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a b s t r a c t 

Background: Despite advances in surgical techniques and diagnostics, some patients remain unsatisfied with 
the result following spine surgery. One way to improve patient satisfaction may be found in better alignment 
of expectations. Prognostic tools might prove useful in strengthening surgeon-patient communication prior to 
surgery. The purpose of this study is to assess the predictive capabilities of the Swedish based Dialogue Support 
(DS) tool for spine surgery on a Danish population. 
Methods: The study included the diagnoses lumbar disc herniation, lumbar spinal stenosis, and lumbar degener- 
ative disc disease. A total of 5.954 patients were retrieved from the Danish national spine registry (DaneSpine). 
For each group, 200 random cases with complete preoperative and 1 year follow-up data were selected. Two 
outcome measures were used: Global assessment of pain (GA pain) and satisfaction with outcome. Predictions 
were produced by manual entry in the DS application. Goodness of fit tests were used to compare the predicted 
distribution of proportions with successful outcomes (GA pain) to the actual distribution in the three samples. Bi- 
nomial tests were performed to evaluate the predicted proportion of satisfied patients. Furthermore, ROC-curves, 
calibration plots, and metrics were calculated to assess the predictive performance. 
Results: ROC curves showed comparable AUC values with the values reported by the developing authors of the 
DS from 0.62 to 0.73 (GA pain) and 0.64 to 0.70 (satisfaction with outcome). The calibration plots, however, 
revealed a low degree of concordance. For GA pain sensitivity varied from 92.4% to 99.3%, and specificity from 

1.5% to 13.4%. For satisfaction, sensitivity varied from 97.1% to 99.2% and specificity from 0.0% to 2.9%. 
Conclusions: The predictive capabilities of the DS tool could not be generalized to the Danish sample cohorts. 
Further research on larger samples, provided full access to the underlying algorithms can be obtained, could 
produce a different result. 

Background 

Internationally, there are several large registries that collect patient- 
reported data to monitor patient outcomes after surgery for lumbar de- 
generative diseases (e.g. DaneSpine [1] , Swespine [2] , NORspine [3] , 
Spine Tango [4] , QOD [5] ). Despite all the best efforts, there is still a 
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considerable proportion of patients who are dissatisfied with their sur- 
gical outcome [6–10] . 

Even a technically successful operation based on correct indications 
is not a guarantee for a satisfactory result measured by patient reported 
outcomes measures (PROMs). The proportion of dissatisfied patients 
can probably be reduced by strengthening preoperative communication 

https://doi.org/10.1016/j.xnsj.2022.100188 
Received 23 August 2022; Received in revised form 21 November 2022; Accepted 28 November 2022 
Available online 2 December 2022 
2666-5484/© 2022 The Authors. Published by Elsevier Ltd on behalf of North American Spine Society. This is an open access article under the CC BY-NC-ND 

license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

https://doi.org/10.1016/j.xnsj.2022.100188
http://www.ScienceDirect.com
http://www.elsevier.com/locate/xnsj
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xnsj.2022.100188&domain=pdf
mailto:casper.friis.pedersen@rsyd.dk
https://doi.org/10.1016/j.xnsj.2022.100188
http://creativecommons.org/licenses/by-nc-nd/4.0/


C.F. Pedersen, M.Ø. Andersen, L.Y. Carreon et al. North American Spine Society Journal (NASSJ) 13 (2023) 100188 

between patient and surgeon. To ensure that, prior to surgery, patients 
have realistic expectations regarding the outcome of the surgical proce- 
dure, as well as insight into the surgical risks. To support and strengthen 
this communication, it would be beneficial to have support tools. 

The Dialogue Support (DS) is an online application predicting out- 
come 1 year after surgery for spinal disorders. It has been publicly avail- 
able since October 2020 courtesy of the EUROSPINE steering board and 
the Swespine society of spinal surgeons. The application was developed 
to support shared decision-making with the patient when discussing 
surgery for different spinal disorders. The underlying prediction models 
were based on pre- and postoperative data on 77.743 patients enrolled 
in the Swedish national spine surgery registry from 2007 to 2019 (Swe- 
spine). Included diagnosis groups were lumbar disc herniation (LDH), 
lumbar spinal stenosis (LSS), lumbar degenerative disc disease (DDD) 
and cervical radiculopathy (CR) [11] . Swespine collects patient self- 
reported data on demographics, comorbidity and PROMs by question- 
naires. Diagnosis, type of surgery and complications are recorded by 
surgeons. Follow-up questionnaires are distributed and collected at 1, 
2, 5 and 10 years postoperatively [12] . 

Sweden and Denmark are highly comparable societies in terms of 
culture, language, social security systems, public health care, and health 
insurance systems [ 13 , 14 ]. The Danish national spine registry, Dane- 
Spine was acquired by the Danish Spine Society from the Swedish So- 
ciety of Spinal Surgeons in 2009 [15] . DaneSpine shares the same tim- 
ing of follow-up, structure regarding questionnaires and measures with 
Swespine. It is almost an exact copy of the latter. It is therefore feasi- 
ble to investigate if the DS predictions can be generalized to a Danish 
population. 

The object of this study was to assess the predictive capabilities of 
the DS at 1 year follow-up for spine surgery in terms of calibration and 
discrimination when applied to sample data of Danish patients from the 
DaneSpine registry. The DS is based on logistic regression models. To 
make any reasonable comparisons it was hypothesized that the popula- 
tion characteristics applied by the predictive algorithms would at least 
be approximately reflected, on average, in the Danish samples. 

Methods 

Patient sample 

The study included the following diagnosis groups: lumbar disc her- 
niation (LDH), lumbar spinal stenosis (LSS) and lumbar degenerative 
disc disease (DDD). 2.845 (LDH), 2.531 (LSS) and 578 (DDD) patients 
operated between 2010 and 2020 at Spine Center of Southern Denmark, 
Middelfart with complete preoperative and follow-up data were identi- 
fied in DaneSpine [16] . For each of the three diagnosis groups the first 
200 patients in a computer-generated random list (reordering) were se- 
lected from the data. The decision to use a smaller sample size of 600 
patients in total was a necessity for practical reasons. Access to the un- 
derlying predictive algorithms of the DS could not be obtained from the 
authors. As a result, the only option left was to obtain the predictions 
for the Danish cohorts by manual entry in the DS tool and logging the 
results for each case. A time-consuming task that took approximately 4 
minutes per case or 40 hours in total. This seriously limited the sample 
size we were able to produce. 

Outcome measures 

The DS predicts two outcome measures, global assessment (GA pain) 
[17] and satisfaction with outcome. GA pain is a Likert scale with six 
ordinal categories: “How is your back/leg pain today as compared to 
before the surgery? ” where no back/leg pain before the surgery = 0, com- 

pletely pain free = 1, much better = 3, unchanged = 4, worse = 5. Patients an- 
swering no back/leg pain before the surgery were excluded from the pre- 
dictive modeling. For both LDH and LSS the DS predicts the outcome 

of GA leg pain. For the DDD group, GA back pain is predicted. Satisfac- 
tion with outcome is an ordinal Likert scale with three categories ( sat- 

isfied, hesitant, and dissatisfied ). Satisfaction with outcome is predicted 
for all diagnosis groups. The DS presents the main results as Proportion 

satisfied patients and Proportion with successful outcome . Proportion satis- 
fied patients is defined as satisfaction dichotomized as success ( satisfied ) 
and failure ( hesitant or dissatisfied ). Proportion with successful outcome 
is defined as GA pain dichotomized into success ( completely pain-free, 

much better ) and failure ( somewhat better, unchanged, worse ). GA pain is 
also presented in the DS as a pie chart with corresponding probabilities 
for the six ordinal categories. However, the confidence intervals for the 
probabilities are not presented. 

Retrieval of predictions 

Direct access to the underlying predictive algorithms of the DS 
could not be obtained. As a result, predictions for the Danish co- 
horts were collected by manual entry in the web-based instru- 
ment available at the following link: https://app.molnify.com/app/ 
7wqw6owgrznr76bkaqc6l4bs7q 

The variables that must be entered in the DS for predicting Propor- 
tion with successful outcome/GA pain and Proportion satisfied patients 
are operated levels (LSS, DDD), age, gender, employment status, dis- 
ability status, retirement status, smoking status, previous spine surgery, 
quality of life (EQ-5D) [18] , comorbidity, walking distance, duration of 
leg pain, duration of back pain, preoperative leg and back pain scores 
[19] and functional impairment ODI [20] . For each of the 600 cases, 
we recorded the dichotomized results of Proportion satisfied patients 
and Proportion with successful outcome calculated and presented by 
the DS. The individual probabilities presented for each of the six GA 

pain categories were also recorded. To compare the predicted Propor- 
tion satisfied patients and Proportion with successful outcome with the 
actual results, we dichotomized the follow-up data for our cohorts fol- 
lowing the definition of outcome in the DS as previously described. In 
this external assessment, we have followed the TRIPOD recommenda- 
tions [21] (Transparent reporting of a multivariable prediction model 
for individual prognosis or diagnosis) as far as possible given the avail- 
able information provided by Fritzell et al. The development authors of 
the DS were not part of this paper. 

Data handling, analysis and statistics 

All data handling and analysis were done in RStudio 2021.09.1 Build 
372 (R Base version 4.1.2) [ 22 , 23 ]. The following packages were used: 
ggplot2, pROC [ 24 , 25 ]. On a group level, Chi-square goodness of fit 
tests were used to compare the predicted distribution of Proportion with 

successful outcome to the actual distribution among the cohorts. Bino- 
mial tests were performed to evaluate the prediction of Proportion of 

satisfied patients . On the individual level, calibration plots, ROC-curves 
and various performance metrics including Matthews Correlation Coeffi- 
cient were produced to assess the predictive capabilities of both outcome 
measures [26–28] . Calibration plots illustrates the agreement between 
predicted probabilities and observed events. For binary outcomes the 
predicted probabilities can be divided into strata of equally sized groups 
(bins). For each bin the average predicted probability is calculated and 
presented on the x-axis. The corresponding estimated observed proba- 
bility of the outcome is calculated from the binary encoding (0,1) in 
each bin and presented as the ratio of positives on the y-axis. The plot- 
ted values can be compared with a diagonal line representing perfect 
agreement [29] . Each datapoint of the presented calibration plots in 
this study represents 5% of cases on average (n = 10), out of 3 × 200 
observations. Class discrimination is evaluated by ROC-curves and per- 
formance metrics. Discrimination refers to the ability of the predictive 
models to separate outcomes with a positive class (success) from out- 
comes with a negative class (failure) [30] . Success was defined with a 
threshold of a predictive probability of P > 0.50. 
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Table 1a 

Characteristics of the study population given as Mean (SD) or Proportions (GA pain). 

Lumbar herniated disc Lumbar spinal stenosis Degenerative disc disease 

Danish 

cohort 

Dialogue Support 

cohort Dif. 

Danish 

cohort 

Dialogue Support 

cohort Dif. 

Danish 

cohort 

Dialogue Support 

cohort Dif. 

Number of patients, (n) 200 9.571 200 21.687 200 3.367 
Age, years, mean (SD) 47.3 (11.0) 44.6 (13.0) 2.0 62.9 (11.0) 65.2 (10.5) 2.3 49.5 (10.2) 44.7 (10.3) 4.8 
Gender, females, % 46.5 45.0 1.5 44.0 52.0 7.0 49.0 54.0 5.0 
Unemployed, % 5.0 9.0 4.0 4.5 10.0 5.5 19.0 10.0 9.0 
Disability pension, % 5.0 23.0 18.0 5.5 15.0 9.5 7.5 28.0 20.5 
Smoker, % 28.0 12.0 16.0 23.5 8.0 15.5 20.0 7.0 13.0 
Previous spine surgery, % 16.0 11.0 5.0 24.0 20.0 4.0 48.0 30.0 18.0 
Comorbidity, % 8.5 11.0 2.5 14.5 25.0 10.5 12.0 12.0 0.0 
Operated levels = 1, % 63.0 55.0 8.0 68.5 56.0 12.5 
Operated levels = 2, % 28.5 31.0 2.5 20.5 40.0 19.5 
Operated levels = 3, % 7.5 11.0 3.5 9.5 4.0 5.5 
Operated levels = 4, % 0.5 2.0 1.5 1.0 0.0 1.0 
Operated levels = 5, % 0.5 0.0 0.5 0.5 0.0 0.5 
Quality of life (EQ-5D-3L), mean (SD) 0.377 (0.323) 0.270 (0.340) 0.107 0.466 (0.305) 0.370 (0.320) 0.096 0.347 (0.313) 0.350 (0.320) 0.030 
Functional impairment (ODI), mean (SD) 44.5 (17.7) 47.5 (18.2) 3.0 37.6 (14.3) 41.9 (15.5) 4.3 42.9 (15.2) 42.4 (13.2) 0.5 
Walking distance, 0 - 100 m, % 31.0 30.0 1.0 22.0 34.0 12.0 25.0 10.0 15.0 
Walking distance, 100 - 500 m, % 26.0 20.0 6.0 37.0 30.0 7.0 15.5 17.0 1.5 
Walking distance, 0.5 - 1 km, % 17.0 15.0 2.0 17.0 16.0 1.0 29.0 21.0 8.0 
Walking distance, > 1 km, % 26.0 35.0 9.0 24.0 19.0 5.0 30.5 52.0 21.5 
Duration of pain in legs, No pain, % 1.5 0.0 1.5 1.0 2.0 1.0 10.5 23.0 12.5 
Duration of pain in legs, < 3 months, % 30.5 16.0 14.5 6.5 2.0 4.5 9.5 2.0 7.5 
Duration of pain in legs, 3 - 12 months, % 52.0 58.0 6.0 38.0 28.0 10.0 27.5 14.0 13.5 
Duration of pain in legs, 1 - 2 years, % 9.5 14.0 4.5 27.5 28.0 0.5 24.5 18.0 6.5 
Duration of pain in legs, > 2 years, % 6.5 12.0 5.5 27.0 40.0 13.0 28.0 44.0 16.0 
Duration of pain in back, No pain, % 6.5 6.0 0.5 7.0 5.0 2.0 6.0 0.0 6.0 
Duration of pain in back, < 3 months, % 17 11.0 6.0 4.5 2.0 2.5 3.0 0.0 3.0 
Duration of pain in back, 3 - 12 months, % 48.0 51.0 3.0 25.0 20.0 5.0 20.5 9.0 11.5 
Duration of pain in back, 1 - 2 years, % 11.5 14.0 2.5 21.5 22.0 0.5 18.5 17.0 1.5 
Duration of pain in back, > 2 years, % 17.0 18.0 1.0 42.0 52.0 10.0 52.0 74.0 22.0 
Preoperative VAS pain (legs), mean (SD) 64.1 (24.1) 69.0 (22.6) 4.9 65.8 (21.3) 66.2 (22.7) 0.4 54.9 (28.9) 38.4 (28.6) 16.5 
Preoperative VAS pain (back), mean (SD) 43.4 (28.1) 47.4 (28,6) 4.0 53.7 (26.2) 57.3 (26.0) 3.6 58.9 (25.0) 64.5 (19.6) 5.6 
GA pain, completely disappeared 31.0 37.0 6.0 27.5 28.0 0.5 19.2 0.0 19.2 
GA pain, much improved 36.0 40.0 4.0 32.0 32.0 0.0 30.3 0.0 30.3 
GA pain, somewhat improved 22.0 13.0 9.0 19.0 18.0 1.0 23.2 0.0 23.2 
GA pain, unchanged 6.0 5.0 1.0 11.0 13.0 2.0 15.7 0.0 15.7 
GA pain, worse 5.0 4.0 1.0 10.5 10.0 0.5 11.6 0.0 11.6 

Abbreviations: SD, standard deviation; ODI, Oswestry Disability Index; VAS, visual analogue pain scale. 

Results 

Study population characteristics 

In the following, the complete eligible study population of the DS 
model development data across diagnosis is compared to the Danish val- 
idation cohorts for GA pain ( Table 1a ) and proportion satisfied patients 
( Table 1b ). 

Apart from VAS leg pain in the DDD group, both Quality of life (EQ- 
5D-3L), ODI and VAS baselines were quite similar in the Danish sample 
and the DS modelling data. There were however far more smokers and 
previously operated in the Danish sample across groups, but fewer dis- 
ability pensioners. The distribution of GA pain results at 1 year follow- 
up were quite similar with the exception being the DDD group where 
Fritzell et al. reports the distribution as 0% in all five categories. In the 
DDD group fewer patients in the Danish cohort were satisfied at 1 year 
follow-up ( Tables 1a & 1b ). 

Outcome at 1 year 

In Table 2 , outcome at 1-year follow-up for the Danish validation 
cohorts is presented. 

The Danish cohorts achieved mean improvements across groups at 
1 year follow-up on EQ-5D-3L, walking distance, VAS pain (leg/back) 
and ODI. 

Model performance 

The distribution of proportion with successful outcome/GA pain 
among LDH patients differs from the predicted distribution: 𝜒2 = 16.59, 
df = 4, p = 0.002. The distribution of proportion with successful out- 
come/GA pain among LSS patients was statistically significantly dif- 
ferent from the predicted distribution: 𝜒2 = 16.592, df = 4, p = 0.002. 
The distribution of proportion with successful outcome/GA pain among 
DDD patients was statistically significantly different from the predicted 
distribution: 𝜒2 = 48.291, df = 4, p < 0.000. 

The proportion of satisfied LDH patients was 73.5% (CI: 
66.8;79.5%). This was statistically different (p = 0.034) from the 
predicted target of 79.8%. The proportion of satisfied LSS patients was 
70.0% (CI: 63.1;76.3%). This was not statistically different (p = 0.583) 
from the predicted target of 71.7%. The proportion of satisfied DDD 

patients was 59.5% (CI: 52.3;66.4%). This was statistically different 
(p < 0.000) from the predicted target of 77.3%. Detailed proportions can 
be found in the appendix (Table 5 & 6). 

Quality of class probabilities 

The calibration plots compare how well the predicted probabilities of 
the models fits the relative frequencies of the observed outcomes when 
ranked and grouped in bins. The diagonal lines represent perfect fit. 
Points below the diagonal can be interpreted as predicted probabili- 
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Table 1b 

Characteristics of the study population given as Mean (SD) or Proportions (Satisfaction). 

Lumbar herniated disc Lumbar spinal stenosis Degenerative disc disease 

Danish 

cohort 

Dialogue Support 

cohort Dif. 

Danish 

cohort 

Dialogue Support 

cohort Dif. 

Danish 

cohort 

Dialogue Support 

cohort Dif. 

Number of patients, (n) 200 9.721 200 22.522 200 3.443 
Age, years, mean (SD) 47.3 (11.0) 44.7 (13.1) 2.6 62.9 (11.0) 65.5 (10.5) 2.6 49.5 (10.2) 44.8 (10.4) 4.7 
Gender, females, % 46.5 45.0 1.5 44.0 52.0 8.0 49.0 55.0 6.0 
Unemployed, % 5.0 9.0 4.0 4.5 10.0 5.5 19.0 10.0 9.0 
Disability pension, % 5.0 23.0 18.0 5.5 15.0 9.5 7.5 28.0 20.5 
Smoker, % 28.0 12.0 16.0 23.5 8.0 15.5 20.0 7.0 13.0 
Previous spine surgery, % 16.0 11.0 5.0 24.0 19.0 5.0 48.0 29.0 19.0 
Comorbidity, % 8.5 11.0 2.5 14.5 25.0 10.5 12.0 12.0 0.0 
Operated levels = 1, % 63.0 55.0 8.0 68.5 56.0 12.5 
Operated levels = 2, % 28.5 31.0 2.5 20.5 39.0 18.5 
Operated levels = 3, % 7.5 11.0 3.5 9.5 4.0 5.5 
Operated levels = 4, % 0.5 2.0 1.5 1.0 0.0 1.0 
Operated levels = 5, % 0.5 0.0 0.5 0.5 0.0 0.5 
Quality of life (EQ-5D-3L), mean (SD) 0.377 (0.323) 0.270 (0.340) 0.107 0.466 (0.305) 0.380 (0.320) 0.086 0.347 (0.313) 0.350 (0.320) 0.003 
Functional impairment (ODI), mean (SD) 44.5 (17.7) 47.5 (18.3) 3.0 37.6 (14.3) 41.5 (15.6) 3.9 42.9 (15.2) 42.3 (13.7) 0.6 
Walking distance, 0 - 100 m, % 31.0 30.0 1.0 22.0 34.0 12.0 25.0 10.0 15.0 
Walking distance, 100 - 500 m, % 26.0 20.0 6.0 37.0 30.0 7.0 15.5 17.0 1.5 
Walking distance, 0.5 - 1 km, % 17.0 15.0 2.0 17.0 16.0 1.0 29.0 21.0 8.0 
Walking distance, > 1 km, % 26.0 35.0 9.0 24.0 20.0 4.0 30.5 53.0 22.5 
Duration of pain in legs, No pain, % 1.5 1.0 0.5 1.0 3.0 2.0 10.5 23.0 12.5 
Duration of pain in legs, < 3 months, % 30.5 16.0 14.5 6.5 2.0 4.5 9.5 2.0 7.5 
Duration of pain in legs, 3 - 12 months, % 52.0 58.0 6.0 38.0 28.0 10.0 27.5 14.0 13.5 
Duration of pain in legs, 1 - 2 years, % 9.5 13.0 3.5 27.5 28.0 0.5 24.5 18.0 6.5 
Duration of pain in legs, > 2 years, % 6.5 12.0 5.5 27.0 39.0 12.0 28.0 43.0 15.0 
Duration of pain in back, No pain, % 6.5 6.0 0.5 7.0 5.0 2.0 6.0 0.0 6.0 
Duration of pain in back, < 3 months, % 17 11.0 6.0 4.5 2.0 2.5 3.0 0.0 3.0 
Duration of pain in back, 3 - 12 months, % 48.0 50.0 2.0 25.0 20.0 5.0 20.5 9.0 11.5 
Duration of pain in back, 1 - 2 years, % 11.5 14.0 2.5 21.5 22.0 0.5 18.5 17.0 1.5 
Duration of pain in back, > 2 years, % 17.0 18.0 1.0 42.0 51.0 9.0 52.0 74.0 22.0 
Preoperative VAS pain (legs), mean (SD) 64.1 (24.1) 69.0 (23.1) 4.9 65.8 (21.3) 64.6 (24.0) 1.2 54.9 (28.9) 38.4 (28.7) 16.5 
Preoperative VAS pain (back), mean (SD) 43.4 (28.1) 47.4 (28.6) 4.0 53.7 (26.2) 57.0 (26.2) 3.3 58.9 (25.0) 64.5 (19.7) 5.6 
Satisfied 73.5 79.0 5.5 70.0 66.0 4.0 59.5 76.0 16.5 

Abbreviations: SD, standard deviation; ODI, Oswestry Disability Index; VAS, visual analogue pain scale. 

Table 2 

Follow-up (1-year) Characteristics as Mean (SD) or Proportions of the Danish 
validation cohorts. 

Characteristic Disc 
herniation 

Spinal 
stenosis 

Degenerative disc 
disease 

Number of patients, (n) 200 200 200 
Δ Quality of life (EQ-5D-3L), mean 

(SD) 
0.356 (0.396) 0.271 

(0.357) 
0.447 (0.598) 

Walking distance improvement, n 
(%) 

131 (65.5) 114 (57.0) 99 (49.5) 

Δ VAS pain (legs), mean (SD) -41.1 (34.3) -32.7 (32.7) -22.4 (35.6) 
Δ VAS pain (back), mean (SD) -17.3 (28.9) -24.9 (30.8) -20.0 (32.1) 
Δ Functional impairment (ODI), 

mean (SD) 
-26.7 (21.6) -18.5 (17.5) -15.0 (19.0) 

Proportion with successful outcome 
(GA pain), n (%) 

132 (66.0) 115 (57.5) 80 (40.0) 

Proportion satisfied patients, n (%) 147 (73.5) 140 (70.0) 119 (59.5) 

Abbreviations: SD, standard deviation; ODI, Oswestry Disability Index; VAS, vi- 
sual analogue pain scale. Conventions: Δ-values are reported as the difference 
between postoperative outcome and preoperative outcome (Follow-up - Base- 
line). 

ties being too large and points above as probabilities being too small, 
( Fig. 1 ). 

On average the DS predicted higher probabilities of success than was 
observed in the Danish cohorts indicated by the majority of points be- 
low the diagonal reference line. Performance metrics ( Table 3a and 3b ) 
supports the findings illustrated by the calibration plots. The DS was 
poor at detecting true negatives (failures) in the Danish cohorts across 
diagnosis with rates ranging from 0 – 13.4%. 

Table 3a 

Predictive performance – Danish cohorts (GA pain). 

Metrics Disc 
herniation 

Spinal 
stenosis 

Degenerative disc 
disease 

True positive rate 
(Sensitivity) 

99.3% 92.4% 97.0% 

True negative rate 
(Specificity) 

1.5% 13.4% 12.7% 

Precision 67.5% 63.2% 52.5% 

Accuracy 67.5% 63.5% 55.0% 

Balanced accuracy 50.4% 52.9% 54.8% 

Positive likelihood ratio 1.024 1.17 1.126 
Negative likelihood ratio 0,504 0.565 0.238 
MCC 0.088 0.196 0.194 

Abbreviations: MCC, Matthews correlation coefficient. 

Table 3b 

Predictive performance – Danish cohorts (Satisfaction). 

Metrics Disc 
herniation 

Spinal 
stenosis 

Degenerative disc 
disease 

True positive rate 
(Sensitivity) 

98.6% 97.1% 99.2% 

True negative rate 
(Specificity) 

2.0% 2.9% 0.0% 

Precision 74.4% 70.8% 59.3% 

Accuracy 74.0% 70.0% 59.0% 

Balanced accuracy 50.3% 50.0% 49.6% 

Positive likelihood ratio 1.046 1.041 0.992 
Negative likelihood ratio 0.671 1.000 n/a 
MCC 0.122 0.089 -0.058 

Abbreviations: MCC, Matthews correlation coefficient. 
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Fig. 1. Calibration plots of successful outcome/GA pain in the LDH (a), LSS (b) and DDD (c) group; of satisfaction in the LDH (d), LSS (e) and DDD (f) group. Danish 
validation cohorts. 

Table 4 

AUC values – Danish cohorts compared to the DS study. 

Lumbar herniated disc Lumbar spinal stenosis Degenerative disc disease 

Danish cohort Dialogue Support cohort Dif. Danish cohort Dialogue Support cohort Dif. Danish cohort Dialogue Support cohort Dif. 

GA pain 0.644 0.680 0.04 0.617 0.666 0.05 0.730 0.675 0.06 
Satisfaction 0.654 0.663 0.01 0.700 0.652 0.05 0.633 0.598 0.04 

Class discrimination 

The ROC curves illustrate the ability of the predictive models to dis- 
tinguish between true positives and false positives at different classifi- 
cation thresholds. The diagonal lines represent models with no discrim- 
ination ability. As seen in Fig. 2 , AUC values varied across diagnosis 
groups and outcome from 0.62 to 0.73. 

There were very small differences in the AUC values reported by 
Fritzell et al. and the Danish cohorts on both GA pain and satisfaction. 
Unfortunately, confidence intervals are not reported in the DS study. 

Discussion 

This is, to our knowledge, the first attempt to validate the DS on 
non-Swedish patients. External validation in clinical predictive model- 
ing is paramount in assessing the stability and performance of novel 
algorithms [31] . This is what we aim to do – are the DS predictive mod- 
els of use in a cohort of Danish patients? Fritzell et al. have devoted 
a substantial amount of time and effort to develop this tool and have 
made the web calculator available on the internet. 

Our results show overall comparable ROC curves and AUC values 
with Fritzell et al. for both GA pain and satisfaction [11] . Fritzell et al. 

do not provide any performance metrics besides AUC values without 
confidence intervals (CI). In our samples lower bounds were not con- 
vincing, in some cases approaching random chance. 

The calibration plots revealed a high degree of class imbalance fa- 
voring the positive class with the majority of points below the diagonal. 
The performance metrics on class discrimination confirm this. For both 
GA pain and satisfaction, specificity was very low. A reminder that AUC 

and accuracy may not always portray actual performance [32] . The al- 
gorithms largely failed to detect true negatives on an individual level 
with minor differences between groups. This contrasts to the calibra- 
tion plots of the combined training and test data by Fritzell et al. ( Fig. 2 ) 
where predicted and actual class probabilities are markedly more evenly 
spread around the diagonal reference line. 

When comparing the predicted with the actual average distributions 
on the entire samples they differed significantly, with the exception of 
proportions of satisfied LSS patients. The latter showed a high degree of 
concordance with a predicted target matching actual satisfied. 

The results are overall somewhat surprising. As mentioned, Sweden 
and Denmark are usually considered highly comparable societies. The 
national registries Swespine and DaneSpine are almost identical, shares 
the same structure, variables, and encoding schemes. Furthermore, pre- 
vious comparative studies have shown very similar outcomes with no 
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Fig. 2. ROC curves of successful outcome/GA pain in the LDH (a), LSS (b) and DDD (c) group; of satisfaction in the LDH (d), LSS (e) and DDD (f) group. Danish 
validation cohorts. 

clinically relevant differences between the Nordic countries for both 
LDH, Stenosis and DDD [ 12 , 33 , 34 ]. 

One possible explanation could be differences in preoperative 
case-mix between our samples and the data utilized to model the DS 
algorithms. Comparing the descriptive statistics given by Fritzell et al. 
with our samples ( Tables 1a and 1b ) reveals only slight differences 
in the baseline measurements of EuroQol, ODI and VAS. None were 
clinically relevant with the exception of preoperative leg pain in DDD 

patients (Dialogue Support: 38.4; Study sample: 54.9). When compar- 
ing socio-demographic characteristics there were more smokers in our 
study samples across diagnosis groups (LHD: 28.0; Stenosis: 23.5; DDD: 
20.0) compared to (LHD: 12.0; Stenosis: 8.0; DDD: 7.0). There were 
also more previously operated (LHD: 16.0%; Stenosis: 24.0%; DDD: 
48.0%) compared to (LHD: 11.0%; Stenosis: 20.0%; DDD: 30.0%). 
There were however far fewer disability pensioners in our study 
samples (LHD: 5.0%; Stenosis: 5.5%; DDD: 7.5%) compared to (LHD: 
23.0%; Stenosis: 15.0%; DDD: 28.0%). Whether these discrepancies in 
socio-demographic characteristics can explain the findings of this study 
remains unclear. Another possible explanation is the large disparity in 
sample size between the original Swedish development data and the 
current study. Statistically, it is very conceivable that random variation 
and selection bias may have influenced the outcomes in the present 
Danish samples. Complete access to the underlying algorithms of the 
DS is necessary to address this shortcoming. 

Strength and limitations 

This study is limited by relatively small sample sizes. Moreover, the 
samples were collected from a single Danish center. Thus, a possible se- 

lection bias cannot be ruled out. Ideally, the DS tool should be validated 
on larger, preferably national, Danish cohorts. This would for practical 
reasons require full access to the underlying predictive algorithms. Ad- 
ditionally, permissions would have to be obtained from all Danish spine 
centers due to the General Data Protection Regulation (GDPR) of the EU. 
Ideally, a minimum sample size for a reliable validation could be cal- 
culated by taking into account model specific properties and expected 
outcome proportions as suggested by Riley et al. [35] , instead of relying 
on rule of thumb, e.g. of 100 - 200 events. The strength of this study is 
the high degree of comparability between the national spine registries 
Swespine and DaneSpine which allows direct application of Danish 
data on the DS without recoding or approximating input variables. 

Conclusion 

With the exception of proportion of average satisfied LSS patients, 
the predictive capabilities of the DS could not be generalized to sample 
data on Danish patient cohorts from the DaneSpine registry. Although 
AUC values were very similar to Fritzell et al., the detection rate of true 
negatives (failures) by the Dialogue Support tool was found to be inad- 
equate. It remains to be determined if a true validation test on larger 
samples could yield a different result. For this reason, it is crucial that 
the underlying predictive algorithms of the DS are made available for 
other researchers to investigate its validity in populations outside Swe- 
den. 
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