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The Assessment of Paravertebral Ossification
Progression After Cervical Disc Arthroplasty Based

on CT Images: A Long-term Follow-up
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Objective: This study focused on the assessment of paravertebral ossification (PO) after cervical disc arthroplasty
(CDA) using computed tomography (CT) images.

Methods: In this retrospective study, 52 patients (from 2004 to 2010) who received CDA at a single center were
included (32 males). Preoperative and follow-up X-ray and CT images of all patients who underwent single-level CDA
were collected. PO from the C2/3 to C7/T1 in each patient was graded based on a CT grading system. Each segment
was divided into operative level, adjacent level, or non-adjacent level. The McAfee’ classification system was used to
grade PO using X-ray plain film. The range of motion (ROM) and scores of neurological symptoms (Japanese Orthopae-
dic Association [JOA] score and Neck Disability Index [NDI]) at both preoperative and final follow-up time were
acquired. Progression and classification of PO in each group was compared using the chi-square test. ROM between
groups were compared using independent t-test. JOA score and NDI between groups were compared using Mann–
Whitney U test.

Results: The average follow-up time was 81.2 months. In comparison with the preoperative status, the progression of
PO development in left and right areas (the Luschka joints areas) in the operative level groups was significantly more
severe (area L,χ2 value = 36.612, P < 0.001; area R, χ2 value = 39.172, P < 0.001) than the non-adjacent level
groups. In contrast, although the prevalence of PO in all areas of the adjacent level groups was higher than that of the
non-adjacent level group in the same segments, there was no significant difference (P > 0.05) in the progression of
PO development. The follow-up high-grade (grades III and IV) PO incidence rate using X-ray grading system (3.85%) was
significantly lower than that using CT grading system in area L (42.31%) and R (38.46%), but close to that in area A
(5.77%) and P (1.92%). The final follow-up ROM was not significantly different with preoperative ROM in patients with
low-grade PO (9.47� ± 4.12� vs. 9.76� ± 3.69�, P = 0.794). However, in patients with high-grade PO, the final follow-
up ROM was significantly lower than preoperative ROM (5.77� ± 3.32� vs. 9.28� ± 4.15�, P < 0.001). There was no
significant difference for JOA score and NDI at follow-up between patients with high-grade and low-grade PO (JOA,
16.2 ± 1.1 vs. 16.8 ± 0.9, P = 0.489; NDI, 8.9 ± 6.1 vs. 8.0 ± 7.3, P = 0.317).

Conclusion: High-grade PO was observed in the areas of the Luschka joints at the operative level after CDA, which
was difficult to observe using X-ray plain film. The PO formation at adjacent segments was not significant.

Key words: Cervical artificial disc replacement; Cervical disc arthroplasty; Cervical spine; Heterotopic ossification; Para-
vertebral ossification

Introduction

Cervical disc arthroplasty (CDA) has been a popular
surgical technique in recent years. Compared with

traditional anterior cervical discectomy and fusion (ACDF),
CDA allows some segmental movement and intervertebral
disc height to be retained after surgery1 and therefore
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reduces the incidence of adjacent segment degeneration
(ASD)2–4.

With the increasing use of cervical artificial discs,
many researchers have found defects with CDA. Some
researchers claim that heterotopic ossification (HO) will
occur in the operative segments postoperatively5, 6. The exis-
tence of HO may cause decreased movement, and even com-
plete fusion, of the operative segments and can trigger ASD
postoperatively1, 7–11, which obviously negates the original
purpose of CDA. Tian6 suggested that HO after CDA sur-
gery is significantly different from traditional HO described
for traumatic and joint replacement surgeries. It is difficult
to distinguish HO from normal paravertebral osteophyte.
Therefore, the type of paravertebral ossification (PO) that
includes traditional HO and paravertebral osteophyte was
suggested to describe the ossification after CDA.

The influence of CDA on PO formation has been
debated by scientists for a long time without agreement.
The McAfee classification is the most widely used classi-
fication for describing PO12. However, using the McAfee
classification, the incidence of PO according to different
research varies greatly, from 0% to 94.1%7, 8, 11, 13–16.
The most important reason for this is that the images
used for McAfee classification are X-ray plain films,
which cannot perfectly show PO on the lateral side of
the vertebral body. However, the lateral side of the ver-
tebral body, where the Luschka joints (uncovertebral
joints) are located, is a common place for PO forma-
tion6. Therefore, use of the traditional X-ray image in
follow-up to evaluate postoperative HO formation has
many limitations7, 17, 18. Thus, the actual incidence rate
of PO around the Luschka joints might be greatly
underestimated due to the popularity of using X-ray
plain films in a follow-up.

Unlike plain radiography, computed tomography
(CT) can provide a large series of tomographic images, and
these cross-sectional slices can be combined into three-
dimensional images. Compared with traditional plain X-ray
films, CT images have more advantages for the classification
and observation of PO. To get a better understanding of PO
formation after CDA, it’s essential to give a comprehensive
assessment of PO using CT images, instead of X-ray plain
films. In this study, we used a revised PO grading system
based on CT images to assess the prevalence and progres-
sion of PO.

PO may also increase with age in the normal cervical
spine without surgery as well as in cervical segments that
undergo surgery. Therefore, to determine the influence of
CDA on PO formation, it’s essential to compare the changes
in PO in segments that undergo surgery with the changes in
segments that do not undergo surgery, instead of discussing
whether postoperative PO was larger than preoperative
PO. In this study, we assess the differences in PO in different
areas of operative, adjacent, and non-adjacent level segments
using long-term follow-up, thus assessing the influence of
CDA on PO development.

Materials and Methods

Patient Data
In this retrospective study, radiographic data for all patients
who underwent single-level CDA using the Bryan disc
(Medtronic Sofamor Danek, Memphis, TN, USA) from
March 2004 to November 2010 at one hospital were used.
All surgeries for selected patients were performed by the
same surgical group. Surgeons followed the recommended
Bryan artificial cervical disc standard surgery procedures to
perform CDA. All patients were asked to ambulate on post-
operative day 2 and to wear cervical collar for 2 weeks.

Inclusion criteria were: (i) age more than 18 years, and
less than 65 years; and (ii) single-level CDA using the
Bryan disc.

Exclusion criteria were: (i) history of previous spine
surgery; (ii) multi-level surgery; (iii) cervical instability, spine
tumor, infection, fracture, ossification, or calcification of the
cervical ligament or history of related diseases; (iv) abnormal
metabolism of calcium and phosphorus; and (v) another sur-
gery performed during the postoperative follow-up period.

There were 77 patients who met the inclusion and
exclusion criteria in the sample database. Follow-up was
completed for 52 patients and the follow-up rate was 67.5%.
Cervical lateral and anteroposterior X-ray plain film and CT
images of all patients at the final follow-up were collected.

PO Grading System
Preoperative and follow-up CT images were reconstructed
into three-dimensional images using Mimics 14.0
(Materialize Interactive Medical Image Control System, Ver-
sion 14.0; Materialize Corp, Belgium). Per Kouyoumdjian’s
plan, reconstruction ranged from levels C1 to T219. Thick-
ness was set at 0.5 mm.

A revised CT PO grading system was used to evaluate
PO on each segment9. With this system, a circle on the hori-
zontal plane of the intervertebral disc in each segment made
by the center of the vertebral body was divided into 12 equal
clockwise parts (Fig. 1). Area A (anterior) included parts
1, 2, 11, and 12. Area P (posterior) included parts 6 and
7. Area L (left) included parts 3, 4, and 5. Area R (right)
included parts 8, 9, and 10. PO grading in each area was
evaluated separately (Fig. 2). The grade ranged from 0 to 3.

Two independent, blinded surgeons graded PO based
on the revised CT PO grading system from segments C2/3 to
C7/T1 in each patient. The X-ray plain films were used to
grade PO according to the McAfee classification system12.
These two surgeons did not participate in the design of the
study or the grading system. The grading results of the two
surgeons were compared and every difference was discussed
by the group to reach an agreement.

Clinical Parameter
Sagittal range of motion (ROM) of the operative segment
was calculated at preoperative and final follow-up time using
the PACS system (Rogan-Delft, Veenendaal, Netherlands)
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Fig. 1 Suggested areas of the revised CT PO grading system: a circle made in the center of the vertebra body divided into 12 equal clockwise parts.

Area A (anterior) includes parts 1, 2, 11, and 12. Area P (posterior) includes parts 6 and 7. Area L (left) includes parts 8, 9, and 10. Area R (right)

includes parts 3, 4, and 5.

Fig. 2 The revised CT PO grading system: grade 0 (A), no ossification; grade I (B), not extending across the adjacent disc space; grade II (C),

extending across the adjacent disc space; and grade III (D), complete bridging of the adjacent disc space.
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according to the difference in the Cobb angle between the
flexion and extension plain radiographs.

The neural condition at preoperative and follow-up
time was evaluated using the Japanese Orthopaedic Associa-
tion (JOA) score and Neck Disability Index (NDI).

JOA score is for evaluating motor, sensory, and blad-
der function in patients with cervical myelopathy4, with a
total score of 0 to 17. The higher scores represent better
function.

NDI is a self-rated disability score that is composed of
10 questions related to daily activities4. The lower scores rep-
resent better function.

Statistical Method
Statistical analysis was performed using SPSS 20.0 (Chicago,
IL, USA); P < 0.05 was considered statistically significant.
Each segment was divided into operative, adjacent, or
non-adjacent level groups. The non-adjacent level group was
considered the normal contrast group. The progression and
classification of PO in each group was compared using the
chi-square test. Continuous variable data (ROM) which
complied with normal distribution, were assessed by p value
using independent t-test between groups. Mann–Whitney U
test was used for assessing JOA score and NDI which
complied with normal distribution between groups. The
following subgroup analysis of PO grade at follow-up was
made: (i) age < 45 and ≥ 45; (ii) gender; and (iii) follow-up
time < 72 months and ≥ 72 months.

Results

General Results
The average age of these 52 patients was 45.6 years (range, 25–
56 years). The average follow-up time was 81.2 months (range,
57–108 months). Demographic data are shown in Table 1.

Grading and Distribution of PO
A total of 312 cervical segments of 52 patients were divided
into operative, adjacent, or non-adjacent level groups. The
non-adjacent level group of one level was considered the

normal contrast group of the same level. The PO’s CT grad-
ing statistics of different groups are shown in Table 2. The
postoperative high-grade PO (grades II and III) ratio in every
group was higher than that of preoperative high-grade
PO. Subgroup analysis of PO grade at follow-up was made
according to age, gender and follow-up time. Differences
between each subgroup were not significance (P > 0.05).

Progression of PO
PO grades from C2/3 to C7/T1 during final follow-up were
compared with preoperative grades. If the follow-up grade of
an area was higher than its preoperative grade, then it was
placed into progressive group. If the PO grade of an area was
no different than its preoperative grade, or if PO in this area
was excised partially or completely during the surgery, then
it was placed into non-progressive group. The segment
counts of each group are shown in Table 3. From C3/4 to
C6/7, the PO incidence rate of progressive group in the oper-
ative levels was significantly higher (P < 0.05) than that of
the contrast group (non-adjacent levels) in areas L and R. In
areas A and P, the PO incidence rate of progressive group in
the operative levels was not significantly different (P > 0.05)
from that of the contrast group. The PO incidence rate of
progressive group in the adjacent levels was not significantly
different (P > 0.05) with that of the contrast group in
every area.

Grading of PO Using X-ray Plain Film
The PO grading statistics of operative levels using X-ray
plain film according to the McAfee classification system are
shown in Table 4. The follow-up high-grade (grade III and
IV) PO incidence rate using X-ray grading system (3.85%)
was significantly lower than that using CT grading system in
area L (42.31%) and R (38.46%), but close to that in area A
(5.77%) and P (1.92%).

Clinical Results
In patients with low-grade PO (grade 0, I, and II) at final fol-
low-up, ROM at follow-up was not significantly different
with preoperative ROM (9.47� ± 4.12� vs 9.76� ± 3.69�,
P = 0.794), which claimed that ROM was well preserved. But
in patients with high-grade PO (grade III) at final follow-up,
ROM at follow-up was significantly lower than preoperative
ROM (5.77� ± 3.32� vs 9.28� ± 4.15�, P < 0.001) (Table 5).

The JOA score and NDI at follow-up were signifi-
cantly improved compared with preoperative scores (JOA:
16.6 ± 0.9 vs 13.7 ± 4.6, P < 0.001; NDI: 8.2 ± 6.3 vs
29.7 ± 14.9, P < 0.001). But there was no significant differ-
ence for JOA score and NDI at follow-up between patients
with high-grade and low-grade PO (JOA, 16.2 ± 1.1 vs
16.8 ± 0.9, P = 0.489; NDI, 8.9 ± 6.1 vs 8.0 ± 7.3,
P = 0.317).

TABLE 1 Demographic data of the patients

Content Data

Number 52
Average age, years (range) 45.6 (25–56)
Sex
Male 32
Female 20
Average follow-up time, months (range) 81.2 (57–108)
Surgery level
C3/4 4
C4/5 9
C5/6 30
C6/7 9
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TABLE 2 PO’s CT grading statistics in each area of different groups

Group Grade L R A P

Operative level Pre-op
O 16 (30.77%) 20 (38.46%) 25 (48.08%) 14 (26.92%)
I 14 (26.92%) 16 (30.77%) 16 (30.77%) 14 (26.92%)
II 22 (42.31%) 15 (28.85%) 8 (15.38%) 23 (44.23%)
III 0 (0.00%) 1 (1.92%) 3 (5.77%) 1 (1.92%)
Follow-up
O 3 (5.77%) 4 (7.69%) 27 (51.92%) 6 (11.54%)
I 4 (7.69%) 3 (5.77%) 12 (23.08%) 12 (23.08%)
II 23 (44.23%) 25 (48.08%) 6 (11.54%) 27 (51.92%)
III 22 (42.31%) 20 (38.46%) 7 (13.46%) 7 (13.46%)

Adjacent level Pre-op
O 71 (67.80%) 71 (67.80%) 65 (62.71%) 60 (57.63%)
I 18 (16.95%) 18 (16.95%) 23 (22.03%) 28 (27.12%)
II 14 (13.56%) 14 (13.56%) 11 (10.17%) 12 (11.86%)
III 2 (1.69%) 2 (1.69%) 5 (5.08%) 4 (3.39%)
Follow-up
O 51 (49.15%) 55 (52.54%) 44 (42.37%) 33 (32.20%)
I 23 (22.03%) 18 (16.95%) 28 (27.12%) 37 (35.59%)
II 28 (27.12%) 28 (27.12%) 21 (20.34%) 25 (23.73%)
III 2 (1.69%) 4 (3.39%) 11 (10.17%) 9 (8.47%)

Non-adjacent level Pre-op
O 120 (76.83%) 127 (81.71%) 143 (91.46%) 126 (80.49%)
I 30 (19.51%) 23 (14.63%) 6 (3.66%) 29 (18.29%)
II 6 (3.66%) 6 (3.66%) 4 (2.44%) 2 (1.22%)
III 0 (0.00%) 0 (0.00%) 4 (2.44%) 0 (0.00%)
Follow-up
O 88 (56.10%) 107 (68.29%) 114 (73.17%) 82 (52.44%)
I 38 (24.39%) 29 (18.29%) 21 (13.41%) 53 (34.15%)
II 29 (18.29%) 15 (9.76%) 13 (8.54%) 21 (13.41%)
III 2 (1.22%) 6 (3.66%) 8 (4.88%) 0 (0.00%)

TABLE 3 Segment counts in different groups divided by the progression of PO during follow-up

Group Area Progressive Non-progressive

Contrast

χ2 value P valueProgressive Non-progressive

Operative L 45 (86.7%) 7 (13.3%) 22 (31.6%) 48 (68.4%) 36.612 0.000*
R 42 (80.0%) 10 (20.0%) 16 (22.8%) 54 (77.2%) 39.172 0.000*
A 6 (11.1%) 46 (88.9%) 15 (21.1%) 55 (78.9%) 2.131 0.144
P 18 (35.5%) 34 (64.5%) 23 (33.3%) 47 (66.7%) 0.064 0.800

Adjacent L 28 (30.3%) 64 (69.7%) 22 (31.6%) 48 (68.4%) 0.031 0.859
R 24 (26.3%) 68 (73.7%) 16 (22.8) 54 (77.2%) 0.261 0.609
A 31 (33.3%) 63 (66.3%) 15 (21.1%) 55 (78.9%) 3.111 0.078
P 30 (32.9%) 62 (67.1%) 23 (33.3%) 47 (66.7%) 0.003 0.957

1 P < 0.05 (χ2 test).

TABLE 4 PO’s X-ray grading statistics of operative levels

Grade Pre-op Follow-up

0 12 (23.08%) 7 (13.46%)
I 14 (26.92%) 15 (28.85%)
II 24 (46.15%) 21 (40.38%)
III%IV 2 (3.85%) 9 (17.31%)

TABLE 5 Comparison of ROM at preoperative and follow-up
time (mean ± SD,0), *P < 0.05 (independent t-test)

Low-grade High-grade All-grade
(30 levels) (22 levels) (52 levels)

Preoperative 9.76 ± 3.69 9.28 ± 4.15 9.53 ± 3.86
Follow-up 9.47 ± 4.12 5.77 ± 3.32 7.21 ± 4.19
P-value 0.794 0.000* 0.000*
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Discussion

The Underestimated Incident Rate of PO Around the
Luschka Joints
One of the advantages of CDA is the preserved postoperative
range of segmental motion compared with traditional ACDF.
The development of ASD may be slowed or even prevented
by acquiring a better postoperative cervical range of motion
(ROM). However, the existence of PO may lead to a loss of
ROM and, thus, loss of the relative advantage of CDA20. In
this study, nearly 40% of patients presented with grade III
PO during the 7-year follow-up. According to the meta-
analysis performed by Chen21, only 16.7% of patients had
high-grade PO during the 2-year follow-up. However, all
studies included in Chen’s meta-analysis used only plain
X-ray films to evaluate the postoperative PO grading. Plain
X-ray films, as many researchers agreed7, are not sensitive
enough to evaluate PO grading in the lateral areas, which
located near the Luschka joints (uncovertebral joints). In this
study, the incidence rate of postoperative PO grade III in
areas A and P was 13.46%, which was similar to the meta-
analysis results. The difference between the result of X-ray
grading and CT grading suggested the same conclusion.
Therefore, we have reason to believe that the incidence rate
of postoperative PO in the lateral areas was underestimated
by former researchers. The most important reason of under-
estimation was the use of X-ray plain film, which was insuffi-
cient to observe the PO located in the lateral area. This study
showed that the PO incidence rate using X-ray images was
significantly lower than using CT images, especially in the
lateral areas. Thus, CT shows great advantage in the follow-
up of CDA in this study.

PO and Adjacent Segment Degeneration
In this study, high-grade PO lead to decreased ROM, but no
neurological impairment during long-term follow-up. Like-
wise, according to the meta-analysis performed by Chen21,
PO would lead to decreased postoperative ROM, but not to
neurological symptoms. Lee reported that the formation of
postoperative PO was significantly relevant to ASD22. Thus,
the severity of PO in the adjacent segment is one of the eval-
uation criteria of ASD.

The PO incidence rate is variable at different levels due
to the different biomechanical issues. The PO incidence rate
in the vertebrae at the same level as the adjacent segment is
different from the incidence rate in the vertebrae of a non-
surgical non-adjacent segment. The meta-analysis by Zhu23

reported that CDA resulted in significantly lower postopera-
tive ASD rates than did traditional ACDF. Garrido claimed
that the PO incidence rate after CDA was significantly lower
than that after ACDF24. However, it is unproven whether
CDA had an influence on PO development in adjacent
levels.

In this study, PO incidence rates and progression rates
in adjacent levels were compared with those of non-surgical
and non-adjacent levels. Although the PO incidence rate at

the adjacent level during final follow-up was higher than that
preoperatively, the progression rate was not significantly dif-
ferent between the two groups. Therefore, we speculate that
the CDA prosthesis and surgical procedure had no signifi-
cant influence on PO progression of the adjacent segment.
The increasing PO incident rate at the adjacent level could
be related to the degeneration reaction during long-term
follow-up. However, the CDA itself may not increase the
speed of PO formation at the adjacent level.

Hypothesis of PO Formation
Lee9 claimed that the formation of PO was related to the
degenerative inflammatory reaction and that osteophyte for-
mation in the process of degeneration was always accompa-
nied by the formation of PO. Tian6 claimed that although
the original definition of HO was bone formation in ectosteal
tissue, 95.2% of HO incidences cited in previous research
were not derived from ectosteal tissue, but rather the verte-
brae body6. It is difficult to distinguish PO caused by postop-
erative circumstances. According to the study by Yi, the
development of PO is a dynamic and continuous process.
Unlike traditional HO in limbs, the development of PO does
not have a “mature period” 12 months postoperatively.
In contrast, PO shows a trend of continuously developing
several years after CDA14. This indicates that the degenera-
tion reaction has an important role in PO formation and
that PO after CDA surgery should be distinguished from
traditional HO.

In this study, PO progression in the areas L and R in
the operative group was significantly more severe from that
of the contrast group, whereas the A and P areas did not
show significant differences. Evidence showed that the
impact of CDA on PO development is more significant in
the lateral areas. In the A and P areas, although the PO level
during long-term follow-up was more severe than during the
preoperative period, the progression was not significantly dif-
ferent from that in the postoperative normal segment.

The exact cause of PO formation is still unclear. Chal-
mers claimed that osteogenic cells, induction factors, and a
proper environment are required for HO formation25. Some
researchers surmised that the release of bone morphogenic
protein during postoperative or traumatic circumstances played
an important role in PO formation26. Some researchers claimed
that the postoperative residual bone dust was the main cause of
PO formation8, 11, 27. Therefore, repeated irrigation of the
surgical field before disc implant and closure is highly
suggested. Nevertheless, bone dust may still be residual in
deep parts of the surgical field or behind remaining
osteophyte.

Moreover, secondary bone formation reactions after
endplate preparation for the Bryan disc implant could be
another cause of PO formation14. Yi et al.28 suggested that
surgical damage of the bone cortex and endplate could lead
to PO. With CDA, the bilateral Luschka joints should be
kept intact29. However, during decompression and prosthesis
implantation, it is sometimes difficult to avoid damage of the
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Luschka joints. Synder et al29. suggested that partial excision
of the bilateral uncovertebral joints may accelerate osteo-
phyte formation postoperatively. We supposed that the
progression of PO in areas L and R in this study was also
related to the unexpected cortical injury of the bilateral
Luschka joints.

Besides, according to the standard process for Bryan
CDA, removal of the osteophytes around the Luschka joints
is not strictly required. Therefore, the remaining osteophytes
may gradually develop into higher-level PO. Therefore, the
strict indications for CDA may be the most important factor
for reducing postoperative PO formation. In this study,
about two-thirds of the patients had pre-existent low-grade
(grade I and II) PO in area L (69.23%) and R (61.54%) at the
operative segment. It may be another cause of the high inci-
dence rate of high-grade PO around the Luschka joints in
final follow-up. Thus, the choice to keep the osteophytes
around the Luschka joints seems to be a dilemma. On the
one hand, removal of the osteophyte may inevitably damage
the bone cortex of the Luschka joints, and lead to PO forma-
tion. On the other hand, the pre-existent PO may also grow

to higher-grade PO, and cause ASD in the future. Sugges-
tions still could not be made by the current study, and fur-
ther research is required.

Limitations
One of the limitations of this study was that only Bryan
discs were followed-up. According to the research by Yi,
the PO formation rates of Bryan, Mobi-C, and ProDisc-C
discs were different7. Different artificial discs have different
components and designs; therefore, biomechanical features
are different. In addition, artificial discs are used in differ-
ent types of surgical procedures. These differences may
influence PO formation30.

Conclusion
High-grade PO was observed at the operative level after
CDA due to long-term follow-up. The progression of PO
development at the operative level was concentrated in the
areas of the Luschka joints, which was difficult to be
observed using plain X-ray film. The influence of CDA on
the PO formation at adjacent segments was not significant.
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