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Abstract

Purpose To characterize the sagittal alignment of each

Lenke type and investigate the relationship between coro-

nal and sagittal deformities in adolescent idiopathic scoli-

otic (AIS) patients.

Methods A cohort of 184 subjects with AIS was retro-

spectively recruited. Radiographic data were measured and

collected, including the Lenke types, Cobb angles of

structural curves, and sagittal spino-pelvic parameters.

Subjects were grouped according to their genders, Lenke

curve types, lumbar modifiers and the amount of coronal

structural curves. The sagittal alignment was then com-

pared between the different groups, and correlation ana-

lysis was also taken between coronal and sagittal

parameters. Besides, each subject’s Roussouly type was

decided and its distribution was compared among different

Lenke types.

Results The cohort included 59 males and 125 females,

averagely aged at 15.5 ± 3.3 years old. Most sagittal pa-

rameters except thoracic kyphosis (TK) and pelvic tilt (PT)

were similar among different Lenke types, while all the

sagittal parameters were similar between males and fe-

males. The groups with different lumbar modifiers had

similar sagittal parameters except TK, which was also true

for the groups with different amounts of coronal curves.

42.4 % of the cohort belonged to Roussouly type 3, and the

distribution of Roussouly types was comparable among all

Lenke types. All sagittal parameters except C7 translation

ratio were significantly different among Roussouly types

(P\ 0.05). Correlation analysis showed that main thoracic

(MT) was negatively correlated with lumbar lordosis (LL,

r = -0.324), sacral slope (r = -0.321) and spino-sacral

angle (r = -0.363). Partial correlation analysis found that

thoracolumbar/lumbar was negatively correlated with TK

(r = -0.464) and LL (r = -0.422) when MT was

controlled.

Conclusions The influence of coronal deformity on

sagittal parameters was limited and mainly reflected in the

deviation of TK. Most coronal and sagittal parameters were

not significantly correlated, and the coronal deformity

types did not change the global sagittal postural patterns.

Keywords Adolescent idiopathic scoliosis � Coronal
deformity � Sagittal alignment � Trans-dimensional

relationship

Introduction

Scoliosis is usually thought to involve three-dimensional

deformities [1–3] that are closely interconnected and in-

terdependent, but this issue has not been sufficiently ad-

dressed in previous researches. Recently, the deformity of

spine on coronal and sagittal planes has been separately

explored and characterized in the patients with adolescent

idiopathic scoliosis (AIS) [4–12], and correlation has been

proven to exist between different sagittal spino-pelvic pa-

rameters [7, 10, 12, 14–18]. However, the relationship of
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the parameters on different planes has been seldom ex-

plored, except for some comparative studies between the

groups with a thoracic or lumbar curve in AIS patients [8,

9, 11].

Mac-Thiong et al. [8] and Upasani et al. [9] reviewed

the radiographs of AIS patients with a thoracic or lumbar

curve and compared the sagittal parameters between these

two groups. They found that thoracic kyphosis (TK) was

smaller for patients with a thoracic curve, but no difference

was detected as regard to pelvic incidence (PI). Likely,

other cross-dimensional studies also focused on the com-

parison of sagittal parameters between the patients with a

thoracic or lumbar curve, namely Lenke Type 1 and Type

5, but did not go beyond to include all Lenke types and

explore the relationship between coronal and sagittal de-

formities in this setting. Legaye et al. [7] once examined

the relationship between LL and the parameters on other

planes, such as the rotation of apical vertebrae and the

Cobb angles of coronal curves, and reported that no cor-

relation existed between them. This conclusion, however,

was not very convincing, since the report did not list out

which types of coronal curves were involved in the study

[7].

Through reviewing the radiographic data of all AIS

patients, this study aims to characterize and compare the

sagittal alignment among all Lenke types, thus to com-

prehensively investigate the relationship between coronal

and sagittal deformities.

Materials and methods

Materials

A cohort of 184 AIS patients who visited our hospital

was recruited from Jun 2006 to Dec 2013, and this

study was approved by the hospital’s Institutional Re-

view Board. The exclusion criteria were as follows: (1)

chronic back pain, leg pain, headache or any other

neuromuscular symptom that could obscure the diagno-

sis; (2) history of trauma or surgery on spine, pelvis or

any other position which could alter the previous spinal

alignments; (3) any co-morbidity which probably af-

fected the spino-pelvic alignment such as pelvic defor-

mities, leg discrepancy, spondylolysis and

spondylolisthesis; (4) incompleteness of patient’s infor-

mation or lack of some measurements, such as films

without femoral heads and/or too vague to be accurately

measured; (5) any idiosyncratic finding that would raise

a doubt upon the former diagnosis during the course of

radiographic review, such as severe wedged vertebrae

beyond the normal range of variation.

Methods

The radiographic protocol for the subjects was consistent

throughout the study. Pre-operative full length postero-

anterior (PA), bending and lateral X-rays of the spine were

all taken at our hospital. When taking lateral films, patients

stood in an erect comfortable position, with their hands

flexed 45�–60� and placed on an adjustable supporting bar

(Fig. 1), and gazed horizontally to reduce any inaccuracy

caused by head motion. The exposures were taken from the

base of the skull to the proximal femora. The distance from

the radiographic source to the film was maintained at

180 cm, and the edges of the films were squared in respect

to the horizontal and vertical axes. The films were then

digitized with a commercially available optical scanner

(XR 650, GE, USA). All morphologic data were archived

via Picture Archiving and Communication Systems

(PACS, GE, USA). Then the films of the recruited subjects

Fig. 1 Patients’ stance when taking lateral films. Patients stood in an

erect comfortable position and were required to have their arms flexed

at a consistent angle, which was about 45�–60�, by adjusting the

height of a bar to support hands
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were retrieved and measured through PACS on diagonally

20-inch screens, with the resolution at 75 dpi.

The parameters and their measuring methods were de-

cided by all authors. Measurements were separately con-

ducted by Hu and Yu. The average results were adopted if

no significant difference was found between the two

measurements; otherwise, the difference was reported to

the senior authors for further confirmation.

The Lenke type for each subject was re-determined,

including curve types (CT, recorded as 1–6) and lumbar

modifiers (LM, recorded as A to C). The Cobb angles of

any structural curves were measured and recorded as

proximal thoracic curve (PrT), main thoracic curve (MT)

and thoracolumbar/lumbar (TL/L), as described by Lenke

et al. [5]. The amounts of coronal structural curves were

counted and represented by curve amounts (CA, recorded

as 1–3). On lateral films, the following parameters were

measured (Fig. 2): thoracic kyphosis (TK), the subtending

angle between superior endplate of T1 and inferior end-

plate of T12; lumbar lordosis (LL), the angle between

superior endplate of L1 and superior endplate of S1; sacral

slope (SS), the angle subtended by the superior endplate

of S1 and the horizontal line; pelvic incidence (PI), the

angle subtended by the line perpendicular to the superior

endplate of S1 and the line connecting the midpoint of

superior endplate of S1 to hip axis (HA, the midpoint of

the line connecting the centers of two femoral heads);

pelvic tilt (PT), the angle subtended by the vertical line

and the line connecting the midpoint of superior endplate

of S1 to HA, which is positive if angulated behind the

vertical line and otherwise negative; spino-sacral angle

(SSA), the angle between the superior endplate of S1 and

the line connecting its midpoint to C7 center, and C7

translation ratio (C7TR), the ratio of the horizontal dis-

tance between C7 plumbline and the midpoint of the su-

perior endplate of S1 to the horizontal distance between

HA and the midpoint of the superior endplate of S1,

which is positive if C7 plumbline and HA are at the same

side of the midpoint of superior endplate of S1 and

otherwise negative. Besides, the subjects were also

categorized by Roussouly classification according to their

PI, SS, PT, and thoracic and lumbar sagittal alignments

(Fig. 3) [13].

Statistics strategies

Statistical analysis was conducted with IBM SPSS statistics

19 (Chicago, IL, USA). Descriptive statistics were pro-

vided in the form of mean ± standard deviation (SD). The

subjects were grouped according to gender and the coronal

deformity types, including CT, LM and CA, and one-way

ANOVA test (Scheffe method for the post hoc test) or

Kruskal–Wallis test were then utilized to evaluate the

disparities among different groups. Pearson’s correlation

test and partial correlation test were utilized to explore the

correlation between Cobb angles (MT and TL/L) on

coronal plane and the parameters on sagittal plane. Statis-

tical significance was set at 0.05.

Fig. 2 Representative drawings of sagittal spino-pelvic parameters.

PI pelvic incidence, PT pelvic tilt, SS sacral slope, C7PL C7

plumbline, HA hip axis, TK thoracic kyphosis, LL lumbar lordosis,

SSA spino-sacral angle. C7 translation ratio (C7TR) = a/b, in which

‘‘a’’ represents the horizontal distance between C7 PL and the

midpoint of the superior endplate of S1 and ‘‘b’’ represents the

horizontal distance between HA and the midpoint of the superior

endplate of S1
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Results

The cohort included 59 males and 125 females, aged at

15.5 ± 3.3 years old averagely. There were 75 subjects in

Lenke Type 1, which was the largest group and composed

40.8 % of the cohort. Only 9 subjects belonged to Lenke

type 6, the smallest group. PrT was similar in Lenke Type 2

and Type 4, but MT and TL/L varied significantly among

the corresponding Lenke types (Table 1).

The average PI was 43.1� ± 10.1� for the cohort. All

sagittal parameters were similar between males and fe-

males, as well as among different LM groups except TK

(Fig. 4; Table 4). Most sagittal parameters were similar

among different Lenke types except TK and PT (Tables 2,

4). Particularly, TK in Lenke Type 1 was significantly

smaller than in Type 4, and all the other sagittal parameters

had no significant difference between two Lenke types

(Table 2). Besides, all sagittal parameters except TK were

similar among different CA groups (Fig. 4; Table 4).

All the different Lenke groups showed a comparable

distribution of Roussouly classification, with Roussouly

type 3 having the largest proportion, which occupied

42.4 % of the cohort (Table 3). All sagittal parameters

except C7TR were significantly different among Roussouly

types (Fig. 4; Table 4).

Correlation analysis was conducted between MT and

sagittal parameters for Lenke type 1 group, and between

TL/L and sagittal parameters for Lenke type 5 group.

Correlations were found between MT and LL, SS, SSA for

the former but none between TL/L and sagittal parameters

for the latter (Table 5). Furthermore, partial correlation as

above was examined for subjects with double structural

curves, namely Lenke Type 3 and Type 6. Correlation was

found between TL/L and TK, LL, when MT was

Fig. 3 Representative drawings

of Roussouly types. a Type 1:

Sacral slope (SS)\35�, apex of

lumbar lordosis (LL) at middle

L5, the spine is hypolordotic

and relatively normokyphotic;

b Type 2: SS\35�, apex of LL

at base L4, the spine is

hypolordotic and hypokyphotic,

c Type 3: 35�\SS\ 45�, apex
of LL at middle L4, the spine is

well balanced, d Type 4: SS

[45�, apex of LL at base L3,

the spine is hyperlordotic and

hyperkyphotic

Table 1 Demographic data and

Cobb angles of coronal

structural curves (mean ± SD)

n Age (years old) Lumbar modifiers Cobb angles (�)

A B C PrT MT* TL/L*

Lenke 1 75 14.9 ± 2.8 48 17 10 – 45.2 ± 8.4 –

Lenke 2 40 15.5 ± 2.9 28 6 6 40.0 ± 9.5 56.0 ± 16.9 –

Lenke 3 17 17.2 ± 5.1 2 1 14 – 64.7 ± 14.4 57.0 ± 17.4

Lenke 4 21 15.0 ± 1.7 0 9 12 49.3 ± 9.2 81.0 ± 14.7 47.6 ± 7.8

Lenke 5 22 16.3 ± 4.4 – – 22 – – 43.1 ± 4.7

Lenke 6 9 16.4 ± 1.5 – – 9 – 39.2 ± 7.1 60.4 ± 10.3

Total 184 15.5 ± 3.3 78 33 73 – – –

PrT proximal thoracic, MT main thoracic, TL/L thoracolumbar/lumbar

* Statistically significant at P\ 0.05. One-way ANOVA test
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controlled, but not between MT and all sagittal parameters

when TL/L was controlled (Table 6).

Discussion

This study investigated the relationship between coronal

and sagittal deformities in AIS patients, identified the in-

fluence of some coronal factors (curve types, lumbar

modifiers and curve amounts) upon sagittal alignment, and

examined possible correlations between some parameters

on the two planes. The results and findings contributed to a

better understanding of this pathology.

Pelvic incidence has been reported to be relevant with

the development of AIS, but whether as a compensatory or

a causal factor remains unclear [7–9, 15, 19]. PI acts as a

core factor in the maintenance and regulation of sagittal

balance, and does not alter with one’s postures or surgery

[7, 10, 15, 16, 20, 21]. This study found that PI was similar

in different genders and hardly affected by coronal defor-

mities (Fig. 4; Table 4). Averagely, PI was 43.1� ± 10.1�
for the cohort, similar to Qiu’s report on Chinese AIS

Fig. 4 Comparison of sagittal angular parameters between different

groups. a All parameters were similar between males and females,

b TK was different between different lumbar-modifier groups but

other sagittal parameters were comparable, c TK was different

between the groups with different coronal curve amounts while other

sagittal parameters were similar, d all angle parameters were different

among Roussouly groups. *Statistically significant at P\ 0.05. One-

way ANOVA test

Table 2 Values and comparison of sagittal parameters in different Lenke types (mean ± SD)

TK (�) LL (�) SS (�) PI (�) PT (�) SSA (�) C7TR

Lenke 1 32.8 ± 16.3* 54.3 ± 12.5 37.8 ± 9.0 45.1 ± 10.3 7.4 ± 6.5 133.2 ± 9.1 -3.8 ± 6.2

Lenke 2 38.0 ± 12.4 54.8 ± 11.5 37.4 ± 8.6 40.9 ± 10.6 3.5 ± 7.0 132.0 ± 6.7 -2.1 ± 8.4

Lenke 3 40.4 ± 15.9 56.0 ± 14.5 34.6 ± 9.5 40.7 ± 9.1 6.1 ± 6.7 129.7 ± 10.5 -3.8 ± 4.7

Lenke 4 50.2 ± 9.8* 61.2 ± 10.4 39.4 ± 8.9 42.8 ± 8.0 3.4 ± 6.5 133.1 ± 8.0 -2.3 ± 10.5

Lenke 5 41.6 ± 14.3 57.0 ± 12.4 37.3 ± 7.5 41.9 ± 10.5 4.1 ± 8.1 132.1 ± 9.6 -4.4 ± 17.4

Lenke 6 39.0 ± 15.4 57.8 ± 10.7 36.7 ± 8.5 43.0 ± 9.4 6.3 ± 5.9 131.3 ± 6.5 -4.0 ± 5.0

Total 38.0 ± 15.4 55.8 ± 12.2 37.5 ± 8.8 43.1 ± 10.1 5.5 ± 6.9 132.4 ± 8.6 -3.3 ± 9.0

* Statistically significant at P\ 0.05. One-way ANOVA test and Scheffe method for the post hoc test
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population [11] but lower than that of Caucasian counter-

parts [7–9, 12]. Besides, previous comparison studies re-

ported similar PI between the two groups with a thoracic or

lumbar curve [8, 9], which was echoed by this study

(Table 4). This phenomenon was also noted by La Maida

et al. [22]. Therefore, we speculated that, though PI might

be relevant with the development of AIS, it could not be a

strong determinant on AIS types. This speculation was

consolidated by the finding of PI’s similarity among the

groups categorized by coronal factors such as curve types

and curve amounts (Fig. 4; Table 4) as well as its in-

significant correlations with coronal Cobb angles

(Tables 5, 6).

Previous articles reported that AIS patients with a tho-

racic curve had smaller TK than those with a lumbar curve

but other sagittal parameters were comparable [8, 9, 23],

which was also true in this study (Tables 2, 4). Mac-Thiong

et al. [8] mentioned that TK is mainly related to the shape

and orientation of thoracic vertebrae and intervertebral

Table 3 Distribution of

Roussouly classification in

different Lenke types

Roussouly types Total

Type 1 Type 2 Type 3 Type 4

Lenke 1 13 (17.3 %) 16 (21.3 %) 30 (40.0 %) 16 (21.3 %) 75

Lenke 2 10 (25.0 %) 6 (15.0 %) 19 (47.5 %) 5 (12.5 %) 40

Lenke 3 5 (29.4 %) 1 (5.9 %) 8 (47.1 %) 3 (17.6 %) 17

Lenke 4 3 (14.3 %) 4 (19.0 %) 8 (38.1 %) 6 (28.6 %) 21

Lenke 5 7 (31.8 %) 3 (13.6 %) 9 (40.9 %) 3 (13.6 %) 22

Lenke 6 2 (22.2 %) 1 (11.1 %) 4 (44.4 %) 2 (22.2 %) 9

Total 40 (21.7 %) 31 (16.8 %) 78 (42.4 %) 35 (19.0 %) 184

P = 0.523, v2 = 2.245, df = 3, Kruskal–Wallis test

Table 4 Comparison of sagittal

parameters among different

groups (P values, F values)

TK LL SS PI PT SSA C7TR

Sex 0.382 0.294 0.333 0.601 0.515 0.527 0.250

0.769 1.108 0.941 0.275 0.425 0.401 1.332

Lenke classification 0.000* 0.304 0.706 0.287 0.036* 0.747 0.899

5.172 1.215 0.593 1.252 2.437 0.538 0.322

Lumbar modifiers 0.016* 0.174 0.921 0.942 0.783 0.484 0.090

4.214 1.764 0.082 0.060 0.245 0.729 2.437

Coronal curve amounts 0.000* 0.094 0.435 0.127 0.059 0.456 0.625

9.494 2.400 0.837 2.086 2.883 0.789 0.471

Roussouly classification 0.000* 0.000* 0.000* 0.000* 0.014* 0.000* 0.125

7.627 69.303 211.059 59.322 3.620 82.869 1.940

* Statistically significant at P\ 0.05. One-way ANOVA test

Table 5 Correlation of coronal

curves with sagittal parameters

(r)

MT TL/L

Subjects Lenke 1 Lenke 5

n 75 22

TK 0.089 -0.149

LL -0.324* 0.054

SS -0.321* 0.131

PI -0.195 0.006

PT 0.146 -0.144

SSA -0.363* 0.021

C7TR -0.005 -0.335

* Statistically significant at

P\ 0.05, Pearson’s correlation

test

Table 6 Correlation of coronal

curves with sagittal parameters

(r)

MT TL/L

Subjects Lenke 3 and 6

n 26

Control TL/L MT

TK 0.079 -0.464*

LL -0.081 -0.422*

SS -0.105 -0.212

PI -0.136 0.015

PT -0.050 0.324

SSA -0.077 -0.187

C7TR -0.094 -0.008

* Statistically significant at

P\ 0.05, partial correlation test
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discs. These factors, however, are altered in AIS patients,

especially in those with thoracic curves, which can result in

the deviation of TK from the normal values. Correspond-

ingly, TK in this study is smaller than that of asymptomatic

population [16, 17, 23]. Moreover, TK in Lenke Type 1

was slightly smaller than in Lenke Type 5 group. But in

other Lenke types which also contain a main thoracic

curve, TK was comparable or even higher than in Lenke

Type 5 (Table 2). This phenomenon implied that the al-

teration of thoracic vertebrae and discs in AIS does not

always mean a decrease in TK. Besides, the correlation

analysis between MT and TK in this study generated no

significant result (Tables 5, 6). These findings suggested

that the relationship between TK and coronal deformities

was very complex rather than simple and straight.

Without the confinement of the thoracic cage, lumbar

spine is more flexible than thoracic spine and prone to alter

in accordance to PI, so as to compensate for the sagittal

imbalance. In this study, correlation between TL/L and

sagittal parameters did not bear statistical significance,

except that TL/L was in partial correlation with TK and LL

among the subjects with two structural curves (Tables 5,

6). In this way, any positive or negative correlation could

not be solidly obtained. More regretfully, there were few

previous correlation studies on the relationship between

TL/L and sagittal parameters. Legaye et al. [7] once

studied on adult scoliotic patients, but no statistical evi-

dence was found for the correlation between coronal curves

and LL (r = -0.04585, P[ 0.05).That study recruited

both thoracic and lumbar scoliotic females, but neither

grouped them accordingly nor took correlation analysis

separately. Therefore, its conclusion was too sketchy to be

convincing. We speculated that the coronal deformity is

merely one of the factors that affect LL, and that, consid-

ering the correlation chain among sagittal parameters [7–

12, 14–18, 24], LL essentially acts as a compensation for

the sagittal imbalance under the regulation of PI. In fact,

even if the coronal deformity really has an impact on LL,

correlation analysis does not necessarily generate statisti-

cally significant results, since the underlying relationship

may be quite complicated rather than straightforward.

Spino-sacral angle can be a general measurement of the

kyphosis of the whole spine and was repeatedly reported

correlated with PI and SS [7–12, 14–19, 24]. SSA is also

regulated by PI, to compensate for the alteration of sagittal

alignment and to maintain the gravity axis near HA, which

is coherent to the principle of bearing loads and keeping

sagittal balance with the least energy expenditure [1, 7, 17,

19, 20, 22, 24]. In this study, no correlation between SSA

and MT, TL/L was established (Tables 5, 6). C7 plumbline

is often referred as an optimal reflection of the global spinal

balance, and its clinical interpretation shall be made ac-

cording to its relative position with respect to HA and

supero-posterior corner of S1 [19]. Mac-Thiong et al. [14]

employed C7TR (see ‘‘Materials and methods’’) in their

study on normal Caucasian adults, whose average C7TR

was -1.1 ± 11.3. In this study, C7TR was -3.3 ± 9.0

averagely (Table 2), indicating that the C7 plumbline drifts

away from HA farther among AIS patients. However,

C7TR might not be an ideal parameter, as our study

showed that it remained stable among almost all subgroups

and did not correlate with coronal curves (Fig. 4; Tables 4,

5, 6). This study found that 72.4 % of the recruited subjects

stood with C7 plumbline behind HA and supero-posterior

corner of S1. The proportion is similar to Yu’s report in

scoliotic population but lower than that in Mac-Thiong’s

report in normal Caucasian population [12, 14]. Thus, as

pointed out previously, the anterior shift of C7 plumbline

may indicate the risk of the development of sagittal spinal

imbalance, and the possible underlying pathology should

be screened and identified [14, 19, 25].

Noticeably, this study showed that the difference of

sagittal alignment among Lenke types was merely reflected

in the variation of TK and PT (Tables 2, 4). It insinuated

that Lenke classification might not be an effective indicator

to predict the sagittal postural patterns among AIS [5].

Based on SS, the apical vertebrae of LL, lumbar tilt and the

local of inflection point, Roussouly et al. [13] classified the

sagittal postural patterns into four types (Fig. 3) and this

classification possessed excellent capacity to stratify out

the four levels of sagittal parameters, which was also

confirmed by this study (Fig. 4; Table 4). Besides, similar

to Yu’s report [12]. Roussouly Type 3 occupied the largest

proportion of the cohort, which was 42.6 % in our study

(Table 3). Intriguingly, our study found that the distribu-

tion of Roussouly types in different Lenke groups was al-

most identical (Table 3), suggesting that the two

classifications are probably independent from each other.

One major limitation of this study was the small size of

the cohort. For example, there were only 9 subjects in

Lenke Type 6 group. Consequently, correlation analysis

with such a small amount is not very convincing. Besides,

AIS consists of deformities on three dimensions, but this

article only concentrated on the relationship between

coronal and sagittal deformities. Further studies may in-

clude all the three planes to be more valuable and

comprehensive.

Conclusion

The sagittal parameters were similar in males and females,

and the types of coronal deformity had a limited influence

on sagittal parameters except thoracic kyphosis. No cor-

relation was found between the Cobb angles of structural

curves on coronal plane and most sagittal parameters.
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Besides, the distribution of Roussouly classification was

similar among different Lenke groups and coronal defor-

mity types did not alter the global sagittal postural patterns

of AIS patients.
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