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ARTICLE

A simple scoring system for predicting early 
major complications in spine surgery: the 
cumulative effect of age and size of surgery
Escore simples para predizer complicações precoces graves em cirurgia de coluna: 
o efeito cumulativo da idade e tamanho da cirurgia
Albert Vincent Berthier Brasil1, Alisson R. Teles2, Marcelo Ricardo Roxo1, Marcelo Neutzling Schuster1, 
Eduardo Ballverdu Zauk1, Gabriel da Costa Barcellos1, Pablo Ramon Fruett da Costa1, Nelson Pires 
Ferreira1, Jorge Luiz Kraemer1, Marcelo Paglioli Ferreira1, Pedro Luis Gobbato1, Paulo Valdeci Worm1

The decision whether or not to recommend a surgery 
for a patient must take into consideration the risks of 
complications1,2. In tertiary care spine surgery services, 
the incidence of complications may vary between 4% and 
22%3,4,5. The risk of complications is usually presented in 
the literature as isolated functions of the patients’ char-
acteristics (e.g. age6 and obesity7, type of disease (e.g. lum-
bar stenosis8  and spondylolisthesis9) or type of surgery 

(e.g. anterior cervical discectomy and fusion10 and cervi-
cal arthroplasty11.)

Patient characteristics, type of disease and type of sur-
gery vary independently, leaving the surgeon with serious 
difficulty informing about surgical risk. The clinical practice 
of spine surgery comprises a heterogeneous group of medi-
cal situations. Although an extensive amount of informa-
tion about complications in spine surgery is available, few 
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ABSTRACT 
Objective: To analyze the cumulative effect of risk factors associated with early major complications in postoperative spine surgery. 
Methods: Retrospective analysis of 583 surgically-treated patients. Early “major” complications were defined as those that may lead to 
permanent detrimental effects or require further significant intervention. A balanced risk score was built using multiple logistic regression. 
Results: Ninety-two early major complications occurred in 76 patients (13%). Age > 60 years and surgery of three or more levels proved to 
be significant independent risk factors in the multivariate analysis. The balanced scoring system was defined as: 0 points (no risk factor), 
2 points (1 factor) or 4 points (2 factors). The incidence of early major complications in each category was 7% (0 points), 15% (2 points) and 
29% (4 points) respectively. Conclusions: This balanced scoring system, based on two risk factors, represents an important tool for both 
surgical indication and for patient counseling before surgery.

Keywords: spine, surgery; surgical wound invection; multivariate analysis.

RESUMO  
Objetivo: Analisar os efeitos cumulativos dos fatores de risco associados com complicações precoces graves relacionadas à cirurgia da 
coluna. Métodos: Análise retrospectiva de 583 pacientes tratados cirurgicamente. Complicações graves foram definidas como as que 
pudessem levar a danos permanentes ou que necessitassem de reinterveção. Um escore foi construído usando modelo de regressão 
logística. Resultados: Noventa e duas complicações precoces graves ocorreram em 76 pacientes (13%). Idade > 60 anos e cirurgia 
> 3 níveis foram identificadas como fatores de risco independentes na análise multivariada. O escore foi definido como: 0 pontos (nenhum 
fator de risco), 2 pontos (1 fator) ou 4 pontos (2 fatores). A incidência de complicação grave precoce em cada categoria foi 7% (0 pontos), 
15% (2 pontos) e 29% (4 pontos). Conclusões: Esse escore balanceado baseado em 2 fatores de risco representa uma ferramenta útil na 
indicação cirúrgica e para o aconselhamento dos pacientes antes da cirurgia. 

Palavras-chave: coluna vertebral, cirurgia; infecção da ferida operatória; análise multivariada.
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studies address the cumulative effect of risk factors in a het-
erogeneous group of patients, diseases and surgeries. In other 
words, few studies focus on the issue of preoperative risk cal-
culation in the way cases really present to surgeons4. No com-
prehensive instrument for the prediction of complications in 
spine surgery has been published so far1,3.

Our purpose is to analyze the cumulative effect of risk 
factors commonly associated with early major postoperative 
complications in a cohort of patients with heterogeneous 
medical characteristics, diseases and surgeries.

METHODS

This study is a retrospective analysis of prospective-
ly collected data on a cohort of surgically-treated patients. 
Patients admitted to Hospital São José between 2012 and 
2014 to receive open spine surgery under general anesthesia 
were included. A specially-designed registry system was ini-
tially tested in a subgroup of patients. After this, all patients 
were included.

There were 583 patients included in the study. After sign-
ing the informed consent, weight and height were mea-
sured and a questionnaire about comorbidities was com-
pleted. Immediately after the surgery another questionnaire 
was recorded with an extensive register of the clinical and 
radiographic preoperative data, as well as the details of the 
operative procedure. At the moment of discharge, a third 
questionnaire was completed describing immediate post-
operative progression and the occurrence of complications. 
If the patient was readmitted for a complication, yet another 
questionnaire was completed at the moment of the second 
discharge, describing the complication and its management. 
Data collected prospectively contained information about 
different risk factors previously linked to postoperative com-
plications in spine surgery.

Some terms utilized in this study were defined as follows:
1) The surgery was considered circumferential when 

two approaches (anterior and posterior) were used, or when 
dorsal and ventral surgery was performed using the pos-
terolateral approach (e.g. thoracolumbar complete or par-
tial vertebral body resections via posterolateral approach, 
pedicle subtraction osteotomies and interbody fusion asso-
ciated to posterolateral instrumentation). All but two of the 
cases of anterior plus posterior approach were operated on, 
under a single anesthesia.

2) Surgeries were called “long” if they involved three or 
more levels.

3) One-level is considered to be one functional spinal unit 
(a pair of adjacent vertebrae with its corresponding discoliga-
mentous complex). One-level surgery corresponds to the sur-
gical manipulation of two adjacent vertebrae (e.g. lumbar mi-
crodiscectomy), and one-level instrumentation corresponds 
to the instrumentation of two adjacent vertebrae. Two-level 

arthrodesis corresponds to arthrodesis of three vertebrae, 
and so on. In the case of osteoplastic laminotomies or lami-
nectomies for intradural pathology, the number of vertebrae 
involved was considered.

4) “Other diseases” included: intradural tumors and vas-
cular malformations, Chiari/syringomyelia, primary osseous 
tumors, infections, thoracic disk, post-traumatic deformity, 
retro-odontoid pannus, spinal epidural hematoma and ossi-
fication of the yellow ligament.

5) Postoperative cerebrospinal fluid (CSF) leaks are a 
postoperative persistence of CSF flow through the dural su-
ture (in incidental or elective durotomy) leading to a subcu-
taneous fluid collection with frank fluctuation or, sometimes, 
pouring of CSF through the skin suture line.

6) Seroma is the postoperative collection of bloodish 
subcutaneous fluid without signs of infection or CSF leak-
ing, presenting with fluctuation of the skin and risk of suture 
opening, or even the spontaneous pouring of bloodish fluid 
through the suture line.

Complications were classified as “major” if they led to 
permanent detrimental effects or required further signifi-
cant intervention3. Complications occurring during surgery 
or within the first 30 postoperative days were considered ap-
propriate for the study.

For statistical purposes, the complications (categoric vari-
ables) were described by their absolute (n) and relative (%) 
frequencies and compared by the chi-square test for univari-
ate analysis. In order to build a risk score (outcome = patient 
with one or more major intraoperative or 30-day major com-
plication), the pathophysiological plausibility of potential risk 
factors found significant in univariate analysis were used. 
Logistic regression with the backward method was used and 
the final model maintained only the risk factors with a sig-
nificance level < 0.05 during the modeling steps. A balanced 
risk score was built based on the magnitude of factors in the 
logistic equation, using the odds ratio (OR) values rounded 
to the unit to determine the value of each risk factor. For the 
purpose of multivariate analysis, patients experiencing more 
than one major complication were considered as a single pa-
tient with major complications.

RESULTS

General characteristics of the cohort are presented in 
Table 1. Ninety-two early major complications occurred in 
76 patients (13%). Fifteen patients presented with more than 
one major complication. The types of complications are pre-
sented in Table 2. Wound complications (seromas, wound ab-
scesses, CSF leaks, donor site infections and pseudomeningo-
celes) were the most common (50/76 patients, 65.78%). Two 
cases of meningitis were associated with surgical site infection, 
so they were not added to the total number of infected pa-
tients. The total surgical infection rate was 33/583 (5.66%). One 
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patient died of systemic inflammatory response syndrome 24 
hours after a degenerative deformity surgery and this was con-
sidered a surgical mortality. Four patients (all with metastases 
and advanced cancer) died from medical problems not directly 
related to the surgery within the first 30 postoperative days, 
comprising a 0.85% global 30-day mortality.

Table 3 shows the results of univariate analysis of all risk 
factors. The factors that were statistically significant for the 
occurrence of early major complications were: age > 60 years 
(OR = 2.59, 95%CI: 1.59–4.222, p < 0.001), circumferential sur-
gery (OR = 1.91, 95% CI: 1.05–3.48, p = 0.027), long surgery 
(OR = 2.87, 95%CI: 1.75–4.70, p < 0.001), metastatic disease 
(OR = 1.93, 95%CI: 1.01–3.69, p = 0.013), and instrumentation 
(OR = 1.76, 95%CI: 1.06–2.90, p = 0.025).

Significant risk factors identified in the univariate analy-
sis were included in the multivariate analysis models (Table 
4). Age above 60 years and long surgery proved to be signifi-
cant independent risk factors for the occurrence of early ma-
jor complications after multivariate analysis.

A risk score was built by ascribing a number of points 
to each one of the risk factors that had been demonstrat-
ed to be significant in the multivariate analysis. The num-
ber of points was determined by rounding to the OR to the 
unit. The two ORs achieved a value of 2, showing that their 
power was similar. Three possible categories of risk were 
then built, according to the scores of each patient: no risk 
factor – 0 points, 2 and 4 points. The incidence of early major 
complications in each category was examined and is shown 
in Table 5 – 0 points = 7%, 2 points = 15% and 4 points = 29%.

DISCUSSION

The definition of complication in spine surgery is elu-
sive4,12. The interchangeability of the terms “adverse event” 
and “complication” compounds this discussion13. The specif-
ic incidence of complications varies among different stud-
ies14 and is higher when measured prospectively15. It seems 
that the measurement of major complications is more con-
sistent among different studies, whereas the incidence of 
minor complications is more subject to methodological 
variations3,14. Fortunately, the consequences of minor com-
plications appear to have little impact in the patients’ long-
term outcomes4. We chose to study major complications 
occurring during surgery or during the first month because 
they are more consistently defined, identified and regis-
tered. Besides that, patients are even more concerned than 
their surgeons about the risk of major complications when 
deciding whether to undergo the operation or not12.

Risk factors found to be significant in the present study 
have been widely discussed in the past14,16,17. 

Isolated risk factors (univariate analysis)
Five risk factors proved significant for the occurrence of 

complications: age ≥ 60 years, long surgery, circumferential 
surgery, instrumentation and metastatic disease.

Age, sometimes above 6018, sometimes above 65 or as 
a continuous variable6,7,19 is consistently associated with 

Table 2. Complications.

Complication n Positive 
culture

Seroma 21 13
Abscess 15 14
CSF Leak 8 4
Dehiscense 4 -
Iliac infection 3 (1 isolated) 1 (new)
Pseudomeningocele 1  -
Neurological deficit 7  -
Malpositioned prosthesis 6  -
Early death 5  -
Respiratory insufficiency 4  -

Meningitis 2 (both with 
abscess)  -

Wrong site surgery 2  -
Delirium 2  -
Neuropathic pain 2 - 
Septic Shock 2  -
SIRS, pedicle fracture, 
ischemic stroke, blindness, 
acute myocardial infarction, 
anesthetic complication, acute 
kidney insufficiency, incomplete 
decompression

8 (1 of each)  -

Total 92 32 (33)
Patients with 2 complications 14  -
Patients with 3 complications 1  -

 CSF: cerebrospinal fluid; SIRS: systemic inflammatory response syndrome.

Table 1. General characteristics of the cohort.

Variable n %
Patients 583 100
Age 51 ± 16 - 
Male/female 290/292  -
Body Mass Index 27 ± 4  -
1 Complication 61 10.4
2 Complications 14 2.4
3 Complications 1 0.1
Complications (total) 76 13
30-day mortality 5 0.85
Lumbar degenerative 334 57
Cervical degenerative 78 13
Trauma 40 7
Metastasis 67 11
Other diseases 64 11
Cervical 115 20
Cervicothoracic 20 3
Thoracic 61 10
Thoracolumbar 35 6
Lumbar 315 54
Lumbosacral 27 5
Sacral 3 1
Thoracolumbosacral 3 1
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Table 3. Univariate analysis of risk factors.

Variables Total Population Group without early and 
major complications

Group with early and 
major complications RR p

(n = 583) (n = 507) (n = 76) (95%CI)
Gender
   Women 292 (50%) 256 (88%) 36 (12%) 1.14 

0.600
   Men 290 (50%) 250 (86%) 40 (14%) (0.70–1.84)
Age
   > 60 years 192 (33%) 152 (79%) 40 (21%) 2.59

< 0.001
   < 60 years 390 (67%) 354 (91%) 36 (9%) (1.59–4.22)
Obesity (BMI > 30)
   Yes 124 (25%) 104 (84%) 20 (16%) 1.34

0.297
   No 439 (75%) 384 (87%) 55 (13%) (0.77–2.34)
Obesity (BMI > 35)
   Yes 31 (5%) 24 (77%) 7 (23%) 1.99

0.119
   No 532 (95%) 464 (87%) 68 (13%) (0.83–4.80)
Lumbar degenerative disease
   Yes 334 (57%) 297 (89%) 37 (11%) 0.67

0.104
   No 249 (43%) 210 (84%) 39 (16%) (0.41–1.09)
Trauma
   Yes 40 (7%) 33 (83%) 7 (17%) 1.46

0.385
   No 543 (93%) 474 (87%) 69 (13%) (0.62–3.42)
Cervical degenerative disease
   Yes 78 (13%) 70 (90%) 8 (10%) 0.73

0.433
   No 505 (87%) 437 (87%) 68 (13%) (0.34–1.59)
Metastasis
   Yes 67 (11%) 53 (79%) 14 (21%) 1.93

0.042
   No 516 (89%) 454 (88%) 62 (12%) (1.01–3.69)
Other diseases
   Yes 64 (11%) 54 (84%) 10 (16%) 1.27 

0.514
   No 519 (89%) 453 (87%) 66 (13%) (0.62–2.62)
Approach
   Circumferential 84 (15%) 67 (80%) 17 (20%) 1.91

0.032
    Single 495 (85%) 437 (88%) 58 (12%) (1.05–3.48)
Extension of procedure
   Long (3 or more) 190 (33%) 149 (78%) 41 (22%) 2.87

< 0.001
   Short (2 or less) 389 (67%) 355 (91%) 34 (9%) (1.75–4.70)
Instrumentation
   Yes 279 (52%) 233 (84%) 46 (16%) 1.76

0.027
   No 277 (48%) 249 (90%) 28 (10%) (1.06–2.90)
Motor deficit
   Yes 70 (15%) 57 (81%) 13 (19%) 1.64

0.132
   No 495 (85%) 435 (88%) 60 (12%) (0.85–3.20)
Cholesterol
   Yes 7 (1%) 5 (71%) 2 (29%) 2.71

0.219
   No 576 (99%) 502 (87%) 74 (13%) (0.52–14.24)
Smoking
   Yes 77 (13%) 71 (92%) 6 (8%) 0.53

0.142
   No 506 (87%) 436 (86%) 70 (14%) (0.22–1.26)
Hypertension
   Yes 193 (33%) 162 (84%) 31 (16%) 1.50

0.107
   No 389 (67%) 345 (89%) 44 (11%) (0.91–2.46)
Diabetes Mellitus
   Yes 57 (10%) 48 (84%) 9 (16%) 1.30

0.495
   No 524 (90%) 458 (87%) 66 (13%) (0.61–2.77)
Gastrointestinal disease
   Yes 23 (4%) 19 (83%) 4 (17%) 1.43

0.527
   No 560 (96%) 488 (87%) 72 (13%) (0.47–4.31)
Alcohol
   Yes 6 (1%) 5 (83%) 1 (17%) 1.34

0.791
   No 577 (99%) 502 (87%) 75 (13%) (0.15–11.62)
Drugs
   Yes 2 (1%) 2 (100%) 0 (0%) 0.87

0.583
   No 581 (99%) 505 (87%) 76 (13%) (0.84–0.90)
Anxiety
   Yes 131 (22%) 112 (85%) 19 (15%) 1.18

0.571
   No 452 (78%) 395 (87%) 57 (13%) (0.67–2.06)
Depression
   Yes 89 (15%) 74 (83%) 15 (17%) 1.44

0.245
   No 494 (85%) 433 (88%) 61 (12%) (0.77–2.66)

OR: odds ratio; CI: confidence interval.
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complications. This is probably due to the fact that the in-
cidence of comorbidities increases with age6. The relation of 
surgical complications with isolated or combined comorbidi-
ties has been well demonstrated14. In the present study, many 
comorbidities were evaluated but none of them was, by it-
self, significant. It seems that age presents with an increased 
number of “sick patients” even when the isolated impact of 
each comorbidity cannot be detected.

A surgery performed over three or more levels was the 
most significant isolated risk factor for the occurrence of 
complications. Other authors have previously demonstrat-
ed that surgeries over more levels are prone to an increased 
complication rate20. Increases in tissue disruption, opera-
tive time and bleeding are the most probable reasons for this 
widely-accepted concept.

Circumferential surgeries represent a more complex 
procedure. Analyses of large cohorts usually show that 
these cases are accompanied by more complications21 
than those involving only posterior or anterior manipula-
tion. In our material, 360° arthrodesis with interbody cag-
es was also considered circumferential surgery because it 
also involves the “three columns”, takes a longer time and 
bleeds more. Although the placement of an interbody cage 
obviously transforms a posterolateral fusion into a larger 
surgery, some series show an increased complication rate22 
while others do not9. In our material, the risk of complica-
tions was almost twice that of a circumferential surgery.

Instrumentation adds time and bleeding to the pro-
cedure. If one also considers the presence of metals and 
bone grafts, a higher grade of “invasiveness” becomes ap-
parent. The isolated risk offered by instrumentation has 
been documented23,24. In our material this increased risk 
was also well demonstrated.

Patients harboring spinal metastases are considered 
“sicker” than other patients undergoing spine surgery25. 
Consumption by the disease and/or the oncologic treatment 
promotes weight loss and immunological deficiency, which 
can correlate with an increased risk of perioperative compli-
cations26. In our material, patients with metastatic disease 

had an almost twofold increase in complications when com-
pared with the rest of the cohort.

Elimination of confounding risk factors 
(multivariate analysis)

An ideal system to predict complications should take into 
consideration risk factors related to the patient, to the sur-
gery and to disease27. The present study analyzed factors from 
these three domains. In univariate analysis, the factors from 
the three domains demonstrated to be significant were: age 
(patient), long surgery, circumferential surgery and instru-
mentation (surgery) and metastatic disease (disease). After 
multivariate analysis, circumferential surgery, instrumenta-
tion and metastatic disease were eliminated.

The idea behind surgical risk scores is invariably bound to 
the concept of “invasiveness” of the surgery on the one hand, and 
to the patient’s capacity to tolerate surgical stress on the other28.

In the special setting of spine surgery, the Spine Surgical 
Invasiveness Index was proposed as an instrument to make 
this prediction27. In this index, a precise description of exactly 
what is performed in each vertebra is registered. The index 
scores six types of intervention that can occur at each spinal 
level. The sum of all interventions in all vertebrae is a quanti-
tative indicator of invasiveness of the procedure.

Few authors have addressed the cumulative effect of risk 
factors on the incidence of complications1,2,14,17. A recent study 
calculated surgical risk based on the patient’s comorbid-
ity profile, pattern of spine degeneration and Spine Surgical 
Invasiveness Index1. In this publication, the authors list a 
website that presents a large number of patient comorbidi-
ties, pattern of degeneration and characteristics of surgery in 
order to obtain a precise prediction of medical postoperative 
complications. The enormous effort of these authors is an 
ongoing process, which aims to build a comprehensive tool 
for predicting the occurrence of adverse events. In this case, 
the cost of precision is complexity. The relative complexity of 
the process of accessing a website and answering a question-
naire may represent a drawback to this proposition.

Multivariate analysis of our material confirms the reliabil-
ity of age and length of surgery and eliminates instrumenta-
tion, circumferential surgery and metastatic disease. It is likely 
that in a larger cohort, the real weight of the last three factors 
may be demonstrated and quantified. On the other hand, one 
can argue that an age of 60 years or older is a common denomi-
nator of “sicker” patients and represents a simple and reliable 
indicator of reduced ability to tolerate the impact of surgery. 
At the same time, the number of levels operated upon may 

Table 4. Logistic regression and multivariable risk score (modeling n = 556).

Variables B coefficient OR 95%CI p points
Age > 60 y 0.87 2.38 1.43–3.95 0.001 2
Surgery > 3 levels 0.91 2.49 1.50–4.14 < 0.001 2

OR: 0dds ratio.

Table 5. Risk and complications according to three risk 
categories (n = 578).

Score
Population Complications n (%)

Risk categories
(n = 578) (n = 76)

0 282 19 (7%) Low
2 211 31 (15%) Medium
4 85 25 (29%) High
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be a more rudimentary, but simpler, indicator of invasiveness. 
Perhaps the number of levels better describes the amount of 
tissue disruption. Perhaps tissue disruption is a stronger pre-
dictor of complications than the added time and bleeding ob-
served in instrumented or circumferential surgeries. The per-
ception that surgery for metastatic disease has an increased 
rate of complications might not be due to the presence of can-
cer in itself, but to the fact that these surgeries are usually long 
and performed mostly in elderly patients. 

Balanced scoring system
The balanced scoring system demonstrates that a short 

surgery on a young patient carries a 7% risk of major com-
plications. In the presence of an age of 60 years or older, or in 
cases of three or more levels, this risk doubles to 15%. When 
both these risk factors are present, the incidence rises to 29%.

In order to ascertain the reliability of our results, the base-
line of 7% complication rate in short surgeries for young pa-
tients (which was observed in our material) must be com-
pared to other series. A good example is offered by disk 
herniation, which generally fits into this description (one 
level, mostly young patients). In a 2011 review of the inci-
dence of complications in 7,964 disk herniation surgeries per-
formed by the Japanese Society for Spine Surgery and Related 
Research board certified surgeons, the incidence of compli-
cations was 5,6%21, which compares fairly well to our cohort.

The balanced risk score (Table 5) shows results that spec-
ify and quantify the intuitive perception of spine surgeons: 
small surgeries in young patients are accompanied by fewer 
major complications (7%) than large surgeries performed in 
older patients (29%). Between these two extremes lie the cas-
es with only one risk factor (15%).

Using a very sophisticated method, Lee et al.29 reached 
conclusions quite similar to ours, but these were confined to 
medical complications. It seems unfair to compare the advan-
tages of the more precise Spine Surgical Invasiveness Index1 
with our simple scoring system because of the obvious supe-
riority of the first. On the other hand, one can argue that in ev-
eryday bedside practice and office discussions, the simple al-
location of cases in three classes of risk also has its advantages.

The inherent merits and drawbacks of simplicity and 
complexity will continue to fuel an eternal debate about 
value. Simplicity is the main quality of the score present-
ed here, as well as its main drawback. Based on this very 
simple scoring system, patients can be reasonably informed 
about their surgical risk and bedside discussions can be 
better oriented, taking into consideration only the patient’s 
age and the surgical plan. Another limitation of our study is 
that it reflects the reality of one center. It is recognized that 
the rate of surgical complications may be different among 
different centers performing the same procedures. We hope 
this score is validated in other centers in near future. 

In conclusion, a balanced scoring system based on two 
risk factors for early major complications in spinal surgery 
was built. Based on OR, a number of points was attributed to 
age > 60 years (2 points) and long surgery (2 points). The risk 
of early major complications for patients varied according to 
the sum of their points: 0 = 7%, 2 = 15% and 4 = 29%. 

Although further prospective studies employing the pro-
posed simple scoring system are still necessary to validate its 
use in clinical practice, the incorporation of such simple and 
practical scores into the decision-making process  of spine 
surgery practice constitutes an important tool for patient 
counseling before surgical treatment.
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