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➢ Datareg @ Istituto Ortopedico Galeazzi (up-to-date 15 Nov 2017)

➢ 22 teams

➢ 3 specialties: spine surgery, hip&knee prothesics, ankle-foot prothesics.

➢ Medical users:  95 (spine) + 112 (others)

➢ Patient 0: 11 November 2015

➢ Enrolled patients to date: 2,173 (spine) + 1,432 (others)

➢ Enrolled patients yearly: ~3500 (long term)

➢ PROMS only Questionnaires : 16,096 (spine) + 13,636 (others)

➢ PROMs items: 347,568 (spine) 53,051 (others)

➢ PROMS only Questionnaires yearly (long term): 12-15 k



Questionnaires compilation rate (15/11/2017)

9562

4064

2715
1941

529

1438

5272

5377
4231

1877

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Pre-op 3 moths 6 moths 12 moths 24 moths

filled not filled



9562

4064

2715
1941

529

1438

5272

5377
4231

1877

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Pre-op 3 moths 6 moths 12 moths 24 moths

filled not filled

Questionnaires compilation rate (tomorrow)



RESPONSE PREDICTIONS

SPINE :: FOLLOW-UP E-MAILS REPLY



RESPONSE PREDICTIONS

SPINE :: FOLLOW-UP E-MAILS REPLY

Prediction of  the response to e-mail alerts for 

PROMs compilation in follow-up

Selected features:
1. Gender

2. Age

3. Step

4. Protocol

5. Year

6. Month

7. Month day

8. Year day

9. Week day

Target variable:

➢ Form online filled in or not



RESPONSE PREDICTIONS

All categorical (nominal) variables have

been binarized. 
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RESPONSE PREDICTIONS

We show the PCA representation of  the dataset.

Replied (1)

Didn’t reply (0)



RESPONSE PREDICTIONS

The most accurate model for this problem is Random Forest (trained with 10-

fold cross validation)
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RESPONSE PREDICTIONS

The most accurate model for this problem is Random Forest (trained with 10-

fold cross validation)

Training Test

Reply 4307 (54%) 1077

No reply 3612 (46%) 903

Total 7919 1980
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RESPONSE PREDICTIONS

The most accurate model for this problem is Random Forest (trained with 10-

fold cross validation)

Accuracy: 93.1%

TP rate: 93.1%

FP rate: 8.1%

Precision: 93.6%

Recall: 93.1%

F-score: 93.0%      (on test set)
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How to make the concept of  

improvement measurable, ie how 

to appraise what the patient 

values more?

We stratify our patients in those 

who, 3 months after the 

operation, claim to have got 

better and those who assert to 

have got worse. 

Surgery at the IRCCS IOG



The Oswestry Disability Index 

expresses annoyance (in terms 

of  disability and quality of  life) 

of  patients suffering from back 

pain. The lower the index the 

better. The treatment efficacy, 

and hence the improvement, is 

reflected by a reduction of  this 

index over time.

1st example: Herniated Disk Surgery

The Oswestry Disability Index 
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The surgeon proposed a MCSD of 

10%. 

On the ODI this means 10 points. 



The Oswestry Disability Index 

expresses annoyance (in terms 

of  disability and quality of  life) 

of  patients suffering from back 

pain. The lower the index the 

better. The treatment efficacy, 

and hence the improvement, is 

reflected by a reduction of  this 

index over time.

1st example: Herniated Disk Surgery

The Oswestry Disability Index 

The surgeon proposed a MCSD of 

10%. 

On the ODI this means 10 points. 

Such a MCSD correponds to an 

effect size of ~0.47 (Cohen d), hence 

we need ~143 patients to detect it 

(beta=.8, alpha=.05)



The Oswestry Disability Index 

expresses annoyance (in terms 

of  disability and quality of  life) 

of  patients suffering from back 

pain. The lower the index the 

better. The treatment efficacy, 

and hence the improvement, is 

reflected by a reduction of  this 

index over time.

1st example: Herniated Disk Surgery

The Oswestry Disability Index 

COMI*: Overall, 

how much did the 

operation in your 

hospital help your 

back problem?

*: CORE OUTCOME MEASURES INDEX

✓ Helped a lot
✓ Helped

✓ Did not help
✓ Made things worse



The average ODI reduction (delta score) for 

those claiming to have got better (N=109) is 

-12.54, while the average ODI reduction for 

those claiming to have got worse (N=22) 

was -1.59. 

The difference btw these mean values is 

statistically significant (p = 0.046).

The Oswestry Disability Index 

expresses annoyance (in terms 

of  disability and quality of  life) 

of  patients suffering from back 

pain. The lower the index the 

better. The treatment efficacy, 

and hence the improvement, 

reflects in a reduction of  this 

index over time.

1st example: Herniated Disk Surgery

The Oswestry Disability Index 

The average ODI reduction (delta score) for 

those claiming to have got better (N=156) is

-14.8, while the average ODI reduction for 

those claiming to have got worse (N=8) was

+8.1. 

The difference btw these mean values is

statistically significant (p = 0.015).



The Oswestry Disability Index 

expresses annoyance (in terms 

of  disability and quality of  life) 

of  patients suffering from back 

pain. The lower the index the 

better. The treatment efficacy, 

and hence the improvement, 

reflects in a reduction of  this 

index over time.

1st example: Herniated Disk Surgery

The Oswestry Disability Index 

We found a Minimal clinically Important 

Difference (MID) threshold, which is anchor 

based and distribution based. This basically 

confirms the clinical knowledge of  the 

surgeon.

This threshold can be considered the upper 

bound of  the CI of  the mean improvement: 

for this pathology: 11.5 on the ODI.
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1st example: Herniated Disk Surgery

The Oswestry Disability Index 

We found a Minimal clinically Important 

Difference (MID) threshold, which is anchor 

based and distribution based. This basically 

confirms the clinical knowledge of  the 

surgeon.

This threshold can be considered the upper 

bound of  the CI of  the mean improvement: 

for this pathology: 11.5 on the ODI.

Effect Size: 0.55

(Cohen’s d)
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IMPROVEMENT PREDICTIONS

SPINE:: ODI SCORE :: 3 MONTHS

Prediction of  the ODI score for spine surgery 

(1st int.) after 3 months.

Selected features:
1. Genere

2. Età

3. BMI

4. Livello patologia principale

5. Patologia aggiuntiva

6. Num interventi precedenti alla 

colonna

7. Precedenti trattamenti

8. Fumo

9. Flags

10. Scopo intervento

11. Impianti

12. Accesso anteriore/posteriore

13. Rischio anestesiologico

14. Profilassi

15. Tecnica chirurgica

16. Perdita ematica

17. Trasfusione ematica

18. Tecniche per favorire la fusione

19. Stabilizzazione rigida/con 

conservazione della mobilità

20. Tecniche percutanee

Target variable:

➢ Delta ODI score 0-3 months



IMPROVEMENT PREDICTIONS

All categorical (nominal) variables have

been binarized. All numerical (scalar) 

variables (the ODI pre-op score) have been

standardized and normalized. Variables

with equal answers in 99% cases have 

been removed. Feature selection 

performed with Wrapper method.

SPINE:: ODI SCORE :: 3 MONTHS

Prediction of  the ODI score for spine surgery 

(1st int.) after 3 months.

Selected features:
1. Patologia aggiuntiva: malattia 

degenerativa

2. Precedenti trattamenti per le 

patologie principali: >12 mesi

conservativo

3. Scopo dell’interrvento: 

risoluzione del dolore periferico

4. Stabilizzazione rigida: posteriore

5. Pre-op ODI score

Target variable:

➢ Delta ODI score 0-3 months



IMPROVEMENT PREDICTIONS

We show the PCA representation of  the dataset.

Better (>11)

Worse (≤11)



IMPROVEMENT PREDICTIONS

The most accurate model for this problem is Random Forest (trained with 3-fold 

cross validation)
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IMPROVEMENT PREDICTIONS

The most accurate model for this problem is Random Forest (trained with 3-fold 

cross validation)

Training Test

Better 26 (58%) 20

Worse 19 (42%) 6

Total 45 26
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SPINE:: ODI SCORE :: 3 MONTHS

Prediction of  the ODI score for spine surgery 

(1st int.) after 3 months.

Selected features:
1. Patologia aggiuntiva: malattia 

degenerativa

2. Precedenti trattamenti per le 

patologie principali: >12 mesi

conservativo

3. Scopo dell’interrvento: 

risoluzione del dolore periferico

4. Stabilizzazione rigida: posteriore

5. Pre-op ODI score

Target variable:

➢ Delta ODI score 0-3 months

IMPROVEMENT PREDICTIONS

The most accurate model for this problem is Random Forest (trained with 3-fold 

cross validation)

Accuracy: 73.1%

TP rate: 73.1%

FP rate: 19.7%

Precision: 82.3%

Recall: 73.1%

F-score: 75.1%      (on test set)

.93
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