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ACKGROUND CONTEXT: Surgery for adult spinal deformity is a challenging and complex

procedure with high reported complication (8.4%−42%) and revision rates (9%−17.6%). Failure

to achieve or maintain adequate postoperative sagittal alignment has been reported to be the main

cause of mechanical complications. In order to define appropriate surgical targets, the Scoliosis

Research Society-Schwab classification and the Global Alignment and Proportion (GAP) score

were established. In the literature, no study has yet compared these classification systems with

respect to the risk of developing mechanical complications.

PURPOSE: To assess and compare the ability of the Schwab classification and the GAP score to

predict mechanical complications following adult spinal deformity surgery.

STUDY DESIGN: Two-center, retrospective cohort study.

PATIENT SAMPLE: Thirty-nine patients suffering adult spinal deformity who underwent long

segment spinal fusion (≥4 levels), minimum follow-up of 2 years.

OUTCOME MEASURES: The ability of the Schwab classification and GAP score to predict

mechanical failure was determined by computing the Area Under the receiver operating character-

istic curve.

METHODS: Full-spine pre- and postoperative radiographs of all patients were analyzed for

mechanical complications. Subsequently, the pre- and postoperative Schwab and GAP score were

determined. Logistic regression analysis was used to assess the ability of both systems to determine

which was the most appropriate for the prediction of mechanical failure. Correlations between the

various factors constituting the GAP score and Schwab classification were estimated using the

Spearman rank order correlation coefficient.

RESULTS: The results demonstrated that both classification systems are capable of predicting radio-

graphic evidence of mechanical failure; however, the GAP score proved to be significantly better

(p=.003). The relative pelvic version of the GAP score serves a similar role as the pelvic tilt modifier

from the Schwab classification (r=¡0.84, p<.01). The relative lumbar lordosis from the GAP score

functions much like the PI-LL modifier from the Schwab classification (r=¡0.94, p<.01). The GAP

score is most significantly dependent on relative spinopelvic alignment, relative lumbar lordosis, and
tus: Not applicable.

EJ: Nothing to disclose. BJVR: Nothing to dis-

hing to disclose. JMRM: Nothing to disclose.

ose.LWVR: Nothing to disclose. PCW: Nothing to

* Corresponding author. Maastricht University Medical Center, Depart-

ment of Orthopedic Surgery, Research School CAPHRI, P. Debyelaan 25,

6229 HX, Maastricht, the Netherlands. Tel.: +31-43-3884152; fax: +31-

43-3874893.

E-mail address: p.willems@mumc.nl (P.C. Willems).

/j.spinee.2018.11.013

evier Inc. All rights reserved.

mailto:p.willems@mumc.nl
https://doi.org/10.1016/j.spinee.2018.11.013
http://crossmark.crossref.org/dialog/?doi=10.1016/j.spinee.2018.11.013&domain=pdf
https://doi.org/10.1016/j.spinee.2018.11.013


782 E. Jacobs et al. / The Spine Journal 19 (2019) 781−788
relative pelvic version (r=0.85, r=0.84, and r=0.84, respectively, p<.01). Correlation with the lordo-

sis distribution index was also significant but was not as strong (r=0.65, p<.01). Age, on the con-

trary, showed poor correlation with the GAP score (r=0.17, p=.300).

CONCLUSIONS: Both the Schwab classification and the GAP score are capable of predicting

mechanical complications. The GAP score proved to be significantly more appropriate. This differ-

ence is probably attributed to the fact that in the GAP score all parameters are related to the

patient’s individual pelvic incidence. © 2018 Elsevier Inc. All rights reserved.
Keywords: A
dult spinal deformity; Deformity surgery; GAP score; Global Alignment and Proportion Score; Sagittal align-

ment; Schwab classification
Introduction

Degenerative changes have the potential to greatly dis-

rupt the normal curvature of the spine, leading to sagittal

malalignment [1]. The subsequent pain and decline in func-

tional status constitute a concerning clinical picture [2]. As

a response to positive sagittal (mal)alignment, the body

progressively recruits compensatory mechanisms to coun-

teract the anterior truncal shift [1]. A chain of compensation

is initiated from the flexible parts of the spine, and extends

to the hips, lower extremities, and cervical spine to preserve

an erect posture and horizontal gaze. The interaction

between deformity and compensatory mechanisms depicts

the final presentation of patients with adult spinal deformity

(ASD) [3]. In cases of severe deformity, surgical interven-

tion has been shown to offer superior clinical and radio-

graphic outcomes compared with nonoperative approaches

[4−6].
Understanding of the sagittal alignment of the spine

allows for comprehensive surgical planning which is key to

achieving optimum postoperative alignment and improved

outcomes [3]. Recent studies on outcomes following ASD

surgeries have shown high rates of complications

(8.4%−42%) [7,8] and revision rates (9%−17.6%) [3,9].

Increased junctional stress concentration causes soft-tissue

and ligamentous failure, vertebral fracture, and bone

implant interface failure. Proximal junctional kyphosis and

proximal junctional failure (PJF) are recognized complica-

tions of ASD surgery with a reported prevalence of

20%−40% [3,10,11]. The development of junctional failure

is frequently symptomatic and can lead to the need for revi-

sion surgery and can have potential catastrophic neurologic

sequelae [12]. The major risk factors for junctional failure

include older age (over 55 years of age), large abnormal

preoperative sagittal parameters, osteoporosis, high body

mass index, thoracoplasty procedures, and fusion to the

lower lumbar vertebra and sacrum [11,13−15].
Adequate alignment following surgical treatment for

ASD is not consistently achieved. Since revision rates fol-

lowing realignment procedures increase progressively with

longer follow-up, it is possible that these revisions are

driven by failure to achieve and/or maintain realignment

[1,3]. Both under- and over-correction in the sagittal plane

have been reported to be a main cause of mechanical
complications [12,16−18]. Nowadays, extensive research

has converted theoretical concepts into clinically relevant

guidelines on sagittal alignment. In treatment, planning for

ASD accurate sagittal alignment analysis has become an

essential tool. In order to understand appropriate targets for

the correction of ASD ,the Scoliosis Research Society

(SRS)-Schwab classification and the Global Alignment and

Proportion (GAP) score have been developed [19,20]. The

SRS-Schwab classification uses three sagittal modifiers to

quantify deformity [19]. The Schwab modifier thresholds

were based on the established correlations between radio-

graphic parameters and health-related quality-of-life meas-

ures [19,21]. However, despite achieving optimal Schwab

values postoperatively, mechanical complications are not

uncommon [22]. Yilgor et al. [20] noticed that it was not

clear how the Schwab criteria influence the risk of mechani-

cal complications. Therefore, they developed the GAP

score in which thresholds were mainly determined on the

risk of mechanical complications. In the GAP score, opti-

mal sagittal alignment is based on four factors deviating

from their ideal curves, and these factors are proportionally

related to the pelvic incidence (PI) [20]. The overall goal of

the GAP score is to achieve a more patient-tailored, or

patient-specific, guide for spinopelvic alignment. To date,

no study has yet compared the SRS-Schwab classification

with the newly developed GAP score with respect to their

ability to predict the risk of developing mechanical compli-

cations following ASD surgery. Therefore, the purpose of

the current study is to assess whether the SRS-Schwab clas-

sification or the GAP score is the most appropriate for the

prediction of radiographic failure in patients suffering from

ASD.

Materials and methods

The current study is a review of a two-center cohort of

patients suffering ASD who underwent posterior spinal

fusion and instrumentation. Medical records and radiographs

of patients with ASD treated with posterior spinal fusion

between 2005 and 2015 at two spinal deformity centers in

the Netherlands (Maastricht University Medical Center and

Amsterdam University Medical Center) were retrospectively

reviewed. Institutional review board approval was obtained

before study initiation (METC16-4-029) at each site. We



Table 1

Types and definitions of radiographic and implant-related mechanical com-

plications used [20]

Type of mechanical

complication

Definition*

Proximal junctional kyphosis

(PJK)

≥10˚ increase in kyphosis between
UIV and UIV+2 between early

postoperative and follow-up

radiographs

Proximal junctional failure

(PJF)

Fracture of UIV or UIV+1, pullout of

instrumentation at UIV, and/or sag-

ittal subluxation

Distal junctional kyphosis/

failure

≥10˚ postoperative increase in
kyphosis angle between LIV and

LIV-1 and/or pullout of instrumen-

tation at LIV

Rod breakage Single or double rod breakage

Implant-related

complications

Other radiographic implant-related

complications such as screw loos-

ening, breakage, or pullout or inter-

body graft, hook, or set-screw

dislodgement

* UIV: upper instrumented vertebra, LIV: lowest instrumented verte-

bra, +2 and +1: 2 and 1 vertebrae above UIV, and ¡1: 1 vertebra below

LIV.
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included adults suffering ASD (defined as a deformity of the

spine in either the coronal (>10˚ lateral deviation of the ver-

tical axis) or sagittal plane (T1 pelvic angle>10˚ or T1 spi-

nopelvic inclination [T1-SPi] angle >0˚), who received

surgical treatment constituting posterior spinal fusion of at

least four vertebrae, and of whom standing full-spine plain

radiographs pre- and postoperatively were available. Patients

were excluded if less than four vertebrae were fused or if

there was incomplete radiographic follow-up (less than

2 years of follow-up, or no full-spine radiographs).

All radiographs were analyzed using validated software

(Surgimap, Nemaris Inc, New York, NY, USA). Pelvic

parameters that were measured were the PI, pelvic tilt (PT),

and sacral slope. Regional spinal parameters included

PI-LL mismatch, L1-S1 Lumbar Lordosis (L1-S1 LL),

L4-S1 Lumbar Lordosis (L4-S1 LL), and Thoracic Kypho-

sis (TK, T4-T12). Sagittal alignment was assessed linearly

by T1-Spi, T1 pelvic angle, global tilt, and global sagittal

alignment [18, 23−25].
The GAP score comprises the relative pelvic version

(RPV), relative lumbar lordosis (RLL), lordosis distribution

index (LDI), relative spinopelvic alignment (RSA), and age

[20]. The GAP score can range from 0 to 13 points. The

cut-off points for the GAP score that were chosen were in

accordance with the cut-off values as determined by Yilgor

et al. [20]. Relative pelvic version (measured sacral slope

minus ideal sacral slope) of less than ¡15˚ was considered

severe retroversion; ¡15˚ to ¡7.1˚, moderate retroversion;

¡7˚ to 5˚, aligned; and more than 5˚, anteversion. Relative

lumbar lordosis (measured lumbar lordosis minus ideal lum-

bar lordosis) of less than ¡25˚ was considered severe hypo-

lordosis; ¡25˚ to ¡14.1˚, moderate hypolordosis; ¡14˚ to

11˚, aligned; and more than 11˚, hyperlordosis. Lordosis dis-

tribution index (L4-S1 lordosis divided by L1-S1 lordosis

multiplied by 100) of less than 40% was considered severe

hypolordotic maldistribution; 40%−49%, moderate hypolor-

dotic maldistribution; 50%−80%, aligned; and more than

80%, hyperlordotic maldistribution. Relative spinopelvic

alignment (measured global tilt minus ideal global tilt) of

more than 18˚ was considered severe positive malalignment;

10.1˚−18˚, moderate positive malalignment; 10˚ to ¡7˚,

aligned; and less than ¡7˚, negative malalignment. A GAP

score of 0−2 was categorized as indicating a proportioned

spinopelvic state; 3−6, as moderately disproportioned; more

than 6, as severely disproportioned.

The original sagittal modifiers of the SRS-Schwab clas-

sification are sagittal vertical axis (SVA), PT, and PI-LL

[19]. The SVA parameter is a distance and requires a cali-

brated image. Caused by the fact that in the current study

not all images were calibrated we used the T1-SPi for the

assessment of global spinal alignment, which strongly cor-

relates with SVA [23]. Patients with a T1-SPi of less than

1.35˚ were classified with a T1-SPi modifier “0," a T1-SPi

between 1.35˚ and 7.2˚ was classified with a T1-SPi modi-

fier “+" and more than 7.2˚ with a T1-SPi modifier “++."

Patients with a PI-LL value of less than 10˚ were classified
with a PI-LL modifier “0,” a PI-LL value between 10˚ and

20˚ was classified with a PI-LL modifier “+” and greater

than 20˚ with a PI-LL modifier “++.” Patients with a PT of

less than 20˚ were classified with a PT modifier “0,” a PT

between 20˚ and 30˚ was classified with a PT modifier “+”

and greater than 30˚ with a PT modifier “++.” For statistical

weight, the following values were defined for the Schwab

modifiers: 1 for modifier “0,” 2 for modifier “+,” and 3 for

modifier “++."

The presence or absence of mechanical complications

was defined as proximal junctional kyphosis or failure,

distal junctional kyphosis or failure, rod breakage, and

implant-related complications (Table 1) [20]. Revision sur-

gery caused by mechanical complications was defined as

“mechanical revision.” Based on these criteria, three

groups were defined: (1) “Normal” group (without

mechanical complications), (2) “Non-revised” group (with

radiographic mechanical complications, but without clini-

cal indication for revision), (3) “Revised” group (with

radiographic mechanical complications, patients under-

went revision surgery).

Statistical analysis

We included all evaluable patients treated within the

selected period of time. Baseline characteristics of the

patients were described using mean and standard deviation

(SD) for continuous variables, and as count and percentage

for categorical variables. Patient characteristics in the three

groups were compared using analysis of variance for con-

tinuous variables, and the chi-square test for categorical

variables.



Table 2

Comparison of baseline demographics between groups

Variable Normal group

(1)

Non-revised group

(2)

Revised group

(3)

Total Chi-square or ANOVA

(p value for difference)

No. 17 (44%) 12 (30%) 10 (26%) 39

Age (y) 59.9§9.9 61.4§8.8 59.2§11.1 60.2§9.7 0.01 (.92)

Female gender (no.) 12 (71%) 11 (92%) 6 (60%) 29 (74%) 3.09 (.21)

Prior spine surgery (no.) 1 (6%) 0 (0%) 1 (10%) 2 (5%) 1.16 (.56)

Diagnosis (no.) 4.91 (.56)

Degenerative 13 (76%) 8 (67%) 9 (90%) 30 (77%)

Idiopathic 1 (6%) 0 (0%) 0 (0%) 1 (3%)

Post-traumatic 1 (6%) 3 (25%) 1 (10%) 5 (13%)

Congenital 2 (12%) 1 (8%) 0 (0%) 3 (8%)

Mean no. of vertebrae fused 7.7§2.8 7.7§3.7 7.3§2.0 7.6§2.9 0.11 (.74)
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Analysis of variance was used to determine if differen-

ces existed in radiographic parameters between the three

groups and to compare the pre- and postoperative out-

comes. We used logistic regression analysis to assess

whether the GAP score or the Schwab classification was

most appropriate for prediction of mechanical failure after

dichotomization of the outcome. The ability of both the

GAP score and the Schwab classification to discriminate

between those who experienced mechanical failure, and

those who did not was subsequently determined by comput-

ing the area under the receiver operating characteristic

curve, or area under the curve (AUC), resulting from the

logistic regression analysis. For this analysis, the

“Nonfailure” group was compared with the “Mechanical

complication” group (comprising the “Non-revised” group

and “Revised” group). In order to compare the receiver

operating characteristic curves of the GAP score and the

Schwab classification, a nonparametric approach by

deLong et al. [26] was used.

Correlations between the various factors constituting the

GAP score and Schwab classification were estimated using

the Spearman rank order correlation coefficient.
Fig. 1. A. The mean pre- and postoperative GAP scores per group (mean § stand

ues for the Schwab classification per group (mean § standard deviation, * indicate
All analyses were performed using R version 3.5.1.
Results

A total of 39 ASD patients met the inclusion criteria and

were included for analysis. The study population consisted

of 10 men and 29 women, the average age was 60.18§
9.67 years (range, 39−82 years; Table 2). The “Normal”

group was formed by 17 (44%) patients, and radiographic

mechanical complications were measured in 22 (56%)

patients (12 [30%] patients in the “Non-revised” group, 10

[26%] patients in the “Revision” group). No statistically

significant differences were found between the three groups

for age, gender, prior spine surgery, diagnosis, or mean

number of vertebrae fused (Table 2).

Preoperatively, there was no significant difference in

GAP score and Schwab classification between the three

groups (p>.05 for all comparisons; Fig. 1A and B). For the

“Normal” group, the average GAP score and Schwab val-

ues declined postoperatively (p=.045 and p=.663, respec-

tively), whereas for the “Mechanical complication” groups,

these increased (Fig. 1A and B; p>.05 for all comparisons).
ard deviation, * indicates p<0.05). B. The mean pre- and postoperative val-

s p<0.05).



Fig. 2. Postoperative mean values for the GAP score and Schwab classifi-

cation per group (mean § standard deviation, *indicates p<0.05).

Fig. 3. Predicted probability curve for the GAP score.
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Postoperatively, the “Normal” group demonstrated signifi-

cantly lower mean GAP scores in comparison to the “Non-

revised” group and the “Revised” group (p<.001 and

p=.005, respectively; Fig. 2). The mean postoperative

Schwab value for the “Normal” group was also signifi-

cantly lower in comparison to the “Non-revised” group

(p=.032), whereas the difference between the “Normal”

group and the “Revised” group was not significant (p=.250;

Fig. 2).

Logistic regression analysis for the prediction of

mechanical failure revealed a significant association with

both the GAP score (odds ratio [OR] 1.45, 95% confidence

interval [CI]: 1.16−1.79, p=.001) and the Schwab classifi-

cation (OR 1.44, 95% CI: 1.01−2.08, p=.046). The ability

of both the GAP score and the Schwab classification to pre-

dict mechanical complications was expressed as the AUC.

The AUC for the GAP score was 0.86 (95% CI:

0.75−0.97), whereas the AUC for the Schwab classification

was 0.69 (95% CI: 0.52−0.86). The difference between

AUC’s of the Schwab and the GAP score was statistically

significant (p=.003), indicating that the GAP discriminates

better between those patients who will develop mechanical

failure and those who will not. Subsequently, a plot of the

predicted probability for the GAP score is visualized in

Fig. 3. For example, the risk of radiographic mechanical

complications for patients with a postoperative GAP score
Table 3

Spearman rank order correlation coefficient analysis for the various determinants

cate p<.05

Pelvic incidence minus lumb

(PI-LL)

Relative pelvic version (RPV) ¡0.69*

Relative lumbar lordosis (RLL) ¡0.94*

Lordosis distribution index (LDI) 0.04

Relative sagittal alignment (RSA) 0.85*
of 2 is approximately 18%, whereas the risk is approxi-

mately 90% with a GAP score of 12.

Spearman rank order correlation analysis showed that

the GAP score was most strongly correlated with RSA,

RLL, and RPV (r=0.85, r=0.84, and r=0.84, respectively,
p<.01; Table 3). The correlation with the LDI was also sig-

nificant but was as strong (r=0.65, p<.01). Age, on the con-
trary, showed poor correlation with the GAP score (r=.17,

p=.300). For the Schwab classification, the Spearman rank

order correlation analysis showed a significant correlation

with all three sagittal modifiers (PI-LL r=0.90, Global

alignment (T1-SPi) r=0.67 and PT r=0.70, p<.01), of

which PI-LL was the strongest.

The RPV of the GAP score serves a similar role as the

PT modifier from the Schwab classification, demonstrating

a significantly negative correlation coefficient (r=¡0.84,

p<.01). In Table 4, the distribution of patients over both

subcategories (RPV and PT) is visualized, showing a few

differences between the classification systems (eg, more

patients are aligned according to the GAP score than

according to the Schwab modifiers). In Fig. 4A, the sacral

slope is plotted against the PI with respect to the “ideal

sacral slope” [20]. The geometrical relationship between

the pelvic angles and sacral slope should be kept in mind

(PI equals the sum of the sacral slope and PT). Patients
of the GAP score and the Schwab classification. * indicate p<.01, ** indi-

ar lordosis Global alignment

(T1-SPi)

Pelvic tilt

(PT)

¡0.02 ¡0.84*

¡0.54* ¡0.58*

0.12 ¡0.32**

0.55* 0.67*



Table 4

Distribution of patients over the various subcategories of the GAP score versus the Schwab classification (no. [%])

GAP Normal Non-revised Revised SCHWAB Normal Non-revised Revised

Relative pelvic version Pelvic tilt

Anteversion 1 (6) 0 (0) 0 (0) 0 8 (47) 1 (8) 1 (10)

Aligned 10 (59) 1 (8) 2 (20) + 5 (29) 5 (42) 7 (70)

Moderate retroversion 2 (12) 2 (17) 3 (30) ++ 4 (24) 6 (50) 2 (20)

Severe retroversion 4 (24) 9 (75) 5 (50)

Relative lumbar lordosis PI-LL

Hyperlordotic 0 (0) 0 (0) 0 (0) 0 10 (59) 3 (25) 4 (40)

Aligned 11 (65) 3 (25) 3 (30) + 4 (24) 1 (8) 3 (30)

Moderate hypolordosis 3 (18) 2 (17) 2 (20) ++ 3 (18) 8 (67) 3 (30)

Severe hypolordosis 3 (18) 7 (58) 5 (50)

Relative sagittal alignment Alignment

Negative 0 (0) 0 (0) 0 (0) 0 7 (41) 4 (33) 3 (30)

Aligned 6 (35) 1 (8) 0 (0) + 3 (18) 2 (17) 2 (20)

Moderately positive 7 (41) 0 (0) 2 (20) ++ 7 (41) 6 (50) 5 (50)

Severely positive 4 (24) 11 (92) 8 (80)

Lordosis distribution index

Severely hypolordotic 1 (6) 1 (8) 2 (20)

Moderate hypolordotic 1 (6) 2 (17) 0 (0)

Aligned 13 (76) 2 (17) 4 (40)

Hyperlordotic 2 (12) 7 (58) 4 (40)

Total Total

Proportioned 7 (41) 0 (0) 0 (0) 0 11 (65) 3 (25) 4 (40)

Moderately disproportioned 6 (35) 1 (9) 4 (40) + 3 (18) 2 (17) 3 (30)

Severely disproportioned 4 (24) 11 (92) 6 (60) ++ 3 (18) 7 (58) 3 (30)
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with a high PI require a high PT (and sacral slope); how-

ever, according to the Schwab modifier, these values are

classified as “too high” (“+” or “++”). On the other hand,

patients with a small PI require an even smaller PT and

should be classified as “++” instead of “+.”

The RLL from the GAP score functions much like the

PI-LL modifier from the Schwab classification and,
Fig. 4. A. Sacral slope (SS) per patient plotted against his/her pelvic incidence (PI

alignment, upper orange and red areas represent anteversion, lower orange area r

version. Symbols are coded according to the PT Schwab modifier (“0,” “+,” or “+

score and Schwab classification. Note: PI = PT + SS. B. C. Lumbar lordosis (LL) p

lumbar lordosis” (green line). Green bold line represents alignment, upper orange

ate hypolordosis and lower red area represents severe hypolordosis. Symbols are c

as “*”). The blue boxes indicate differences between the GAP score and Schwab

dence (PI) with respect to “ideal global tilt” (green line). Green bold line represen

upper red area represents severe positive malalignment. Lower orange and red are

Schwab modifier (“0,” “+,” or “++,” displayed as “*”). The blue boxes indicate dif
therefore, also showed an extremely low correlation coeffi-

cient (r=¡0.94, p<.01). The distribution of patients over

both subcategories (RLL and PI-LL) is visualized in Table 4

and appeared to be highly comparable. In Fig. 4B, the lum-

bar lordosis is plotted against the PI with respect to the

“ideal lumbar lordosis” [20]. Again, the three groups pre-

sented are the three Schwab modifiers. Only for patients
) with respect to “ideal sacral slope” (green line). Green bold line represents

epresents moderate retroversion and lower red area represents severe retro-

+,” displayed as “*”). The blue boxes indicate differences between the GAP

er patient plotted against his/her pelvic incidence (PI) with respect to “ideal

and red areas represent hyperlordosis, lower orange area represents moder-

oded according to the PI-LL Schwab modifier (“0,” “+,” or “++,” displayed

classification. C. Global tilt per patient plotted against his/her pelvic inci-

ts alignment, upper orange area represents moderate positive malalignment,

as represent negative malalignment. Symbols are coded according to the PT

ferences between the GAP score and Schwab classification.
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with PI values near the upper-normal and lower-normal val-

ues the PI-LL show limitations. Between a PI of approxi-

mately 50−80, the PI-LL modifier is quite similar to the

GAP score.

The relative spinal alignment demonstrated a correlation

coefficient r=0.55 (p<.01) with the Global alignment

(T1-SPi). The distribution of patients over both subcategories

(RSA and Global alignment) is visualized in Table 4. Accord-

ing to the GAP score, approximately all patients show

positive malalignment whereas according to the Schwab clas-

sification the number of aligned patients is twice as high (this

might explain the relatively low, but still significant, correla-

tion coefficient) between RSA (GAP) and Global alignment

(Schwab). In Fig. 4C, the global tilt is plotted against the PI

with respect to the “ideal global tilt” [20] providing more

insight in the differences found. These results indicate that

the Schwab Classification might underestimate the malalign-

ment with regard to a patient’s individual PI.

The distribution of patients over the two “novel” subca-

tegories of the GAP score is visualized in Table 4. Hyper-

lordotic maldistribution appeared to be an important cause

for radiographic mechanical complications. Age did not

show to be a contributing factor to ability of the GAP score

to predict mechanical complications.
Discussion

The current study aimed to assess which classification sys-

tem, the SRS-Schwab classification or GAP score, is the

most appropriate for the prediction of radiographic mechani-

cal failure in patients operated for ASD. The results demon-

strated that both classification systems can predict

radiographic mechanical failure, but the GAP score proved to

be better with an AUC of 0.86 compared with 0.69 (p=.003).

The outcome of the current study might explain why it is

not uncommon to observe complications even after ideal cor-

rection of all sagittal modifiers from the Schwab classification

[20]. A multicenter study by Soroceano et al. [22] found a

prevalence of radiographic and implant-related complications

of 31.7% when using Schwab’s target values (revision sur-

gery was indicated in 52.6% of these patients). When the sur-

gical goals according to the GAP score are achieved

postoperatively, the shape of the spine allows for equal distri-

bution of loads across the spinal column, pelvis, and lower

limbs. However, when the surgical goals according to the

Schwab classification are achieved, this equilibrium might

still be disrupted, which may lead to mechanical failure.

There are several differences between the Schwab classifica-

tion and the GAP score that might account for this [20]. For

the Schwab classification, the PI minus lumbar lordosis, PT,

and global alignment are independently used as numerical

values [19,21]. On the contrary, for the GAP score, all param-

eters are evaluated in relation to the PI [27]. PI is a morpho-

logic parameter that remains constant during adulthood and is

not affected by patient position or spinal surgery [28]. A

patient with an upper-limit PI will have a physiologically
high PT and sacral slope. According to the Schwab criteria

the surgical goal in PT for these patients is <20˚; however,
this is too low in case of a high PI and may actually increase

the risk of mechanical complications instead of preventing

them (Fig. 4A: blue boxes on the right). For every patient the

Schwab score advises a postoperative PT of <20˚; however,
for patients with a lower-limit PI this is not accurate enough

because these patients require values <10˚ (Fig. 4A: blue

boxes on the left). Additionally, the PI-LL Schwab modifier

does not apply for patients with extreme PI values either

(Fig. 4B: blue boxes). Between a PI of approximately

50˚−80˚ the PI-LL modifier is quite accurate. Furthermore,

because the Global alignment (T1-SPi or SVA) is not

regarded in relation to a patient’s PI, it is less accurate for the

prediction of mechanical complications since it might under-

estimate the degree of malalignment (Fig. 4C: blue boxes).

These drawbacks underline the need for more patient specific

surgical thresholds as proposed by the GAP score.

A relatively novel subcategory of the GAP score is the

LDI, which divides the lumbar lordosis in a lower arc

(L4-S1) and an upper arc (L1-L3). As described by Rous-

souly et al. [28], maldistribution between these arcs might

alter the distribution of loads on the spinal column and

might subsequently cause mechanical failure. The impor-

tance of this subcategory for the prediction of mechanical

complications via the GAP score in the current study was

highlighted by the significant correlation coefficient

(r=0.65, p<.01). Another addition to the GAP score was

the subcategory “age.” However, in the current study age

was not an important determinant for the GAP score, which

is not in accordance with the literature [11]. Age, and espe-

cially age-related comorbidities (osteoporosis, sarcopenia,

neurodegenerative factors), should always be considered

during preoperative planning.

A good understanding of the principles of sagittal

balance is vital to achieve optimum outcomes when treating

ASD. The major difference between the Schwab classifica-

tion and the GAP score is the fact the GAP score is patient

tailored. Before the existence of the GAP score, the aim of

surgical treatment was to restore the spinal column to

“normal values” (that applied for every patient) rather than

patient-specific values. This might also explain why Smith

et al. [18] found that complete correction of sagittal imbal-

ance, based on an SVA of less than 50 mm postoperatively,

was associated with a higher incidence of acute PJF. And

why Glattes et al. showed that changes in SVA did not con-

tribute significantly to the development of abnormal proxi-

mal junctional kyphosis or PJF [15].

The current study was limited by a relatively small num-

ber of patients, although the differences that were observed

were confirmed by statistical significance. Another limitation

is that we had to substitute the SVA modifier of the Schwab

classification by the T1-SPi. However, it was described by

Lafage and Schwab [23] that the T1-SPi is strongly correlated

with the SVA and therefore could be used when no calibrated

radiographs are available.
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It should be acknowledged that deformity surgery is a

challenging and complex procedure with high reported com-

plication rates. Surgical complications encompass a variety

of entities which cannot all be predicted by means of radio-

graphs (eg, neurologic deficits, incidental durotomy, and

wound dehiscence). Furthermore, it should be taken into

account that inadequate (pre- or postoperative) spinal align-

ment is not the only risk factor for complications. Older age,

high body mass index, and low bone mineral density are

important risk factors which should be taken into consider-

ation when planning surgical treatment [12−15].
In conclusion, the ability to predict radiographic

mechanical complications following ASD surgery by the

Schwab classification and the GAP score was studied. Both

classification systems were able to predict mechanical com-

plications, however the GAP score proved to be signifi-

cantly more appropriate. The difference found is probably

attributed to the fact that in the GAP score all parameters

are related to the patient’s individual PI.
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