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Abstract: Objective: To determine the optimal selection of proximal fusion level for degenerative scoliosis (DS) and
investigate the long-term proximal-related complications. Methods: Profiles of 95 consecutive patients with DS who
underwent posterior long instrumented fusion were analyzed retrospectively. Perioperative parameters were re-
viewed stratified into 3 groups according to the relationship between the upper instrumented vertebrae (UIV), hori-
zontal vertebrae (HV) and upper end vertebrae (UEV), namely HV Group (UIV = HV or above), HV-UEV Group (UIV =
between HV and UEV) and UEV Group (UIV = UEV or below) in coronal plane and 3 groups in sagittal plane according
to segment levels. Clinical and radiographic parameters were studied statistically. Results: Average follow-up was
7.8 years (range, 5-13 years). HV Group showed a significant increase in operative time, intraoperative blood loss,
postoperative in-bed time, and hospital stays. UEV Group showed greater average Cobb angle, AVT and DW. UEV
Group showed significant increase in operative time, blood loss, postoperative in-bed time, and inpatient stay. All
three groups showed significant improvement in ODI compared to baseline, while there was no significant difference
in LL between three groups. Proximal-related late complications included recurrent junctional scoliosis in 4 cases
and junctional kyphosis in 4 cases. Conclusions: Recurrent junctional scoliosis developed more commonly when the
fusion was at or below the UEV, and fusion at L1 or L2 showed the highest incidence of junctional kyphosis. Long
instrumented fusion to T11 or T12 appeared to be a reasonable alternative when the UIV was above UEV in DS.

Keywords: Degenerative scoliosis, proximal fusion level, proximal-related late complications, junctional scoliosis,
junctional kyphosis

Introduction sis results in disease progression or decompen-
sation. Although many studies have reported on
the selection of distal fusion level for DS, less

attention has been paid to the selection of prox-

As the senile population is steadily increasing,
degenerative scoliosis (DS) becomes a major

health problem. The rising number of elderly
patients suffering from associated symptoms
due to spinal deformity and neural compres-
sion may fail conservative treatment and may
become eligible for surgical intervention. In
contrast to idiopathic scoliosis, the goals of sur-
gery for DS include decompression of symp-
tomatic neural elements, stabilization of
involved segments, and, when appropriate, res-
toration of spinal balance.

Posterior long instrumented fusion has become
one of the major surgical treatments for DS,
and the selection of fusion levels play an impor-
tantroleinthetreatmentsuccess. Inappropriate
selection of fusion levels or insufficient correc-
tion of coronal and sagittal curve in the scolio-

imal fusion level.

We have performed a retrospective compara-
tive analysis of clinical and radiographic profiles
of proximal fusions at 3 levels in DS surgeries.
The purpose of the current study is to deter-
mine the optimal selection of proximal fusion
level in posterior long instrumented fusion for
DS.

Materials and methods
Demographic data

From January 1st, 1999 to December 31st,
2007, we included 128 consecutive patients
with DS who underwent posterior long instru-
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Figure 1. Diagram showing categorizing method of
three groups in the coronal plane. The patients were
divided into three groups in the coronal plane: Group
HV (UIV HV or above); Group HV-UEV (UIV between HV
and UEV); Group UEV (UIV UEV or below). HV horizon-
tal vertebrae; UEV upper end vertebrae.

mented fusion for DS. Radiographic inclusion
criteria included: 1) spondylolisthesis; 2) lateral
listhesis at least 2 mm; 3) coronal Cobb angle
of least 25 degrees; 4) lordosis from L1 to S1 of
less than 20 degrees; and 5) kyphosis from
T10 to L2 of greater than 20 degrees. Clinical
inclusion criteria were: 1) age at least 50 years
at the time of diagnosis; 2) persisting symp-
toms (low back pain, radicular leg pain, or inter-
mittent claudication) refractory to conservative
treatment for at least 6 months; 3) no history of
idiopathic scoliosis; 4) long instrumented fusion
for at least 3 levels; and 5) follow-up for at least
5 years.

Surgical indication and selection of fusion
levels

The primary indication of surgery was radicular
leg pain and/or intermittent claudication asso-
ciated with DS. Both the coronal and sagittal
planes were evaluated thoroughly when decid-
ing fusion levels. In the coronal plane, we pre-
ferred to include fusion of the most rotated ver-
tebrae or the most tilted vertebrae. The fusion
was extended proximally if the junctional
kyphotic angle in the sagittal plane was more
than 10 degrees. As for the distal fusion level,
fusion stopped at L5 if the L5-S1 disc appeared
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healthy on preoperative MRI. The fusion was
extended to the sacrum in case of a preexisting
L5-S1 deformity, such as spondylolisthesis and
spinal stenosis. In patients with significant sag-
ittal imbalance, the fusion was also extended
to the sacrum even if L5-S1 was healthy
because of the high incidence of adjacent level
degeneration.

Stratification

According to the relationship between the
upper instrumented vertebrae (UIV), horizontal
vertebrae (HV), and upper end vertebrae (UEV),
the patients were divided into three groups in
the coronal plane: Group HV (when the UIV was
the HV or above), Group HV-UEV (when the UIV
was between the HV and the UEV), Group UEV
(when the UIV was the UEV or below) (Figure 1),
and three groups in sagittal plane: Group T9-10
(UIV between T9 and T10), Group T11-12 (UIV
between T11 and T12), Group L1-2 (UIV
between L1 and L2).

Data collection

Perioperative parameters included operation
time, intraoperative blood loss, postoperative
in-bed time and hospital stays, and the seg-
ments fused. Clinical outcomes were assessed
using Oswestry Disability Index (ODI). Follow-
ups were performed based on questionnaires
and radiographic evaluations. Informed con-
sent was acquired in each patient and this
study was approved by local institutional review
board. Pre- and post-operative thoracolumbar
anteroposterior and lateral standing radio-
graphs were taken and assessed before sur-
gery, within 1 month after surgery, and at final
follow-up. Coronal Cobb angle of the major
curve, lateral apical vertebral translation (AVT)
and disc wedging above UIV (DW) were mea-
sured in the coronal plane. AVT was measured
using the distance from the central sacral line
to the mid-point of the apical vertebrae/disc.
DW above UIV was measured between the line
along the cephalad endplate of the UIV and the
caudal endplate of the vertebrae above the UIV.
Lumbar lordosis (LL), thoracolumbar kyphosis
(TLK) and junctional kyphosis (JK) were mea-
sured in the sagittal axis. LL was measured
from the upper endplate of L1 to that of S1 on
the lateral radiograph. TLK was measured from
the upper endplate of T10 to the lower endplate
of L2 on the lateral radiograph. JK was mea-
sured from the lower endplate of the UIV to the
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45 patients) and the second most
40 commonly used UIV was at
35 T12 (20 patients). The UEV
30 A —— UV included vertebrae from T10
25 /A\ . H\E/V to L2. The most commonly
20 P NV used UEV was L1 (33 patients)
15 7= and the second most com-
10 2/,/ monly used UEV at L2 (28
5 / patients). The NV included ver-
0 — = ' ' : — tebrae from T10 to L2. The

T8 19 T10 T T12 L1

Figure 2. The number of patients who had UIV, UEV, HV and NV at each level;
UIV: upper instrumented vertebrae; UEV upper end vertebrae; HV horizontal

vertebrae; NV neutral vertebral.

upper endplate of one vertebra above the UIV.
Recurrent junctional scoliosis in the coronal
plane was defined as Cobb angle of greater
than 10 degrees and the DW above UIV wors-
ened by more than 10 degrees compared to the
preoperative value. Junctional kyphosis in the
sagittal plane was defined as more than 10
degrees compared to the preoperative value.

Statistical analysis

The data from this study were analyzed using
SPSS 17.0 statistics software (SPSS Inc., USA).
Comparison of the clinical parameters before
surgery and at final follow-up was studied using
paired T tests. Pearson Chi-square tests were
used to compare the clinical and radiographic
parameters between three groups. A p value of
less than 0.05 was considered statistically
significant.

Results

The average follow-up time was 7.8 years
(range, 5 to 13 years). There were 37 men and
58 women with the average age of 58.5 + 8.5
years. All patients had severe low back pain, 86
patients (92.2%) had different severity of neu-
rogenic claudication, 20 patients (21.1%) had
no pain relief by flexion, and 4 patients (4.1%)
exhibited a foot drop before surgery. All patients
underwent nonsurgical treatment for at least 6
months that failed to provide relief of
symptoms.

Relationship between UIV, UEV, HV and NV
(neutral vertebrae)

The UIV included vertebrae from T9 to L2. The
most commonly performed UIV was at L1 (27
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most commonly used NV was
at T12 (36 patients) and the
second most commonly per-
formed HV was at T11 (25
patients). The HV included ver-
tebrae from T8 to L1, which
was cephalad to UEV or NV. The most common-
ly performed HV was at T10 (40 patients) and
the second most commonly performed HV was
at T11 (28 patients) (Figure 2).

Comparison of coronal plane groups

In the coronal plane, 95 patients were stratified
into Group HV (n = 21), Group HV-UEV (n = 29),
and Group UEV (n = 45). Since the HV was
placed cephalad to UEV, Group HV showed a
much longer fusion level than the other two
groups (P < 0.001). The average number of
fusion levels was 7.4 + 0.8 segments in Group
HV, 5.8 + 1.4 segments in Group HV-UEV, and
4.0 £ 0.9 segments in Group UEV. There were
no significant differences between three groups
with regard to age, sex ratio and body mass
index (BMI) (P=0.88; P=0.69; P=0.11). Group
HV showed a significant increase in operation
time, intraoperative blood loss, postoperative
in-bed time and hospital stay compared to the
other two groups (P = 0.01; P =0.02; and P =
0.04; P=0.01, respectively). There were no sig-
nificant differences between three groups in
preoperative and postoperative ODI (P = 0.48;
and P = 0.09, respectively), while all the three
groups had a significant improvement in ODI at
final follow-up compared to baseline levels (P =
0.038; P =0.002; and P = 0.048, respectively)
(Table 1). There were no significant differences
between three groups in Cobb angle, AVT and
DW preoperatively (P = 0.69; P=0.98; and P =
0.09, respectively). Immediately after surgery
there were no significant differences between
three groups in Cobb angle, AVT and DW (P =
0.08; P = 0.38; and P = 0.10, respectively).
However, at final follow-up Group UEV showed
significantly greater Cobb angle, AVT and DW
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Table 1. Comparisons of clinical parameters between three

groups in the coronal plane

groups with regard to age, sex
ratio and body mass index

Group HV  Group HV-UEV  Group UEV (BMI) (P = 0.18; P = 0.66; and

(n=21) (n=29) (n = 45) Pvalue P = 0.94, respectively). Group

Age (years) 572+ 7.2 583+6.1 59.2+48 0.88 L1-2 showed a significant in-

Sex ratio (M/F) 9:12 11:18 17:28 0.79 crease in operation time, intra-

BMI (kg/m?) 227+47 23139 232+41 0.99 operative blood loss, postop-

No. of fused levels 7.4 + 0.8 58+14  40+09 000 fgl""i't"a‘? 'erfsatrgzet :?r?eh;iz;
Operation time (h 55+0.8 42+1.2 3.8+1.1 0.01

BIF;od loss (ml) " 1240 +210 780+180 690+ 120 0.02 two groups (P=0.03; £=0.04;

P = 0.026; and P = 0.001,

In-bed time (d) 9.6+1.2 6.1+0.8 57+11 0.04 respectively). There were no

Hospital stays (d) 21.2+3.3 15.8+2.4 141+1.2 0.01 significant  differences bet-

Pre-op ODI 34.9+9.6 332+78 329+77 0.09 ween the three groups in pre-

Post-op ODI 13.2+6.9 125+5.9 111+4.8 0.66 operative and postoperative

BMI indicates body mass index; Pre-op indicates pre-operative; Post-op indicates

post-operative.

Table 2. Comparisons of radiographic parameters between three

groups in the coronal plane

Group Group

ODI (P = 0.28; and P = 0.19),
while all the three groups
showed a significant improve-
ment in ODI at final follow-up
compared to baseline levels (P
= 0.033; P = 0.012; and P =
0.044, respectively) (Table 3).

HvV Hy-upy  GrOUPUEY Palue There were no significant dif-
Cobb angle (°) Pre-op 27.8+78 284+93 28.6+56 0.69 ferences between three gro-
IMPO 32+11 40+18 32+12 0.08 ups in preoperative LL, TLK
Postop 6.6+28 75+35 188+3.6 0.02 and JK (P=0.69; P=0.98; and
Al -19.9+6.8 20.2+71 -20.8+5.4 0.19 P =0.09, respectively). Imme-
A2 177457 -186+59 -3.8+6.0 0.1 diately after surgery there
AVT (mm) Preop 89+23 93+27 88+19 0098 were no significant differences
IMPO 28+18 32+21 37+13 038 Eftﬁiin t:leJ&h(rEe %r%‘gpsp'”
, an =0.09; P =
TR SO S oAt 000 088 and P = 0.14, respec-
D T o ' tively). However, at final follow-
A2  53+26 -67+18 -1.0+1.7 0.01 up Group L1-2 showed signifi-
DW Above UIV (°) Preop 23+12 36+1.7 42+18 0.09 cantly greater TLK and JK than
IMPO  21+1.4 31+12 37+22 0.10 other two groups (P = 0.001; P
Postop 3.4+1.8 42+13 10.8+4.6 0.004 = 0.038) (Table 4).
Al 0.0+07 -04+05 -07+09 0.7
A2 12406 10403 67+29 0.04 Proximal-related late compli-

Pre-op indicates pre-operative; IMPO indicates immediate postoperative; Post-op
indicates post-operative; A1l = IMPO-Pre-op; A2 = Post-op-Pre-op.

than the other two groups (P = 0.02; P = 0.03;
and P = 0.004, respectively) (Table 2).

Comparison of sagittal plane groups

In the sagittal plane, 95 patients were stratified
into Group T9-10 (n = 22), Group T11-12 (n =
33), and Group L1-2 (n = 40). The average
fusion levels were 7.8 + 0.9 segments in Group
T9-10, 6.1 + 1.0 segments in Group T11-12,
and 4.5 + 0.9 segments in Group L1-2. There
were no significant differences between three
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cations

Proximal-related late compli-
cations included recurrent

junctional scoliosis in the coronal plane in 4
cases and junctional kyphosis in the sagittal
plane in another 4 cases during the study
period.

Discussion

DS usually has two curves in the lumbar spine:
a major curve in the mid-lumbar spine and a
compensatory curve in the lower lumbar spine.
The thoracic curve is not commonly seen. The
proximal lumbar curve has the apex at L2 or L3,
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groups in the sagittal plane

plane, ideally, the fusion includes
all the segments within the defor-

Group T9-  Group T11-12 Group L1-2 P mity [8]. Therefore, HV can be cho-
10 (n = 22) (n=33) (n=40) value sen as UIV to create a balanced
Age (years) 56.2+42 594+71 602+43 0.8 spine, but may lead to higher peri-
Sex ratio (M/F) 10:12 13:20 14:26  0.10 operative risks due to a relatively
BMI (kg/m?) 238+6.7 224+69 229+51 0.55 larger surgery. Previous studies
have advocated that proximal

No. of fused levels 7.8 + 0.9 6.1+1.0 45+09 0.00 . .

o fusion level should be horizontal,
Operation time (h) 5.9+ 1.8 48+ 1.7 39+13 0.03 neutral and stable in the coronal
Blood loss (ml) ~ 1240+210 780+180 690+ 120 0.04 plane [9-12]. However, there are
In-bed time (d) 88+1.2 6.0+0.8 47+11 0.026 several options since the HV, NV
Hospital stays (d) 23.2+4.3 15.6+2.7 13.3+3.6 0.001 and UEV are usually not the same
Pre-op ODI 33.8+76 320+6.8 32.7+9.7 0.33 vertebra in the same patient [13].
Post-op ODI 11.2+59 135+6.9 109+4.4 0.068 Cho KJ et al reported that proxi-

BMI indicates body mass index; Pre-op indicates pre-operative; Post-op indi-
cates post-operative.

Table 4. Comparisons of radiographic parameters between

three groups in the sagittal plane

mal adjacent segment diseases
developed more commonly when
proximal fusion stopped at UEV or
below in a cohort of 51 DS patients
at an average follow-up of 3.4
years, and they thus suggested

Group Group Group L1-2 Pvalue that UIV should be above UEV in
T9-10 T11-12 the coronal plane [7]. Our study
LL(°) Pre-op 18.8+10.4 19.4+10.3 21.6+126 0.69 demonstrated that Group UEV had
IMPO 23.2+10.1 28.0+11.8 30.2+10.9 0.09 greater Cobb angle, AVT and DW
Postop 22.6+12.8 27.5+135 29.8+13.6 0.22 than the other two groups at final
Al 59+6.8 72+71 88+54 019 follow-up, and junctional recurrent
A2 37+27 56+19 68+30 0411 scoliosis in the coronal plane
TLK(°) Preop 10.9+53 93+47 108+49 0098 Sﬁ"e"’p?d rlnfore, CO”:mO”'é’ "mﬁ“
€ proximal Tusion stoppea a e
IMP 7.8 +3. 7.2+2. T4, ) : :
b 0 92);? 83+3Z 1868+539 0008081 UEV or below in DS, which has
ost-op e e e ’ never been reported before.
Al -13+15 -19+18 21+13 0.06
A2 -09+16 -11+10 79+2.7 0.01 In this cohort, 4 patients in Group
JK(°) Preop 35+28 45%29 3.8+23 0.09 UEV demonstrated junctional
IMPO  45+23 50+17 49+26 014 recurrent scoliosis 2 years after
Postop 4.9+6.1 57+44 142+45 0.038 surgery with an average Cobb
Al 12426 08+13 13+11 017 angle of 25.5 degrees and an
A2 14+33 12+21 108437 004 average DW above UV of 19.6

Pre-op indicates pre-operative; IMPO indicates immediate postoperative; Post-

op indicates post-operative; A1 = IMPO-Pre-op; A2 = Post-op-Pre-op.

usually with L3-L4 rotatory subluxation and
L4-L5 lateral listhesis, and ends proximally at
the thoracolumbar (TL) junction. The HV, UEV
and NV are all placed in TL junction, which is
likely to be susceptible to injury or degenerative
changes. All these anatomical features of DS
will influence our decision-making about proxi-
mal fusion level.

When determining the extent of fusion in DS,
spinal alignment should be evaluated in both
coronal and sagittal planes. In the coronal
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degrees. All 4 patients underwent
a revision surgery with a longer
fusion to HV (lllustrative case:
Figure 3). We propose possible
reasons for these complications: 1) when proxi-
mal fusion stopped at UEV or below, the UIV
was not parallel with the upper adjacent verte-
brae, which would lead to an asymmetric DW
above UIV. This asymmetric angle then resulted
in the increase of shear stress of the adjacent
segment, which can cause asymmetric degen-
eration of the disc and facet joints; 2) After long
instrumented fusion from the thoracolumbar
spine to L5 or S1, due to lack of the compensa-
tory rotation of the adjacent vertebrae, stress
concentration on the proximal junctional area
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Figure 3. Female 68 years A. 2 years after surgery lumbar anterioposterior film showed a junctional recurrent sco-
liosis with a Cobb angle of 42.4 degrees and a DW above UIV of 28.8 degrees. B. Coronal deformity was corrected
after the revision surgery.

in the coronal plane could not be transmitted to
the sagittal plane, which could accelerate coro-
nal junctional scoliosis. It is worth noting that
all the 4 patients underwent a long fusion to
S1, which sacrifices the motion of the lumbosa-
cral joint. Thus, stress concentration by a rela-
tively longer fusion might have predisposed
recurrent scoliosis of the proximal junctional
area.

In the sagittal plane, the TL junction (T10-L2)
has unique anatomic characteristics. It serves
as the transition from the immobile thoracic
spine to the mobile lumbar spine. There is a
change in the orientation of the facet joints
from the coronal plane proximally to the sagit-
tal plane distally. The sagittal alignment chang-
es from thoracic kyphosis to lumbar lordosis.
Biomechanically, the true ribs tend to increase
the stability of the thoracic spine through the
thoracic rib cage. The rib cage effectively
lengthens the transverse dimensions of the
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spine, giving the thoracic spine greater resis-
tance to bending in the sagittal, coronal, and
axial planes. The upper 10 thoracic vertebrae
(T1-T10) take this mechanical support through
the true ribs, but T11 and T12 have floating ribs
without costosternal articulation. These levels
lack the ligamentous support provided by the
costovertebral articulations, the costocorpore-
al joint and the costotransverse joint. Due to
these anatomic and biomechanical character-
istics, some previous studies insisted that prox-
imal junctional problems, consisting of proxi-
mal adjacent segment degeneration, compre-
ssion fracture proximal to the UIV, or screw fail-
ure in the UIV, occured more frequently with
fusions ending at T11 to L2 as compared with
those ending at T10 or above [14-16]. Some
demonstrated that fusions ending at L1 or L2
had a higher prevalence of junctional kyphosis
or UIV failure, but there were no obvious differ-
ences between T9-10 and T11-12 [14]. Others
however reported these three different proxi-
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mal fusion levels did not demonstrate signifi-
cant radiographic and clinical outcomes or
proximal-related complications after surgery
[17-19]. Our study demonstrated that Group
L1-L2 showed greater TLK and JK than the
other two groups at final follow-up and stopping
fusion at L1 or L2 showed the highest incidence
of junctional kyphosis in the sagittal plane.

It is noteworthy that our data showed, in spite
of no significant differences in postoperative
clinical outcomes between three groups in the
coronal plane, the incidence of junctional recur-
rent scoliosis was highest in Group UEV.
Therefore, we suggest that proximal fusion
between the HV and UEV appears to be a rea-
sonable selection. In the sagittal plane, the
three groups showed no significant differences
in postoperative clinical outcomes, and the
incidence of junctional kyphosis was highest in
Group L1-2. Thus, considering the risks and
benefits of long instrumented fusion for DS in
both coronal and sagittal planes, fusion to T11
or T12 appears to be a reasonable alternative
when UlV is above UEV in the coronal plane.

Our study has limitations. First, the study is of
retrospective nature. Though we attempted to
study a consecutive series of patients, we were
only able to reach 74.2% of patients for final
follow-up. Second, we did not assess coronal
and sagittal balance due to lack of anteropos-
terior and lateral radiographs for the whole
spine due to loss of radiographic data. This will
inevitably influence the integrity and validity of
the study.

Conclusions

Recurent junctional scoliosis in the coronal
plane developed more commonly when the
proximal fusion stopped at UEV or below in DS.
Stopping fusion at L1 or L2 showed the highest
incidence of junctional kyphosis in the sagittal
plane. Considering the risks and benefits of
long instrumented fusion for DS in both coronal
and sagittal planes, fusion to T11 or T12
appears to be an alternative selection when
UIV is above UEV in the coronal plane.
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