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Adult Spinal Deformity

Spino-Pelvic Parameters in Adult Spinal Deformities

Chong Suh Lee, M.D., Ph.D. and Sang Soo Kang, M.D.”

Department of Orthopedic Surgery and Spine Center, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

In the recent 10 to 15 years, the most popular issue in the spine field is evaluation and treatment of the sagittal alignment and sagittal
balance of the spine. Adult spine deformity (ASD) includes not only coronal deformity, such as degenerative scoliosis, but also sagittal
deformity. Degenerative scoliosis is also associated with sagittal deformity of the spine. Even in degenerative scoliosis, accompanying
sagittal deformity is more important to clinical symptoms than coronal deformity. Sagittal deformity of the spine is significantly correlated
with health-related quality of life score, such as visual analogue scale and Oswestry disability index, short form-36 health survey. For the
appropriate evaluation and treatment of ASD, understanding the normal and abnormal sagittal alignment and sagittal balance of the spine
is very important. Various compensatory mechanisms should be applied in order to maintain the balanced upright posture. Assessment
of the compensatory mechanism is also mandatory for proper surgical planning. Some spinopelvic parameters show particularly high
correlation with clinical symptoms in case of sagittal imbalance. Therefore, assessment of these parameters is necessary for evaluation of
surgical outcomes.

Key words: adult spinal deformity, sagittal balance of the spine, spino-pelvic parameter

}\-] % T+@7172] Hat meke A "ok H3g el SFol Aldid
= 7IHAANE FAI5H] it B g o ® 80] o] ¢
/g%1 2|5~ ¥ (adult spinal deformity, ASD)ol| et #Alo] Mk HesiX| 3L o B2 o|YA| & £WsHA =o| H=zet 55, A9
7= glon] §¥E(prevalence)o] 17T L IFFolA oF  F FotA Hok o] 2 QIgE A<} 4he] Aof uitigk £4o] «
68%7HA] A Bawa Qe 2 10-15E7h Ao Al A JH 29 227t Dest "ot webd 2 ASDY| 4
I AV A5 Eopol A M F SHRGssue)d] st &4 X2 WS 9 Sl A 9 :n"@]S’JErt =2 A
7HE|AL QU o] = 55], A5 Y S A= @ ol ASY A AT IES BRSk Qi BY s & o EsiGlE
55| SUtEl= ASDE] 2| 5olA Tl Fot AFIAZ A AT 3]E0] E5E0tH e & A9 QF5F0] WEuE
Z¥E e}, Z35 T (flatback syndrome) Q. & A|&A Q] QB8 T 45l= A
ASD+= of 8] 7Hx] glof| ofolf HFgH o] x4 syt A 7 Hrh whebA B HESuEat -2 wdAe] Wil
P=| L olof w2t 7 A A )] A= Z1EAAIE Hoh] fl't RAE JJI_—J oq:rLﬁL]“— ]’3’ ’394 Jat /\]“'X]FJ} Xl
3

)

Received August 3, 2015 Revised November 4, 2015 Accepted November 5, 2015

“Correspondence to: Sang Soo Kang, M.D. HRQoLZ HA| —’,“— 1% 7(1"6]-]9,]- 5—_] J&g Oﬂl\{ 1‘1_1-0]—7] 14
Department of Orthopedic Surgery, Samsung Medical Center, Sungkyunkwan sto
University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul 06351, Korea ol

TEL: +82-2-3410-2179  FAX: +82-2-3410-0061 E-mail: ellinore@hanmail.net

The Journal of the Korean Orthopaedic Association Volume 51 Number 1 2016 Copyright © 2016 by The Korean Orthopaedic Association

“This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.”



10

Chong Suh Lee and Sang Soo Kang

wh2bA ASDo| Hfeh Tt

A 50 1 AT Ao
AFSE|T Gl ASDO] BRe W3 WRe
Lo HETUAE

Slak BAPRHg, 18
thsto] t=ofskaat ghek,

o

5}041— x—lZ__] |

ol
AT

1. Scoliosis Research Society—Schwab £2&
ASDE] E-57-= 2005-20074 Schwab 5772 4015 J%J Lenke
7oA A-8steld AGHEL HE-E ASDol|l = 4850
ASD®] clinical impact classificationS A|A|5FE T o] EFo=
HRQoL} B o] Q= A A XS ARESHY T A Lol = &
FE50h0] HRo| Qxof wet oAl 7HA] FEf< 7]
%59 T} type I, thoracic only: type 11, upper thoracic major (apex
T4-T8); type III, lower thoracic major (apex T9-T10); type IV,
thoracolumbar major curve (apex T11-L1): type V, lumbar major
curve (apex [2-14)° oJ7]o] HRQoLT} AFA| 7} 9= Ao
2 AR = @ A ukzZHumbar lordosis, L) 2 23| 7F ofgh—+
(intervertebral subluxation)®] 5 7HS] ®AMAA X %5 AdH
] 3 (sagittal modifier) & AR5} 00 o] BEE2 Schwab®] clini—
cal impact classification®]2t1. H sl Ll xX|Lpx] kol A
A 42A) 2 (sagittal vertical axis, SVA) Q.2 24 AukA o] AJAF
B H (global sagittal malalignment) = LL2| AA13}F npzb7 2| &
HRQoL®| 83t g SRR QA= HA SVAS H8HQl w13
Z] #(global balance modifien)2tx WH3H A A SHA]FS
71813 2.0 Schwab clinical impact classificationof| A= 55
ofj ek ¥R o] Qli= o] WAMIA A 55 F25keth
Ju &A= LLT SVATRC 2= QHds AHE
SOHA Eehe Aokl 7I-HAIE fAlsh | ek =8k
o] F8/do] BztE WA Zukx 2 o] do] =dH Ak
E3E ZSR A ou|sk= E9H1&7 ] (pelvic tilt, PT)] 57
= HRQoLY] A5te} AxkA|7} 9l-go] sl gict” “T"H]'o"\]‘
Z P(pelvic incidence, PD¥} LLO| WA = $HA}o] A 2z ubdH
et B2 FEE AlFot HdeolA Bett wHyo] He s —V\]‘
of| Al 111*6}01 Ztt o] 9t Zro] HRQoL2 SVA, PT9t PI-LLO| &
U X](mismatch)2F 22 HAM A A 2=Z9kA] 2ok YRt At
A7F 982 olu] 7|22 o] AFLE Fato] B uf ok
olglgh A5 7|22 st ASDY| theh HAMI Al 2575
L5t A-gA ol HE 98l Scoliosis Research Society (SRS)OlIA
= Schwab clinical impact classifications Z17Fe] AFRE H ks
20128 0f] SRS-Schwab ASD classification®.2 7HAI5HSIE o] &

e AR SEAM A= =T Eal Bl R-8Rk AFAl

Zup=zo
T =0 =

=
T
A

E

-

¢}

Coronal curve types Sagittal modifiers

/ \ (" PiminusLL )
T: Thoracic only 0: within 10°
with lumbar curve <30° +: moderate 10°-20°
Lt marked >20° )

L: TL/lumbar only . N
with thoracic curve <30° Global alignment

0: SVA <4 cm
+:SVA4t09.5¢cm

D: Double curve ++: SVA>9.5 cm

with T and TL/L curves >30° ~ J
4 PT 0\
N: No major coronal deformity 0: PT <20°
all coronal curves <30° + PT 20°-30°
k j L ++: PT >30 )

Figure 1. SRS-Schwab classification system. An individual’s coronal
curve pattern is categorized, and, most importantly, each of 3 sagittal
modifiers (PI-LL, SVA, and PT) is classified as ‘nonpathological (0),’
‘moderate deformity (+)," or ‘marked deformity (++).” SRS, Scoliosis
Research Society; PI, pelvic incidence; LL, lumbar lordosis; SVA, sagittal
vertical axis; PT, pelvic tilt.
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Figure 2. Segmental angles. Lower most two segments, L4 and
L5 comprised of approximately 70% of maximum lumbar lordosis.
Restoration of these two segmental angles is very important for
restoration of adequate sagittal balance.
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Figure 3. Jackson’s pelvic radius technique for measurement of pelvic morphology and pelvic balance around both hips. HASP, the distance between
hip axis and sacral promontory; HAS1, the distance between hip axis and posterior superior corner of S1; pelvic radius (PR), distance between the
center of the hip axis and the S1 reference point; pelvic angle (PA), angle of rotational pelvic balance around the hip joint; PR-S1, pelvic morphology
which does not change regardless of pelvic rotation; Ant., anterior; Post., posterior; SS, sacral slope; P, pelvic incidence.
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slope and overhang, morphologic parameters; pelvic incidence and
pelvic thickness.
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Table 1. Classes of Pl and Corresponding Values of Spinopelvic
Positional Parameters from a Control Group of 154 Subjects

Class Number PIL() PT ()

| (28°<PI<37.9% 12 35.4+1.3 3.9+4.5
(33.7-37.9) (-1.5-13.3)

Il (38°<Pl<47.9% 44 42.7+2.8 8.9+4.8
(37.9-47.6) (-5.1-18.2)

Il (48°<PI<57.9% 59 52.6+2.8 12.5+5.6
(48.2-57.4) (-1.2-23.2)

IV (58°<PI<67.9°) 26 62.6+2.8 15.8+4.3
(58.2-67.6) (7.1-26.8)

V (68°<PI<77.9°) 11 72.6+2.8 19.7+£5.5
(69.6-77.4) (12.6-27.9)

VI (78°<PI<87.9% 2 81.4+3.3 21.9+12.3
(79.1-81.4) (13.2-30.6)

Values are presented as number only or mean=standard deviation
(range). P, pelvic incidence; PT, pelvic tilt.
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Figure 6. (A) Model and lateral X-ray of a low-grade pelvic incidence pelvis (vertical pelvis). Note the high position of the L5 S1 disc with respect to the
top of the iliac crest. (B) High grade pelvic incidence pelvis (horizontal pelvis). L5 S1 disc and L5 are totally below the top of the iliac crest.
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Figure 7. (A) Left maximum pelvis anterior rotation: which is the same
as a complete hip flexion and can facilitate hip dislocation. (B) Right
maximum pelvis posterior rotation: which shows the limit of pelvis
backtilt (the extension reserve).
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Figure 8. Parameters of the sagittal balance of the spine and pelvis. The
spinal balance is defined as the horizontal offset between the midsacral
point and G7 plumb line; spinopelvic balance, between hip axis and C7
plumb line; and sacropelvic balance, between hip axis and midsacral
point.
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Figure 9. Preoperative planning using the full balance integrated
technique. C7 translation angle: C7TA. Midpoint of the C7 inferior
plateau (a) is translated on the plumb line ascending from the mid part
of the S1 plateau (b). Point ¢ is on the anterior cortex of the selected
vertebra for osteotomy, which is mainly L4 vertebra. Femur obliquity
angle: FOA. Femur flexion is measured as the angle between the femoral
axis and the plumb line (d). Pelvis compensation angle: PTA. Pelvic tilt
is measured as usual: line between center femoral head to mid part of
S1 plateau and vertical line. If PT between 15° and 25°: add 5°. If PT
superior 25°: add 10°. PT, pelvic filt.
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Figure 11. Spinopelvic angle (SPA) formed by the line between the
center of the C7 body and the center of the S1 upper endplate and
the line between the center of the S1 upper endplate and hip axis.
SPA combines the spinosacral angle (SSA) and pelvisacral angle, the
pelvic morphologic angle. Therefore, SPA consider not only positional
parameter but also anatomical parameter.
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Figure 12. T1 pelvic angle (TPA), a novel radiographic parameter that
accounts for both global malalignment and compensation through pelvic
retroversion. The TPA is defined as the angle between the line from the
femoral head axis to the centroid of T1 and the line from the femoral
head axis to the middle of the S1 superior end plate. The TPA is the sum
of the T1 spinopelvic inclination (T1SPi) and the pelvic tilt (PT).
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Table 3. The Radiological Threshold for 3 Key Parameters
Radiographical threshold

Radiographical parameter

PI-LL () 11 0.45
PT () 22 0.38
SVA (mm) 46 0.47

Pl, pelvic incidence; LL, lumbar lordosis; PT, pelvic tilt; SVA, sagittal
vertical axis.

Table 2. Data from a 125 Patient Retrospective Review of Clinical Outcomes Correlated with Clinically Relevant Radiographic Values for 3 Key

Parameters

Variable

Mean radiographic parameter value 134.9 1.7
Mean ODI scores 425 28.4
Unpaired t-tests on ODI scores <0.001

PI-LL ()
Greater LL or <9
31.8 10.0 -28.9 17.3
38.7 29.1 418 26.4

0.012 <0.001

SVA, sagittal vertical axis; PT, pelvic tilt; PI, pelvic incidence; LL, lumbar lordosis; ODI, Oswestry disability index.
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