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Abstract

Purpose: This article examines if longer posterior spinal fu-
sions with instrumentation (PSFI) into the lumbar spine (L3/4)
alter spinopelvic parameters compared with selective fusions
to T12/L1/L2 in adolescent idiopathic scoliosis (AIS) patients.

Methods: We analysed radiographs of 84 AIS patients, 58
(69%) females and 26 (31%) males, who underwent PSFI at
an mean age of 15 years + 2.5 years, range 10 years to 21
years, between Tst January 2007 and 31st December 2014.
Radiographic parameters were measured pre- and post-oper-
atively at most recent follow-up (range 2 years to 8.2 years):
pelvic incidence (PI), lumbar lordosis (LL, L1-S1 and L4-S1),
sagittal vertical alignment (SVA), scoliosis angle and proximal
junctional kyphosis (PJK). PI-LL was calculated. Data was an-
alysed using t-tests or Wilcoxon rank-sum tests.

Results: In total, 32 patients underwent a selective fusion with
lowest instrumented vertebra (LIV) T12-L2, and 52 patients
underwent a fusion with LIV L3-L4. In both groups, scoliosis
angle was significantly corrected at follow-up (p < 0.005).

Pre-operatively, both groups had similar LL (L1-S1) and PI-
LL. Post-operatively, LL increased in the L3—4 fusion group
(p < 0.005) but did not change in the selective fusion group
(p =0.116). This change in LL in the L3—4 fusion group affect-
ed the post-operative PI-LL (T12-L2 fusion -4.9° versus L3—4
fusion -13.6°, p = 0.002). No differences were seen in PI, SVA
or LL L4-S1 between groups. Radiographic PJK occurred in
seven of the L3—4 patients with and without PJK (noPJK —8.8°
versus PJK —25.8°, p = 0.026).

Conclusions: In patients who underwent a fusion ending at
L3 or L4, LL was increased. This altered the PI-LL relationship,
and appeared to increase the risk of PJK.

! Albert Einstein College of Medicine, Bronx, New York, USA
2Division of Pediatric Orthopaedics, Children’s Hospital at Monte-
fiore Medical Center, Medical Arts Pavilion, Bronx, New York, USA

Correspondence should be sent to Jaime A. Gomez, Medical Arts
Pavilion, 3400 Bainbridge Avenue, Bronx, NY 10467, USA.
E-mail: jgomezhe@montefiore.org

Level of evidence: llI

Cite this article: Burton DA, Karkenny AJ, Schulz JF, Hanstein
R, Gomez JA. Sagittal spinopelvic changes after posterior spi-
nal fusion in adolescent idiopathic scoliosis. / Child Orthop
2020;14: 544-553. DOI: 10.1302/1863-2548.14.200155

Keywords: adolescent idiopathic scoliosis; sagittal balance;
distal fusion; lumbar fusion; PI-LL

Introduction

Sagittal spinal alignment is determined by different fac-
tors including thoracic kyphosis (TK), lumbar lordosis (LL)
as well as the orientation of the pelvis and the sacrum.'-
Pelvic incidence (PI) is a unique fixed morphological para-
meter for each individual that reflects the pelvic anatomy
and does not vary with spine or pelvis orientation.* In the
paediatric population, Pl tends to increase during child-
hood and adolescence then stabilize during adulthood,
with the mean Pl in adolescents reported as 49.1° £ 11°
and the mean Pl in adults being 51.8° + 5.3°.5 Pl is fixed
and its degree should be comparable to the amount of LL
required to assume a balanced sagittal posture.®® It has
been previously proposed that in the healthy adult pop-
ulation with and without scoliosis, LL is approximately
the sum of Pl £ 9°.° While numerical values of sagittal and
spinopelvic parameters may differ between paediatric and
adult populations, their relationships are similar.

The impact of spinopelvic alignment on clinical out-
comes has received attention in the adolescent and adult
spine literature. Makino et al reported that larger LL (L1—
S1) is a risk factor for pain at rest in non-surgical adoles-
cent idiopathic scoliosis (AIS) patients.” Following adult
spinal deformity surgery, Lafage et al reported that the
loss of LL significantly correlated with poorer outcomes in
ODI (walking and standing component) and SF12 (bodily
pain and PCS),"? and Schwab et al identified the clinically
relevant cutoff value as LL = Pl + 9°.8 In patients with a mis-
match between their LL and PI, poorer outcomes, earlier
degenerative changes, greater self-reported pain and dis-
ability were reported."®'2- These findings emphasized the
role of LL as an important sagittal parameter to consider
during surgical correction of spine deformities in order to
achieve optimal clinical outcomes. In children and adoles-
cents with scoliosis, pre- and post-operative spinopelvic
alignment, specifically LL, has become of major interest in
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surgical planning to maintain/restore pelvic sagittal align-
ment and coronal balance.®-?" To maintain spinopelvic
alignment, Tanguay et al suggested that surgeons should
provide sufficient LL within a posterior spinal fusion (PSF),
especially when instrumentation extended distally,?' since
these patients have poorer long-term outcomes.?22* While
multiple authors have investigated spinopelvic balance in
AlS, the relationship between Pl and other sagittal param-
eters with regard to distal fusion level have been incon-
sistently reported.’?""%43% The purpose of this study is to
compare sagittal alignment and spinopelvic parameters in
patients with AIS before and after posterior spinal fusions
with instrumentation (PSFI).

Materials and methods

In total, 147 patients with a diagnosis of AlIS underwent
PSFI by one of five surgeons at a single institution in the
study time period from 1st January 2007 to 31st Decem-
ber 2014; 84 patients, 26 male and 58 female, remained
after inclusion and exclusion criteria were met. Inclusion
criteria were: (1) availability of pre- and post-operative
standing AP and lateral radiographs of the spine and pel-
vis with visible femoral heads and C7 vertebral body, (2)
minimum follow-up of two years, (3) AIS diagnosis, and
(4) surgical correction by PSFI with distal fusion level at
or below T12. Exclusion criteria were (1) prior spine sur-
gery, (2) revision spine surgery, (3) history or clinical signs
of hip, pelvic or lower limb disorder, (4) the presence of
a spondylolysis or spondylolisthesis. Proximal fixation of
PSF instrumentation included hooks in one patient with a
T2-L1 fusion, in all others pedicle screws were used.

Radiographic parameters were measured pre and post-
operatively on conventional radiographs at most recent
follow-up, mean follow-up 2.9 years (range two years to
8.2 years). Two measurers performed the following radio-
graphic measurements:

Pelvic incidence (PI) — angle between the perpendic-
ular of the upper endplate of ST and the line joining the
middle of the upper endplate of ST and the point midway
between the centres of the femoral heads (Fig. 1).

Lumbar lordosis (LL) — angle between the upper end-
plate of L1 (L1-S1) or the upper endplate of L4 (L4-S1)
and the lower endplate of S1 (Fig. 1).

PILL - calculated by subtracting the LL(L1-S1) from PI.

Sagittal vertical alignment (SVA) — the distance between
the vertical line extending from the centre of the C7 verte-
brae and the posterior superior corner of S1 (Fig. 1).

Scoliosis angle (Cobb method) — angle between the
upper endplate of the curve and lower endplate of the
major curve.

Pelvic tilt (PT) — angle between the vertical reference
line and the line from the centre of the femoral head and
the midpoint of the sacral endplate.
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Fig. 1 Sagittal pelvic parameters measured on the standing lateral
radiograph adapted from Lim JK, Kim SM. Difference of sagittal
spinopelvic alignments between degenerative spondylolisthesis
and isthmic spondylolisthesis. | Korean Neurosurg Soc. 2013
Feb;53(2):96-101.

Thoracic kyphosis (TK) — angle between the upper end-
plate of T2 or T5 to the lower endplate of T12.

Sacral slope (SS) — angle between the sacral endplate
and the horizontal reference line.

For all measurements of spinopelvic parameters, the
inter-rater reliability between the two measurers was
excellent (inter-rater correlation coefficients r > 0.94; Sup-
plemental Table 1).

Statistics

Analysis of all data was carried out using SPSS Version 24.0
software (IBM, Armonk, New York, USA). For all parame-
ters measured, the mean of the two measurements was
used for analysis. Inter-rater reliability was assessed using
inter-class correlation.

Patients were classified into two groups for analysis:
selective fusion group with lowest instrumented vertebra
(LIV) at T12-L2, inclusive, and L3—4 fusion group with LIV at
L3 or L4. Changes between pre- and post-operative radio-
graphic parameters for the entire cohort and within each
surgical group were assessed using paired t-test statistic.
Radiographic parameters between T12—L2 and L3—4 fusion
group and comparison of patients with PJK and without PJK
were performed using t-tests or Wilcoxon rank-sum tests. A
p-value < 0.05 was considered statistically significant.

545



(" JOURNAL OF
1CHILDREN’S ORTHOPAEDICS

SPINOPELVIC CHANGES AFTER PSFI IN AIS

Table 1T Demographics

Fusion Fusion to p-value (fusion to
T12-12 L3-L4 T12-L2 versus L3-4)

Number of patients N=32 N=52
Age at surgery (mean + SD) 15.0 + 2.8 years 15.0 + 2.33 years 0.928
Sex (male) 8 (25%) 18 (34.6%) 0.361
Risser (mean) 3.3, range 0-5 3.4, range 0-5 0.857
Follow-up (mean + SD) 2.83 £ 0.85 years 2.95 +1.21 years 0.646
Lenke classification <0.005
Lenke 1 18 (56.3%) 19 (36.5%)
Lenke 2 14 (43.8%) 9 (17.3%)
Lenke 3 - 3(5.8%)
Lenke 4 7 (13.5%)
Lenke 5 11 (21.2%)
Lenke 6 3 (5.8%)
LIv <0.005

T12 5

L1 14

L2 13 -

L3 - 32

L4 - 20
Fusion levels 11.3+1.6 121+2.0 0.056

Statistics: Comparison of parameters between T12—-L2 and L3—4 fusion group was performed using t-tests or Wilcoxon rank-sum tests for continuous variables
and Fisher’s exact test or Chi square testing for categorical variables. Bolded p-values indicate statistical significance.

Results
Demographics

In all, 84 AlS patients were included in the study. The T12—
L2 fusion group had 32 patients with an mean age of 15
years + 2.8 years (range 10.4-21.3 years), Risser 3.3, male
25%, and 2.8 £ 0.9-year follow-up. The L3—4 fusion group
had 52 patients with mean age 15 years £ 2.3 years (range
10.6-20.6 years), Risser 3.4, male 34.6%, and 3.0 years
t 1.2-year follow-up. There was no significant difference
between the two groups regarding age, sex, Risser stage,
number of levels fused or follow-up (Table 1). Lenke clas-
sification differed between groups (p < 0.005); scoliosis
curves of patients in the T12—-L2 fusion group were clas-
sified exclusively as Lenke type 1 and 2, whereas curves
of patients in the distal L3—4 fusion group were classified
as Lenke type 1 to 6 (Table 1). LIV was chosen by each
surgeon based on the Lenke classification and the location
of the central sacral vertical line (CSVL) in relationship to
pedicles of the apical lumbar vertebra.

Spinopelvic parameters
Coronal curve correction

While the pre-operative scoliosis angle of the main thoracic
curve was similar between the T12-L2 fusion and L34
fusion group (53.5° versus 52.4°; p = 0.731), the proximal
thoracic (T12-L1 31.6° versus L3—4 25.6°; p = 0.043) and
thoracolumbar/lumbar curves (T12—-L1 28.1° versus L3—4
41.3°% p < 0.005) were significantly different (Table 2). PSFI
significantly reduced/corrected the scoliosis angle in the
proximal thoracic, main thoracic and thoracolumbar/lum-
bar spine in both groups at last follow-up (p < 0.005 for
each curve location). Only the change in scoliosis angle
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in the thoracolumbar/lumbar spine, not the proximal or
main thoracic spine, was different between groups (A Sco-
liosis angle TL/L: T12—-L2 —13.7° versus L3—-4 —-25.0°, p <
0.005) (Table 2).

Thoracic kyphosis

Pre-operative thoracic kyphosis (T2-T12) of L3—4 fusion
patients was greater compared to patients who under-
went a T12—L2 fusion (p = 0.018) (Table 2). In addition,
thoracic kyphosis (T2-T12) significantly increased in the
L3—4 fusion group after PSFI (p < 0.005) but not in the
T12—L2 fusion group (p = 0.924), resulting in a signif-
icant pre- to post-operative change in thoracic kyphosis
between groups (p = 0.025).

Spinopelvic alignment

Pre-operatively, Pl and LL (L1-S1) were similar between
the two groups. Pl was 55.8° £ 10.9° in the T12-L2
fusion group and 51.1° £ 12.9° in the L3—4 fusion group
(p = 0.085). LL (L1-S1) was 62.9° + 11.8° in the T12-L2
fusion group and 60.1° £ 11.6° in the L3—4 fusion group
(p = 0.288). PI did not change pre- to post-operatively
in either group (Table 2). However, LL (L1-S1) increased
significantly in the L3—4 fusion group from 60.1° £+ 11.6°
pre-operatively to 66.1° + 13.6° post-operatively (p <
0.005) but did not change in the T12—L2 fusion group with
62.9° + 11.8° pre-operatively to 59.3° £ 14.7° post-opera-
tively (p = 0.116). Post-operative LL (L1-S1) was therefore
significantly larger in the L3—4 fusion group compared to
the T12—L2 fusion group (p = 0.033).

To assess spinal alignment, the relationship of Pl and
LL (L1-ST) was evaluated by calculating PI-LL, the differ-
ence between Pl and LL (L1-S1). The increase in LL in the

J Child Orthop 2020;14:544-553
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Table 2 Pre- and post-operative spinopelvic parameters

Fusion to T12-L2 (mean t SD)

Fusion to L3-4 (mean + SD)

p-value (fusion to T12-L2 versus L3-4)

Major scoliosis angle (°), pre-op.
Major scoliosis angle (°), post-op.
p-value (pre versus post-op.)

A Major scoliosis angle (°)

Scoliosis angle PT (°), pre-op.
Scoliosis angle PT (°), post-op.
p-value (pre versus post-op.)
A Scoliosis angle PT (°)

Scoliosis angle MT (°), pre-op.
Scoliosis angle MT (°), post-op.
p-value (pre versus post-op.)

A Scoliosis angle MT (°)

Scoliosis angle TL/L (°), pre-op.
Scoliosis angle TL/L (°), post-op.
p-value (pre versus post-op.)

A Scoliosis angle TL/L (°)

SVA pre-op (mm)

SVA post-op (mm)

p-value (pre versus post-op.)
A SVA (mm)

Lumbar lordosis (L4-S1, °) pre-op.
Lumbar lordosis (L4-S1, °) post-op.
p-value (pre versus post-op.)

A Lumbar lordosis (L4-S1, °)

Lumbar lordosis (L1-S1, °) pre-op.
Lumbar Lordosis (L1-S1, °) post-op.
p-value (pre versus post-op.)

A Lumbar lordosis (L1-51, °©)

Pelvic incidence (°) pre-op.
Pelvic incidence (°) post-op.
p-value (pre versus post-op.)
A Pelvic incidence (°)

PI-LL (°), pre-op.

PI-LL (°), post-op.

p-value (pre versus post-op.)
API-LL (°)

Sacral slope (°), pre-op.
Sacral slope (°), post-op.
p-value (pre versus post-op.)
A Sacral slope (°)

Pelvic tilt (°), pre-op.

Pelvic tilt (°), post-op.
p-value (pre versus post-op.)
A Pelvic tilt (°)

Thoracic kyphosis (T2-T12, °), pre-op.

Thoracic kyphosis (T2-T12, °), post-op.

p-value (pre versus post-op.)
A Thoracic kyphosis (T2-T12, °)

Thoracic kyphosis (T5-T12, °), pre-op.

Thoracic kyphosis (T5-T12, °), post-op.

p-value (pre versus post-op.)
A Thoracic kyphosis (T5-T12, °)

53.6+9.7
22.8+8.6
<0.005
-30.9+6.7

31.6 £11.2
21.5+£8.1
< 0.005
-10.2+9.4

53.5+9.7
24.2+9.0
<0.005
—29.4+8.1

281+93
14.4+9.0
< 0.005
-13.7+£9.5

—26.7 +23.7
-23.9+274
0.636
2.8+33.2

40.2+73
37.6+77
0.121
-2.6+£9.0

62.9+11.8
59.3+14.7
0.116

-3.6+12.6

55.8+10.9
54.5+11.6
0.835
1.4+6.1

-71+10.5
—4.9£10.2
0.310
22+£12.2

45.6 £8.7
44,6 £7.5
0.294

-1.0+5.0

10.3£11.3
9.9+8.8
0.962
-0.1+13.3

34.6 £11.2
344£9.0
0.924
-0.2+10.8

29.8+12.8
24.8 £10.7
0.033

-5.1+12.1

55.8+15.4
19.4+8.4
<0.005
-34.4+19.4

25.6+14.1
17.2+8.1
< 0.005
-8.3+£9.1

52.4+20.2
20.3+8.4
<0.005
-321+15.8

41.3+£14.8
16.3+7.8

< 0.005
-25.0+13.5

=111 +£42.7
-171 £38.6
0.674

—7.7 £47.8

37.5+6.7
354+9.5
0.057

-2.0+77

60.1£11.6
66.1£13.6
<0.005
55+11.6

51.1+£129
52.6+12.4
0.066
1.4+4.0

-9.1+11.2
-13.6+14.2
0.015
—4.7£12.7

42.7 £10.5
45.4+9.7
< 0.005
1.4+59

71+£83
73+9.4
0.351
-11+6.7

40.7 £10.6
45.8+11.3
< 0.005
54+£10.3

34.0+£11.3
31.5+14.3
0.312

-21+15.5

0.978
0.079

0.040

0.043
0.023

0.379

0.731
0.050

0.370

< 0.005
0.314

<0.005

0.060
0.850

0.467

0.094
0.267

0.754

0.288
0.033

0.002

0.085
0.775

0.210

0.426
0.002

0.028

0.207
0.719

<0.005

0.160
0.217

0.967

0.018
<0.005

0.025

0.139
0.030

0.383

PI-LL, pelvic incidence—lumbar lordosis; scoliosis angle PT, MT, TL/L, proximal thoracic, main thoracic, thoracolumbar/lumbar; SVA, sagittal vertical alignment
Statistics: Changes between pre- and post-operative radiographic parameters for the entire cohort and within each surgical group were assessed using paired
t-test statistic. Radiographic parameters between T12—L2 and L3—4 fusion group were performed using t-tests or Wilcoxon rank-sum tests. Bolded p-values indicate

statistical significance.
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L3—4 fusion group increased the magnitude of PI-LL in
this group from —9.1° = 11.2° pre-operatively to —13.6°
14.2° post-operatively (p = 0.015), while PI-LL in the T12—
L2 fusion group did not significantly change (p = 0.310).
These changes in the L3—4 fusion group generated a
PI-LL mismatch (PI-LL of more than £9°), following the
previously proposed clinically relevant formula LL = PI +
9°.8 In addition, PI-LL between the two groups was sta-
tistically significant different at last follow-up with —4.9° +
10.2° in the short fusion group and —13.6° + 14.2° in the
L3—4 fusion group (p = 0.002). Fig. 2 shows representative
radiographs and spinopelvic measurements of patients in
the T12—L2 fusion and L3—4 fusion group before and after
PSFI.

LL of segments L4-S1 and PT were similar between
groups pre-operatively and did not change after PSFI
(Table 2). In addition, no significant pre- to post-operative
changes were observed in either surgical group after PSFI
(Table 2). SS was similar between groups pre-operatively
(p = 0.207) but increased in the L3—4 fusion group after
PSFI (pre 42.7° + 10.5° versus post 45.4° £ 9.7°, p<0.005)
and the pre- to post-operative change in SS between
groups was statistically significant different (A SS: T12—
L2 fusion —1.0° = 5.0° versus L3—4 fusion 1.4° + 5.9°,
p < 0.005).

a Selective Fusion

Pl =61°

LL (L1S1) = 58°
SVA abs = 32mm

Pl =58° LL (L1
SVA abs = 52mm

Sagittal vertical alignment (SVA)

C7 SVA remained stable in in both surgical groups (Table
2). For all patients, mean pre-operative C7 SVA was —17
mm = 37 and mean post-operative C7 SVA —20 mm % 35
(p=0.577).

Proximal junctional kyphosis (PIK)

In this study, PJK was defined as a kyphotic angle > 10°
between the upperinstrumented vertebra (UIV) and UIV+2
levels and a kyphotic change of the same segment of >
10° pre-operatively to most recent follow-up.?'3? Seven
AIS patients developed PJK (proximal junctional angle
21° + 7°) after PSFI at most recent follow-up. All patients
with PJK underwent a L3—4 fusion (7/52, 13.5%), none of
the patients in the T12—L2 fusion group developed PJK.
Patients with PJK had UIVatT2(n=1),T3(n=1), T4 (n =
1), T9 (n=2),and T10 (n = 2) and included Lenke type 1C
(n=3),5C(n=3)and 6C (n=1). Demographic and surgi-
cal parameters were similar between patients with PJK and
those without (Table 3).

We compared spinopelvic parameters of patients who
developed PJK to those who did not (group ‘noPJK”). Of the
surgically alterable parameters, we found that post-oper-
ative TK (T2-T12) was significantly larger in patients who

b Distal Fusion to L4

LL (L1S1) =74°
SVA abs = 51mm

Pl = 49°

LL (L1S1) = 56°
SVA abs = 21mm

Pl = 49°

Fig. 2 Spinopelvic changes in a patient with a selective fusion (a) and a patient with distal fusion to L3/4 (b).
LL, lumbar lordosis; Pl, pelvic incidence; SVA sagittal vertical alignment.
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Table 3 PJK versus noPJK - spinopelvic parameters

Demographic and surgical parameters NoPJK (mean + SD) PJK (mean t SD) p-value (PJK versus noPJK)
Age at surgery in years 15.0+£2.6 14.7+1.8 0.711
Gender female, N (%) 53 (69) 5(71) 1.000
BMI, median (IQR) 21.3(18.7, 24) 18.4 (15.8, 30.4) 0.238
Risser 4(2,4) 4(3.5,4) 0.865
Number of levels fused, median (IQR) 13 (11, 13) 9 (8, 13) 0.163
Radiographic parameters

Major scoliosis angle (°), pre-op. 56.0+13.4 44.0£8.6 0.013
Major scoliosis angle (°), post-op. 21.2+£8.2 15.1+£10.9 0.107
p-value (pre versus post-op.) < 0.005 <0.005

A Major scoliosis angle (°) —-34.8+10.6 —13.7 +£40.1 0.154
Scoliosis angle PT (°), pre-op. 29.3+£12.9 12.6 £8.1 0.001
Scoliosis angle PT (°), post-op. 19.5+£8.2 11.4+£5.8 0.012
p-value (pre versus post-op.) < 0.0005 0.637

A Scoliosis angle PT (°) -9.7+9.1 -1.2+6.3 0.017
Scoliosis angle MT (°), pre-op. 54.5+£16.0 34.5+17.5 0.002
Scoliosis angle MT (°), post-op. 223+8.7 16.0£8.2 0.068
p-value (pre versus post-op.) < 0.0005 0.019

A Scoliosis angle MT (°) -32.2+12.7 -18.5+15.3 0.009
Scoliosis angle TL/L (°), pre-op. 35.6+14.8 43.2+6.4 0.024
Scoliosis angle TL/L (°), post-op. 15.5+8.2 16.2+£9.9 0.818
p-value (pre versus post-op.) < 0.0005 0.001

A Scoliosis angle TL/L (°) -20.1+13.4 -27.0+10.7 0.196
SVA pre-op (mm) -15.5+35.8 34.0+51.1 0.171
SVA post-op (mm) -19.3+35.8 -23.7+£20.7 0.968
p-value (pre versus post-op.) 0.701 0.687

A SVA (mm) -3.8+41.8 -1.7+58.2 0.588
Lumbar lordosis (L4-S1, °) pre-op. 38.8+7.0 35.5+73 0.094
Lumbar lordosis (L4-S1, °) post-op. 36.8+8.9 30.8+6.6 0.078
p-value (pre versus post-op.) 0.031 0.151

A Lumbar lordosis (L4-S1, °©) -2.1+£83 -3.5+6.8 0.497
Lumbar lordosis (L1-S1, °) pre-op. 61.8+10.9 54.6 £17.6 0.378
Lumbar Lordosis (L1-S1, °) post-op. 63.4 +14.1 65.5+18.0 0.400
p-value (pre versus post-op.) 0.256 0.078

A Lumbar lordosis (L1-51, °) 1.6+11.9 7.4+20.0 0.086
Pelvic incidence (°) pre-op. 543+£11.3 37.8 £14.1 0.004
Pelvic incidence (°) post-op. 54.5+£15.4 39.8+15.4 0.017
p-value (pre versus post-op.) 0.514 0.234

A Pelvic incidence (°) 0.3+9.1 1.4+4.0 0.592
PI-LL (°), pre-op. -7.5+10.8 -16.8+8.7 0.028
PI-LL (°), post-op. -8.8+12.1 -25.8+18.9 0.026
p-value (pre versus post-op.) 0.373 0.156

API-LL (°) -1.3+12.8 -10.3+12.1 0.066
Sacral slope (°), pre-op. 44.6 £9.5 34.5+10.2 0.022
Sacral slope (°), post-op. 459+8.4 36.3+10.1 0.023
p-value (pre versus post-op.) 0.086 0.375

A Sacral slope (°) 1.0+4.9 1.8+4.4 0.739
Thoracic kyphosis (T2-T12, °), pre-op. 9.0+9.7 11+53 0.020
Thoracic kyphosis (T2-T12, °), post-op. 8.7+9.1 3.4+10.0 0.149
p-value (pre versus post-op.) 0.594 0.914

A Thoracic kyphosis (T2-T12, °) -0.6 £10.0 -1.6+77 0.793
Thoracic kyphosis (T5-T12, °), pre-op. 37.6+11.0 47.8+10.8 0.052
Thoracic kyphosis (T5-T12, °), post-op. 39.6 £10.6 62.6+5.1 <0.005
p-value (pre versus post-op.) 0.047 <0.005

A Thoracic kyphosis (T5-T12, °) 2.3+10.5 14.7+£9.9 0.012

IQR, interquartile range; N, number of patients; PI-LL, pelvic incidence—lumbar lordosis; scoliosis angle PT, MT, TL/L, proximal thoracic, main thoracic,
thoracolumbar/lumbar; SVA, sagittal vertical alignment

Statistics: Changes between pre- and post-operative radiographic parameters for the entire cohort and within each group (PJK or No PJK) were assessed using
paired t-test statistic. Comparison of patients with PJK and without PJK were performed using t-tests or Wilcoxon rank-sum tests for continuous variables and
Fisher’s exact test for categorical variables.

Bolded p-values indicate statistical significance.
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developed PJK compared to those who did not (post-op-
erative TK: noPJK 39.6° £ 10.6° versus PJK 62.6° £ 5.1°, p <
0.005). In addition, PJK patients had a significantly greater
pre- to post-operative increase in TK (A TK: PJK 14.7°
9.9° versus noPJK 2.3° + 10.5°, p = 0.012). Patients with
PJK also had a significantly larger post-operative PI-LL
mismatch compared to those with noPJK (post-operative
Pl-LL: noPJK —8.8° £+ 12.1° versus PJK —25.8° + 18.9°, p =
0.026). Post-operative scoliosis angle (noPJK 21.2° + 8.2°
versus PJK 15.1° £ 10.9°, p = 0.107) or SVA (noPJK —19.3°
+ 35.8° versus PJK —23.7° £ 20.7°, p = 0.968) were similar
between both groups.

Discussion

Proper alignment of the spine and pelvis, including
appropriate physiologic sagittal curves, is crucial for the
efficient and painless maintenance of an erect posture
and sagittal balance. Previous studies have reported dif-
ferences in sagittal alignment and spinopelvic parameters
in early onset scoliosis and AIS patients before spine sur-
gery compared to healthy children.®34 Surgical correction
with PSFI seeks to correct postural imbalances in coronal
and sagittal planes, as these are related to poor functional
balance in AlS** and in adolescents and adults a relation-
ship between spinopelvic parameters and health-related
quality of life was shown."123¢ Pre-operative planning for
deformity correction therefore requires an understanding
of spinopelvic parameters in order to minimize degenera-
tive changes in the long term.”3®

In this study we compared sagittal alignment and
spinopelvic parameters in 84 AlS patients who underwent
fusions to T12—-L2 or L3—4. Pre-operatively, pelvic param-
eters were similar between thoracic and thoracolumbar/
lumbar curve types, similar to previously reported data.?**
Patients with a T12—-L2 fusion only demonstrated decrease
in scoliosis angle and in TK (T5-T12), whereas patients
undergoing a L3—4 fusion had significant changes with
regards to scoliosis angle, TK (T2-T12), SS, and LL (L1—
S1). Thus, there was increased alteration of spinopelvic
parameters when fusions extended distal to L2.

Reports on spinopelvic parameter changes after T12—
L2 or more distal fusions in AIS patients are conflicting.
Abelin-Genevois et al evaluated PI, SS and LL among 24
AlS patients with fusion to L1 or L2 and 21 patients with a
distal fusion to L3 or L4 and found a significant decrease
in LL of 4° only in patients with L1-2 fusion at minimum
of two-year follow-up.?® Similarly, Ries et al reported a sig-
nificant pre- to post-operative decrease of LL by 7° in 50
AIS patients with Lenke 1 and 2 curves who underwent
thoracic fusion (LIV T11-L1) and also reported a decrease
in TK (T5-T12) by 15°, but no change in SVA, Pl or PT in
this cohort.*® In our T12-L2 fusion group, LL and TK (T5—
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T12) also decreased pre- to post-operatively, though the
decrease of LL by 3° was not statistically significant, sim-
ilar to other reports. These minor changes in the T12—-L2
fusion group are not likely to be clinically significant and
may also be within measurement error, as a measurement
error of less than 5° has been previously reported for scoli-
osis angle (Cobb method) but not for sagittal radiographic
parameters.*

For distal fusions, Xu et al reported a significant pre- to
post-operative increase for TK T5-T12, SS, and LL (T12—
S1), and no significant changes in PI, PT or SVA in 36 AIS
patients with thoracolumbar/lumbar Lenke 5 curves and
PSFI to L3-5 at 2.3-year follow-up,? similar to our study.
This is in contrast to a report by Yang et al, which showed
no change in LL (L1-S1) in 48 AIS patients with Lenke 5
curves and PSFI to L3-5 at 1.8-year follow-up, but showed
a significant increase in PT and TK (T1-L1), as well as a
decrease in SS.¥ These discrepancies among studies
might be due to small sample sizes, different follow-up
times, and centre/surgery-specific factors.

In accordance with the previously established relation-
ship of pelvic incidence and lumbar lordosis, the differ-
ence API-LL was calculated. In our cohort, patients in the
L3—4 fusion group were significantly more lordotic than
patients in the T12—L2 fusion group at last follow-up, as
LL (L1-S1) increased in the L3—4 fusion group after PSFI
but remained unchanged in the T12-L2 fusion group.
This significant increase in lordosis imposed by the PSFI
created a PI-LL mismatch in L3—4 fusion patients that
is outside of the acceptable range of £9°. In contrast
patients who underwent T12—L2 fusion, PI-LL alignment
was maintained since the LL was not significantly altered
by the fusion. We believe the PI-LL mismatch happened
from hyperlordosis generated by the surgeons in the OR,
who in an effort to avoid hypolordosis, overcorrected and
increased the LL significantly.

PSFI imposes a fixed lordosis within the fusion so it is
believed that LL below the fusion might be altered to com-
pensate and maintain overall pelvic alignment. The L4-S1
segment is a hypermobile segment that comprises the
majority of the lordosis of the spine, however in our cohort,
the LL of L4-S1 did not change significantly and did not
compensate for the hyperlordotic fused segments in the
L3—4 fusion group. This lack of change over short-term
follow-up however does not rule out the possibility that
changes can occur with aging and lead to long-term back
pain and disability. Differences in API-LL likely have conse-
quences on the load patterns in the lumbar spine and even
more so in the adjacent segment after spinal fusions.*>°

The overall incidence of PJK in AIS patients after PSFI
is in the range of 7% to 11%,* similar to our cohort, in
which 7/84 patients developed PJK (8.3%). Previously,
higher body mass index (BMI), male gender, number of
fused levels, choice of UIV and fusion below L2 have been
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described as risk factors for PJK.#~*° While none of the
demographic parameters were associated with PJK in our
study and UIV levels were spread over the thoracic spine in
patients with PJK, all patients with PJK had a fusion below
L2 and their CSVL did not touch the apical lumbar ver-
tebrae pre-operatively (Lenke lumbar modifier C). In our
study Lenke 5 and 6 curves had a higher incidence of PJK
(Lenke 5: 27%, Lenke 6: 33% versus Lenke 1: 8.1%, Lenke
2-4: 0%), similar to other reports.*¢5° A risk factor for
PJK that has been consistently reported in AIS and EOS is
pre-operative thoracic hyperkyphosis,*“®5152 and a critical
pre-operative TK > 50° has been identified.>? Similarly to
this, our PJK patients had greater pre-operative TK (PJK 48°
versus noPJK 38°% p = 0.052). At follow-up, TK increased
even more in PJK patients (pre-op 48° versus post-op 63°;
p < 0.005) and put TK out of the reported norm range
of 20°-50°.5% In addition, LL increased in the PJK group
post-operatively, although not statistically significant, to
keep a balanced spine (pre-op 55° versus post-op 66°; p
= 0.078). Although Wang et al reported greater Scoliosis
curve correction to be associated with PJK,* we and oth-
ers did not observe this.> Patients with PJK had smaller
Pl and larger PI-LL mismatch after surgery compared to
the noPJK group. Yang et al suggested that a smaller PI
implied poor capacity for pelvic compensation to sagittal
imbalance and proposed that a critical PI for compensa-
tion was greater than 39°,* which is close to the pre- and
post-operative Pl seen in PJK patients within our cohort,
37.8° and 39.8°, respectively. Patients suffering from PJK
also had larger PI-LL mismatch.

These findings alert the spine surgeon to avoid PI-LL
mismatch in an effort to avoid PJK in the future. Particular
attention should be paid to the sagittal plane when fusions
extend to L3 or L4. Previous studies found that of all radio-
graphic parameters, PI-LL mismatch correlates with pain
and disability. In adults, it has been shown that hypolordo-
sis leads to increased magnitude of this mismatch,* while
in our study in adolescents, hyperlordosis in L3—4 fusions
similarly led to increased magnitude of the mismatch.

There are several limitations associated with this study.
First, it is retrospective in nature. Second, this study is
based on radiographical outcomes, which are subject to
inconsistencies in positioning, technician experience, and
measurement reliability. It has also been reported that 2D
radiographic sagittal measures are not completely accu-
rate and 3D modelling would give more accurate mea-
surements.?** Also, we did not further explore changes
in cervical sagittal parameters after PSFI.>> Third, multiple
surgeons performed PSFI, however, given the number of
patients in this study, we were unable to tease out the con-
tribution of each surgeon. Quality of life outcome scores
were not included in this report but will be explored in the
future. The long-term quality of life implications of these
changes have yet to be clarified in this patient population.
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Conclusion

The goal of the scoliosis surgeon in the sagittal plane is
to obtain an appropriate amount of LL with the PSFI that
will allow the spinal alignment to be harmonious. In this
patient series, LL increased with L3—4 fusion and increased
LL altered the PI-LL relationship, putting this group outside
the acceptable range for adults. While our overall incidence
of PJK was similar to previously reported papers, all of the
cases occurred in the L3—4 fusion group and these patients
tended to have smaller Pl and greater PI-LL mismatch. Sur-
geons should attempt to maintain normal LL in AIS patients
when performing nonselective fusions to avoid alterations
in PI-LL that could create difficulties for patients as they age.
Pre-operative estimation of pelvic morphology, specifically
Pl, should be used to calculate and achieve the optimal
amount of lordosis via rod bending and patient position-
ing. Special attention should be paid to patients with a PI
less than or equal to 39° undergoing a fusion ending at or
below L3. Intraoperative radiographs may be used to evalu-
ate congruency between LL and Pl after surgical correction.
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