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Introduction

Many studies have demonstrated a flattening of  the sagittal profile 
in AIS (adolescents idiopathic scoliosis), including thoracic hypo-
kyphosis associated with flattening or kyphosis of  the cervical 
spine[1,2]. Furthermore as sagittal imbalance has been recognized 
as main source of  pain, disability, and poor health status out-
comes, and recent reports have showed correlations between cer-
vical kyphosis and axial symptoms, and scoliotic patients treated 
with surgery may have a greater incidence of  cervicodorsal pain 

when compared with normal subjects[3,4]. So it is very important 
to face up to this troublesome problem, and strive to restore nor-
mal sagittal alignment in treatment of  AIS.

Several studies have identified PJK (proximal junctional kypho-
sis) as a common phenomenon after posterior long segments fu-
sion for deformity correction[5,6]. Although the effect of  PJK on 
clinical symptoms and patients outcomes was still unclear[6]; pain 
complaints, dissatisfied self-image, even revision surgery have 
been documented. 

As documented in studies, thoracic kyphosis is correlated to lum-
bar lordosis in AIS[7], and recent reports have also showed that 
cervical sagittal alignment(CSA) and thoracic kyphosis is correlat-
ed with each other[2,8]. Thus, as integral parts of  cervico-thoracic 
segment of  global alignment, it is justified to postulate that some 
correlation between cervical sagittal alignment and PJK exists to 
make up a globally balanced spine in the sagittal plane. 

Therefore, the purpose of  the current study was as follows:

1. To measure the sagittal alignment of  the cervical spine and 
other sagittal parameters in patients with AIS, and determined the 
changes in cervical sagittal alignment following segmental poste-
rior spinal instrumentation and fusion;
2. To observe the incidence of  postoperative PJK in this group 
of  patients;
3. To identify the correlation between CSA and PJK.

Abstract

Purpose: To determine the changes in cervical sagittal alignment(CSA), measure the incidence of  proximal junctional kyphosis(PJK) 
and identify the correlation between these two parameters following segmental posterior spinal instrumentation and fusion.

Materials and methods: From May 2008 to September 2011, 35 patients after posterior instrumentation and fusion to the upper 
thoracic vertebra due to adolescent idiopathic scoliosis in our department were eligible for this study. Pre and post operative and the 
last follow-up anteroposterior and lateral radiographs of  the entire spine were reviewed. The following radiographic parameters were 
measured: cervical sagittal alignment, proximal junctional measurement(PJM) of  the cobb angle, thoracic kyphosis and lumbar lordosis. 
In this study, positive values were used to denote kyphosis, while the negative values were used to indicate lordosis. The correlations 
between cervical sagittal alignment and proximal junctional measurement were also identified.

Results: Preoperatively, the average CSA was +2.84 (range,-30.2-+35.6), and 48.6% was kyphosis (17/35); after surgery, the average 
CSA was +1.78 , and 51.4% was kyphosis(18/35) ; at the last follow up, the average CSA was +1.86, and 54.3% was kyphosis(19/35). 
Preoperatively, the average PJM was +3.87°; while postoperatively, the average PJM was +8.01°, and the incidence rate of  proximal 
junctional kyphosis was 17.1% (6/35); at the last follow up, the average PJM was +9.70°, and 28.6% was PJK (10/35). significant cor-
relation between the CSA and PJK was found postoperatively(r=-0.302), and at the last follow up (r=-0.564).

Conclusion: Cervical kyphosis is frequent in AIS, and the change after posterior spinal fusion surgery is limited. The incidence rate 
of  proximal junctional kyphosis is high, meanwhile there is a significant correlation between cervical sagittal alignment and proximal 
junctional kyphosis.
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Materials and Methods

A retrospective chart and radiographic analysis on 35 patients 
with AIS who had undergone posterior instrumentation and fu-
sion from May 2008 to January 2011. Inclusion criteria were age 
from 10 to 18 years at surgery, availability of  anteroposterior and 
lateral full-spine radiographs pre and post surgery, and at least 24 
months’ follow up; fusion segment expanded to the proximal tho-
racic spine (T1-T7). We excluded patients who were undergoing 
a revision surgery or had a staged or concurrent anterior proce-
dure; in whom the upper instrumented vertebral were below T7; 
patients with radiographs of  ill-defined skeletal landmarks which 
make accurate measurement difficult. The baseline data were col-
lected about age, gender, Lenke Type classification, the number 
of  spinal segments fused, and the duration of  follow up. The fol-
lowing spinal parameters were measured twice in a randomized 
order at one week interval by two independent observers, and the 
mean value was recorded:
CSA: measured between the inferior endplate of  C2 and the infe-
rior endplate of  C7.

Proximal junctional measurement (PJM): the caudal endplate of  
the UIV to the cephalad endplate of  2 supradjacent vertebrae 
above the UIV. PJK was defined by the following two criteria: 1, 
Proximal junction sagittal Cobb angle greater than or equal to 10°; 
2, Proximal junction sagittal Cobb angle for the corresponding 
2-level spinal segment at least 10° greater than the corresponding 
preoperative measurement. 

Thoracic kyphosis: measured between the superior endplate of  
T1 and the inferior endplate of  T12.  

Lumbar lordosis: measured between the superior endplate of  T12 
and the superior endplate of  S1.  

Statistical analysis

The data were analyzed using the software SPSS 18.0(SPSS, Inc., 
Chicago, IL, USA), Data was expressed as frequencies and per-
centages, and means and standard deviations as appropriate. 
Comparisons between variables were made using an independent 
samples t test. Pearson tests were used to analyze the correlation 
between PJK and CSA. The P value of  <0.05 was considered to 
be significance.

Results

The demographic data and radiographic parameters before and 
after operation and at the last follow up was detailed in the Table 
1.

Demographic results

There was 6 male, and 29 female; the average age of  patients at 
surgery was 14.5 years(range,10-18 years); the average follow up 
duration is 33.2 months(range, 24-49 months). The proximal fu-
sion level was at at T2 in 7 patients, T3 in 18 patients, T4 in 6 
patients, T5 in 2 patients, T6 in 1 patient and T7 in 1 patient. The 
distal fusion level was at L1 in 8 patients, L2 in 10 patients, L3 in 
8 patients, L4 in 5 patients, L5 in 4 patients. According to Lenke 
type classification, there was 16 Lenke type 1,10 Lenke type 2, 3 
Lenke type 3, 2 Lenke type 4, 1 Lenke type 5, and 3 Lenke type 
6 patients. 

Radiographic results

In this study, positive values were used to denote kyphosis, while 
the negative values were used to indicate lordosis. Preoperatively, 
the average CSA was +2.84 (range,-30.2-+35.6),and 48.6% was 
kyphosis (17/35), after surgery, the average CSA was +1.78 , and 
51.4% was kyphosis(18/35) ; at the last follow up, the average 
CSA was +1.86, and 54.3% was kyphosis(19/35)(Fig. 1). 

Preoperatively, the average PJM was +3.87°; while postopera-
tively, the average PJM was +8.01°, and at the last follow up, the 
average PJM was +9.70°. According to the definition of  PJK, 
17.1%(6/35) of  all patients presented with PJK after operation, 
and 28.6%(10/35) at the last follow up. Depend on the statistical 
test, significant correlation between the CSA and PJK was found 
postoperatively(r=-0.302, Fig. 2), and at the last follow up (r=-
0.564, Fig. 3).

Discussion 

After better understanding of  the importance of  the spinal sagit-
tal balance,  the accentuation in the sagittal alignment with pa-
tients of  AIS has been increased[9]. Global sagittal balance aims 
to obtain a horizontal gaze and gravity line at top of  hips when 
subject is in a static position, involving adjustment of  each spine 
curvature in the sagittal plane[8].

The present study analyzed the cervical sagittal alignment varia-
tion and the phenomenon of  PJK after posterior multiple seg-
mented fusion for the treatment of  AIS, and tried to confirm and 
explain the correlation between these two radiographic sagittal 
parameters.

Cervical sagittal alignment
 
Abnormal spinopelvic balance and pelvic morphology with flat-
tened spinal sagittal profile is common in AIS[10]. The recent 
reports have presented the phenomenon that hypokyphotic 
thoracic spine coexisting with hypolordosis or kyphotic cervical 
spine. Hilibrand et al.[8]found an inverse correlation between tho-
racic kyphosis and cervical kyphosis, and postulated that it was a 
compensatory fashion to maintain forward view, or just a sim-
ply continuation of  the sagittal misalignment of  thoracic lordo-
sis[8,11]. Recent publications have shown a correlation between 
cervical kyphosis and axial neck pain or new-onset neurologic 
symptoms[12,13]. Alteration of  normal cervical lordosis, thoracic 
kyphosis, and lumbar lordosis has been associated with sympto-
matic pain and accelerated disc degeneration. Neck pain was a 
major complaint found by Moscowitz et al. after long term follow 
up of  scoliosis fusion, although they did not comment on the sag-
ittal alignment of  the cervical spine[14]. Although kyphosis in the 
cervical spine is often considered pathologic, cervical hypolordo-
sis or kyphosis may be normal variant in asymptomatic children 
with no known spinal pathology, and the clinical significance of  
these changes in sagittal shape remains to be determined[15,16].
 
In our study, the average CSA was +2.84°, and 48.6% was kypho-
sis, and the average thoracic hypokyphosis was also documented 
at preoperative full-length lateral radiograph. At the last follow up, 
the average CSA was +1.86°, and 54.3% was kyphosis, our find
ings was accordant with previous study, and this may due to the 
inherent rigidity of  the cervical spine, because of  wedging-shaped 
vertebrae and kyphotic inter-vertebral spaces [2,17].
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Table 1.

NO. F/M Age Lenke 
type

Fu-
sion

        CSA        PJM  PJK(Y/N)      TK
preop postop Last fol-

lowup
preop postop Last 

fol-
low-
up

po-
stop

Last 
fol-
low-
up

preop po-
stop

Last fol-
lowup

1 F 13 1BN T3-L2 -3.73 -4.5 10.37 10.7 18.35 9.0 N N 33 38.0 17.2
2 F 17 2AN T3-L4 9.8 -27.05 16.67 5.9 4.57 7.12 N N 15 17.9 22.7
3 F 13 6CN T3-L5 35.58 53.05 39.8 -6.9 -8.1 -10.95 N N 5.12 1.0 -6.7
4 F 14 1AN T4-L1 -12.08 14.93 11.75 5.87 12.55 17.25 N Y 32.97 33.0 36.9
5 F 12 2C- T3-L1 21.42 5.39 4.95 6.3 6.22 9.37 N N 12.08 22.3 31.3
6 F 13 1AN T3-L1 8.73 10.27 6.37 -3.7 4.88 5.72 N N 22.87 23.5 17.7
7 F 10 6CN T3-L2 1.27 0.67 -2.6 11.62 29 32.25 Y Y 11.78 40.4 42.1
8 F 15 2CN T2-L2 -0.82 -1.68 6.03 13.92 4.85 1.45 N N 56.97 42.5 21.6
9 F 14 1BN T4-L3 7.3 -9.45 -3.47 5.6 4.17 12.05 N N 27.98 20.6 34.0
10 F 12 5CN T6-L5 12.25 18.5 11.77 13 12.5 9.02 N N 23.2 12.9 20.0
11 M 18 1A+ T3-L3 -5.4 -9.2 -18.45 -7.3 5.15 4.9 N N 46.12 16.9 60.0
12 M 14 1AN T5-L3 -1 -19.9 -19.93 8 14.4 19.8 N Y 40 37.4 31.2
13 F 13 3C+ T3-L4 27.9 21.8 18.9 -3.6 0 2 N N 4 4.60 6.0
14 F 12 3CN T5-L4 9.23 22.43 24.5 1.23 4.52 3.1 N N 3 0 5.42
15 F 13 1AN T4-L2 -2.78 -15.4 -12.77 13.5 24.22 17.13 N N 23.38 47.5 33.8
16 F 12 2AN T2-L1 -3.62 2.43 -1.65 -3.8 2.88 1.08 N N 24.65 18.1 14.2
17 M 18 4C+ T2-L3 -19.9 -19.33 -6.4 -15 -5 -3.13 N N 55.15 34.0 48.1
18 F 11 1CN T3-L3 -2.67 -19.38 -19 6.68 21.53 18.77 Y Y 50.58 46.4 44.7
19 F 17 1CN T3-L3 -13.93 -9.6 -11.83 -2.8 12.8 10.1 Y Y 23.68 41.6 30.3
20 F 16 1A- T2-L2 -3.1 -1.95 -4.72 3.45 8.92 13.88 N Y 26.3 30.9 39.3
21 F 11 2AN T2-L2 9.88 5.57 17.27 0 -3.5 1.5 N N 12.12 11.5 14.1
22 M 16 1CN T4-L4 28.7 13.37 -11.15 2 14.88 26.88 Y Y 36.5 34.8 44.8
23 F 10 1AN T3-L1 -9.07 11.45 -4.8 4.07 -2.33 -1.42 N N 47.27 29.2 30
24 F 16 2CN T2-L2 -2.3 -4.9 9.37 3.82 -6.08 0.1 N N 38 18.5 30.4
25 F 16 6AN T7-L5 -30.02 -11 -10.17 9.88 18.55 18.53 N N 44.72 32.8 21.2
26 F 19 1BN T4-L1 8.08 5.63 2.72 5.1 11.15 15.6 N Y 21.78 36.5 35.7
27 F 13 3CN T4-L4 -17.35 14.32 8.53 10.12 3.23 15.58 N N 60 30.8 37.5
28 F 14 1AN T3-L2 2.15 12.08 17.87 7.2 7.68 12.07 N N 22.15 20.1 27.3
29 F 12 2BN T3-L1 -5.07 -4.7 -8.68 11.98 15.57 13.78 N N 28.28 25.0 26.1
30 F 14 2AN T2-L5 25.57 28.53 18.73 -4.8 -1.6 -3.17 N N 23.3 22.3 19.6
31 F 15 1AN T3-L1 14 -6.37 9.73 3.87 13 9.93 Y N 8 29.9 20.2
32 M 16 2AN T3-L2 19.9 7.67 1.17 4.8 -2.58 3 N N 17.12 17.7 12.0
33 F 14 2BN T3-L3 16.5 12.35 9.57 5.87 6.52 8.98 N N 27.8 14.0 15.6
34 F 12 1AN T3-L2 -7.25 -17.02 -17.52 3.45 8.85 17.63 N Y 43.2 31.5 43.6
35 M 16 4BN T3-L3 -18.67 -16.83 -28 5.58 18.58 20.45 Y Y 50 48.1 53.8

Mean 14.0 2.84 1.78 1.86 3.87 8.01 9.70 29.09 26.63 28.05
SD 2.31 15.08 16.56 14.76 6.65 8.94 9.15 15.82 12.74 14.44

Preoperativ AP and Lat-
eral
M/16Y, Lenke ICN
MT:72◦  , C2-C7 : -28.7◦

T1-T12:-36.5◦ , PJM: -5.0◦

Figure 1. A 16-year-old boy was treated with posterior long segments fusion (T4-L4) for deformity correction of  AIS(Lenke 
Type ICN).

(A). Radiographs of  the entire spine were made before surgery, the major thoracic coronal Cobb angle was 72°, the cervical 
lordosis was -28.7°, the thoracic kyphosis was -36.5°, and the proximal junctional measurement (PJM) between T2 and T4 

was -5.0°.
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Proximal junctional kyphosis

PJK after posterior multiple segmented fusion for AIS has been 
documented about several decades. However, there are only a few 
studies focus on this phenomenon, and the cause and effect is still 
not well appreciated[18,19]. 

The risk of  developing PJK above a spinal deformity fusion is 
17% to 39%, with most noted by 2 years postoperative[20]. In 
this study, 17.1% patients developed PJK after surgery, while in-
creasing to 28.6% at the last follow up after surgery. Although 
the presence of  PJK may not result in significantly differences 
in clinical outcomes, but sometimes it can be cosmetically un-
appealing and symptomatic, occasionally necessitating revision 
surgery[21]. Some studies have demonstrated posterior compres-
sion correction techniques and decreased thoracic kyphosis as 

potential factors in developing PJK[22,23]. Other studies found 
that preoperative sagittal malalignment and imbalance demon-
strated a significant relationship with the incidence of  PJK[21], 
and nonanatomic restoration of  thoracic kyphosis increased PJK 
risk[24]. According to these studies, we may be concluded that 
there is a delicate balance among spine region, and the presence 
of  PJK is the consequence of  the unfused segment to endeavor 
to balance the imbalanced global sagittal alignment, which may 
be minimized by postoperative normalization of  global sagittal 
alignment[25,26,27].

The correlation between CSA and PJK

In this study, we tried to determine the correlation of  CSA with 
PJK, and significant correlation between the CSA and PJK was 
found postoperatively(r=-0.302), and at the last follow up (r=-
0.564). To say in other words, there is significant positive correla-

(B). Four weeks after surgery ,the standing radiographs of  the entire spine showed that the major thoracic coronal Cobb 
angle was 10.6° (85.3% correction rate), the cervical lordosis was -13.4° , the thoracic kyphosis was -34.8°, and the PJM was 

-12.8° .

Postoperativ 4 week AP and 
Lateral
MT:10.6◦  , C2-C7 : -13.4◦

T1-T12:-34.8◦ , PJM: -12.8◦

Postoperativ 3 years AP and 
Lateral
MT:11.5◦  , C2-C7 : 11.2◦

T1-T12:-41◦ , PJM: -26.9◦

(C). Three years later,the standing radiographs of  the entire spine showed that the cervical kyphosis was inverted to lordo-
sis(11.2°), and the phenomenon of  PJK was present with the sagittal Cobb angle between T2 to T4 was -26.9°(21.9° increase 
compared to preoperative). This was very interesting, and the reason may due to the correlation between cervical sagittal 

alignment and PJK exists to make up a globally balanced spine in the sagittal plane. However the patient did not complain 
of  any pain or cosmetic problems on this area.
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tion between cervical lordosis and PJK. In fact, in this study, all 
PJK were present in the cases with cervical lordosis. 

Several studies have found that cervical hypolordosis or kyphosis 
coexists with a loss of  thoracic kyphosis, and corrections in tho-

racic sagittal alignment were accompanied with inverse change in 
cervical sagittal alignment[2]. Hilibrand et al. [8]found the great-
est cervical kyphosis in patients with thoracic hypokyphosis, and 
hypothesized these changes occur to try to maintain forward view. 
Cruickshank et al. [28]observed that an area of  lordosis must be 
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Fig. 2 The scatter diagram of  the correlation between CSA and PJK(r=-0.302) after operation.

Fig.3 The scatter diagram of  the correlation between CSA and PJK(r=-0.564) at the last follow up.
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balanced by kyphosis above and below that area; this demonstra-
tion was proved to be correct three decads later. These studies 
find the cervical sagittal imbalance is correlated with global spine 
alignment, and the correlation of  each part of  the global sagittal 
alignment can be explained by coupled motion principle[17,29].
 
In this study, the correlation between CSA and PJK can also 
explained by  coupled motion principle, and the compensatory 
change of  CSA and PJK developed to maintain horizontal gaze 
and balance the global sagittal alignment.

In conclusion, both CSA and PJK is integral part of  the global 
sagittal alignment, and be correlated with each other to maintain 
horizontal gaze and balance the global alignment. 
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