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Proximal junctional kyphosis in adolescent idiopathic scoliosis
following segmental posterior spinal instrumentation and fusion;
minimum 2 years follow-up
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Abstract

Background: To evaluate proximal junctional segment changes in Adolescent Id-
iopathic Scoliosis(AIS) the posterior spinal fusion and also instrumentation also and
finding of probable risk factors, were all considered in this study.

Methods: We retrospectively reviewed radiographs of 121 consecutive patients
who underwent posterior spinal fusion for AIS from T3 or below, with a mean fol-
low-up of 32.8 months(range,24-83). All coronal and sagittal measurements includ-
ing the proximal junctional kyphosis (PJK)angle recorded on standing anteroposteri-
or and lateral radiographs preoperative, early postoperative and on follow-up radi-
ographs. The data were analyzed using the Spss 10.0 software. Dependent(paired)
samples student t-test was used for analysis between the groups

Results: There was PJK angle above normal for the same junctional segment pre-
operatively in 13 patients (10.7%) and the incidence of the PJK postoperatively was
7.4% (9 patients, 7 female and 2 male), all detected until 2 years postoperation.The
mean increase in the PJK angle from pre-operation until 6 weeks postoperation was
5.9° (range,0-13°)(P=0.02) and until 2 years post operation was 14.3° (range, 2-
16°)(p=0.000). The mean proximal junctional angle increased 1.6° until 2 years post-
operation in non-PJK group(n=112).

Conclusion: The prevalence of Proximal Junctional Kyphosis was low and a
silent radiographic problem. In some cases is preventable with perfect pre-operative
planning. There is no specific demographic or radiographic variables or instrumenta-
tion types associated with developing PJK .

Keywords: adolescent idiopathic scoliosis, posterior spinal fusion, proximal

junctional kyphosis.

Introduction

The operative goal of surgery in Adolescent
Idiopathic Scoliosis (AIS) was to prevent pro-
gression while providing optimal coronal and
sagittal alignment. The Proximal Junctional
Kyphosis (PJK) has been seen after insertion of
Harrington rods and with the multi-hook sys-

tems but The effect of it on clinical symptoms
and patient outcomes is unknown [1-5]. Rhee et
al[2] reported PJK in 35% of patients treated
with posterior instrumented fusion and postu-
lated that interrupting the posterior tension
band and/ or the use of compression forces
through claw hook constructs at the upper in-
strumented vertebra (UI'V) may lead to a PJK. It
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is possible that in state of imbalance in spine
alignment, spinal column spontaneously cor-
rects its balance with compensation from mo-
bile segments, and where there is short segment
fusion, and compensation may retained from
multiple segments not just from junctional
site[6-12].

The purpose of this study was to determine
the incidence of the PJK following posterior
spinal instrumentation and fusion in AIS and
evaluate multiple demographic and radi-
ographic variables as a probable risk factors for
this problem with attention to variations in
curve types and implants which used.

Methods

We reviewed retrospectively clinical charts
and radiographs of 121 consecutive patients
who underwent posterior spinal instrumenta-
tion and fusion (PSF) for Adolescent Idiopathic
Scoliosis not extending above T3 with a mini-
mum 2 year follow-up(mean 32.8 months,
range 24-82 months).All operations were per-
formed by the senior author at a single universi-
ty center between 1993 and 2005.We excluded
device failures, revision cases and if complete
radiographs were not available. There were 90
female and 31 male patients , the average age at
time of surgery was 15.6 years (range,11-20),
and average number of fused vertebra was 10.5
(range, 6-14).

According to the surgical classification of
AIS by Lenke et al system,[13] the number of
patients were:72 for type 1(59.5%), 5 for type 2
(4.1%),15 for type 3 (12.3%),4 for type
4(3.3%),21 for type 5(17.3%) and 4 for type
6(3.3%). Fifty six patients had a lumbar A mod-
ifier, 20 had a lumbar B and 45 with a lumbar C
modifier. A total of 100 patients had a normal
thoracic kyphosis sagittal modifier(T5-T12,
+10 to +40°),17 had a thoracic hyperkyphosis
sagittal modifier(>40°) and 4 had a hypokypho-
sis sagittal modifier(<10°). Four patients had a
thoracoplasty .

Radiographic measurements were made on
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standing anteroposterior and lateral preopera-
tive, early postoperative, 2 years later and at the
latest follow-up, including all coronal (PT,
proximal thoracic, MT , main thoracic, TL/L,
thoracolumbar/ lumbar)and sagittal parameters
(T2-T5,T5-T12,T10-L2,T12-S1)with PJK an-
gle that defined as angle between the inferior
endplate of the uppermost instrumented verte-
bra(UIV) to the superior endplate of two verte-
bra proximal were measured using cobb's
method.

Abnormal PJK was defined by two criteria:
the PJK angle 10 ° and at least 10 °more than
preoperative as described by Glattes et al [6].
Global coronal balance was measured as the
distance between the ¢7 plumb line and the cen-
tral sacral vertebral line(CSVL) and global
sagittal balance was measured as the distance
from the C7 plumb line to the vertical line from
the posterior superior of S1 vertebral body
(SSVL).The patients were then classified into
two groups based on the presence or absence of
PJK during years of follow-up after operation.

Statistical analysis

The data were analyzed using the spss 10.0
software. Dependent (paired) samples student
t-test was used for analysis between the groups,
and a p value of <0.05 was considered signifi-
cant .

Results

The PJK developed in 9 of 121 patients
(7.4%) classified as the PJK group, (2 male and
7, female)until 2 years postoperation and after 2
years there was no increase in proximal junc-
tional angle in this group .The average preoper-
ative proximal junctional angle in the PJK
group was 5.1°(range,0-10°)increased to 11°
(range, 2-18°), (p=0.02) until 6 weeks postop-
eration and reached 19.4° (range,12-28°),
(p=0.000) until 2 years postoperation, and then
remained constant until final follow-up. In non
PJK group the average proximal junctional an-
gle pre-operatively was 5.1°(range,0-20°) in-
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creased to 6° until 6 weeks postoperation and
reached 6.7° (range,0-20°) until 2 years postop-
eration.

The preoperative proximal junctional angle
was abnormal in one case of PJK group(was
10°) and for non PJK group was abnormal in 12
(10.7%) patients(mean,13.4°, range,10-20°) ,
For these 13 cases the proximal fusion level
was T 7 or below in 8 patients and T6 to T4 in 5
patients , and the angle of proximal junctional
kyphosis in these cases decreased to mean of
13° (range,4-20°) at 6 weeks postoperation and
reached 14.3°(range,7-20°)at 2 years postoper-
ation. The proximal junctional angle from the
mean pre-operative of 5+3.5° (range,0-20°) in
overall reached 7.6+5 °(range,0-28°) until 2-
years follow-up. The preoperative and postop-
erative sagittal and coronal cobb angles(includ-
ing all minor and major lateral curves) for two
groups are shown in Table 1 .

The incidence of PJK at 2-years postopera-
tive , according to the preoperative sagittal tho-
racic cobb angle was 6.2% (2 cases) for hyper-
kyphosis (if T5-T12>40°) and 8.2% (7 cases)
for normokyphosis (if T5-T12 between 10 and
40 degrees). From 9 cases with PJK, 3 under-
went anterior spinal release in addition to poste-
rior spinal instrumentation and fusion. Six were
lumbar modifier C, 2 A and 1 B. Only one case
in PJK group underwent thoracoplasty and the
mean age for both groups was the same ,15.6
+2.1 years. The clinical characteristics,im-
plants,type of curves and proximal fusion lev-
els are shown in Table 2 .

Coronal decompensation in the PJK group
improved from the mean of 20+12 mm
(range,0-40) pre-operatively to 76 mm
(range,0-20), (p=0.000) at 2 years post opera-
tion and in the non PJK group from 17+13
mm(range,0-50) pre-operatively to 6+6 mm
(range,0-30), (p=0.000) at 2 years postopera-
tion. The apical vertebral translation (AVT) at
2-years post operation in both groups signifi-
cantly improved (p=0.000). The sagittal bal-
ance in both groups changed on average, § mm
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to anterior at 2-years follow-up and the differ-
ence was not significant between two groups.
The coronal and sagittal balance measures are
shown in Table 3.

Fifty-four patients with rigid curves had an-
terior spinal release in addition to posterior in-
strumented fusion. The preoperative mean
coronal cobb angle of Proximal thoracic curve
was 20+13 degrees,(range,0-50°) , of main tho-
racic curve was 61+£25 degrees (0-132°) and of
thoracolumbar/lumbar curve 38+21 degrees(0-
96°). In preoperative bending films, PT curve
was 949 degrees (range,0-32 °), MT curve was
36+21(range,0-90°) and TL/L curve 16+14
(range,0-58°).

The mean preoperative sagittal angles of (T2
to T5,T5 to T12, T10 to L2 and T12 to S1) in
overall(121 patients) were in order(6.7°, 34°, 6°
and - 48°) and order for these values at 2-years
postoperative(9°, 30°, 3.8°and - 43°) that re-
sulted in 4 degrees decrease in thoracic kypho-
sis of T5-T12 and 5 degrees decrease in lumbar
lordosis. For the 121 PSF cases, 9 major PTwas
present curves with the average preoperative
angle of 40.2 °(range,33-50 °), decreasing to
24.2°(range,18-36°)(p=0.000) at 2-years fol-
low-up(40% correction), 106 major MT curves
with mean preoperative of 79.5°(range, 40-
132°), decreasing to 33.2° (range,9-89°)
(p=0.000) at 2-years follow-up (58% correc-
tion) and 52 major TL/L curves with mean pre-
operative of 54.1°(range,40-96°), decreasing to
23.9°(range, 10-58°)(p=0.000) at 2-years fol-
low-up (55.5% correction). There was no sig-
nificant changes in cobb angle of these curves
after 2 years. Figure 1, is shown the PJK with
posterior instrumentation for Lenke type SCN,
despite of long fusion proximal to the apex of
the thoracic area.

There was no significant association between
the possible risk factors including, demograph-
ic characteristics, Lenke classification(Lumbar
and sagittal modifiers) , proximal instrumented
vertebra, additional ASF, thoracoplasty, fusion
length, preoperative and postoperative sagittal
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PIA27 °

Figure 1. A 17-year-old woman(Lenke type 5CN) was fused with posterior segmental spinal hook instrumentation(T4-
L4). A, The major coronal cobb angle was 48°. The sagittal cobb angle between T5 and T12 was 40° and that of proximal
junction from T2-T4 was 8°. B, six weeks post operation, major cobb angle 20°, the sagittal cobb angle of T5-T12 20 ?and
the proximal junctional angle 3°. C, Two years post-operation, the major cobb angle progressed to 25° and the proximal
junctional angle to 27°.
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Figure 2. A-D. A 16-year-old woman (Lenke type 1AN) was fused with Harrington distraction Rod (T5-L2). A, The ma-
jor coronal cobb angle was 57°, proximal junctional angle(PJA) from T3-T5 was 6°.B, 4 weeks post-operation ,major cobb
angle was 35 °and the PJAwas 8°. C, 1 year post-operation , the PJAwas 10°. D,At 2 years post-operation , the PJA pro-
gressed to 18°.
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Curve
type

PJ A®
T2-T5
T5-T12
T10-L2
T12-81
PT

MT
TL/L

With PJK(n=9) No PJK(n=112) P

value
Pre op Post op(at 2- year) P Pre op Post op(at 2-year) P
value value

5.1£3.5(0 to 10) 19.4+£5.7(12-28)  0.000 5.1£3.6(0 to 20) 6.7+4(0 to 20) 0.00  0.000
6.6+3(2 to 10) 17+9(8 to 30) 0.008 6.7+3.5(0 to 22) 8.3+3.5(0 to 18) 0.00  0.024
39+15(24t0 68) 34+12(17t0 50)  0.41 34+15(0 to 80) 30+11(5 to 63) 0.00 029
6.9+11(0 to 32) 4+11(-8 to 20) 0.47 6+9(-16 1o 32) 3.849(-14 t032)  0.002  0.87
-50+14(-75t0-35) -47+12(-64t0-31) 0.29 -48+=10(-80to-20) -42+8(-66t0-21) 0.00 0.29
14=17(0 to 40) 11£14(0 to 30) 0.35 21=13(0 to 30) 10=12(0 to 50) 0.000  0.08
40+32(0 to 92) 22+23(0 to 60) 0.006 63+£24(0 to 132) 32+17(0 to 89) 0.000  0.17

47.6+20(0 to 80) 21+11(0 to 38) 0.001 37+17(0 to 96) 16+13(0 to 58) 0.000 0.3

Tabkdbhed- prEp@ng@aste perativendongitall phdsagittabpiiesacRiKesdnghdyl i R ok mnil evon- Bk grolpsviMieaange in
+ standard DeWiRftien(pirgeldnrprackieey pu(Dadsnandanalgred AFigindepbnaeitne gagly) PIA® (proximal

junctional angle).

kyphosis of T5-T12 (p=0.61) and of T10-L2
(p=0.27) with increased proximal junctional
kyphosis. No patient had additional surgery re-
lated to increased proximal junctional kypho-
sis. Figure 2, showed PJK following posterior
fusion with Harrington device.

Discussion

In this retrospective radiographic analysis of
PJK angle, some of the possible causes of this
problem were studied, and prevalence of the
problem was determined. The prevalence of
PJK following 5 different posterior instrumen-
tation used in heterogeneous cases was less

Risk Factor Total PIK P
Patients Patients value
(n=121) (n=9)
Pre op thoracic cobb angle
(T5-T12)
<10° 4(3.3%) 0 0.29
107-40 85(70.2%) 7(77.8%)
>40° 32(26.4%) 2(22.2%)
Instrumentation
Multihook 89(73.5%) 6(66.6%)  0.18
Harrington 20(16.5%) 1(11.1%)
Harrington+SL W 7 (5.8%) 1(11.1%)
All screw 2 (1.6%) 1(11.1%)
Hybrid 3 (2.5%) 0
Gender
Male 31(25.6%) 2(22.2%) 0.8
Female 90 (74.4%) 7(77.8%)
Uppermost instrumented
Vertebra T3 39 (32.2%) 3(33.3%)  0.08
T4 46 (38%) 2(22.2%)
T5 15 (12.3%) 1(11.1%)
Té 12 (9.9%) 1(11.1%)
T7 2 (1.6%) 2(22.2%)
T8andbelow 7 (5.7%) 0

Curve type(Lenke)

1 72
) 5
3 15
4 Bl
3 21
6 4

(59.5%) 3(33.3%)  0.067
(4.1%) 2(22.2%)

(12.4%)  3(33.3%)

(3.3%) 1(11.1%)

(17.3%) 0

(3.3%) 0

Table 2. Radiographic, Implants and Demographic parameters of all patients versus the PJK patients.
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With PJk(n=9) No PIK(n=112)
Pre op Post op(2- year) Pre op Post op(2-year)
Coronal balance 20+12(0-40) 7+6(0-20) 17+13(0-50) 6+6(0-30)
AVT;
Thoracic 50+47(0-120) 23+25(0-60) 68+30(0-140) 27+19(0-100)

Lumbar 52+15(30-80)
Sagittal balance -5+21(-40t032)

19£12(10-50)
3£19(-31t024)

39+£24(0-110)
-6+23(-43t029)

14£13(0-60)
2+20(-38t031)

Table 3. Pre-and postoperative balance and translation in PJK ,non PJK groups. AVT (apical vertebral translation).
Measurements in millimeters.

than several studies.[1,3-6,14].This was a pain
free condition with no limitation in daily func-
tional status and the effect on the patients self
image was minimal [1,6].

Previous studies reported loss of cervical lor-
dosis for maintaining alignment [1], but, we did
not study the cervical spine. The overall sagittal
balance was not affected by increase in PJK an-
gle at final follow-up, that this may be due to
compensation by free distal segments [6]. At
the cervicothoracic junction the transition from
mobile to fixed motion segments may play a
role in development of flexion deformity at the
proximal junction[1,6,10,14-15].

In study by Glattes et al [6],PJK was more
common when stopping at T3 but changing the
T5-T12 sagittal cobb angle or making the tho-
racic spine more lordotic with fusion did not
lead to PJK , also there was no correlation be-
tween addition of ASF or thoracoplasty with in-
crease proximal junctional angle [3,5,6,16-19].
In our study PJk was more common with stop-
ping at T3 with no significant correlation with
proximal instrumental vertebra (PIV). We
found no correlation between patient charac-
teristics or instrumentation device with devel-
oping PJK[6].

PJK observed in short and long fusions and
number of fused levels had no effect on devel-
oping PJK . one of two cases instrumented with
all-screw developed PJK, although samples are
few for comparison.[4,5,15]. We did not evalu-
ated SRS-24 questionnaire since previous stud-
ies demonstrated poor correlation between ra-
diographic and patient outcomes.[6].
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In 2 cases which UIV was at T 7( both lenke
type 5 with posterior instrumentation and fu-
sion to L4), both of them during 2-years devel-
oped PJK with 10 °increase in proximal junc-
tional angle. Some reports recommended that
the implant should not stop at the middle or
lower thoracic level, which is important to pre-
serve sagittal contour to prevent proximal junc-
tional kyphosis. Although some studies had ac-
ceptable results with short posterior spinal fu-
sion for thoacolumbar and lumbar scoliosis,
usually these curves are treated by anterior
spinal fusion [1,9,10,20-22].

With the implant ending between T3 and T3,
Lee et al [1]stated that all proximal segments
with more than 5°segmental kyphosis must be
included in the implanted fusion to prevent
kyphosis , also Yang et al [23] demonstrated
that if the focal kyphotic angle is greater than 10
°at the proposed proximal instrumented level,
the fusion should be extended to a higher level,
however, we noticed that only one of the 13 cas-
es with abnormal proximal junctional angles at
pre-operative,lead to proximal junctional
kyphosis until final follow-up and in these cas-
es proximal junctional angle until 2 years post-
operation increased with mean of 0.9°.

One major problem in measure of PJK, espe-
cially when evaluating the C7-T2 junction, is
the position of head, that if flexed during radi-
ography ( as with decreased disc space in ante-
rior with flexion) may falsely showed more
junctional angle [6]. One of the drawbacks in
this study was the large number of different de-
vice and curve patterns, which may obscure
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findings specific to a certain pattern, otherwise
we believe that this is a normal distribution of
curve patterns which need to be instrumented
and fused.

Development of PJK was mainly during 2
years post-operation that may be correlated
with weakness of proximal posterior spine sta-
bilizing muscles due to immobilization for six
months after operation by brace and fear of pa-
tients to do exercise during early years of fol-
low-up.

Conclusion

The prevalence of PJK is low and a silent ra-
diographic problem. In some cases is preventa-
ble with perfect preoperative planning. The
PJK development was not associated with de-
mographic or radiographic variables or instru-
mentation types. It is safe to replace long PSF
for Lenke type 5 with selective ASF for preven-
tion of stopping at apical thoracic segments and
reduction in possibility of proximal junctional
flexion changes.
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