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Are there differences between a real C0-C1
mobilization and a sham technique in
function and pressure pain threshold in
patients with chronic neck pain and upper
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Gonzalo Arias-Álvareza,1, Mario Muñoz Bustosb,1, César Hidalgo-Garcíac, Karen Córdova-Leónd,
Albert Pérez-Bellmunte,f , Carlos López-de-Celise,f and Jacobo Rodríguez-Sanze,f,∗
aFacultad de Ciencias de la Salud, Universidad San Sebastián, Concepción, Chile
bDepartamento de Kinesiología, Facultad de Medicina, Universidad de Concepción, Concepción, Chile
cFacultad de Ciencias de la Salud, Universidad de Zaragoza, Zaragoza, Spain
dFacultad de Ciencias de la Salud, Escuela de Kinesiología, Universidad de las Américas, Providencia, Chile
eFaculty of Medicine and Health Sciences, Universitat Internacional de Catalunya, Barcelona, Spain
fACTIUM Functional Anatomy Group, Barcelona, Spain

Received 11 January 2022

Accepted 18 May 2022

Abstract.
BACKGROUND: Chronic neck pain is one of the main reasons for visiting a healthcare professional. In recent years, it has been
shown that upper cervical restriction may be a factor involved in neck pain.
OBJECTIVE: To compare the immediate effects of a real cervical mobilization technique versus a sham cervical mobilization
technique in patients with chronic neck pain and upper cervical restriction.
METHODS: This was a randomised, controlled, double-blind clinical trial. Twenty-eight patients with chronic neck pain were
recruited and divided into two groups (14 = real cervical mobilization; 14 = sham mobilization). Both groups received a single
5-minute treatment session. Upper cervical range motion, flexion-rotation test, deep cervical activation and pressure pain threshold
were measured.
RESULTS: In the between-groups comparison, statistically significant differences were found in favour of the real cervical
mobilization group in upper cervical extension (p = 0.003), more restricted side of flexion-rotation test (p < 0.001) and less
restricted side of flexion-rotation test (p = 0.007) and in the pressure pain threshold of the right trapezius (p = 0.040) and right
splenius (p = 0.049). No differences in deep muscle activation were obtained.
CONCLUSION: The real cervical mobilization group generates improvements in upper cervical spine movement and pressure
pain threshold of right trapezius and right splenius compared to the sham group in patients with chronic neck pain and upper
cervical restriction.
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1. Background

Neck pain is one of the most frequent causes of con-
sultation for musculoskeletal problems [1] and a lead-
ing cause of global disability [2]. Neck pain prevalence
in the adult population is 37.2% [3] and, 44% of pa-
tients suffering from neck pain develop chronic symp-
toms [4]. The risk of chronic neck pain and the severity
of symptoms increase with age [5] and incidences of
50% are described in people over the age of 45, mainly
affecting women [3].

Although neck pain can be caused by multiple aeti-
ologies, including inflammatory, traumatic, infectious
or psychosomatic factors, the mechanical component
of neck pain is the most common [6]. It can be caused
by sustained head and/or arm postures, static weight-
bearing or carrying, or repetitive movements of the cer-
vical spine or upper limbs [7].

The most common approaches are the physiother-
apy and the pharmacological approach [11]. The most
recommended physiotherapeutic techniques are elec-
trotherapy, therapeutic exercise, health education and
manual therapy [8],especially with mobilizations [9].
The term “mobilization” refers to low-speed man-
ual therapy techniques that involve continuous passive
movement of the joints and/or related soft tissues [10].

The upper cervical spine is characterised by the fact
that it is responsible for more than 50% of all head rota-
tion [11]. The International Federation of Orthopaedic
Manipulative Physical Therapists (IFOMPT) recom-
mends, in the initial treatment sessions, an indirect ap-
proach to cervical dysfunction. For example, the up-
per thoracic segments should be mobilized to increase
cervical rotation [12]. In the case of the upper cervi-
cal spine, it would be advisable to minimise the risks
associated with direct mobilization or manipulation on
C1-C2 at the end of the range of rotation [12]. Hidalgo
et al. demonstrated in vitro that C0-C1 segment stiff-
ness reduced range of motion and increased resistance
to upper cervical rotation [13]. This influence of C0-C1
on upper cervical rotation could mean that the kinemat-
ics of C0-C1 may be related to the tensioning of the
alar ligament and, indirectly, to the range of motion of
C1-C2 in the transverse plane [13].

Different studies have shown that applying a C0-
C1 mobilization treatment versus a control/sham group
or adding it to a standardized physiotherapy treatment
generates benefits in patients with chronic neck pain
and upper cervical rotation restriction in pain and range
of motion [9,14–18]. Also, increasing upper cervical
mobility is associated with the improvement of deep

muscle recruitment, since there is a linear relationship
between the range of motion of the upper cervical spine
and the contractile capacity of the deep cervical muscu-
lature [19]. However, there is no evidence that incorpo-
rates a comparison with a sham manual therapy tech-
nique versus C0-C1 mobilization. This study will allow
us to understand whether the effects found with C0-C1
mobilization are due to the outcome of the technique
itself or to potential expectations of its application in
the patient.

This study hypothesizes that a real C0-C1 mobiliza-
tion technique produces greater changes in upper cervi-
cal range of motion, pressure pain threshold and deep
cervical flexor muscle activation compared to a sham
technique in patients with chronic neck pain and upper
cervical restriction.

The aim of this study is to compare if a single treat-
ment of the upper cervical spine through a real C0-C1
mobilization produces changes in upper cervical range
of motion, pressure pain threshold and deep cervical
flexor muscle activation compared to a sham technique
in patients with chronic neck pain and upper cervical
restriction.

2. Material and methods

2.1. Study design

A double-blind (evaluator and patient) randomised
controlled clinical trial was designed, with a 1:1 al-
location ratio. The study was conducted at the Uni-
versidad San Sebastián, Bío Bío Region, Chile. The
study was registered at www.clinicaltrials.gov under no.
NCT04351971 on April 16, 2020. The Scientific Ethical
Committee of the Concepción Health Service (CESSC)
approved this study (protocol number: 1909-91, date:
10 December, 2019). The study was conducted in accor-
dance with the Declaration of Helsinki of 1964 and its
later amendments and with the CONSORT guidelines.
All patients in this study signed an informed consent
form prior to participation.

2.2. Inclusion and exclusion criteria

The inclusion criteria were the following: to present
a neck pain lasting more than three months, to be over
18 years of age and to present a positive flexion-rotation
test (FRT) [20–23]. A positive FRT is considered if
there is a 10◦ difference between one rotation and the
other, or if there is less than 32◦ of rotation on one of
the two sides [24,25].
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Subjects were excluded from the study when present-
ing a history of cervical trauma, vertigo syndrome, in-
ability to tolerate the supine position, any cognitive im-
pairment that hinders the understanding of the informed
consent and the specific contraindications proposed by
IFOMPT [12].

2.3. Sample size calculation

The sample size was calculated using GRANMO
v7.12, assuming an α of 0.05, β of 80% and a bilateral
contrast. The between-group mean difference and stan-
dard deviation was based on the study by Dunning [26].
The sample size was determined using the range of
motion according to the FRT using the CROM device
(Cervical Range of Motion), assuming a standard devi-
ation of 7.3 and a mean difference of 8.4. The estimated
sample size was calculated as 14 patients per group.

2.4. Randomisation and blinding

Patients who met the inclusion criteria of the Physio-
therapy Centre of the Universidad San Sebastián, Bío
Bío Region, Chile, were asked to participate between
April and June 2021. Once the exclusion criteria were
verified and the informed consent was signed, the sub-
jects were assigned to an intervention group (Manual
Therapy or sham technique). The physiotherapist (A)
performed the assessments and assigned a correlative
number to the participants. The physiotherapist (B) per-
formed the technique and was the only one who had
the randomisation list, generated with the Random.org
programme. The physiotherapist (A) was thus blinded
to the intervention technique performed. The patients
remained blinded as they did not know whether the pro-
cedure they received was real (C0-C1) or sham (C0-
C0).

The intervention was performed by a single physio-
therapist with more than 10 years of clinical experience
and specialisation in orthopaedic manual therapy. Both
groups received a single 5-minute treatment session.

2.4.1. Manual therapy C0-C1 group (MT)
Subjects assigned to this group, received the C0-C1

dorsal gliding technique described by Kaltenborn [27]
and Krauss [28]. Having the subject in supine position
with the head at the upper edge of the table, the physio-
therapist positioned the radial edge of his hand with the
fingers extended under the posterior arch of the atlas
(C1) and with the other hand under the occipital (C0),
performed a dorsal pressure on the patient’s forehead

Fig. 1. Manual therapy C0-C1 group. A) C0-C1 dorsal gliding manual
therapy technique. B) Model technique.

Fig. 2. Sham C0-C0 Technique group. A) Sham technique interven-
tion C0-C0. B) Model technique.

using the anterior part of his shoulder. The dorsal mo-
bilization force was applied until a marked resistance
was felt and then the pressure was slightly increased to
perform a stretching mobilisation (grade III according
to Kaltenborn) [29]. The technique was performed in
15 second cycles of gliding and 3 seconds of rest, with
a total duration of 5 minutes (Fig. 1).

2.4.2. Sham C0-C0 Technique group (ST)
The “sham technique” group received a C0-C0 sham

dorsal mobilization technique. In order to carry out this
approach, the subject was supine. The physiotherapist
placed both hands under the occipital (C0) and the an-
terior part of his shoulder on the patient’s forehead and
made a slight dorsal pressure with the anterior part of
his shoulder. This dorsal pressure was exerted without
any therapeutic intention. The technique was performed
in 15 second cycles of gliding and 3 seconds of rest,
with a total duration of 5 minutes (Fig. 2).

2.5. Measurements

Measurements were performed by a physiotherapist
(A) who was blinded to the applied technique. The main
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Fig. 3. A, B, C) Sequence of flexion-rotation test to determine the most restricted side. A) Right rotation. B) Neutral position. C) Left rotation. D)
Upper flexion movement. E) Neutral position. F) Upper extension movement.

variable of the study was the FRT variable. The sec-
ondary variables were upper flexion-extension mobility,
pain pressure threshold and the activation of the deep
flexor muscles of the cervical spine. All variables were
measured before and after treatment in the above order.

For the upper cervical rotation range, the CROM de-
vice (floating compass; Plastimo Airguide, Inc, Buf-
falo Groove, IL, USA) [30] was used, using the FRT
(Fig. 3). The CROM device is a reliable and valid in-
strument for measuring active and passive ranges of
cervical mobility [31–34].

The FRT test was accomplished with the patient in
supine position and with the CROM device. Maximum
cervical flexion was performed, followed by rotation,
which was stopped if marked resistance was detected
and/or the patient felt symptoms [24]. The measurement
was carried out three times on each side, being the
average of the three measurements the value used for
the analysis. The degrees of the most restricted side
rotation and the least restricted side rotation of the FRT
were registered.

For the measurement of the upper flexion-extension
mobility of the upper cervical spine, the measurement
was conducted in the standing position according to the
method described by Strimpakos et al. [35] (Fig. 3). The
CROM device was used, and the patient was positioned
with his head against the wall. The patient was asked to
perform flexion and extension without taking his head
off the wall. The procedure was repeated three times,
being the mean of the three measurements the value
used for the analysis.

The pain pressure threshold was recorded using a
JTECH R© digital algometer (JTECH commander al-
gometer. JTECH Medical, Midvale UT, USA) (with an

area of 1 cm2) in kg/cm2 [36]. The patient was supine
in a relaxed position. Pressure was applied to the sple-
nius muscle of the head at C2-C3 [16] and to the upper
trapezius muscle belly bilaterally [17]. The patient was
instructed to report when the exerted pressure became
slightly painful. At this point, the evaluator stopped ap-
plying pressure and registered the force that had been
exerted with the algometer. The assessment was carried
out bilaterally. The mean of the three measurements
was used as the final data.

The activation of the deep flexor muscles of the cer-
vical spine was carried out with the device (Stabilizer
Pressure Biofeedback, Chattanooga Group Inc., USA).
With the subject in supine position, the device was
placed on the back of the cervical spine, inflating the
device to a pressure of 20 mmHg. Subjects were in-
structed to “nod their head gently as if saying “yes””
to perform the deep muscle contraction. The contrac-
tion of the superficial muscles was monitored by obser-
vation and palpation. The patient was then instructed
to perform this isometric craniocervical flexion for 10
seconds. The procedure was repeated 3 times at each
level in which the pressure could be progressively in-
creased by 2 mmHg until a value of 30 mmHg was
reached [37]. The test was stopped in case of inabil-
ity to maintain the contraction without contracting the
superficial musculature and/or pain [37].

2.6. Statistical analysis

SPSS Statistics for Windows version 20.0. (IBM
Corp., Armonk, NY, USA) was used for all statistical
analyses. Descriptive statistics (mean and standard de-
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Fig. 4. CONSORT. (Consolidated Standards of Reporting Trial) flow diagram.

viations, or number and percentage) were calculated to
describe the demographic characteristics of sample.

The Wilcoxon signed-rank test was used for the
within-group analysis and, for the between-group anal-
ysis the differences were previously calculated. Sub-
sequently, the Mann Whitney U test was performed.
In order to estimate the magnitude of the difference
between two conditions, the effect size was calculated
in the main variables, using Cohen’s coefficient (d).
Cohen’s coefficients were interpreted as follows: large
effect sizes, d > 0.8; moderate effect sizes, d = 0.5–
0.79; and small effect sizes, d = 0.2–0.49 [38]. The
significance level was set at p < 0.05.

3. Results

Twenty-eight participants with chronic neck pain and
upper cervical restriction (Fig. 4) who met the inclu-
sion criteria were recruited with a mean age of 41.9
± 13.9 years, being 64.3% females and 35.7% males.
Table 1 shows the descriptive characteristics of each
group. There was no statistically significant difference
for the descriptive or outcome characteristics at base-
line.

3.1. Upper cervical mobility (Flexion, extension and
FRT)

In the within-group analysis no difference in the ST

Table 1
Baseline features for both groups

MT (n = 14) ST (n = 14)
Mean ± SD or n (%) Mean ± SD or n (%)

Age (years) 39.93 ± 11.63 43.93 ± 15.99
Pain time (months) 9.64 ± 4.58 16.71 ± 13.98
Gender

Female 10 (71.4%) 8 (57.1%)
Male 4 (28.6%) 6 (42.9%)

Abbreviations: SD: Standard deviation; MT: Manual therapy C0-C1
group; ST: Sham C0-C0 Technique group.

group for upper cervical range of motion was found.
However, in the MT group, all movements showed sta-
tistically significant differences with large effect sizes
except for the flexion movement which was moderate
(d = 0.67) (Table 2).

In the between-group analysis, the MT group pre-
sented higher values than the ST, with statistically sig-
nificant differences except for the cervical flexion move-
ment (Table 3).

3.2. Pressure pain threshold

When analysing the within-group, no statistically
significant changes were reported in the pressure pain
threshold for the trapezius and splenius muscles evalu-
ated on each side of ST group. However, the MT group
showed an increase in pressure tolerance in both mus-
cles on both sides, and these values were statistically
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Table 2
Within-group analysis results

MT group ST group
Baseline Post-intervention Baseline Post-intervention

Mean ± SD Mean ± SD p ES Mean ± SD Mean ± SD p ES
UCROM(◦)

Flexion 5.64 ± 4.68 8.71 ± 4.46 0.028 0.67 8.36 ± 5.21 8.64 ± 4.11 0.420 0.06
Extension 34.36 ± 5.08 40.29 ± 4.55 0.003 1.23 34.29 ± 4.46 34.57 ± 4.50 0.512 0.06
FRT more restricted 28.71 ± 7.79 41.14 ± 6.42 0.002 1.74 27.57 ± 6.16 27.57 ± 5.56 0.916 0.00
FRT less restricted 35.00 ± 6.09 46.71 ± 6.70 0.001 1.83 38.71 ± 7.64 39.36 ± 7.10 0.673 0.09

PPT (kg/cm2)
Right Trapezius 2.89 ± 1.36 3.38 ± 1.37 0.007 0.29 2.81 ± 1.40 2.88 ± 1.35 0.624 0.05
Left Trapezius 2.75 ± 1.17 3.39 ± 1.65 0.008 0.45 2.52 ± 1.11 2.63 ± 1.12 0.268 0.10
Right Splenius 2.52 ± 1.00 3.31 ± 1.39 0.023 0.65 2.37 ± 1.17 2.52 ± 1.12 0.113 0.13
Left Splenius 2.61 ± 1.09 3.42 ± 1.48 0.009 0.62 2.46 ± 1.16 2.64 ± 1.19 0.070 0.15

Muscle Activation (mmHg)
Activation 28.39 ± 2.41 28.86 ± 2.39 0.249 0.20 27.44 ± 3.18 27.79 ± 2.98 0.345 0.11

Abbreviations: SD: Standard deviation; MT: Manual therapy C0-C1 group; ST: Sham C0-C0 Technique group; UCROM: Upper cervical range of
motion; FRT: Flexion-rotation test; PPT: Pressure pain threshold; ES: Effect size.

Table 3
Between-group analysis results

MT group ST group
Difference between

baseline and post-intervention
Difference between

baseline and post-intervention
Mean ± SD Mean ± SD p

UCROM(◦)
Flexion 3.07 ± 4.45 0.29 ± 3.65 0.273
Extension 5.93 ± 5.48 0.29 ± 2.64 0.003
FRT more restricted 12.43 ± 10.62 0.00 ± 2.51 0.000
FRT less restricted 11.71 ± 7.60 0.64 ± 4.18 0.007

PPT (kg/cm2)
Right Trapezius 0.49 ± 0.61 0.06 ± 0.42 0.040
Left Trapezius 0.65 ± 1.08 0.10 ± 0.22 0.116
Right Splenius 0.79 ± 1.08 0.15 ± 0.41 0.049
Left Splenius 0.81 ± 1.23 0.32 ± 0.18 0.160

Muscle Activation (mmHg)
Activation 0.47 ± 1.48 0.34 ± 1.47 0.835

Abbreviations: SD: Standard deviation; MT: Manual therapy C0-C1 group; ST: Sham C0-C0 Technique
group; UCROM: Upper cervical range of motion; FRT: Flexion-rotation test; PPT: Pressure pain threshold;
ES: Effect size.

significant. The effect size was moderate for the sple-
nius muscle and small for the trapezius muscle (Ta-
ble 2).

In the between-group analysis, although the differ-
ence between baseline and post-intervention in the MT
group was larger, statistically significant differences
were only reached in the right trapezius muscle (p =
0.040) and right splenius (p = 0.49) (Table 3).

3.3. Activation of deep neck flexor muscles

No statistically significant changes were found in the
within-group analysis with small effect size, neither in
the between-group analysis (Tables 2 and 3).

4. Discussion

The aim of the study was to compare the immediate
effects of a real cervical mobilization of the C0-C1
segment with a sham C0-C0 technique on upper cervical
range of motion, deep cervical flexor muscle activation
and pressure pain threshold in patients with chronic
neck pain and upper cervical restriction.

The results obtained suggest that the MT group had
significant improvements in cervical range of motion
and pressure pain threshold for the right trapezius and
right splenius muscles compared to TS but not in the
activation of the deep musculature.

The MT group achieved a significant improvement in
FRT (1243◦ in more restricted side rotation and 1171◦

in less restricted side rotation), which is greater than
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the minimally detectable change described by Hall et
al. [39].

In recent years, different authors have demonstrated
the indirect effects of manual treatment of segments
such as C0-C1 and C2-C3 in the improvement of FRT
in patients with chronic neck pain [9,14,16]. In terms of
upper cervical flexion and extension, the MT achieved
similar significant improvements as in other studies [9,
14,16].

One possible explanation for these results may be
due to the relationship between the joint and ligamen-
tous tissue among the C0-C1, C1-C2 and C2-C3 seg-
ments [11], in particular, by the alar ligaments. The
rotation of C1-C2 is limited by the alar ligament sys-
tem and the occipital (C0) and C2 are the main bony
attachment of these ligaments. Some authors have pro-
posed that the dysfunction of C0-C1 [9,11,40] and/or
C2-C3 [9,41] may inhibit the normal rotational mobility
of C1-C2. Also, other non-biomechanical mechanisms,
such as those of the spinal cord and central nervous
system, could explain this improvement [9], because a
mechanical stimulus generated by manual therapy trig-
ger neurophysiological responses within the periphery
and the central nervous system [42,43].

Regarding pressure pain threshold, differences be-
tween groups were found in the right trapezius and right
splenius muscles in favour of the MT group. Differ-
ent studies have found similar results when real mobi-
lization techniques are applied to this region [9,16,17],
however, no changes have been described with ST [43].
The minimum detectable change in patients with neck
pain is 0.48 kg [44]. In the within-group results, the MT
group obtained minimally detectable changes for all
measurements of the right and left trapezius and right
and left splenius.

The literature supports that manual mobilization
techniques increase the pressure pain threshold in sub-
jects with chronic neck pain [45–49]. These positive
effects appear even if using interventions in remote seg-
ments such as the thoracic spine [26]. According to
Bialosky et al. [42,43], the mechanical stimulus gener-
ated by C0-C1 mobilization may provoke these neuro-
physiological responses within the nervous system for
pain inhibition and consequently positive changes in
pressure pain threshold in the upper trapezius and sple-
nius muscles in MT group [42,43]. It has been estab-
lished that these changes occur immediately and stabi-
lize over time [40], despite having no knowledge about
this effect, as neither short- nor medium-term evalu-
ations were carried out. In relation to the results ob-
tained in the sham group, a similar study performing a

sham cervical spine technique did not obtain significant
changes in pain [18].

The clinical application of this study provides evi-
dence that C0-C1 dorsal gliding mobilization is an ef-
fective approach for increasing upper cervical rotation
measured by the FRT. Furthermore, it supports the indi-
rect approach for the C1-C2 dysfunction avoiding end
range mobilization and following IFOMPT recommen-
dations for safety in the cervical spine approach [12]. In
addition, we observed that a sham technique does not
achieve the same results, so applying a manual tech-
nique in an appropriate way seems to be a determining
factor.

Regarding muscular resistance, no within- or be-
tween-group changes were observed. One study ob-
served better deep musculature fibre recruitment and
less activation of the superficial musculature in the cran-
iocervical flexion test after specific cervical mobiliza-
tion [50].

The subjects participating in this study started from
near-normal values and, in this test, were assessed with-
out cervical training treatment. Consequently, it is pos-
sible that the dose of treatment used and the imme-
diate assessment of the effects were not sufficient to
demonstrate a change. Other studies have shown that
when patients with chronic neck pain and upper cervi-
cal restriction started from pathological values in this
test (below 24 mmHg) and training protocols of several
weeks were applied, improvements in activation and en-
durance occurred when combined with manual therapy
techniques of the upper cervical spine [16,17]. We have
not observed these findings in our study. Perhaps, if a
more precise instrument to measure muscle contraction
(e.g. Electromyography) had been used in our study,
these findings may have been observed.

The main limitation of this study is the application of
a single treatment session and the evaluation of the im-
mediate effects only. In addition, the treatment dose was
a single 5-minute session so we do not know if more
sessions or a higher dose can affect the results. Another
limitation was that no questionnaire was conducted to
ensure whether patients were aware of whether they be-
longed to the sham group or the real intervention group.
Another possible limitation is that pain (with VAS or
NPRS) was not measured as it could give more infor-
mation on the effect of the treatments. Further studies
with a medium-term follow-up would be necessary to
identify whether the findings obtained with immediate
effects perpetuate and if the values in the pressure pain
threshold normalise with a greater number of sessions
and follow-ups.
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5. Conclusion

The real C0-C1 dorsal glide mobilization technique
generates improvements in upper cervical spine range
of motion and pressure pain threshold to right trapezius
and right splenius. However, it does not provide signif-
icant changes in cervical deep musculature activation
compared to the sham C0-C0 technique in patients with
chronic neck pain and upper cervical restriction.
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