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is a compensation for post-operative negative
C2-FH in ASD patients: a cross-sectional study
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Abstract

Background: Recent studies have found that C2-FH is close to 0 cm in both standing and sitting position for asymp-
tomatic adults. We hypothesize that the thoracic spine may compensate with PJK when the immediate post-operative
(C2-FH was not ideally restored in adult spinal deformity (ASD).

Methods: The inclusion criteria were as follows: ASD patients over 45 years old; Cobb angle > 30°% with posterior spi-
nal correction surgery; at least 2 years follow-up. C2-FH was defined as the distance between the femoral heads to the
C2 vertical line. All participants were divided into two groups according to the occurrence of PJK at the last follow-up:
PJK group and non-PJK group.

Results: 68 ASD patients, with a minimum follow-up of 2.5 years, were included. PJK was found in 24 patients (35.3%)
while the rest 44 patients remained no sagittal malalignment. Immediately post-operative C2-FH showed significant
difference between PJK group and non-PJK group (p=0.015). However, at the last follow-up, C2-FH showed no sig-
nificant difference between PJK and non-PJK group and the mean value of C2-FH in both groups was approximately
— 1 c¢m, indicating that ASD patients could develop various compensatory mechanisms to maintain sagittal global
balance. The AUC was 0.84 (95%Cl 0.68-0.97), indicating the well effectiveness of ROC curve and cut-off value in
predicting occurrence of PJKin ASD patients. Based on the ROC curve, the optimal cut-off value of C2-FH as indicators
for occurrence of PJK was —42.3 mm.

Conclusion: Immediate postoperative negative global malalignment (C2-FH < —42.3 mm) may predict proximal
junctional kyphosis in ASD patients. The normal value of C2-FH, — 1 cm, may be the target of global sagittal compen-
sation, and PJK is a compensatory mechanism.

Trial registration: 2021-LCYJ-DBZ-05, 2021.07, Retrospective studly.
Keywords: Proximal junctional kyphosis, Adults spinal deformity, Spinal deformity, C2-FH, Sagittal global balance

Introduction

Optimal surgical correction for adult spinal deform-
ity (ASD) is essential in ameliorating sagittal decom-
pensation and improving clinical outcomes [1, 2].
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Several studies have tried to evaluate the incidence, risk
factors, and pathogenic mechanisms of PJK [3-6]. Kim
et al. reported risk factors for the development of PJK,
including fusions to the sacrum, age, and overcorrection
of lumbar lordosis [7]. In addition, inadequate restoration
of global sagittal alignment was also reported as a poten-
tial risk factor by Yagi et al. [6, 8]. However, the risk factor
of PJK is still unclear.

Studies have shown that ASD patients with upper
instrumented vertebrae (UIV) located at lower thoracic
vertebrae (T8-L1) have a higher incidence of PJK than
patients with UIV located at upper thoracic vertebrae
(T1-T7), indicating that the unfused segments of the
thoracic vertebrae had a certain compensatory capacity
[9]. In a sense, the development and progression of PJK
may be a compensatory mechanical in the case of resid-
ual post-operative global malalignment.

Previous studies took a certain range of T1 pelvic angle
(TPA <14°) and sagittal vertical axis (SVA<4 cm) as an
important reference for sagittal restoration in the surgical
planning for ASD [10, 11]. However, the SVA and TPA
are variable in the population [12], and the ideal range of
these parameters is too large to be established as the tar-
get of correction. Recently, the global sagittal alignment
parameter C2-FH (defined as the distance between the
femoral heads to the C2 vertical line, Fig. 1) was found
to be constant in both sitting and standing positions for
asymptomatic individuals. Thus, the consistent C2-FH
may be used as a surgical target for the sagittal restora-
tion of ASD. We hypothesize that the thoracic spine may
compensate with PJK when the immediate post-operative
C2-FH was not ideally restored, and that negative C2-FH
could predict the development of PJK.

Materials and methods

Subjects

68 ASD patients who underwent correction surgery in
our spine center from February 1, 2017, to February 1,
2018, were analyzed retrospectively. The inclusion crite-
ria were as follows: ASD patients over 45 years old; Cobb
angle >30°; with posterior spinal correction surgery; at
least 2 years follow-up. Patients with history of spinal
surgeries, tumors or infection were excluded. In addi-
tion, patients with incomplete radiological data were also
excluded. This study was approved by the Ethics Com-
mittee of our hospital. All patients were informed about
the risks, purposes and methods involved in the study
protocol and signed informed consent.

Data collection

Demographic data including age, gender and follow-up
time were collected. Full-length standing lateral spine
radiographs (36" cassette) at preoperative, immediate
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Fig. 1 C2-FH is defined as the distance between the femoral heads
to the C2 vertical line. Preoperative C2-FH (a) and postoperative
C2-FH (b)

postoperative and at follow-up were analyzed using Sur-
gimap (Nemaris Inc., New York, NY, USA). All radio-
graphic measures were performed by a senior spinal
surgeon and a radiologist with experience and included
the following spino-pelvic parameters: Pelvic Incidence
(PI), Pelvic Tilt (PT), Sacral Slope (SS), Lumbar Lordo-
sis between L1 and S1 (LL), Thoracic kyphosis between
T4 and T12 (TK), Cervical Lordosis between C2 and
C7 (CL), T1-Pelvic-Angle (TPA), Sagittal Vertical Axis
(SVA) and the distance between the femoral heads center
to C2 vertical line (C2-FH). The Hounsfield units (HU)
measured on computed tomography (CT) can be used
to estimate the bone mineral density of vertebral bodies
[13-16]. The HU value of L1 vertebral body was used in
this study. BMI and menopausal status of patients were
also statistically analyzed.

In addition to the abovementioned sagittal parameters,
the proximal junctional angle (PJA) was also measured,
with the definition of the Cobb angle between the lower
endplate of the upper most instrumented vertebra (UIV)
and the upper endplate of 2 vertebrae above the UIV. All
patients were divided into two groups according to the
occurrence of PJK: PJK group and non-PJK group.

Statistics

Data were statistically analyzed and processed using IBM
SPSS Statistics version 23.0. After describing the cohort
in terms of radiographic alignment and baseline demo-
graphic, including classic spinopelvic parameters, PJA,
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C2-FH, and so on, an immediate postoperative and fol-
low up of PJK group and non-PJK group analysis were
conducted using paired ¢ test. Independent ¢ test was
used to analyze the differences between PJK group and
non-PJK group at immediate postoperative and follow-
up. x* test was used to compare the differences of count
data (univariate analysis). Receiver operating characteris-
tics (ROC) curve was performed to determine the opti-
mal cut-off value of PJK as indicators for occurrence of
PJK. Mean values were reported as mean (SD). The sig-
nificance level of all statistical analysis was set as p <0.05.

Results

68 patients, 6 males and 62 females, with a mean
3.81 years follow-up, were recruited in this study. PJK
was found in 24 patients (35.3%) while the rest 44
patients remained no sagittal malalignment during fol-
low-up. The mean age of non-PJK group patients was
57.27 £6.51 years (range 46—65 years), while the mean
age of PJK group patients was 62.25+5.62 years (range
55-65 years). BMI, HU value and menopausal status were
not significantly different between the two groups. Except
for SVA (p=0.022), the rest preoperative sagittal param-
eters showed no significant difference between non-PJK
group and PJK group (Table 1). Among all patients, 24
(54.5%) and 8 (33.3%) patients with lower instrumented
vertebra (LIV) at L5 in non-PJK group and PJK group,
respectively. And 20 (45.5%) and 16 (66.7%) patients with
lower instrumented vertebra at pelvis(S1+S2) in non-
PJK group and PJK group respectively, no significant dif-
ference were found (p =0.094) (Table 1).

The sagittal parameters and surgical data were com-
pared between PJK group and non-PJK group at imme-
diate postoperative (Table 2) and at the last follow-up
(Table 4), in order to investigate which parameters may
have a predictive effect on PJK. Immediately post-oper-
ative C2-FH showed significant difference between PJK
group and non-PJK group (p=0.015, Table 2). In addi-
tion, immediate postoperative TPA (p=0.006) and PT
(p=0.006) also showed significant differences between
PJK group and non-PJK group. Logistic regression anal-
ysis identified the C2-FH to be the independent factors
predicting PJK after surgery (»=0.001, Table 3).

During follow-up, with the occurrence of PJK, LL
(p=0.043), TPA (p<0.000), PT (p<0.000) and SS
(»p=0.002) indicated significant differences between PJK
group and non-PJK group. However, C2-FH showed
no significant difference between PJK group and non-
PJK group and the mean value of C2-FH in both groups
was approximately —1 cm (Table 4). The above results
suggested that a C2-FH of —1 c¢cm may be the target of
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Table 1 Comparison of preoperative demographic and
radiological data between PJK group and non-PJK group

Parameters Non-PJK group PJK group (n=24) pvalue
(n=44)

Age 5727 £6.51 62.25+562 0.200
Female (%) 40 (90.9%) 22 (91.7%) 0.835
BMI (kg/mz) 2521+£3.58 2695+3.46 0.057
HU value 150.0£56.02 138.0+£59.19 0411
Menopause 26 (65.0%) 18 (81.8%) 0.176
Follow-up (years) 3.6741.05 3924087 0428
LIV

L5 24 (54.5%) 8(33.3%) -

ST 12 (27.3%) 4(16.7%) -

S2 8(18.2%) 12 (50%) -

ST+S52 20 (45.5%) 16 (66.7%) 0.094
Fusion levels 6914181 833+137 0.115
C2-FH (mm) —6.93+£42.15 116343591 0.116
TK () 2149+12.69 18£13.83 0.652
CL(°) 16.17£11.81 31842578 0.114
LL () 274+1551 14.2+30.14 0.276
SVA (mm) 39.64441.79 72.08+62.02 0.022%*%
TPA (%) 2158+694 2794575 0.384
PI(°) 49.67£9.33 46.55+4.36 0.538
PT () 2423+ 641 3133+£477 0416
SS () 2545+11.15 1523+£546 0.215

C2-FH the distance between C2 vertical line to the femoral heads, CL cervical
lordosis, TK thoracic kyphosis, LL lumbar lordosis, PT pelvic tilt, Pl pelvic
incidence, SS sacral slope, SVA sagittal vertical axis, TPA T1-Pelvic angle, HU
Hounsfield unit, *** p<0.05

Table 2 Comparison of immediate postoperative data between
PJK group and non-PJK group

Parameters Non-PJK group (n=44) PJKgroup (n=24) pvalue

C2-FH (mm) —36.64424.03 — 728842938 0.015%**
TK () 24.77£11.09 18354749 0.226
CL() 18.55+13.04 13.55+£1034 0432
LLEO) 4262+11.44 3263£12.58 0.117
SVA (mm) 07641648 —10.95429.01 0.300
TPA () 1345+4.88 20.77 +£3.77 0.006***
PI() 50.07£8.15 482241045 0.690
PT () 19.91+£5.18 2834+495 0.006***
SS () 30.16£9.6 19.924+£12.25 0.075
PJA () 3.1+796 5624349 0.500

C2-FH the distance between C2 vertical line to the femoral heads, CL cervical
lordosis, TK thoracic kyphosis, LL lumbar lordosis, PT pelvic tilt, Pl pelvic
incidence, SS sacral slope, SVA sagittal vertical axis, TPA T1-Pelvic angle, PJA
proximal junctional angle, *** p<0.05

compensation for ASD patients, but with different com-
pensatory mechanisms.
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Table 3 Logistic regression analysis of risk factors for proximal
junctional kyphosis after surgery
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Table 6 Comparison of data between immediate postoperative
and follow-up in the no PJK group

Risk factors B SE Wald pvalue Odds ratio (95% ClI) Parameters Immediate postoperative Follow up p value
TPA 0230 0.134 2933 0087 1.258 (0.967-1.636) C2-FH (mm)  —36.64424.03 — 179641224  0.022%**
PT 0182 0105 2993 0.084 1.200 (0.976-1.474) TK () 24.77 £11.09 2638+£1479 0433
C2-FH —0.110 0.032 11.748 0.001*** 0.896 (0.842-0.954) CL() 18.55£13.04 20.03£11.71  0.678
Constant —13.883 3939 12423 0.000*** 0.00 LL () 4262+11.44 3884+1325 0.127
C2-FH the distance between C2 vertical line to the femoral heads, SVA sagittal SVA (mm) 0.76+1648 1821£2355 0068
vertical axis, TPA T1-Pelvic angle, *** p<0.05 TPA () 13.45+4.88 16.81+£5.74 0.068
PI(°) 5007815 49844771 0.662
PT () 19914518 220245 0.202
Table 4 Comparison of follow-up data between PJK group and 55 () 3016496 9787484 0,144
non-PJK group PIA () 314796 9924891 0338

Parameters Non-PJK group PJK group (n=24) pvalue
(n=44)

C2-FH (mm) —1796+£12.24 —11.784+23.92 0486
TK () 26384+14.79 284241087 0.772
CL(®) 20.03+11.71 328341845 0.098
LL() 38.84413.25 2355414.28 0.043%**
SVA (mm) 182142355 453+58.89 0.192
TPA (°) 16.81+5.74 33.134+6.03 <0.000%**
PI(°) 49.84+7.71 50.144+9.64 0.945
PT () 22.02+£5 37134521 <0.000%**
SS () 2782+84 13+£7.23 0.002%**
PIA () 9924891 2047 +7.41 0.06

C2-FH the distance between C2 vertical line to the femoral heads, CL cervical
lordosis, TK thoracic kyphosis, LL lumbar lordosis, PT pelvic tilt, P pelvic
incidence, SS sacral slope, SVA sagittal vertical axis, TPA T1-Pelvic angle, PJA
proximal junctional angle, *** p<0.05

Table 5 Comparison of data between immediate postoperative
and follow-up in the PJK group

Parameters Immediate postoperative Follow up p value
C2-FH (mm) —72.884+29.38 —11.784+23.92  0.004***
TK() 18.35£749 2842+£10.87 0.033***
CL() 13.55+10.34 316711654  0.046%**
LL() 3263+£1258 2355+£14.28 0.008***
SVA (mm) —10.95429.01 45345889 0.057

TPA () 20.77+£3.77 33.13+£603  0.002%**
PI(°) 482241045 50.14+£9.64 0.222

PT () 283+£4.95 3713£521 0.008***
SS () 19.92+£12.25 13+£7.23 0.040%**
PIA () 5624349 2047 £741 0.007%**

C2-FH the distance between C2 vertical line to the femoral heads, CL cervical
lordosis, TK thoracic kyphosis, LL lumbar lordosis, PT pelvic tilt, Pl pelvic
incidence, SS sacral slope, SVA sagittal vertical axis, TPA T1-Pelvic angle, PJA
proximal junctional angle, *** p<0.05

The sagittal parameters were also compared between
immediate postoperative and follow-up in both PJK
group (Table 5) and non-PJK group (Table 6), in order

C2-FH the distance between C2 vertical line to the femoral heads, CL cervical
lordosis, TK thoracic kyphosis, LL lumbar lordosis, PT pelvic tilt, Pl pelvic
incidence, SS sacral slope, SVA sagittal vertical axis, TPA T1-Pelvic angle, PJA
proximal junctional angle, *** p<0.05
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Fig. 2 Receiver operating characteristics curve (ROC) of C2-FH

to investigate the prognosis of C2-FH from immedi-
ate postoperative to follow-up in ASD patients with
or without PJK and the compensatory mechanism of
spine and pelvis after the occurrence of PJK. All param-
eters except PI and SVA showed significant differences
between immediate postoperative and follow-up in PJK
group (Table 5). The most noteworthy finding is that
C2-FH was close to the ideal value (—1 cm) at follow
up. In the non-PJK group, only C2-FH showed signifi-
cant difference between immediate postoperative and
follow-up (p=0.022, Table 6), indicating that a small
change of C2-FH could be compensated without PJK.
The AUC was 0.84 (95%CI 0.68-0.97), indicating the
well effectiveness of ROC curve and cut-off value in
predicting occurrence of PJK in ASD patients. Based
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on the ROC curve (Fig. 2), the optimal cut-off value
of C2-FH as indicators for occurrence of PJK was
—42.3 mm. If C2-FH was smaller than —42.3 mm, the
occurrence rate of PJK was 88%. On the contrary, the
rate of no PJK was 80%.

Discussions

ASD patients are prone to be with lower back pain, func-
tional deficit, and neurologic deficits [17]. In severe cases,
surgical restoration of spinal alignment is needed to alle-
viate the pain and to improve the quality of life. Despite
the overall satisfactory clinical outcome after surgery,
unexpected mechanical complications may appear in the
unfused segments and junctional region segments after
surgical correction, one of which is the development of
PJK. The potential risk factors of PJK have been reported
by many relevant studies [18—20], however, the develop-
ment of PJK is still unpredictable. The current study sug-
gested that patients with post-operative posterior global
malalignment (negative C2-FH) were more likely to
develop PJK during follow-up, indicating that PJK may be
a compensation for unsatisfactory global sagittal align-
ment restoration.

The absolute value of post-operative C2-FH was signifi-
cantly larger in PJK group compared to non-PJK group,
indicating that patients with posterior global malalign-
ment (negative C2-FH) were more likely to develop PJK
(Fig. 3). The concept “posterior global malalignment” was
firstly proposed by Blondel et al. [21], which was defined
as post-operative SVA<0 cm (C7 located posteriorly to
the sacrum). However, they did not find the clinical sig-
nificance of posterior malalignment. In our study, we use
C2-FH instead of SVA to define posterior global mala-
lignment, and the results showed that large negative
C2-FH may be related to the development of PJK. C2-FH
was recently proposed as a global sagittal parameter. They
found that C2-FH is constant in both standing and sitting
position for asymptomatic adults, the average C2-FH is
— 10 mm in standing position and — 1 mm in sitting posi-
tion. Thus, the stable C2-FH could be a target for sagittal
alignment restoration in adults spinal deformity patients.
This is the reason that we choose C2-FH, instead of SVA,
to define the posterior global malalignment.

PJK was regarded as a presentation of thoracic recip-
rocal change after overcorrection or inducing too much
lumbar lordosis. Ishihara et al. recently confirmed that
overcorrection of the lumbar spine was noted as sig-
nificant risk factors of PJK. Zhou et al. reported that the
immediate postoperative L1-GL (gravity line) distance
was associated with an increased risk of PJK after ASD
surgery [22]. Their data also supported our findings since
a posteriorly displaced L1 may indicate a posterior global
malalignment. In addition, Wu et al. demonstrated that
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Fig. 3 The full-length lateral films of the spine of two typical patients
at immediate post-operative and at the last follow-up showed that
PJK'is more likely to occur for ASD patients with abnormal C2-FH at
immediate post-operative (C2-FH < —42.3 mm). The C2-FH and PJA of
the first patient (A) were 0 mm and 22.2° at immediate post-operative
(b) and 1.2 mm and 24.8° at follow-up (c). In another patient (B)

with PJK, C2-FH and PJA were —94.7 mm and 7.4° at immediate
post-operative (e), while C2-FH and PJA were —39.3 mm and 33° at
follow-up (f). The preoperative full-length lateral films of the spine of
patients A and B are shown in figure (a) and figure (d), respectively

the more posterior the UIV was from the femoral head
center, the more patients were at risk for PJK [23]. The
two studies both reported the phenomenon that the more
posteriorly displaced UIV (or L1), which represented
overcorrection of lumbar alignment, would predispose to
higher incidence of PJK, which is in accordance with our
finding that posterior global malignment (posteriorly dis-
placed C2) would predispose to the development of PJK.
Based on the “cone of economy” theory, the human
body has minimal muscle work and energy con-
sumption in a narrow upright position, suggesting
that patients should develop various compensatory
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mechanisms to maintain a normal C2-FH. Our data
also confirmed the previous report that the C2 verte-
bra tended to be above the center of the femoral head
in asymptomatic population. At the last follow-up, the
C2-FH in PJK and non-PJK group showed no signifi-
cant difference (—11.78 mm vs. —17.96 mm), provid-
ing more solid evidence for the finding that C2-FH is
a consistent parameter and could serve as a correc-
tion target. In Zhou’s study, they used the gravity line
to evaluate the global alignment. The gravity line is an
imaginary vertical line that passes through the whole-
body center of mass. Le Huec et al. reported that the
GL is located through a vertical line situated slightly
to the rear of the femoral heads in sagittal plane, and
Hasegawa et.al reported that during standing, the GL
coincides with the vertical plumb line from the ear
canal. Thus, we may assume that the normal C2-FH
(C2-FH close to 0) could be regarded as a visible alter-
native of GL since C2 is close to the ear canal. There-
fore, the normal C2-FH should be the target of sagittal
compensation, and if the C2 situated far posteriorly to
FH, PJK would develop as a compensatory mechanism.

Meanwhile, this study has several limitations. First
and foremost, the sample size involved in this study is
relatively small, so more samples are needed to verify
the accuracy of predicting PJK by C2-FH and redefine
the normal range of C2-FH more accurately. Second,
this study was based on static lateral sagittal standing
X-rays only. More recent studies have indicated the sig-
nificance of muscle quality and thoracic flexibility as
factors associated with development of PJK and PJF, but
these could not be considered in this analysis due to the
retrospective nature.

Conclusion

Immediate postoperative negative global malalignment
(C2-FH < —42.3 mm) may predict proximal junctional
kyphosis in ASD patients. The normal value of C2-FH,
—1 cm, may be the target of global sagittal compensa-
tion, and PJK is a compensatory mechanism.

Abbreviations
ASD: Adult spinal deformity; PJK: Proximal junctional kyphosis; UIV: Upper
instrumented vertebrae; TPA: T1 pelvic angle; SVA: Sagittal vertical axis.

Acknowledgements
Not applicable.

Author contributions

All authors contributed to the study conception and design. Material prepara-
tion, data collection and analysis were performed by XZ and HB. The first
draft of the manuscript was written by XZ and all authors commented on
previous versions of the manuscript. All authors read and approved the final
manuscript.

(2022) 17:442

Page 6 of 7

Funding
This work was financially supported by Jiangsu Provincial Key Medical Center
(Project’'s Number: YXZXA2016009).

Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the Ethics Committee of The Affili-
ated Drum Tower Hospital of Nanjing University Medical School and with the
1964 Helsinki Declaration and its later amendments or comparable ethical
standards.

Consent for publication
The authors affirm that human research participants provided informed
consent for publication of the images in Figs. 1a, b and 3a—f.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.

Author details

'Division of Spine Surgery, Department of Orthopedic Surgery, Nanjing Drum
Tower Hospital, The Affiliated Hospital of Nanjing University Medical School,
Nanjing, China. 2Division of Spine Surgery, Department of Orthopedic Surgery,
Nanjing Drum Tower Hospital, Clinical College of Nanjing Medical University,
Nanjing, China.

Received: 16 July 2022 Accepted: 27 September 2022
Published online: 07 October 2022

References

1. Booth KC, Bridwell KH, Lenke LG, Baldus CR, Blanke KM. Complications
and predictive factors for the successful treatment of flatback deformity
(fixed sagittal imbalance). Spine (Phila Pa 1976). 1999,24:1712-20. https://
doi.org/10.1097/00007632-199908150-00013.

2. KimYJ, Bridwell KH, Lenke LG, Rhim S, Cheh G. An analysis of sagittal
spinal alignment following long adult lumbar instrumentation and fusion
to L5 or S1: Can we predict ideal lumbar lordosis? Spine (Phila Pa 1976).
2006;31:2343-52. https://doi.org/10.1097/01.brs.0000238970.67552.f5.

3. Kim HJ, Bridwell KH, Lenke LG, Park MS, Song KS, Piyaskulkaew C,
Chuntarapas T. Patients with proximal junctional kyphosis requiring revi-
sion surgery have higher postoperative lumbar lordosis and larger sagit-
tal balance corrections. Spine (Phila Pa 1976). 2014;39:E576-580. https://
doi.org/10.1097/brs.0000000000000246.

4. LeeJH, Kim JU, Jang JS, Lee SH. Analysis of the incidence and risk factors
for the progression of proximal junctional kyphosis following surgical
treatment for lumbar degenerative kyphosis: minimum 2-year follow-up.
Br J Neurosurg. 2014;28:252-8. https://doi.org/10.3109/02688697.2013.
835369.

5. Maruo K, HaY, Inoue S, Samuel S, Okada E, Hu SS, Deviren V, Burch S, Wil-
liam S, Ames CP, Mummaneni PV, Chou D, Berven SH. Predictive factors
for proximal junctional kyphosis in long fusions to the sacrum in adult
spinal deformity. Spine (Phila Pa 1976). 2013;38:E1469-1476. https://doi.
org/10.1097/BRS.0b013e3182a51d43.

6. MitsuruY, King A, Oheneba B-A. Incidence, risk factors and classification
of proximal junctional kyphosis: surgical outcomes review of adult idi-
opathic scoliosis. Spine. 2011;36:E60-8.

7. KimYJ, Bridwell KH, Lenke LG, Glattes CR, Rhim S, Cheh G. Proximal junc-
tional kyphosis in adult spinal deformity after segmental posterior spinal
instrumentation and fusion: minimum five-year follow-up. Spine (Phila Pa
1976). 2008;33:2179-84. https://doi.org/10.1097/BRS.0b013e31817c0428.

8. Yagi M, King AB, Boachie-Adjei O. Incidence, risk factors, and natural
course of proximal junctional kyphosis: surgical outcomes review of adult


https://doi.org/10.1097/00007632-199908150-00013
https://doi.org/10.1097/00007632-199908150-00013
https://doi.org/10.1097/01.brs.0000238970.67552.f5
https://doi.org/10.1097/brs.0000000000000246
https://doi.org/10.1097/brs.0000000000000246
https://doi.org/10.3109/02688697.2013.835369
https://doi.org/10.3109/02688697.2013.835369
https://doi.org/10.1097/BRS.0b013e3182a51d43
https://doi.org/10.1097/BRS.0b013e3182a51d43
https://doi.org/10.1097/BRS.0b013e31817c0428

Zhang et al. Journal of Orthopaedic Surgery and Research

20.

21.

22.

23.

(2022) 17:442

idiopathic scoliosis. Minimum 5 years of follow-up. Spine (Phila Pa 1976).
2012;37:1479-89. https://doi.org/10.1097/BRS.00013e31824e4888.

Kim HJ, York PJ, Elysee JC, Shaffrey C, Burton DC, Ames CP, Mundis GM Jr,
Hostin R, Bess S, Klineberg E, Smith JS, Passias P, Schwab F, Lafage R. Cervi-
cal, thoracic, and spinopelvic compensation after proximal junctional
kyphosis (PJK): Does location of PJK matter? Glob Spine J. 2020;10:6-12.
https://doi.org/10.1177/2192568219879085.

. Protopsaltis T, Schwab F, Bronsard N, Smith JS, Klineberg E, Mundis G,

Ryan DJ, Hostin R, Hart R, Burton D, Ames C, Shaffrey C, Bess S, Errico
T, Lafage V. TheT1 pelvic angle, a novel radiographic measure of global
sagittal deformity, accounts for both spinal inclination and pelvic tilt
and correlates with health-related quality of life. J Bone Joint Surg Am.
2014;96:1631-40. https://doi.org/10.2106/jbjs.M.01459.

. Van Royen BJ, Toussaint HM, Kingma |, Bot SD, Caspers M, Harlaar J,

Wuisman PI. Accuracy of the sagittal vertical axis in a standing lateral
radiograph as a measurement of balance in spinal deformities. Eur Spine
1.1998;7:408-12. https://doi.org/10.1007/5005860050098.

. Jalai CM, Cruz DL, Diebo BG, Poorman G, Lafage R, Bess S, Ramchandran

S, Day LM, Vira S, Liabaud B, Henry JK, Schwab FJ, Lafage V, Passias PG.
Full-body analysis of age-adjusted alignment in adult spinal deform-
ity patients and lower-limb compensation. Spine (Phila Pa 1976).
2017;42:653-61. https://doi.org/10.1097/brs.0000000000001863.

. Donnally CJ 3rd, Patel PD, Canseco JA, Divi SN, Goz V, Sherman MB, She-

noy K, Markowitz M, Rihn JA, Vaccaro AR. Current incidence of adjacent
segment pathology following lumbar fusion versus motion-preserving
procedures: a systematic review and meta-analysis of recent projections.
Spine J. 2020;20:1554-65. https://doi.org/10.1016/j.spinee.2020.05.100.

. Chou D, Dekutoski M, Hermsmeyer J, Norvell DC. The treatment of

lumbar adjacent segment pathology after a previous lumbar surgery: a
systematic review. Spine (Phila Pa 1976). 2012,37:5180-188. https://doi.
0rg/10.1097/BRS.0b013e31826d613d.

. Balci A Kalemci O, Kaya FG, Akyoldas G, Yucesoy K, Ozaksoy D. Early and

long-term changes in adjacent vertebral body bone mineral density
determined by quantitative computed tomography after posterolat-
eral fusion with transpedicular screw fixation. Clin Neurol Neurosurg.
2016;145:84-8. https://doi.org/10.1016/j.clineuro.2016.04.014.

. Demir O, Oksiiz E, Deniz FE, Demir O. Assessing the effects of lumbar pos-

terior stabilization and fusion to vertebral bone density in stabilized and
adjacent segments by using Hounsfield unit. J Spine Surg. 2017,3:548-53.
https://doi.org/10.21037/j55.2017.09.05.

. Soroceanu A, Burton DC, Oren JH, Smith JS, Hostin R, Shaffrey Cl, Akbarnia

BA, Ames CP, Errico TJ, Bess S, Gupta MC, Deviren V, Schwab FJ, Lafage V.
Medical complications after adult spinal deformity surgery: incidence,
risk factors, and clinical impact. Spine (Phila Pa 1976). 2016;41:1718-23.
https://doi.org/10.1097/brs.0000000000001636.

. Glattes RC, Bridwell KH, Lenke LG, Kim YJ, Rinella A, Edwards C 2nd.

Proximal junctional kyphosis in adult spinal deformity following long
instrumented posterior spinal fusion: incidence, outcomes, and risk factor
analysis. Spine (Phila Pa 1976). 2005;30:1643-9. https://doi.org/10.1097/
01.brs.0000169451.76359.49.

. Kim HJ, Lenke LG, Shaffrey Cl, Van Alstyne EM, Skelly AC. Proximal

junctional kyphosis as a distinct form of adjacent segment pathology
after spinal deformity surgery: a systematic review. Spine (Phila Pa 1976).
2012;37:5144-164. https://doi.org/10.1097/BRS.0b013e31826d611b.

Kim HJ, lyer S. Proximal junctional kyphosis. J Am Acad Orthop Surg.
2016;24:318-26. https://doi.org/10.5435/jaaos-d-14-00393.

Blondel B, Schwab F, Bess S, Ames C, Mummaneni PV, Hart R, Smith JS,
Shaffrey Cl, Burton D, Boachie-Adjei O, Lafage V. Posterior global malalign-
ment after osteotomy for sagittal plane deformity: it happens and here

is why. Spine (Phila Pa 1976). 2013;38:E394-401. https://doi.org/10.1097/
BRS.0b013e3182872415.

Xi Z, Duan PG, Mummaneni PV, Liu J, Guinn JMV, Wang M, Li B, Wu HH,
Rivera J, Burch S, Berven SH, Chou D. Posterior displacement of L1 may be
a risk factor for proximal junctional kyphosis after adult spinal deformity
correction. Glob Spine J. 2021. https://doi.org/10.1177/219256822110156
51.

Wu HH, Chou D, Hindoyan K, Guinn J, Rivera J, Duan P, Wang M, Xi Z, Li B,
Lee A, Burch S, Mummaneni P, Berven S. Upper instrumented vertebra-
femoral angle and correlation with proximal junctional kyphosis in

adult spinal deformity. Spine Deform. 2021. https://doi.org/10.1007/
$43390-021-00408-1.

Page 7 of 7

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1097/BRS.0b013e31824e4888
https://doi.org/10.1177/2192568219879085
https://doi.org/10.2106/jbjs.M.01459
https://doi.org/10.1007/s005860050098
https://doi.org/10.1097/brs.0000000000001863
https://doi.org/10.1016/j.spinee.2020.05.100
https://doi.org/10.1097/BRS.0b013e31826d613d
https://doi.org/10.1097/BRS.0b013e31826d613d
https://doi.org/10.1016/j.clineuro.2016.04.014
https://doi.org/10.21037/jss.2017.09.05
https://doi.org/10.1097/brs.0000000000001636
https://doi.org/10.1097/01.brs.0000169451.76359.49
https://doi.org/10.1097/01.brs.0000169451.76359.49
https://doi.org/10.1097/BRS.0b013e31826d611b
https://doi.org/10.5435/jaaos-d-14-00393
https://doi.org/10.1097/BRS.0b013e3182872415
https://doi.org/10.1097/BRS.0b013e3182872415
https://doi.org/10.1177/21925682211015651
https://doi.org/10.1177/21925682211015651
https://doi.org/10.1007/s43390-021-00408-1
https://doi.org/10.1007/s43390-021-00408-1

	Proximal junctional kyphosis is a compensation for post-operative negative C2-FH in ASD patients: a cross-sectional study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Subjects
	Data collection
	Statistics

	Results
	Discussions
	Conclusion
	Acknowledgements
	References


