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Abstract Introduction: In this retrospective study radiographic
review was undertaken in patients treated for AIS
(Adolescent Idiopathic Scoliosis), in order to determine
the most important preoperative factors that are seen with
postoperative junctional kyphosis.
Material &Methods: Sagittal spine profiles were measured
on the standing radiographs before surgery, after surgery
and in the last follow-up postoperative visit of the patients
with AIS. The following parameters were measured on lateral
views: lumbar lordosis, thoracic kyphosis, the sagittal offset
distance of C7 to a vertical line from postero-superior edge
of S1 (Sagittal Vertical Axis-SVA) and T9 sagittal offset angle.
Results: One hundred and twenty patients with a mean
42 months of follow-up (24-112 months) were included in
the study. Mean values of the parameters before corrective
surgery were: lumbar lordosis 45° += 13.6°, thoracic
kyphosis 28°+18.4°, SVA 35 £ 27.2 mm and T9 offset angle,
7.8°+ 5.1°, Mean values at last follow-up were: lumbar
lordosis 49 + 9.8°, thoracic kyphosis 35 + 16.4°, SVA 39
+ 24 mm and T9 offset angle, 8.6°+5.8°, There were 10
upper junctional kyphosis (8.4%). T test statistics revealed
significant correction of lumbar lordosis and thoracic kyphosis
after fusion in all patients (P<0.001, P=0.006 respectively).
Keywords Preoperative mean of T9 sagittal offset angle was higher in
e junctional the patients with proximal junctional kyphosis (P=0.006).
Kialoets Conclusion: Normal sagittal balance of spine is essential
yP for the optimum function of the intervertebral disks and
* Adolescent oy enting sagittal postoperative complication like proximal
idiopathic junctional kyphosis. More attention to preoperative sagittal

scoliosis parameters of the spine like T9 offset may be important to
« fusion prevent such complications.
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Introduction

Amal aligned spine afier fusion may produce abnormal
forces over mobile segments under or over the fusion
area. Correct armangement of the lused veriebrae is also
very important to reduce muscle work during posture
mainienance.

Although correction of the coronal plane used to
be emphasized in the past, it is now known that the
wellbeing of the spine is more related o the staus of
the sagittal plane. For example Lazennec et al' after
radiological assessment of body posture before and after
lumbosacral fusion, showed that a mal positioned spine
and pelvis will be the predictor of the postoperative
long-term post fusion pain.

A potential problem afier spinal fusion is proximal or
distal junctional kyphosis related 1o the preoperative
factors like a larger saginal thoracic Cobb's angle,
associnled thoracoplasty and hybrid instrumentation.

We analyzed the radiologic sagittal profile of our
patient’s scoliotic curve before and afler fusion, to
evaluate their longitudinal changes and to predict which
patients were al risk for developing proximal junctional
kyphosis.

Materials and methods

In this retrospective study patients with adolescent
idiopathic scoliosis who had undergone posterior spinul
Fusion (PSF) at a single institution by one spine surgeon
between 2005 and 2013 were reviewed. All patients had
good-quality radiographs taken from the thoracic spine
and were followed for ai least 2-years. Data collection
was carmied oul retrospectively by an independent
spine neurosurgeon who was not involved in the
surgery. Patients underwent PSF and anteror release
was carried oul by thoracoscopy or thoracoplasty.
Hybnd instrumentation was used, which consisied of
a proximal hook and distal pedicle screw or proximal
Universal Clamp (ZIMMER SPINE) and distal pedicle
screw, in all patienis.

For all patients, compleie radiographic follow-up
consisting of: preoperative. one month postoperative,
and the last follow-up postoperative visil, PA and lateral
stunding . long-cassetie radiographs were tmken. The
Spine View software (Surgiview, Paris, France) was
used by asingle observer (o assess the sagiital alignment
of the spine and pelvis. The sofiware had already been
evulualed in the previous studies 7.

All patiemis were classified according 1o the
classification of AIS by the Lenke et al ' systen.
Radiographic compulerized parameters, four spine
sagitial parameters. were obtained:

I- Thoracic kyphosis (TK) is measured between point
at the upper endplate of the T4 vertebra and the lower
endplaie of the T12 veriebra and assessed by the Cobb
method.

2- Lumbar lordosis {LL) is measwred between the
upper endplate of L1 and the upper endplate of 51 and
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assessed by the Cobb method.

3- Sagittal Offset angle of T9 (T9SA) is measured
between o connecting ling from the hip axis 1o the center

of T% and a vertical line from the hip axis.

4- Saginal Offsét of C7 or Sagittal Vertical Axis (SVA)
15 measured between the center of C7 and a vertical ling

from the postero-superior edge of S1.

Glattes et al” defined the Proximal Junctional Angle
(PJA ) as the angle between the caudal endplate of the UTV
to the cephalad endplate of two neighboring veriebrae
which are superior to the UI'V. Two disc spaces proximal
to the UTV usually demonsirate the proximal junctional
chanpge. Abnormal Proximal Junctional Kyphosis (PJK)
was defined by 2 criteria: (1) proximal junction sagittal
Cobb angle more than 10° and (2) proximal junction
sagittal Cobb angle as a minimum 10° more than the
preoperative measurement. The presence of both criteria

was necessary 1o be considered abnormal.

The data were analyzed using the: SPSS (version 22

value of <(L.05 was considered significani.

Results

This study included 120 consecutive AlS patients with
a mean follow-up of 42 months (24-112 monihs). There
were 86 (72%) female and 34 (28%) male patienis.
The average age at the time of surgery was 15.5 years
(range: 11.2-23 4 years). The average number of fused
verichrae was 11.9 (range: 5-16). According 1o the
classification of AIS by the Lenke et al'sysiem. the
number of patients were: 54 for type | (main thoracic,
45%), 35 for type 2 (double thoracic, 29%), 11 for type
3 (double major, 9%), 4 for type 4 (triple major, 3.5%),
12 for type 3 (thoracolumbar/lumbar major, 10%), and
4 for type 6 (major thoracolumbar/lumbar and minor
thoracic structural, 3.5%). Fony-eight patienis had a
lumbar A modifier, 30 had a lumbar B modifier, and
42 had a lumbar C modifier. A total of 80 patients had
a normal thoracic kyphosis sagittal modifier, twelve
patients had a thomcic hyperkyphosis sagittal modifier
(T5-T12>40°), In tweniy-eight patients had a thoracic
hypokyphosis sagittal modifier was found (T5-T12
less thanl(®). Hybrid instrumentation was used which
consisted of proximal hook and distal pedicle screw in
74 and proximal Universal Clamp (ZIMMER SPINE)
and distal pedicle screw in 46 patients. An anterior
thoracoscopic release was performed in 36 patients and

thoracoplasty was done in 62 paticnts,

The pre- and postoperative frontal and sagittal Cobb’s
angles, correction percentages and loss of correction
values are given in Table 1. Our correction rate was
49 6%, and this was found to be statistically significam
(t = 6.71, P value < 0,05), Before operation, for all
patients, the TK was 28°=18.4°, the LL was 457 = [3.6°,
the T9SA was 7.8 = 5.1° and the SVA was 352272

mm. Mean values at last .
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Chicago, IL). P values are based on the Student’s ¢
test for continuous variables. * values for categorical
varlables were generated using Chi-Square test. A P
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T test statistics revealed significant correction of
lumbar lordosis and thoracic kyphosis afier fusion
i all patients (P value<0.001 and P value=0,006
respectively),

as having abnormal proximal kyphosis above the
instrumentation, among them there were 3 proximal
dislodement of fixation matenial (2 hook fixation and
one Universal Clamp system fixation),

Table 1: Descriptive Statistics of pelvic parameters and sagittal spine profile before and after inter-
vention , one normal series and comparison of preoperative and last follow-up mean values

Preoperative  Postoperative  Last visit Normal Pvilue **  Pvalue
Meant(values) Meant(Values) Meant{Values) values'® Y
Thoracic Kyphosis  5795(1847) ~ 2800(1152)  349201647) #1302 <o 0102
Lumbar lordosis 45 12(13.64) ~ 44.89(10.92)  4890(9.83)  OII2ZT <01 0001
C750 3561(27.11)  30.54(24.53)  39.05(24.22)
T9SA 7.81(5.15) 5.31(3.44) 8.63(5.82) 103G3.1)  g,001 0.099

* In young adults , Student’s t test from comparison of last visit mean values with preoperative mean value** and
postoperative mean value***

| Levassor N, Rillardon L, Deburge A, Guigui P, Pelvic and spinal parameters of sagittal spinal balance.
JBIS 2005;87-B,Supp 2:95.

follow-up were; TK; 35°= 16.4°, LL: 49° £ 9.8°,
TOSA 8.6°: S8 and SVA 39 = 24mmiwble 1)

of fixation materials. In Group l{normal proximal
kyphiosis), all but 48 spines, were fused o T4 or
distally, but in Group 2 (abnormal proximal kyphosis),

There were no significant difference of PIK and 4y gpines were fused to T4 Table 2.

dislodgement of fixation between wvanous types

Table 2: Upper fixation levels in both groups

Group | Group2
(%) (%)

Tl 8(7.5%) 0

T2 24(22.6%) 0

T3 16(15.1%) 0

T4 or lower 62(49.1%) 10(100%)

One hundred and ten patients (91.6%) had pormal
proximal kyphosis, whereas 10 (8.4%) were defined
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The patient characteristics were analyzed for each
group Table 3.
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Table 3: Characterization of both groups
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Groupl Group2

Mean =+ (SD ) Mean = (SD) P value*®
Age 15.34(2.157) 11.80(0.44) 0.097
Cobb angle of main .. .-056.10) 61.88(13.16) 0.541
cCurve
f:::‘:"‘““ of main ¢ 170,) 51(7%) 0,046
Theracic kyphosis 26.67(18.09) 41.20(19.04) 0.093
Lumbar lordosis 44.94(14.14) 47.00(7.21) 0.751
TYSA 7.47(5.28) 11.20(1.30) 0.001
C750 35.12(27.59) 32.60(24.30) 0.785
Fusion levels 11,92(2.08) 11.92(0.44) 0,895
Pain** 22.3(3.23) 23.4(243) 0.874
Activity level** 94.23(4.54) 93.45(5.34) 0.786

*Student’s t test statishics, ** Last follow-up visit

Some patient variables such as the correction of the
main curve (P value=(.046) and sapinal offsel angle
of T9 (P value=0.001) had significani correlation
with an increased amount of the proximal junctional
kyphosis. There was no significant correlation between
the degree of the proximal thoracic curve in our
patients preoperatively or their preexisting kyvphosis
al the proximal junction, type of the hybrid consiruct
{proximal hooks or Universal Clamp), sagittal thoracic
Cobb’s angle or Lenke sagittal thoracic modifiers and
thoracoplasty, Binary regression analysis showed that
a higher TYSA could predict post-operative PIK (F
valwe=10.0143).

Discussion

An upright balanced posture of body is determined
by spinal alignment and the pelvic state” The spine
and pelvis mteract with each other to minimize energy
expenditure.” Several studies with long-term follow-
up have shown that the spine does not tolerate sagittal
plane imbalance. For example, segmentally flat lumbar
fusions and distraction forces affecting the lumbar
spine may cause fixed sagitial imbalance syndromes
L1 Also, ending a fusion just proximal to the apex of
a kyphosis can lead to the development of junctional
problems,

Mac-Thiong ¢t al * and Charlebois el al " explained
that thoracic kyphosis depended mostly on the spinal
deformity, whereas lumbar lordosis wis associsted
with the pelvic anatomy, and the scoliotic curve type

was not associated with a specific pattern of sagittal
pelvic morphology and balance,

The most important  posioperative  sagitlal
complication that had been noied in many studies
is the proximal junctional kyphosis. This sapittal
complication could be related 10 the preoperative
sagitial spine profile or pelvis parameters ''. Lee et al
2 noted the proximal kyphosis in 46% of patients at
2-vear follow-up afier review of 69 patienis treated with
instrumented posterior spinal fusion. A preoperative
kyphosis one level proximal 1o the proposed upper
mstrumented veniebra of greater than 5° was used 1o
predict postoperative proximal kyphosis according to
this study. This study demonstrated that the effect of
PJK on clinical symptoms and patienl oulcomes was
mknown, Rhee et al  demonstrated an increase in
the proximal junctional measurement of 107 or more
than 1(F in 35% of patients treated with posterior
instrumented fusion. This study demonstrated that
PIK was more commonly associaled with posterior
instrumentation compared with anleriorinsirumention.
They siated that none of their patients needed revision
at 2-year postoperation for PJK. In our study we
foumd 10 paticnts (8. 4%) with PIK which was defined
as having more than 107 of kyphosis above the
instrumentation level, among them, 3 had proximal
dislodgment of fixation material.

More recently Kim et al ¥ afier 7.3 years follow-up
of 193 paticnis |, showed thm the incidence of PIK
was 26% (30 of 193 patients). They demonstrated
that patients with preoperative thoracic hyperkyphosis
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had o significantly higher incidence of PIK compared
with normokyphotic and hypokyphotic patienis. This
result suggested that a substantial correction of the
thoracic kyphosis may lead 1o a PJK. They found that
thoracoplasty was associgted with PJK. They did nol
explain the etiology of this association ". A significan
correlation between the thoracoplasty and PIK was not
found in the present study.

Karami et al.

essential for the optinnum fimction of the intervertebral
disks and preventing sagiital  posioperative
complications such as proximal junctional kyphosis.
More attention o preoperative sagittal parameiers
of the spine like T9 offsel should be paid in order 10
prevent such complications. And the fusion level in
PSF is the most imporiant factor causing proximal

Jjunctional  kyphosis.

In conclusion, Normal sagitial balance of spine is
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