal outcome 
questions were quite high (0.74–0.91) (Tables 
5–6).

Discussion

The Swedish Lumbar Spine Register protocol was 
designed to achieve discrimination between groups, 
possibly large groups of patients. Our practical 
conclusion from the analysis of the present data 
and comparison with similar data in the literature 
(Roos et al. 1998, Dunbar et al. 2001, Hagberg et 
al. 2004, Ostelo et al. 2004) is that all the outcome 
variables under study appear to be sufficiently 
reliable (Bland and Altman 1986, 2002, Altman 
1991)—although some might be more so than 

Table 5. Agreement (weighted kappa) for the outcome variables in the preoperative sample 

 Preoperative subgroups (see Table 2)
 Whole sample Pre 3–63d Pre 3–19d Pre 3–30d Pre 20–63d Pre 0–2d
Variable a  n     κ     SE  n     κ     SE  n     κ     SE  n     κ     SE  n     κ     SE  n     κ     

Work  57  0.91  0.04 42  0.93  0.04 28  0.93  0.04 40  0.93  0.04 14  0.95  0.05   9  1.00 
Analg.  59  0.85  0.06 43  0.80  0.08 30  0.85  0.09 41  0.78  0.08 13  0.69  0.16 10  1.00 
Walk  58  0.81  0.05 42  0.78  0.07 29  0.70  0.10 41  0.77  0.07 13  0.93  0.07 10  1.00 
RP  60  0.76  0.08 44  0.67  0.11 30  0.65  0.12 42  0.67  0.11 14  0.76  0.23 10  1.00 
RE  60  0.64  0.10 44  0.57  0.12 30  0.68  0.12 42  0.55  0.12 14  0.34  0.23 10  1.00 

a Variables: n = number of patients, κ = weighted kappa, SE = standard error.
Work = Preoperative working situation. 
Analg. = Preoperative use of pain-killers. 
Walk = Preoperative walking distance. 
RP = Preoperative SF-36 – Role Physical. 
RE = Preoperative SF-36 – Role Emotional.

Table 6. Agreement (weighted kappa)  for the outcome variables in the postoperative sample

 Postoperative subgroups (see Table 2)
 Whole sample  Post 3–63d  Post 3–19d  Post 3–30d  Post 20–63d
Variable a  n      κ      SE  n      κ      SE  n      κ      SE  n      κ      SE  n      κ      SE

Back pain change b 54   0.74   0.06 51   0.74   0.06 8   0.66   0.19 23   0.72   0.11 43   0.75   0.07  
Leg pain change b 53   0.85   0.04 50   0.86   0.04 8   1.00   – 22   0.94   0.05 42   0.83   0.05  
Work 55   0.91   0.04 52   0.93   0.04 9   1.00   – 24   0.98   0.02 43   0.91   0.05  
Analg. 53   0.87   0.05 50   0.89   0.05 9   0.87   0.13 24   0.85   0.09 41   0.89   0.05  
Walk 55   0.77   0.07 52   0.77   0.07 9   0.65   0.22 24   0.78   0.11 43   0.80   0.06  
Satisfaction 51   0.83   0.09 48   0.91   0.06 8   1.00   – 21   0.92   0.09 40   0.89   0.08  
RP 59   0.64   0.08 54   0.64   0.08 9   0.56   0.21 24   0.70   0.12 45   0.65   0.09  
RE 59   0.53   0.09 54   0.54   0.10 9   0.27   0.27 24   0.57   0.14 45   0.59   0.10  
 
a Variables: n = number of patients, κ = weighted kappa, SE = standard error.
b 12 months self-rated pain improvement
Work = 12 months working situation. 
Analg. = 12 months use of pain-killers. 
Walk = 12 months walking distance. 
Satisfaction = 12 months patient’s satisfaction.
RP = 12 months SF-36 – Role Physical. 
RE = 12 months SF-36 – Role Emotional.
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others—to detect the rather pronounced improve-
ment which is usually seen postoperatively in this 
type of patient (Zanoli et al. 2005). 

To be more speculative, looking at the different 
tables, we could say that to allow good generaliz-
ability of the results, postoperative measurement 
can be performed within a range of ± 2 months 
and still be reliable, whereas preoperative values 
within 2–3 weeks seem to yield more reproducible 
information. It is interesting to note that confidence 
intervals became too wide to draw any conclu-
sion when the sample size was less than 20, with 
the exception of subgroup PRE0-2d, where the 
extremely high correlation was probably due to a 
memory effect because of the short  between the 
two surveys, as confirmed by the absolute agree-
ment seen on the kappa values. Conversely, when 
the time span was more than 20 days, reliability 
dropped for many variables in the Pre 20–63d 
group. This did not seem to affect the postopera-
tive measurement as much, as it can be seen in the 
Post 20–63d group. Choosing the one month time 
distance in our sample would probably represent 
a good compromise between stability over time 
(which increases the values of coefficients) and 
the number of subjects studied (which narrows the 
confidence intervals).

Apart from these considerations, we cannot 
really indicate an ideal time span from our data, so 
we have chosen to present the data and to leave it 
up to the reader to choose, depending on the spe-
cific requirements. In general, postoperative results 
seemed to be more stable and less affected by a 
longer time span between the two measurements. 
This may be due to the fact that the improvement 
that can be achieved—which we have shown else-
where (Zanoli et al. 2005)—is not prone to the day-
to-day modifications that the wavering preopera-
tive symptoms of LBP are (Maul et al. 2003). It is 
notable that separate VAS measurements of back 
and leg pain seem to yield more reliable results 
than the bodily pain subscale of the SF-36. This 
is probably due to the fact that with this particu-
lar type of pathology, back pain and leg pain are 
distinct entities and not differentiating between the 
two (as in the SF-36 pain questions) may produce 
less reliable information.

No attempt was made to characterize reliability 
within subsets of patients with the same diagnosis 

or who underwent the same surgical intervention. 
Even if it is possible that this would have led to 
better figures, a much larger sample would have 
been required and this was beyond the scope of the 
present study. The participation rate in the Swed-
ish Lumbar Spine Register has been increasing 
since 2000, and 80% of all spinal units in Sweden 
are now submitting patient details (Strömqvist 
et al. 2001). Hopefully, in a few years it will be 
able to produce useful clinical information, just 
as arthroplasty registers have (Herberts and Mal-
chau 2000). The register became internet-based in 
January 2003, and two more questionnaires have 
been added to the protocol: the Oswestry disabil-
ity score and the EuroQol. As they were not part 
of the original protocol when this project started, 
these two questionnaires have not been considered 
in the present study, and should be explored in 
future studies However, despite sharing the enor-
mous practical difficulties of running a large mul-
ticenter nationwide data collection project, Spine 
and Arthroplasty Registers have little in common. 
Patient description and outcome evaluation in 
spinal surgery cannot rely on simple categories 
(trauma, degenerative or inflammatory disease) and 
dichotomous outcomes (revision). This has many 
obvious drawbacks (more time consuming data 
collection and reduced compliance). However, this 
is also the reason why spine surgeons have been 
among the first to lead the way to patient-centered 
evaluation. 

All the scientific knowledge accumulated can 
become useful in today’s hard competition for 
resources, when the effectiveness and cost-effec-
tiveness of many spinal surgeries is questioned. 
Carefully designed randomized controlled trials 
(RCTs) are needed to reach valid conclusions on 
effectiveness or cost-effectiveness. Registers are 
not a substitute for RCTs, as they do not control for 
a number of factors (placebo effect, natural course, 
concomitant therapies etc.). However, registers 
can be very useful for gathering data on safety, for 
generating data supporting the need—and opportu-
nity—for conducting randomized controlled trials, 
and for providing data that can help in the design 
of such RCTs and in assessing their feasibility. In 
addition, they can also provide very useful infor-
mation for comparison of results in routine clinical 
practice (“audit” through “registers”) with those 
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obtained under more experimental conditions 
(RCTs on efficacy or effectiveness). Although the 
degree of recovery that is directly attributable to 
surgical treatment cannot be determined with obser-
vational data such as those obtained from register 
studies, we hope that the information provided in 
this article will increase the validity and interpret-
ability of the results of the Swedish Lumbar Spine 
Register and similar studies.
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