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Abstract 

Background  The advantages of anterior cervical decompression and fusion (ACDF) were well published, 
while research on postoperative results in different subtypes of cervical disk herniation (CDH) still remains blank. This 
study aimed to explore the surgical outcome between sequestration and other types in CDH.

Methods  This retrospective cohort study enrolled 108 patients treated with ACDF in our hospital. The participants 
were divided into two groups according to the existence of a sequestered disk. The Visual analog scale score, the Jap-
anese Orthopedics Association (JOA) score and the Neck disability index score were used to evaluate postoperative 
outcome.

Results  Significant improvements were observed in both groups at every viewpoint (P < 0.001). The mean JOA 
was 15.04 ± 1.26 in the sequestered disk group and 14.45 ± 1.43 in the non-sequestered disk group two months 
after the operation (P = 0.026 < 0.05). The improvement in JOA at two months after ACDF showed a significant dif-
ference: 46.58% ± 39.17% in the sequestered disk group and 33.39% ± 28.82% in the non-sequestered disk group 
(P = 0.047 < 0.05). Thirty-two patients in the sequestered disk group (64%) and 19 patients in the non-sequestered 
disk group (32.76%) presented with high signal intensity of the spinal cord on preoperative cervical T2-weighted MRI 
(P < 0.001).

Conclusions  Patients with sequestered cervical disks seemed to have a higher degree of symptom improvement 
two months after ACDF. CDH with a sequestered disk appears to be more likely to cause high signal intensity changes 
in the compressed cervical spine on T2-weighted MRI. We prefer early positive surgery in patients with sequestered 
cervical disks from the clinical point of view.
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Introduction
It has been verified that cervical disk herniation (CDH) 
can result in a series of syndromes, such as neck and 
shoulder pain, upper extremity tingling and numbness. 
In severe cases, it can lead to numbness of the lower 
limbs, walking instability, quadriplegia, impaired uri-
nary function and other serious consequences [1]. 
The therapeutic effect is usually directly related to the 
degree of improvement in these symptoms. The symp-
toms of cervical spondylosis caused by CDH are largely 
due to the compression of the herniated disk on the 
contents of the spinal canal and nerve roots, which will 
lead to increasing pressure of the compressed spinal 
cord segment, and the intramedullary blood supply will 
be affected, resulting in local spinal cord cell edema, 
inflammation and myelomalacia.

In clinical research, referring to the classification of 
lumbar disk herniation (LDH), we can also perform a 
simple grading of the degree of CDH [2]. Three types of 
herniation ranging from mild to severe can be observed 
in cervical intervertebral disk [3]: protrusion, extrusion 
and sequestration. A bulging disk is not considered a 
form of herniation. Sometimes, an extruded disk is not 
well distinguished from a protruded disk. Extruded disk 
material that has no continuity with the disk of origin 
can be defined as “sequestrated.” Magnetic resonance 

imaging (MRI) is the most valuable method that can 
demonstrate the differences in these types [4].

The prevalence of CDH is still not clear. Meanwhile, a 
significant portion of patients who have received CDH 
have very mild symptoms. Moreover, regular follow-up 
observation and conservative treatment usually achieve 
good results in CDH [5]. However, in most cases of 
sequestered CDH, the fragments from diseased interver-
tebral disk usually compress the dural sac and cause 
severe spinal cord lesions. Timely and effective surgical 
treatment will lead to a better prognosis [1]. Anterior 
cervical decompression and fusion (ACDF) is the gold 
standard in case of symptomatic cervical disk herniation 
resistant to medical care [6, 7].

Scholars have performed many studies on the effi-
cacy of cervical spine surgery [8]. However, researches 
on prognosis after surgery in different subtypes of CDH 
have not been reported. Therefore, we devised this ret-
rospective cohort study to assess the operational effect 
between sequestration and other types in CDH.

Materials and methods
Design and participants
This study was designed as a retrospective cohort study. 
A flow diagram of the study is shown in Fig. 1. The rel-
evant data came from patients hospitalized in Shanghai 
Changzheng Hospital from May 2022 to December 2022. 

Fig. 1  Flow diagram of the study. CDH cervical disk herniation, ACDF anterior cervical decompression and fusion, MRI magnetic resonance imaging
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The patients were diagnosed with CDH and treated with 
ACDF, physical examinations and cervical MRI scans 
were normally used, and consistency between patients’ 
symptoms and medical examination was checked. 
Patients were at the age of 18 to 75 when they received 
surgery. Patients with the following coexistent diseases 
were excluded: cervical vertebral fracture, primary spi-
nal stenosis, spinal tumor or infection, ossification of the 
posterior longitudinal ligament (OPLL) and acute spinal 
injury. ACDF was the only spinal operation they received; 
revision spinal surgery was excluded neither. Patients 
in the groups showed at least one symptom of cervical 
radiculopathy or myelopathy. Patients with myelopathy 
received surgery once diagnosed. For patients with mere 
cervical radiculopathy, a full evaluation was conducted in 
the outpatient department, patients with relatively mild 
symptoms or short symptom duration received conserva-
tive treatment, including nonsteroidal anti-inflammatory 
drugs, neurotrophic drugs and physical therapy. After 
at least 2  months of conservative treatment, surgery 
was considered in patients who were willing to accept 
operation because of unsatisfactory curative outcomes. 
Sequestered disks were exactly found during operation 
(Fig. 2). To decrease clinical heterogeneity, all operations 
were performed by the same spine surgeon (Dr. Tian). All 
the patients were ordered to wear semirigid cervical col-
lars one month after the operation. Therefore, of the 130 
patients we tracked, six patients were lost to follow-up, 
and 16 patients were excluded because of OPLL, pos-
terior approach operation and revision surgery. Thus, 
50 patients (46.3%) were included in the sequestered 
disk group, and 58 (54.7%) were included in the non-
sequestered disk group. All patients were followed up for 
6 months after the operation.

Imaging studies
MRIs were completed at each patient according to a 
standardized protocol tailored to a 3Tesla scanner MRI. 
CTs and X-rays of the cervical spine were used to deter-
mine whether there were significant OPLL, giant osteo-
phyte compression and primary spinal stenosis. The 
imaging results were independently interpreted by one 
radiologist and one spine surgeon, and a senior spine sur-
geon was consulted. However, intraoperative visual find-
ings were definitively the most powerful evidence.

Surgical technique and device description
The patients received standard ACDF operation. The 
same type of implants was used in the surgery. During 
the surgery, patients were positioned supine on the oper-
ating table, received general anesthesia with endotracheal 
intubation. A right-sided horizontal surgical incision 
was located according to the anatomic landmarks. 

Platysma, superficial cervical fascia and deep cervical fas-
cia were incised layer by layer through the Smith–Rob-
inson approach. The trachea and esophagus were gently 
retracted to expose the prevertebral fascia. We used 
intraoperative fluoroscopy to confirm the correct level. 
Then, we carried out a complete discectomy and suffi-
cient decompression of the nerve roots and spinal cord. 
The suitable poly ether ether ketone (PEEK) cages filled 
with autogenous bone were implanted in the disk space, 
titanium plate and screws (Venture, Medtronic Sofamor 
Danek USA, Memphis, TN) were fixed on the anterior 
surface of vertebral bodies(Figs.3 and 4). Finally, we gen-
erally placed a drain and closed incisions layer by layer. 
The drain was removed on postoperative day 1. After the 
operation, all the patients were ordered to wear semirigid 
cervical collars for one month.

Evaluations
Prognosis assessments were conducted using the fol-
lowing scales: the Japanese Orthopedics Association 
(JOA) score, the Neck disability index (NDI) [9, 10] 
score and the Visual analog scale (VAS) [11] score. They 
are widely used in the study of cervical spondylosis. The 
subjects were interviewed face-to-face before the opera-
tion (defined as baseline; V1), and follow-up visits at the 
2nd(V2), 4th(V3) and 6th(V4) months after the operation 

Fig. 2  Sequestered disk in surgery. A 58-year-old woman 
complained of right-hand numbness adopted ACDF in our 
hospital. A sequestered disk was found in the anterior epidural 
space during the operation (a). The preoperative MRIs also showed 
an obvious cervical disk herniation at the C5-C6 level. ACDF anterior 
cervical decompression and fusion, MRI magnetic resonance imaging
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were undertaken. All evaluations were processed by the 
same doctor.

JOA score (neck‑version)
The JOA scale is widely used to evaluate the spinal cord 
function of patients with CDH. The total score is 17 
points and consists of four aspects: upper limb function, 
lower limb function, sensory disorders and bladder func-
tion. The 1975 JOA score is the most appropriate ver-
sion for assessing individuals from Asian populations 
(particularly those eating with chopsticks) [12]. The 
improvement in JOA scores was calculated as follows: 
(postoperative JOA score− preoperative JOA score)/
(17 − preoperative JOA score) × 100% [13].

NDI score
The NDI score was assessed on ten items: pain inten-
sity, self-care, lifting, reading, headaches, concentration, 
work, driving, sleeping and recreation. Each item con-
sists of six questions and is scored on a 0–5-point scale. 

The higher the score is, the greater the disability [14]. The 
improvement of NDI scores was calculated as follows: 
preoperative NDI score− postoperative NDI score.

VAS score
The VAS score was announced by E.C Huskisson in 1974, 
which was widely used in pain assessment. The valid-
ity and reliability were tested by many scholars [15]. We 
marked figures from “0” to “10” equally in a 10-cm line, 
explained to the patients that “0” means no pain, “10” 
means unbearable pain, from “0” to “10,” the pain degrees 
gradually increased. The patients were asked to mark an 
appropriate score on the line that best represent their 
pain. The improvement in VAS scores was defined as fol-
lows: preoperative VAS score− postoperative VAS score.

Statistical analyses
We used SPSS version 25 (IBM Corp, Armonk, NY, 
USA) to process all statistical analyses. All data were 
presented as mean and standard deviation (SD). We 

Fig. 3  A classic case in the non-sequestered disk group. The preoperative MRIs showed cervical disk herniation at the C4-C6 level, the plain 
radiograph was taken two months after surgery. MRI: magnetic resonance imaging

Fig. 4  A classic case in the sequestered disk group. The preoperative MRIs showed a sequestered disk at the C5-C6 level, the plain radiograph 
was taken two months after surgery. MRI: magnetic resonance imaging
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preferentially used parametric methods, as nonpara-
metric methods tend to result in loss of information 
and decrease the validity of the tests. We used inde-
pendent-samples t test to compare continuous data and 
Chi-squared test for categorical data between groups. 
Tests were two-tailed, and a P-value < 0.05 was consid-
ered statistically significant.

Results
We analyzed the demographic data of the patients 
included in this study, which is shown in Table 1. There 
was no significant statistical difference in gender com-
position, average age, average course of disease or 
surgical segments between the two groups. However, 
preoperative cervical spine MRIs between the two 
groups were analyzed as follows: 32 patients in the 
sequestered disk group (64%) and 19 patients in the 
non-sequestered disk group (32.76%) presented with 
high signal intensity of the spinal cord on preoperative 
cervical T2-weighted MRI, with a significant difference 
(P < 0.001).

The clinical outcomes are presented in Tables  2,3,4 
and Fig. 5. Compared with the preoperative values, the 
mean JOA, NDI and VAS scores in both groups were 
all improved after ACDF (P < 0.001). The mean JOA 
was 15.04 ± 1.26 in the sequestered disk group and was 
14.45 ± 1.43 in the non-sequestered disk group two 
months after operation (P = 0.026 < 0.05). The improve-
ment in JOA at two months after ACDF also showed 
a statistical difference: 46.58% ± 39.17% in the seques-
tered disk group and 33.39% ± 28.82% in the non-
sequestered disk group (P = 0.047 < 0.05). There was no 

significant difference between the two groups in other 
parameters.

Discussion
Based on a comprehensive literature search, we found 
that studies on CDH mainly focused on the surgical 
necessity and efficacy of conservative treatment, the 
choice of surgical approach and method, the reports of 
rare diseases such as intradural cervical disk herniation 

Table 1  Patient demographic details

*Independent-samples t test
† Chi-squared test

SD standard deviation, ACDF anterior cervical decompression and fusion

Variable Sequestered disk Non-sequestered disk P

Total, n 50 58

Male, n (%) 29(58.00) 29(50.00) 0.406†

Mean age accepted ACDF, years(SD) 51.08 ± 10.58 51.96 ± 10.06 0.657*

Smoker, n (%) 15(30.00) 14(24.14) 0.493†

Diabetes, n (%) 5(10.00) 7(12.07) 0.733†

Mean duration of symptoms before ACDF, months (SD) 21.96 ± 42.26 33.20 ± 40.59 0.162*

Steps of ACDF, n (%) 0.947†

1 15(30.00) 16(27.59)

2 24(48.00) 28(48.28)

3 11(22.00) 14(24.14)

High intensity onT2WI, n (%) 32(64.00) 19(32.76) 0.001†

Table 2  Discrepancies of treatment effect between the two 
groups

JOA Japanese Orthopedics Association, NDI the Neck disability index, VAS the 
Visual analog scale, SD standard deviation

Visits: baseline (V1); 2nd month after surgery (V2); 4th month after surgery (V3); 
6th month after surgery (V4)

Sequestered disk Non-sequestered disk P

Baseline(V1)

Mean JOA(SD) 12.90 ± 2.04 12.93 ± 1.95 0.936

Mean NDI(SD) 17.76 ± 7.62 17.87 ± 6.44 0.930

Mean VAS(SD) 4.20 ± 1.70 4.38 ± 1.92 0.611

V2

Mean JOA(SD) 15.04 ± 1.26 14.45 ± 1.43 0.026

Mean NDI(SD) 10.12 ± 5.51 10.50 ± 5.79 0.729

Mean VAS(SD) 2.62 ± 1.44 2.67 ± 1.58 0.858

V3

Mean JOA(SD) 15.38 ± 1.29 15.24 ± 1.25 0.572

Mean NDI(SD) 7.24 ± 4.48 8.22 ± 6.17 0.352

Mean VAS(SD) 1.80 ± 1.16 2.09 ± 1.54 0.283

V4

Mean JOA(SD) 16.00 ± 0.95 16.03 ± 0.86 0.843

Mean NDI(SD) 4.50 ± 2.94 4.83 ± 3.74 0.618

Mean VAS(SD) 1.22 ± 0.68 1.33 ± 1.07 0.540
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and the clinical significance of high signal intensity 
of spinal cord changes on T2-weighted MRI caused 
by CDH. Yang et  al. [16] studied the different clas-
sifications and clinical results of CDH shown in MRI 
examination and found that in patients with cervical 
radiculopathy, the type of intervertebral disk hernia-
tion before surgery was not related to the severity of 
symptoms, and the surgical improvement was also 
not related to the pathological type. However, Yang’s 
research on CDH focused on bulge and herniation and 
did not fully reflect the sequestered type. Articles about 
the postoperative efficacy of each pathological classifi-
cation of CDH have not been well published. Therefore, 
we may study this aspect for the first time.

In this study, the two groups of patients generally 
achieved obvious symptom improvement and functional 
recovery within six months after surgery, which was con-
sistent with the mainstream in current research [17]. Pre-
operative symptom assessment was consistent between 
the two groups, while the JOA scores and improvement 
rates both showed significant difference two months after 
surgery. We also observed whether patients with seques-
tered cervical disks tended to have a high signal intensity 
in the spinal cord on the preoperative T2-weighted MRI, 
which seemed to be a significant difference in the cases 
we collected.

As the largest avascular tissue in human body, patho-
logical and histological studies of the intervertebral disks 
have been hot topics for quit a long time. Sally et al. [18] 
found that the morphology of disk herniations can be 
very heterogeneous and may include tissue of nucleus 
pulposus, annulus fibrosus or cartilage end plate. There-
fore, the sequestered cervical disk is not just the nucleus 
pulposus but may contain other tissue [19]. Sequestered 
cervical disk re-establishes contact with the internal envi-
ronment, which may lead to a series of inflammatory 
immune responses, neovascularization and free nerve 
fibers development [20], which seems more likely to lead 
to more severe symptoms than mere mechanical com-
pression. From the perspective of the progression of disk 
herniation, whether the sequestered disk is the end in the 
process of chronic intervertebral disk herniation or just a 
subcategory caused by external stimulation or other fac-
tors in the process of herniation, has attracted increasing 
in-depth research.

We also compared preoperative MRI with the surgi-
cal findings (Fig.  2). The sequestered fragments usually 
exhibit high signal intensity on T2WI due to the rela-
tively high-water content of the free nucleus pulposus, 
and T1WI is also crucial in detecting sequestered frag-
ments that sequestered disks maintain moderate to 
low intensity. Some typical sequestered disks present 

Table 3  Clinical outcomes in every group

JOA Japanese Orthopedics Association, NDI the Neck disability index, VAS the Visual analog scale, SD: standard deviation. Visits: baseline (V1); 2nd month after surgery 
(V2); 4th month after surgery (V3); 6th month after surgery (V4)

V1 V2 P(V2 − V1) V3 P (V3 − V1) V4 P (V4-V1)

Sequestered disk

Mean JOA(SD) 12.90 ± 2.04 15.04 ± 1.26  < 0.001 15.38 ± 1.29  < 0.001 16.00 ± 0.95  < 0.001

Mean NDI(SD) 17.76 ± 7.62 10.12 ± 5.51  < 0.001 7.24 ± 4.48  < 0.001 4.50 ± 2.94  < 0.001

Mean VAS(SD) 4.20 ± 1.70 2.62 ± 1.44  < 0.001 1.80 ± 1.16  < 0.001 1.22 ± 0.68  < 0.001

Non-sequestered disk

Mean JOA(SD) 12.93 ± 1.95 14.45 ± 1.43  < 0.001 15.24 ± 1.25  < 0.001 16.03 ± 0.86  < 0.001

Mean NDI(SD) 17.87 ± 6.44 10.50 ± 5.79  < 0.001 8.22 ± 6.17  < 0.001 4.83 ± 3.74  < 0.001

Mean VAS(SD) 4.38 ± 1.92 2.67 ± 1.58  < 0.001 2.09 ± 1.54  < 0.001 1.33 ± 1.07  < 0.001

Table 4  The improvement of clinical outcomes at six-month 
follow-up

Improvement of JOA (%): (Vn − V1)/(17 − V1) × 100%; Improvement of NDI: V1-Vn; 
Improvement of VAS: V1-Vn. JOA Japanese Orthopedics Association, NDI the 
Neck disability index, VAS the Visual analog scale. PO post-operation

Sequestered disk Non-sequestered 
disk

P

2nd month PO

Improvement 
of JOA(%)

46.58 ± 39.17 33.39 ± 28.82 0.047

Improvement of NDI 7.64 ± 6.20 7.38 ± 5.18 0.812

Improvement of VAS 1.58 ± 1.58 1.71 ± 1.59 0.679

4th month PO

Improvement 
of JOA(%)

56.13 ± 36.59 52.80 ± 33.36 0.626

Improvement of NDI 10.52 ± 7.03 9.66 ± 5.96 0.490

Improvement of VAS 2.40 ± 1.64 2.30 ± 1.78 0.747

6th month PO

Improvement 
of JOA(%)

73.80 ± 27.59 75.52 ± 24.15 0.728

Improvement of NDI 13.26 ± 7.11 13.05 ± 5.37 0.863

Improvement of VAS 2.98 ± 1.58 3.05 ± 1.79 0.827
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as posterior migrating fragments cling to the adjacent 
vertebrae. In the setting of CDH, intramedullary signal 
changes are generally observed in MRI, indicating patho-
physiological processes such as edema, demyelination 
and structural changes [21]. All the signal changes in the 
sequestered disk group are at the spinal cord segment 
compressed by the sequestered fragments. The seques-
tered disk often leads to a higher canal-occupying ratio, 

which means more physical compression of the spinal 
canal contents, immune reactions or chemical stimula-
tion may further affect the spinal cord of the correspond-
ing segments. Thus, degeneration, edema and necrosis in 
spinal cord cells may be more serious and more common 
in patients with sequestered disks, leading to intramed-
ullary signal changes in MRI. However, in-depth study 
on the relationship between sequestered cervical disks 

Fig. 5  The changes in clinical outcomes. a JOA, b NDI, c VAS, d Improvement of JOA (%), e Improvement of NDI, f Improvement of VAS. JOA 
Japanese Orthopedics Association, NDI the Neck disability index, VAS the Visual analog scale. Improvement of JOA(%): (Vn − V1)/(17 − V1) × 100%; 
Improvement of NDI: V1 − Vn; Improvement of VAS: V1 − Vn
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and high signal intensity on spinal MRI remain lacking. 
The relevancy of cervical intramedullary signal changes 
in MRI and prognosis has been extensively researched. 
Yagi et al. [22] reported that long-term clinical outcome 
was significantly worse in patients with intramedullary 
signal intensity changes on MRI. A global cohort study 
conducted by Nouri et al. [23] pointed out that the pres-
ence of T2WI-hyperintensity in isolation adds little to 
the clinical picture. The mainstream theory indicates 
that intramedullary signal changes suggest cavitation 
or necrosis in the spinal cord, which is associated with 
poorer prognosis [24]. However, according to our follow-
up results, patients with sequestered disks also achieved 
good results within 6  months after ACDF, even though 
the signal changes were more common in the seques-
tered disk group.

In the patients with sequestered disks we tracked, the 
sequestered disk was basically located in the anterior 
epidural space, and no case broke through the dural 
sac. Cases with intradural cervical herniation have been 
reported by some scholars [25]. Meanwhile, cases of 
spontaneous regression of herniated disks have been 
widely reported with considerable efficacy of conserva-
tive treatment, but the process may be quite long [26]. 
However, related reports and researches have mainly 
focused on the lumbar disk [27, 28]. Some scholars 
have carried out mechanism research on this prob-
lem. In a recent review, Yu et  al. [29] summarized the 
biological mechanisms involved in the phenomenon 
of LDH resorption and highlighted the critical role of 
autoimmune responses in spontaneous disk resorp-
tion, including inflammatory responses mediated by 
macrophage infiltration interacting with the disk, enzy-
matic degradation responses and angiogenesis, spe-
cifically mentioning that sequestration of LDH could 
be a favorable factor in LDH resorption. However, the 
analysis of relevant mechanisms is still in the explora-
tory stage. At the same time, compared with the lumbar 
spine, spontaneous resorption in the cervical disk has 
seldomly been reported [30]. Related mechanism stud-
ies reported in CDH resorption were more of the same 
[31]: release of basic fibroblast grow factors, endothelial 
cell proliferation, chemotaxis of inflammatory cells into 
the disk fragment and foreign body inflammatory reac-
tion. In contrast, functional impairments of the cervical 
spinal cord and nerve roots are more unacceptable to 
patients than LDH. Therefore, early surgical interven-
tion is still reasonable and necessary rather than relying 
on the small probability of CDH regression. Studies on 
the prognosis of LDH have also mentioned that patients 
with sequestered LDH often benefit greatly from sur-
gery [32]. Therefore, we prefer early surgical treatment 
in people with sequestered cervical disk. Such patients 

in our hospital usually adopt ACDF, and there were 
clear conclusions about the efficacy of ACDF [33, 34], 
which were also confirmed by our results.

The study also has limitations, one being the sample 
source, single-center collection may result in uncon-
vincing outcomes, while small sample size leads to an 
increased risk of a type II error. Another limitation is 
the short follow-up time. From the perspective of clini-
cal practice, a longer follow-up time can often obtain 
more sufficient data for research and judgment. Finally, 
the symptoms of some patients are often atypical, and 
some information may be lost after quantitative rating, 
which results in inaccurate assessment.

Conclusion
Patients with sequestered cervical disks who received 
ACDF seemed to have a higher degree of symptom 
improvement two months after surgery than those 
without sequestered cervical disks. However, the pre-
operative symptoms and long-term postoperative effect 
of both groups were basically consistent, and both 
achieved good postoperative benefits. In addition, CDH 
with sequestered disks appears to be more likely to 
cause high signal intensity changes in the compressed 
cervical spine on T2-weighted MRI. Therefore, we pre-
fer early positive surgery in patients with sequestered 
cervical disks from the clinical point of view.
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