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Original Article

Cervical, Thoracic, and Spinopelvic
Compensation After Proximal Junctional
Kyphosis (PJK): Does Location
of PJK Matter?

Han Jo Kim1 , Philip J. York1, Jonathan C. Elysee1, Christopher Shaffrey2,
Douglas C. Burton3, Christopher P. Ames4, Gregory M. Mundis Jr5,
Richard Hostin6, Shay Bess7, Eric Klineberg8, Justin S. Smith9, Peter Passias10,
Frank Schwab1, Renaud Lafage1 , and the International Spine
Study Group(ISSG)

Abstract

Study Design: Retrospective case series.

Objective: Compensatory changes above a proximal junctional kyphosis (PJK) have not been defined. Understanding these
mechanisms may help determine optimal level selection when performing revision for PJK. This study investigates how varying PJK
location changes proximal spinal alignment.

Methods: Patients were grouped by upper instrumented vertebrae (UIV): lower thoracic (LT; T8-L1) or upper thoracic (UT; T1-
7). Alignment parameters were compared. Correlation analysis was performed between PJK magnitude and global/cervical
alignment.

Results: A total of 369 patients were included; mean age of 63 years, body mass index 28, and 81% female, LT (n ¼ 193) versus
UT (n ¼ 176). The rate of radiographic PJK was 49%, higher in the LT group (55% vs 42%, P ¼ .01). The UT group displayed
significant differences in all cervical radiographic parameters (P < .05) between PJK versus non-PJK patients, while the LT group
displayed significant differences in T1S and C2-T3 sagittal vertical axis (SVA) (CTS). In comparing UT versus LT patients, UT had
more posterior global alignment (smaller TPA [T1 pelvic angle], SVA, and larger PT [pelvic tilt]) and larger anterior cervical
alignment (greater cSVA [cervical SVA], T1S-CL [T1 slope–cervical lordosis] mismatch, CTS) compared to LT. Correlation
analysis of PJK magnitude and location demonstrated a correlation with increases in CL, T1S, and CTS in the UT group. In the LT
group, PT increased with PJK angle (r ¼ 0.17) and no significant correlations were noted to SVA, cSVA, or T1S-CL.

Conclusions: PJK location influences compensation mechanisms of the cervical and thoracic spine. LT PJK results in increased PT
and CL with decreased CTS. UT PJK increases CL to counter increases in T1S with continued T1S-CL mismatch and elevated
cSVA.
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Introduction

Proximal junctional kyphosis (PJK) is a frequent challenge for

the deformity surgeon, and numerous recent scientific efforts

have resulted in an increase in the general understanding of its

etiology and its long-term effects.1-4 In a sense, much of the

current research in this arena began at the base of the spine with

defining normal versus abnormal lumbopelvic parameters and

subsequently identifying primary deformities from compensa-

tory changes. Building on that framework has allowed for a

more robust understanding of the global analysis of spinal

alignment and compensation. Understanding compensatory

mechanisms and the effect that they have on patient’s quality

of life and functional abilities is paramount in the growing field

of deformity surgery. Previous efforts, in terms of identifying

lumbopelvic and full body compensation, have resulted in

improved surgical alignment goals built around obtaining

superior patient outcomes.5-9 As the cumulative data has

grown, some authors have hypothesized that the development

of PJK itself could be seen as a compensatory mechanism in the

setting of overcorrection.5,10

In terms of interplay between thoracolumbar alignment and

cervical spine, a number of reciprocal adjacent level and

regional changes in cervical alignment following deformity

correction have been described.8,11,12 For example, patients

with thoracolumbar (TL) sagittal malalignment have been

found to have a high incidence of cervical hyperlordosis, which

tends to correct following correction of the TL deformity.13 As

such, patients with a preoperative sagittal vertical axis (SVA)

>9 cm exhibit a decrease in cervical lordosis (CL) following

thoracolumbar deformity correction.14 Additionally, there has

been recent evidence that there is varying impact on proximal

spinal compensatory mechanisms based on upper instrumented

vertebrae (UIV). It was recently observed that PJK patients

with upper thoracic (UT) UIV tend to have greater cervical

sagittal deformity with greater C2-C7 plumbline (CPL) and

cervicothoracic pelvic angle (CTPA) compared with patients

with lower thoracic (LT) UIV who develop PJK.15 When com-

paring patients that developed PJK to non-PJK patients, Passias

et al16 reported an incidence of new-onset cervical deformity

(CD) in 15% of patients that had developed PJK and that

patients with greater preoperative T1S and C2-T3 cobb angles

had increased risk for PJK development. However, our under-

standing of the effect that PJK has on sagittal compensatory

changes proximal to the focal deformity remains limited.

Compensatory mechanisms that are seen both preopera-

tively in primary adult spinal deformities or postoperatively

following limited or long fusion provide a great deal of infor-

mation for the treating surgeon. The mechanisms and goals of

the compensation can provide information regarding the degree

of disability that a patient might have and, in some cases, has

been shown to correlate to quality of life and patient-reported

outcomes.11,17,18 Furthermore, compensatory changes versus

intrinsic deformities can influence decision making regarding

the required degree of deformity correction if surgery is ulti-

mately undertaken to correct it.6 While it is increasingly evi-

dent that there is a relationship between PJK and the

development of radiographically apparent CD, the expected

cervical and cervicothoracic compensatory mechanisms fol-

lowing PJK have not been characterized. Understanding these

mechanisms might be particularly helpful in planning for revi-

sion surgeries in the setting of PJK, especially if particular

radiographic features could provide predictive markers for PJK

or CD. The purpose of the current study was to delineate pat-

terns of reciprocal change and global and regional compensa-

tory mechanisms in adult spinal deformity (ASD) patients

following deformity correction based on the development and

location of PJK.

Method

Study Sample

This study was a retrospective review of a multicenter database

of ASD patients. Patients were enrolled into the ongoing data-

base through an institutional review board–approved protocol

across all centers. Inclusion criteria for the database were age

>18 years and radiographic criteria for ASD defined as having

at least one of the following: coronal Cobb angle �20��, SVA

� 5 cm, pelvic tilt (PT)� 25�, or thoracic kyphosis (TK)� 60�.
Inclusion criteria specific for the study were patients eligible

for 2-year follow-up that had fusions >5 levels with the LIV

being S1/Ilium. We then compared those patients with and

without PJK for a general analysis of the cohort. The PJK

cohort was then further subdivided and analyzed based on the

location of the PJK. The location was designated as being

either an UT or a LT PJK. Then, alignment parameters cranial

to the area of PJK were compared between the PJK location

cohorts. The radiographic measurements collected are speci-

fied below.

Data Collection

The database, compiled from demographic and radiographic

data collected at each site, includes demographic data such as

age, gender, and BMI (body mass index). All patients had full-

length, free-standing spine radiographs including the femoral

heads (ie, conventional 3600 shoulder to pelvis, full-length EOS,

etc). Radiographic parameters were obtained utilizing a dedi-

cated and validated software19 (Spineview, ENSAM Labora-

tory of Biomechanics, Paris), and post-treated with Matlab

software (Version R2015b; MathWorks, Inc, Natick, MA).
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Classic spinopelvic parameters were evaluated including

pelvic incidence (PI), sacral slope (SS), lumbar lordosis

(LL), PI � LL, T1 pelvic angle (TPA), and SVA (Figure 1).

Additionally, cervical and cervicothoracic parameters were

obtained including T1 slope (TS), both C2-C7 and C2-T3

Cobb angles and SVA, T1S-CL, and C2 slope. Proximal

junctional angle (PJA) was defined as a sagittal Cobb angle

between the inferior endplate of the UIV and the superior

endplate of UIVþ2.

Radiographic PJK was defined according to Glattes defini-

tion20: kyphotic PJK angle greater than 10� associated with a

kyphotic change greater than 10� between preoperative and

postoperative alignment.

Statistical Analysis

Analysis began by evaluating preoperative demographic data

and radiographic alignment. Postoperative alignment and eva-

luation of the degree of surgical correction and the proximal

reciprocal change were determined. The overall rate of PJK

was calculated. Comparisons of demographic information and

pre- and postoperative alignment were conducted between PJK

and non-PJK patients.

The cohorts were further stratified into lower thoracic UIV

(LT UIV ¼ T7-L1) or upper thoracic UIV (UP UIV ¼ T1-T7).

Alignment parameters were compared between PJK and non-

PJK within UIV groups as well as between UT and LT within

PJK group utilizing ANOVA and Fisher’s least significant dif-

ference post hoc analysis.

Association between sagittal alignment and magnitude

of the focal deformity was investigated using bivariate

Pearson’s correlations for the entire cohort as well as within

both UIV groups.

Finally, rate of development of radiographic alignment

meeting the criteria for cervical deformity (CD), defined based

on classic definitions including C2-C7 SVA (cSVA) greater

than 4 cm, or kyphotic C2-C7 lordosis (CL), was reported for

the entire cohort as well as within each PJK group and by UIV

position (UT vs LT).

Results

Cohort Description

Of 496 eligible patients, 363 had sufficient data to be included

on the analysis (73.2%; mean age 62.66 + 10.1, mean BMI

28.05 + 5.6, 80.9% female). While bone mineral density

(BMD) data was not available, 15.8% of patients had a preo-

perative diagnosis of osteoporosis. On average, the cohort

demonstrated preoperative alignment categorized as moderate

to severe sagittal deformity based on the Scoliosis Research

Society (SRS) Schwab classification (Table 1). All patients

underwent a posterior approach while 117 (32%) also under-

went some form of anterior fusion as well.

At 2 years postoperatively, there were significant improve-

ments seen in the preoperative to postoperative alignment para-

meters (Table 2). On average, PT decreased by 3.5 + 8.4�, PI

� LL by 17.6 + 18.4�, TPA by 7.2 + 10.8�, SVA by 47 + 66

mm, while TK increased by 18.9 + 14.0�.
At the 2-year follow-up, 193 patients (52.3%) had a LT UIV

(T10: 115 [59.6%]; T11: 40 [20.7%]; T9: 21 [10.9%]) and 176

(47.7%) had an UT UIV (T4: 70 [39.8%]; T3: 67 [38.1%]; T2:

15 [8.5%]). The rate of radiographic PJK at 2 years was 49.1%
(181 patients) with a significant higher rate on LT UIV patients

(55.4% vs 42%; P ¼ .010).

Figure 1. Radiographic parameters collected: sagittal vertical axis
(SVA), T1 pelvic angle (TPA), pelvic incidence (PI), pelvic tilt (PT),
PI minus LL, T2-T12 thoracic kyphosis (TK), C2-T3 cervicothoracic
curvature (C2-T3), C2-T3 plumbline (C2-T3 SVA), C2-C7 cervical
curvature (C2-C7), and C2-C7 plumbline (C2-C7 SVA).

Table 1. Pre-operative SRS-Schwab Classification for the
entire cohort

0 þ þþ

PT modifier 25.80% 42.00% 32.20%
PI � LL modifier 27.90% 25.50% 46.60%
SVA modifier 32.00% 31.20% 36.80%

Abbreviations: SRS, Scoliosis Research Society; PT, pelvic tilt; PI, pelvic inci-
dence; LL, lumbar lordosis; SVA, sagittal vertical axis.

Table 2. Pre-to-Post Analysis of the Classic Spinopelvic Parameters
for the Entire Cohort

Pre Post D P

PI 54.5 + 14.9 54 + 17.7 .374
PT 26.1 + 10.1 22.5 + 9.9 3.5 + 8.4� <.001
PI � LL 20.4 + 21.2 2.7 + 19.3 17.6 + 18.4� <.001
TK �33.8 + 17.6 �52.7 + 17.5 18.9 + 14.0� <.001
TPA 25.8 + 12.5 18.6 + 10.7 7.2 + 10.8� <.001
SVA 79.8 + 72.8 33.3 + 53.9 47 þ 66 <.001

Abbreviations: PI, pelvic incidence; PT, pelvic tilt; LL, lumbar lordosis; TK,
thoracic kyphosis; TPA, T1 pelvic angle; SVA, sagittal vertical axis.
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Comparison Between PJK and No PJK Patients

Patients who were identified as having developed radio-

graphic PJK at their final follow-up were significantly older

than those who did not (no-PJK; 61.1 + 10.9 vs 64.3 + 8.9,

P ¼ .002). There were no significant differences in BMI (27.6

vs 28.6), gender (79% females vs 82.9% females), osteoporo-

sis (13.3% vs 18.3%), or any preoperative alignment para-

meters (all P > .05).

At the latest follow-, the PJK patients had larger TK (�57.5

+ 16.3 vs �48.1 + 17.4, P < .001) with no significant differ-

ences in any other thoracolumbar parameters (PI, PT, PI � LL,

SVA, and TPA). The PJK patients, however, were found to

exhibit significant differences in a number of cervical and cer-

vicothoracic alignment parameters including TS, CL, C2-7

SVA, C2-T3 SVA, and C2 Slope (Table 3).

Stratification by UIV Position

Upper Thoracic. Within patients in the UT group, the only post-

operative significant difference in thoracolumbar parameters

was seen in a significantly larger TK and associated smaller

TPA in PJK patients. These patients, however, exhibited sig-

nificantly larger T1 slope, a more anterior cervical spine align-

ment with increased C2-C7 SVA, which was associated with a

more lordotic C2-C7 Cobb (Table 4).

Lower Thoracic. There were no postoperative significant differ-

ences seen in thoracolumbar alignment between LT patients

who did and who did not develop PJK with the exception of

a larger TK for PJK patients. Unlike the UT group, in terms of

cervical and cervicothoracic parameters there were significant

differences only in T1S and C2-T3 SVA with no significant

differences in any of the other parameters (Table 4).

Comparison LT PJK and UT PJK. When comparing LT PJK and UT

PJK patients, there were several findings. The UT PJK group

demonstrated more posterior sagittal alignment with a smaller

TPA (15.4 + 11.2 vs 20.3 + 9.6, P ¼ .002) and smaller SVA

(17 + 53 vs 42 + 49, P ¼ .002). Greater pelvic retroversion

was seen in the LT PJK group (PT: 20.9 + 11.0 vs 23.9 + 9.5,

P¼ .043). Overall, the UT group demonstrated greater cervical

compensation in every parameter compared to the LT PJK

patients.

Association Between Focal Deformity
and Post-operative Alignment

In the cohort as a whole, an association was seen between the

postoperative PJA and the overall postoperative sagittal align-

ment. Specifically, increasing PJA was associated with smaller

PI � LL, higher T1S, and greater CL with a higher cSVA

(cervical SVA). After stratifying by UIV position, increased

PJA in UT UIV was associated with more posterior global

alignment (higher PI � LL, TK, TPA, and SVA), whereas in

the LT UIV there was a negative correlation between increas-

ing PJA and PT, TK, and TPA.

The relationship between PJA and cervical and cervi-

cothoracic parameters was similar between groups with a

positive correlation between PJA and higher CL. In the UT

UIV group, there was a significant negative correlation

between T1S-CL, C2 slope, and C2-C7 SVA, not seen in the

LT group, and conversely the LT exhibited a negative corre-

lation between increased PJA and C2-T3 Cobb, not seen in the

UT group (Table 5).

Criteria for Cervical Deformity and PJK Location

Overall, 141 patients (38.2%) could be radiographically

classified as having CD based on classic definitions either

by exhibiting an overall kyphotic cervical alignment (CL �
0; 50 patients, 13.6%), cSVA of greater than 4 cm (69

patients, 18.7%), or patients that met both criteria (22

patients, 6%). PJK patients exhibited a greater rate of meet-

ing one or both of these criteria overall, a rate that was

highest among patients with UT UIV and most commonly

demonstrated in a greater cSVA compared with patients

with LT UIV (Figure 2).

Discussion

The present study evaluates the overall rate of patients that

meet classic radiographic criteria of CD and cervicothoracic

malalignment in ASD patients following deformity correction

in an attempt to delineate and define compensatory mechan-

isms that occur following PJK. Additionally, we focused on

determining the changes based on PJK location (UT vs LT

UIV) in order to better understand the variations in compensa-

tion that occur. The present analysis revealed an overall rate of

PJK of 49%, similar to reported values in the current litera-

ture2,5 with a significantly higher rate seen in LT UIV patients

(55.4% vs 42%; P ¼ .01). The importance of our findings was

in better defining the compensatory changes that occur follow-

ing PJK at different levels of UIV (Figure 3). Our data suggests

that UT PJK patients exhibit compensatory changes in cervical

alignment with significant differences noted in all cervical

radiographic parameters between PJK and non-PJK patients.

In these patients, there is a tendency to utilize cervical and

Table 3. Comparison of Postoperative Cervical and Cervicothoracic
Alignment Between Patients With and Without Development of
Radiographic PJK

PJK No-PJK P

TS 30.8 + 13.2 36.8 + 13.0 <.001
CL 10.2 + 15.9 14.4 + 15.7 <.012
C2-7 SVA 29 + 15 34 + 14 <.001
C2-T3 SVA 61 + 25 73 + 23 <.001
C2 Slope 18.0 + 119 20.8 + 11.7 <.001
TS-CL 20.2 + 11.9 22.5 + 11.2 .066
C2-T3 Cobb 7.1 + 16.8 7.5 + 17.5 .86

Abbreviations: PJK, proximal junctional kyphosis; TS, T1 slope; CL, cervical
lordosis; SVA, sagittal vertical axis.
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cervicothoracic motion to keep their head level and to maintain

horizontal gaze. As might be expected, patients who had an UT

PJK exhibited significantly lower SVA compared with patients

in the LT group, and thus, the recruitment of distal compensa-

tory changes such as increases in pelvic tilt via pelvic retro-

version were not commonly displayed. Overall, this analysis

suggests that UT UIV patients tend to exhibit improved thor-

acolumbar sagittal alignment (ie, SVA) although the narrower

proximal segment available for compensatory change increases

the likelihood that subsequent PJK might result in compensa-

tory cervicothoracic compensation that falls within the radio-

graphic criteria of CD.

Table 5. Correlation Coefficient Between Proximal Junctional Angle (PJA) and Sagittal Parameters for the Entire Cohort as Well as by Upper
Instrumented Vertebrae (UIV) Position.

All Upper Thoracic Lower Thoracic

r P r P r P

Thoracolumbar alignment PT ns .396 ns .232 �0.167 .021
PI � LL 0.146 .005 0.214 .004 ns .283
TK 0.562 .000 0.534 .000 0.616 .000
TPA ns .892 0.172 .022 �0.157 .029
SVA ns .919 0.183 .015 ns .098

Cervical/cervicothoracic alignment T1 slope �0.420 .000 �0.587 .000 �0.335 .000
C2-C7 Cobb �0.348 .000 �0.436 .000 �0.301 .000
C2-C7 SVA �0.179 .001 �0.353 .000 ns .244
C2-T3 Cobb �0.227 .000 ns .964 �0.388 .000
C2-T3 SVA �0.354 .000 �0.546 .000 �0.257 .000
TS-CL ns .659 �0.153 .047 ns .513
C2 slope ns .422 �0.174 .024 ns .697

Abbreviations: PT, pelvic tilt; PI, pelvic incidence; LL, lumbar lordosis; TK, thoracic kyphosis; TPA, T1 pelvic angle; SVA, sagittal vertical axis; TS, T1 slope;
CL, cervical lordosis.

Figure 2. Proportion of patients with cervical deformity according to
classic radiographic definition.

Table 4. Postoperative Comparison Between PJK and No-PJK Patient by UIV Position as Well as the Comparison Between UT PJK and LT PJK
Postoperative Alignmenta.

Upper Thoracic Lower Thoracic

UT PJK vs LT PJKNo-PJK PJK P No-PJK PJK P

Thoracolumbar alignment PI 55.9 + 12.9 51.6 + 24.7 .111 54.2 + 21.5 53.7 + 11.6 .837 .430
PT 23 + 10.3 20.9 + 11 .160 21.7 + 8.6 23.9 + 9.5 .123 .043
PI-LL 5.5 + 17.7 �0.1 + 23.7 .058 2.5 + 22.7 2.2 + 13.6 .902 .442
TK �49.4 + 17.8 �59 + 17.1 .000 �46.5 + 16.8 �56.4 + 15.8 .000 .306
TPA 18.8 + 11.7 15.4 + 11.2 .034 18.8 + 9.8 20.3 + 9.6 .336 .002
SVA 31.1 + 58.7 16.9 + 52.6 .083 39.7 + 52.8 41.8 + 48.6 .791 .002

Cervical/cervicothoracic
alignment

T1 slope 32 + 13.7 42 + 13.5 .000 29.4 + 12.4 33.2 + 11.4 .039 .000
C2-C7

Cobb
11 + 15.6 16.6 + 16.3 .023 9.3 + 16.3 13 + 15.1 .111 .134

C2-C7 SVA 30.6 + 14.4 38.4 + 13.8 .000 27.1 + 15.2 30.8 + 12.8 .074 .000
C2-T3

Cobb
7.7 + 15.5 1.6 + 18 .022 6.6 + 18.3 11.5 + 16.1 .050 .000

C2-T3 SVA 64 + 24.6 82.4 + 22.7 .000 57.6 + 24.5 66.5 + 20.7 .009 .000
TS-CL 20.5 + 11.5 25.6 + 10 .004 19.9 + 11.9 20.4 + 11.5 .781 .003
C2 slope 18.3 + 11.7 24 + 10.5 .002 17.6 + 12.3 18.6 + 12 .579 .002

Abbreviations: PJK, proximal junctional kyphosis; UT, upper thoracic; LT, lower thoracic; PI, pelvic incidence; PT, pelvic tilt; LL, lumbar lordosis; TK, thoracic
kyphosis; TPA, T1 pelvic angle; SVA, sagittal vertical axis; TS, T1 slope; CL, cervical lordosis.
aComparison in bold denoted a significant difference.
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Conversely, PJK patients in the LT UIV group exhibited

significantly greater values only in 2 cervicothoracic para-

meters (T1S and C2-T3 SVA) but had more anterior global

alignment (ie, SVA, TPA), which requires greater spinopelvic

compensation with greater pelvic retroversion (increased pel-

vic tilt) in an attempt to maintain overall sagittal alignment. In

these patients, with the primary compensation requirement

being to move the center of gravity more posterior, a distal

compensatory effort provides a much greater lever arm and

decreases the proximal compensatory requirements that are

seen in the UT patients. With their overall more posterior glo-

bal alignment, an increase in CL is not required to maintain

horizontal gaze as is the case in the UT group.

In terms of proximal alignment, T1S has been shown previ-

ously to be a predictor of overall cervical sagittal alignment.21,22

The results of the present study support these previous findings

and further suggest that among patients with PJK, there is a

significant correlation between the degree of focal deformity

(ie, PJA) and the T1S with an associated positive correlation

with CL and anterior cervical or cervicothoracic sagittal align-

ment. This was irrespective of UT or LT UIV (Table 5).

There are a number of limitations to the present study. First,

the factors considered for choosing an UT versus a LT UIV

could not be determined, which might influence a patient’s

compensatory abilities and could confound the results as var-

ious concomitant medical and functional considerations have

been shown to influence the rate and presentation of PJK.23

However, this information does provide additional groundwork

going forward for efforts aimed to determine specific methods

of surgical planning and intraoperative techniques to prevent

deleterious postoperative compensatory changes based on risk

stratification for PJK and the likelihood of untoward proximal

changes. Additionally, factors such as osteoporosis could not

be controlled for as BMD data was not available. Although we

found no significant difference in the preoperative diagnosis of

osteoporosis, this certainly may have been underreported.

Associating these findings with the effect that they might have

on patient reported outcomes would be the next step.

Conclusions

PJK location has an effect on global and regional compensatory

mechanisms throughout the spine and spinopelvic segments.

Patients that develop PJK after ASD correction with a LT PJK

exhibit both distal spinopelvic and proximal cervicothoracic

compensation with an increase in PT and increases in T1S and

CTS, respectively. This differs from the compensatory changes

seen following ASD correction with a more proximal UIV

which exhibits primarily proximal changes requiring signifi-

cant compensatory increase in CL to counter an increase in

T1S with resultant T1S-CL mismatch and an elevated cSVA.

These patterns of compensation can provide insight into the

methods utilized by these patients in order to compensate for

PJK in the unfused segments above. Patients who do not exhibit

these expected patterns may need special consideration when a

revision surgery is necessary.
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