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Purpose: To determine the difference in maintenance of improvement of pain and disability for dry needling (DN) under needle
electromyography (EMG) guidance technique in myofascial neck and shoulder pain patients, compared with DN alone.

Patients and Methods: In this randomized single-blind clinical trial, 30 participants with myofascial pain in the neck and shoulder
were randomly allocated to two groups: myofascial trigger points (MTrPs) DN with EMG guided (DN-EMG) group and MTrPs DN
without EMG (DN) group. Needling treatment lasted for 2 weeks, twice a week. The primary outcome was pain intensity as assessed
by visual analogue scale (VAS) and neck disability index (NDI). A number of mappings referred to pain and spontaneous muscle
activity (SEA) were considered secondary outcomes. VAS and NDI were measured before treatment, after 2 weeks of intervention and
at 4-, 6- and 12-week follow-up periods after the intervention. Secondary outcomes were assessed before each treatment (T1-T4). Data
were analysed using mixed-model analyses of variance (ANOVA) with time as a within-subject variable and groups as between-
subject variables followed by Bonferroni’s post-hoc test.

Results: Mixed-model ANOVA revealed significant time-by-group interaction effects (F = 3.49, P = 0.01) for VAS. Post-hoc analysis
showed a significant decrease in VAS and NDI after 2 weeks of intervention and at all follow-up periods compared with baseline in
both groups (p < 0.01). The DN-EMG group exhibited higher improvements in VAS at 6- and 12-week follow-up period than the DN
group (p < 0.05). In the SEA of MTrPs, we found positive sharp waves, fibrillation and fascicular potentials. DN-EMG group exhibited
lower amplitudes at T2-T4 and frequencies at T2 and T3.

Conclusion: DN under needle EMG guidance technique exhibited greater improvements in maintenance of improvement of pain and
lower SEA value than the DN group due to sufficient MTrPs inactivation.
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Introduction
Neck and shoulder pain (NSP) is a common musculoskeletal pain syndrome, affecting more than 2/3 of the population at
some stage over lifespan.'! NSP is mainly manifested as pain in the neck and shoulders, sometimes accompanied by upper
limb pain or persistent tension headache, dizziness and limited range of motion with neck and shoulder dysfunction.
Myofascial trigger points (MTrPs) are defined as a hyperirritable spot in a palpable taut band of skeletal muscle fibers;
they could give rise to characteristic-referred pain, motor dysfunction and autonomic phenomena.” MTrPs may be
provoked by trauma, overuse, postural faults, nutritional deficiencies, emotional psychological stress, degeneration or
endocrine and metabolic deficiencies.’

Numerous studies have shown that MTrPs are prevalent in patients with chronic musculoskeletal pain.>~® In the
sedentary lifestyle in today’s societies with too much time in static postures, phasic muscles become progressively
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inhibited and lax, while postural muscles gradually become tighter. A muscle imbalance between dynamic and postural
muscles may lead to MTrPs in the cervical region.9 The upper trapezius (UT) muscle has been found to be often affected
by MTrPs.'”'? Considering the role of the UT muscle in the scapulohumeral rhythm during shoulder movement, the
MTrPs in the UT muscle could result in altered scapulohumeral rhythm and shoulder dysfunction and disability. The
MTtPs at the UT muscle are the important factors that cause NSP."?

Conservative interventions for MTrPs include dry needling (DN), wet needling (eg lidocaine injection and some local
anesthetic injections), ischemic compression, laser and oral drugs.'* Of these therapies, DN has been widely used in
clinical practice because of its simple operation and good efficacy.'” The objectives of DN include inactivating the
MTrPs, normalizing the chemical environment of MTrPs, releasing muscle shortening, removing the source of muscle
irritation, normalizing peripheral nerve sensitization, promoting self-healing of the injured tissue, and decreasing
spontaneous muscle activity (SEA).'

The diagnosis of MTrPs has always been a difficult problem; the main methods for detecting MTrPs are as follows:
thumb palpation, tenderness threshold detected by pain detector, ultrasound imaging, electromyography (EMG), mag-
netic resonance elastography and infrared thermography.'” Needle EMG studies have found that abnormal SEA in
MTrPs'®!” and DN treatment could effectively reduce SEA at MTrPs,”*! while DN at the exact MTrPs seems more
effective than needling at non-MTrPs.?? The use of EMG could help find MTrPs more accurately and observe the
inactivation status of MTrPs in real time.

A systematic review recommended DN for relieving MTrPs pain in the NSP in the short term.?’ It is not clear whether
the poor long-term effect of DN is caused by incomplete inactivation of MTrPs. At the same time, there is no unified
conclusion on how many times of DN at MTrPs will have better curative effect. The use of EMG could help find MTrPs
more accurately and observe the inactivation status of MTrPs in real time. Therefore, this study aimed to investigate
whether DN under needle EMG guidance treatment techniques leads to a better long-term treatment effect due to
sufficient MTrPs inactivation.

Patients and Methods
A total of 30 participants were recruited from the Shangti Orthopedic Hospital and the Pain Department in Hudong
Hospital between 2017 September and May 2018. The participants were randomly divided into two groups: MTrPs DN
(DN) group and MTrPs DN with EMG guided (DN-EMG) group. The research was performed by five independent
researchers. Randomisation was performed using a computerised random number generator by researcher one. Individual
and sequentially numbered index cards with random assignment were prepared. The index cards were folded and placed
in sealed opaque envelopes. Another researcher (researcher two), opened the envelope and proceeded with allocation.
Researcher three will be in charge of recruitment of patients and collecting the EMG data. Researcher four will
administer the treatment. Researcher five will be in charge of the statistical analysis of the VAS, NDI and EMG data.
The participants were blinded to the type of treatment as they could not observe the collection of EMG. Researchers three
and five were also blinded to both the group allocation and type of treatment. Researcher four was not blinded as to
observe the changes in EMG in real time in the DN-EMG group.

The characteristics of the participants in the study groups were assessed at baseline, and no significant differences
were found in age, gender, height, weight and body mass index between the two groups at baseline (Table 1).

Table 1 Demographic Data of the Subjects (Mean + SD)

Variables DN Group (n = 15) DN-EMG Group (n = 15) p-value
Age (years) 54.4+4.2 56.6+6.2 0.29
Sex (male/female) 4/11 6/9 /

BMI (kg/ m?) 25.70+2.41 25.21£2.02 0.55
Duration of NSP (months) 6.5+1.7 6.2%1.8 0.6l
Baseline of VAS (cm) 6.21£0.99 6.54£1.17 0.42

Abbreviations: BMI, body mass index; NSP, neck and shoulder pain; DN group, dry needling group; DN-EMG group, dry
needling with EMG-guided group; VAS, visual analogue scale.
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Inclusion Criteria
The MTrPs of the UT were diagnosed in accordance with the criteria initially established by Travell and Simons 2: (1)
a palpable, hypersensitive tender spot in a taut band, (2) local twitch response (LTR) on muscle palpation and (3) referred
and spontaneous pain elicited by firm compression. The participants were examined and treated by a clinician with more
than 20 years of experience in the diagnosis and management of MTrPs.

The inclusion criteria included the following:

1. NSP of at least 3 cm on a visual analogue scale (VAS) from 0 cm (no pain) to 10 cm (worst imaginable pain) and
more than 3 months;

2. At least three MTrPs in the UP muscle;

3. Having no treatment with acupuncture previously and having poor response to previous conservative and non-
invasive treatments, such as oral medicine or physical therapy.

Exclusion Criteria
The exclusion criteria for the selection of patients included the following:

1. Having conditions with contraindication for needling, such as local infection, malignancy, serious medical
problems, taking anticoagulant medicine and pregnancy;

2. Taking medicine that may change pain intensities, such as analgesics, sedatives and substance abuse (including
alcohol and narcotics);

3. Having previous surgery or trauma to the neck, upper back or upper limb;

4. Having evidence of cognitive deficit.

Either the inclusion or exclusion criteria were assessed by the same doctor on the basis of detailed medical history and
careful physical examination.

Study Design and Ethical Approval

This randomized single-blinded clinical trial was designed and reported in accordance with the Consolidated Standards
of Reporting Trials (CONSORT) statement, approved by the Ethics Committee of Shanghai University of Sport
(approval code: 2,015,026), and it was prospectively registered (www.chictr.org.cn; ChiCTR-IPR-17010764), and
this study was carried out in accordance with the World Medical Association’s Declaration of Helsinki (1964). The

purpose, protocol and procedures of the trial were demonstrated to all participants. Informed consent forms were
signed.

Sample Size Calculation

The sample size estimation was based on the average pain scores of the pre-experiment, and it was performed by using
the G*Power 3.1.9.7 software (Diisseldorf, Germany). Assuming a two-tailed Wilcoxon signed-rank test at the 0.05
significance level with a statistical power of 85%, this analysis showed that 12 subjects would be required in each group.
Considering the risk of dropouts, an expected sample loss of 20% were considered. The sample size calculation resulted
in a sample of 15 participants per group, totaling 30 participants.

Interventions

MTrPs were identified and marked on the skin with an indelible black marker. Before needling, the skin was swabbed
with alcohol wipes. DN procedures were performed by the same acupuncturist by using Hong’s fast-in, fast-out technique
until an LTR was achieved** and a ®0.35 mm x 0.75 mm sterilised stainless-steel needle (Wujiang Jiachen Acupuncture
Equipment Co., Ltd., Jiangsu, China). Immediately after needling, compression was applied to the treated MTrPs for
15 s.
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In the DN group, the needle was inserted into the skin at the MTrPs area until the first LTR was obtained, and then the
needle was moved up and down at approximately 1 Hz until no more LTR was elicited. In the DN-EMG group, the grounding
surface electrode and the reference electrode were placed similarly to those in the DN group. However, the recording electrode
was clamped at the end of the sterilised stainless-steel needle for acupuncturists to observe the changes in EMG in real time
and finish the treatment after the EMG waveform disappeared. The MTrPs in other parts of the trapezius muscle were treated
in the same manner in each group. All patients received two treatment sessions every week for 2 weeks.

Outcome Measurements

The primary outcomes were pain intensity and neck disability. The numbers of mappings referred to pain and SEA were
considered secondary. Primary outcome measures were performed at baseline, after 2 weeks of intervention, and 4, 6, and
12 weeks follow-up after the intervention (W0-W4), and secondary outcome measures were performed before each
treatment (T1-T4). Outcomes were measured by an external person not directly involved in the trial.

1. Pain intensity was measured using the VAS created by Scott and Huskisson.>> The VAS is a simple, sensitive and
reproducible instrument that is often considered as a measure of the efficacy of pain treatment. In this study, a 10 cm VAS
for pain was used. The subjects were asked to state their pain level by placing a mark on a horizontal line of 10 cm. The
score on the 10 cm scale ranged from 0 cm (no pain) to 10 cm (worst imaginable pain).

2. Neck disability was measured using the neck disability index (NDI), which is the most widely used instrument for
assessing related disability in patients with neck pain.?® It consists of 10 questions with six possible responses, each of
which was assigned a different number of points, from 0 (no disability) to 5 (complete disability). The total NDI score
could range from 0 to 50 points, where higher scores represent higher levels of disability.’

3. In this study, the participants were asked to describe the referred pain pattern by using an anatomical map of the
upper half of the human body. The designated areas within the head and neck, the upper back, the shoulder and the arm,
which may all encompass pain referred there by MTrPs. The anatomical map was divided into 34 areas described by
Travell and Simons.” A number of areas of pain were evaluated.

4. SEA records were measured with an EMG equipment (NeuroCare-E, NCC Medical Co., Ltd., Shanghai, China,
sampling frequency at 50,000 Hz) with three fine-needle electrodes (® = 0.3 mm). A band with a filter was set at 20—
3000 Hz. The gain was set at 10 xV/division. The sweep speed was 10 ms/division. The grounding surface electrode was
attached to the acromial bone marker. The reference electrode was inserted into the taut band of the UT by palpation.
A local twitch response indicated a possible MTrPs. Thus, the recording electrode was inserted longitudinally approxi-
mately 3—5 mm away from the second electrode. The examiner needed to move the needle in different directions to
obtain the SEA with the highest amplitude. The EMG of the confirmed SEA was recorded for 2 min and the average
peak-to-peak value within groups was calculated.

Data Analysis

SPSS version 22.0 (IBM, Armonk, NY, USA) for Windows was used for statistical analysis. Descriptive statistics (means
+ standard deviation) were calculated for all parameters. Shapiro—Wilk test was used to test normality considering all
participants were together, and each group was independently assessed. A mixed-design ANOVA, with time (W0-W4) as
the within-subject factor and groups (DN and DN-EMG) as the between-subject factor, was used to determine the effects
of the intervention on VAS and NDI. For SEA and the number of pain area parameters, a mixed-design ANOVA was
applied, with time (T1-T4) as within-subject factors and groups (DN and DN-EMG) as a between-subject factor. In case
of significant factors or interactions, the Bonferroni test was used for post-hoc comparisons. p-value <0.05 was
considered to be statistically significant.

Results
The participant flow diagram presented in Figure 1 shows the numbers and timing of randomization assignment,
interventions and measurements for each group.

No statistically significant differences were found in the age, BMI, and duration of NSP and VAS between the groups
before any intervention (P > 0.05), as shown in Table 1.
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Figure | Flow diagram of patients throughout the course of the study.

Assessment of Pain Intensity and Neck Disability

The mixed-model ANOVA revealed significant time-by-group interaction effects (F = 3.49, P = 0.01) for VAS. However,
no significant time-by-group interaction effects were observed for NDI (p > 0.05). Post-hoc analysis showed a significant

decrease in VAS and NDI after 2 weeks of intervention and 4, 6, and 12-week follow-up compared with baseline in both

groups (p < 0.01, Table 2). Post-hoc tests also revealed a significant increase in VAS in W4 compared with that in W1 (p
< 0.01). The DN-EMG group exhibited higher improvements in VAS at 6- and 12-week follow-up periods than the DN
group (p < 0.05, Table 2). No difference was observed for NDI between the two groups.

Table 2 Mean + SD of the Pre- and Post-Measurement Scores for All Groups

Variable Time Groups p-value
DN Group DN-EMG Group (Inter-Group)

VAS (cm) WOo 6.21£1.01 6.54x1.19 0.42
Wi 1.63£0.79%* 1.81£1.17%% 0.63
W2 2.85+0.62%* 2.65+0.92+* 0.49
W3 2.9940.90%* 2.2340.82%* 0.02
W4 3.38%].23*%* 2.41+0.98%* 0.02

NDI (scores) WO 17.67+£3.37 17.20+2.88 0.69
Wi 8.89+2.37%* 8.80£2.91** 0.89
W2 10.01£2.29%* 9.60+2.89%* 0.68
W3 10.33+£2.53%* 9.53+3.07%* 0.44
W4 10.93+2.63%* 9.934£2.89%* 0.33

Notes: **p < 0.01 indicates significant difference in VAS and NDI compared with WO within groups.
Abbreviations: WO, baseline; W1, after 2 weeks of intervention; W2, at 4-week follow up after W1; W3, at 6-week follow up after
WI; W4, at 12-week follow up after W1; DN group, dry needling group; DN-EMG group, dry needling with EMG guided group; NDI,
neck disability index; VAS, visual analogue scale.
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Assessment of SEA and Referred Pain Area
SEA were found in both groups.

a. Endplate noise is a low-amplitude monophasic negative potential occurring in a dense steady pattern point with an
amplitude of 10-20 pV, short duration (0.5-1.0 ms) (Figure 2). Graded non-propagated membrane potential is induced in
the postsynaptic membrane of muscle fibers via release of acetylcholine from the presynaptic axon terminal in response
to an action potential *®

b. Positive sharp wave starts with a positive direction, followed by a negative going wave (Figure 2). This wave is
often present in the early stages of muscle denervation or myogenic damage.

c. Fibrillation potentials are triphasic, with an initial positivity followed by a long-duration negative phase
(Figure 2). Fibrillation potentials strongly suggest denervation, but they have been observed in polymyositis,
muscular dystrophy and botulism, which are all thought to be spontaneous discharges from acetylcholine-
hypersensitive denervated muscle fibers or may result from muscle necrosis, muscle inflammation and focal muscle
degeneration.?’

d. The fasciculation potential shows a triphasic, small positive—negative—small positive potential. Any traumatic
injury causing lasting compression or damage to nerves in or near muscles could increase a patient’s chances of having

104V/D | |

10ms/D

fasciculations (Figure 2).

'b. Fasbiculatibn potehtial —

¢. Positive shérp wave | | a Ehdplate noise

d. Fibrillation potentia]\'

Figure 2 EMG features of SEA.

Notes: (A) Endplate noise is arecurring one-way negative potential with an amplitude of 10-80 pV; (B) The fasciculation potential shows atriphasic, small positive—negative—
small positive potential; (C) Positive sharp wave starts with apositive direction, followed by anegative going wave; (D) Fibrillation potentials are triphasic, with an initial
positivity followed by along-duration negative phase.

Abbreviations: EMG, electromyography; SEA, spontaneous electrical activity.
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In the DN and DN-EMG groups, the local twitch potentials of muscles with different amplitudes were detected when
dry needling induced LTR (Figure 3).

The mixed-model ANOVA revealed significant time-by-group interaction effects (Famplitudes = 4.78, P = 0.009;
Ffrequencies = 7.66, P < 0.001) for SEA. Post-hoc analysis showed a significant decrease in the amplitudes and frequencies
of SEA in T2-T4 (p < 0.05, Figure 4). However, the DN-EMG group exhibited higher improvements in amplitudes at
T2-T4 and frequencies at T2 and T3 (p < 0.05, Figure 4).

The mixed-model ANOVA revealed no significant time-by-group interaction effects (p > 0.05) for the number of
referred pain regions. Post-hoc analysis showed that the number of referred pain regions significantly decreased in T4 in
both groups (p < 0.01, Table 3).

Discussion

Previous studies indicated that DN could be used to treat MTrPs in the upper trapezius muscle. A systematic review
recommended DN for relieving MTrPs pain in the neck and shoulders in the short term.?® This study revealed that DN-EMG
group exhibited greater improvements in VAS at 12-week follow-up period than the DN group and DN-EMG group exhibited
lower amplitudes at T2-T4 and lower frequencies at T2 and T3, indicating better MTrPs inactivation and maintenance of pain

relief.

50uV/D | |

10ms/D

/ |

Local twitch potentials

/

Local twitch pbtentialé

Figure 3 Local twitch response.
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Figure 4 Changes in the amplitudes and frequencies of SEA.

Notes: *p < 0.05 indicates significant difference in amplitudes or frequencies compared with different treatment times within group; #p< 0.05 indicates significant difference in
amplitudes or frequencies compared with between DN and DN-EMG.

Abbreviations: T1, before the first treatment; T2, before thesecond treatment; T3, before the third treatment; T4, before the fourth treatment; DN group, dry needling
group; DN-EMG group, dry needling with EMG guided group.

In this study, the DN and DN-EMG groups resulted in a significant decrease in VAS, NDI and SEA amplitude after
treatment and at all follow-up periods compared with baseline. The improved NDI may be a consequence of the decrease
in pain and improvement in muscle tone and elasticity after treatment. Previous studies also indicated a decrease in NDI
scores after DN.>* Although VAS and NDI increased compared with those at the end of treatment sessions, the
measurement scores were significantly lower than before treatment. This finding suggested that improvements in pain
and disability by using DN and DN-EMG could be maintained for 12 weeks after intervention.

However, the DN-EMG group exhibited higher improvements in VAS and SEA amplitudes at 12-week follow-up
period than the DN group. Previous studies showed abnormal SEA in MTtPs.'®' The use of EMG could help find
MTrPs more accurately and observe the inactivation status of MTrPs in real time. Treatment with DN-EMG guidance is
more accurate and specific, with the possibility of accessing deeper muscles and better inactivation of MTrPs. The DN-
EMG group showed lower VAS and SEA amplitudes at 12-week follow-up than the DN group.

Investigators have attributed the therapeutic effects of DN to chemical effects and mechanical
neurophysiology.>! Several studies have demonstrated changes in the chemical properties of MTrPs combined
with eliciting LTR following dry needling.'® LTR has been thought to reduce the concentration of sensitizing
substances in the MTrPs and they are considered as an important parameter in breaking the centrally mediated

vicious cycle of the MTrPs phenomena.’' According to Hong,**

an LTR elicited during needling is the most
definitive objective indication that the needle has been inserted exactly in the MTrPs. DN to considered to provide
a mechanical localized stretch to the shortened sarcomeres and contracted cytoskeletal structures within the
MTrPs.>? DN was also suggested to stimulate A-delta fibers and activate enkephalin-producing neurons in the
dorsal horn, leading to the reduction and suppression of pain.**

The local twitch potentials of muscles with different amplitudes were detected when DN induced LTR. However,

a better waveform analysis method has not been found. One study found that bilateral LTR has been recorded in the

Table 3 Number of Body Regions for MTrPs-Referred Pain

Time/Group DN Group DN-EMG Group p-value (Inter-Group)
Tl 5.80+1.37 6.07£1.75 0.65
T2 5.33£1.04 5.67+1.80 0.52
T3 5.06+1.03 5.13x1.51 0.88
T4 3.33+0.89** 3.93£0.96%* 0.11

Notes: **p < 0.0 indicate significant difference in pain regions compared with baseline within groups.
Abbreviations: DN group, dry needling group; DN-EMG group; dry needling with EMG guided group; T1, before the first
treatment; T2, before the second treatment; T3, before the third treatment; T4, before the fourth treatment.
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contralateral trapezius during unilateral DN of MTrPs in the ipsilateral and symptomatic trapezius.** Audette et al
concluded that LTR is generated by inducing a spinal reflex that involves sensory input to the spinal cord by mechanical
irritation of the needle at sensitive loci in the MTrPs, which then results in a motor efferent response of the alpha motor

neuron pool.>>

The presence of bilateral LTRs during unilateral dry needling argues strongly for a central abnormality
rather than a purely peripheral abnormality in patients with MTrPs. The persistence of MTrPs may lead to neuroplastic
changes at the level of the dorsal horn, which results in amplification of pain sensation (ie central sensitization), with
a tendency to spread beyond its original boundaries (ie expansion of receptive fields).”> In the current study, the
participants described the referred pain pattern of NSP and showed pain distributed in the head and neck, the upper
back, the shoulder and the arm. Changes in pain area decreased significantly at T4 in both groups, possibly indicating that
DN could improve central sensitization.

As early as 1995, Simons>® recorded a high-frequency repetitive spike from MTrPs of trapezius at rest. Liley®’
identified low-amplitude continuous discharges as abnormal endplate potentials. Eventually, all those potentials
were called SEA.2 A previous research showed that positive sharp waves, fibrillation and fascicular potentials
were founded at MTrPs. These waveforms usually appeared in the early stage of muscle denervation or myogenic
damage, or were found in muscle necrosis, muscle inflammation, local muscle degeneration and traumatic
injury,®® and DN at MTrPs decreased the amplitude and frequency of SEA.** Evidence showed that EMG provides
increased accuracy for BoNT injections.’® The use of EMG could also help find MTrPs more accurately and
observe the inactivation status of MTrPs in real time, suggesting enhanced attempts to inactivate MTrPs. In
a clinical context, DN-EMG could be used as a tool to observe MTrPs, especially for therapists who lack
experience in MTrPs diagnosis. This study revealed that DN under needle EMG guidance technique exhibited
greater improvements in VAS at 12-week follow-up period and lower amplitudes at T2-T4 and lower frequencies
at T2 and T3 than the DN group, indicating better MTrPs inactivation and maintenance of pain relief. However,
the high cost of EMG equipment is a major problem that may limit the usage of this modality.

Conclusion

This study revealed that DN-EMG group exhibited lower scores in VAS at 12-week follow-up period and lower
amplitudes at T2-T4 and frequencies at T2 and T3 than the DN group, indicating better MTrPs inactivation and better
pain relief.
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