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Objectives: Upper limb neurodynamic testing (ULNT) can be used clinically to assist in identifying neural
tissue involvement in patients with upper quarter pain and dysfunction. Consideration for scapular
positioning is a crucial component of ULNT standardization, as variations in positioning may dramatically
impact sensory and motor responses. This study aimed to determine if there was a meaningful difference in
test outcomes when the ULNT was performed in alternative scapular positions.
Methods: This cross-sectional study included 40 asymptomatic individuals. Repeated ULNT testing was
performed on the dominant limb with the scapula blocked in neutral (ULNTb) and in scapular depression
(ULNTd). Sensory responses, muscle activity, and range of motion outcomes were compared between the
two test variations.
Results: Pre-positioning in scapular depression (ULNTd) led to reduced elbow extension range of motion,
provoked greater upper trapezius muscle activity and an earlier onset and broader area of sensory
responses compared to ULNTb.
Discussion: During ULNTb, the limbs were taken further into range and elicited reduced muscle activation
and more localized sensory response providing a less vigorous version of the test. This study demonstrates
that scapular positioning has a meaningful impact on ULNT test outcomes in healthy, asymptomatic
individuals. The ULNTd can be considered a more vigorous version that may be appropriate when the
cervical motions commonly utilized for structural differentiation are limited or contraindicated.
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Introduction
The brachial plexus tension test was first introduced by

Elvey,1 and was later referred to as the upper limb

nerve tension test by Kenneally et al.2 Shacklock3 and

Butler4,5 further refined the testing procedures and

expanded our understanding of the construct being

examined, beyond merely tensioning the nervous

system; introducing the term upper limb neurody-

namic test (ULNT). The ULNT aids in determining

whether the nervous system is responsible for symp-

toms and mobility impairments seen in patients with

upper extremity dysfunctions.5,6 The test involves

gradually applying increasing amounts of elongation

to the neural pathway by sequential additions of limb

movements. The sequence of limb movements in one

of the most commonly utilized ULNT versions in-

cludes manually stabilizing the scapula, followed by

passive shoulder abduction, wrist and finger extension,

forearm supination, shoulder external rotation, and

lastly elbow extension.4–6

Variations have existed among ULNT methods

since its inception, including scapular positioning and

stabilization. However, consistency in the position

and stabilization of the scapula is paramount for

determining accurate test outcomes. Biomechani-

cally, it has been suggested that scapular depression

increases tension on the C5 and C6 spinal nerves and

the lateral cord of the brachial plexus,7,8 as well as the

median nerve in the forearm.9 It logically follows that

variations in scapular position would apply differing

degrees of tension to the neural pathway and would

likely alter the test outcomes.

The original definitions of scapular positioning for

the ULNT include the clinician controlling scapu-

lar elevation by blocking in a ‘neutral’ scapular

position.1,2,4–6 It was suggested that the examiner

achieve this goal by leaning a fist into the plinth while

applying a caudal force with the forearm to the point

of onset of tissue resistance to movement.5 Unfor-

tunately, current descriptions in many research studies

and textbooks remain vague or inadequately defined.

The term, ‘scapular depression’ is often used but the

interpretation of the position is left up to the reader or
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requires examining the original references.10–13 Others

use the description, ‘slight scapular depression’, but

again the position is not clearly explained.14,15

Collectively, the exact depression methodology and

position of the scapula is frequently insufficiently

described, preventing clinicians from having a stan-

dardized version to utilize with their patients and

researchers from accurately replicating the testing

protocols.

Research studies investigating outcomes from the

ULNT have used multiple scapular positioning and

fixation methodologies. Pressure sensor protocols

applied with inferiorly directed pressure to the

scapula have utilized an increase from 20 to

40 mmHg,13,15–17 referencing the original protocol

by Edgar et al.18 This protocol was derived from

attempts to consistently replicate positioning the

scapula inferiorly to the first onset of resistance to

movement and demonstrated good consistency

between examiners.18 Alternatively, examiners have

measured the force using a load cell, where 30 N

initial caudal pressure was applied to create a ‘gentle

depression’ in an effort to ‘neutralize the elevation of

the shoulder girdle caused by abduction of the

arm’.19–21 In comparison, shoulder positioning has

been determined based on a change in distance of 1.5

inches (3.81 cm) of depression.9 Lastly, many studies

have utilized manual stabilization of the scapula

to either prevent scapular elevation,22 position in

‘slight’ or ‘gentle’ scapular depression,14,23,24 posi-

tion in ‘scapular depression’,10,25 or utilized the

ULNT without any specific description of scapular

positioning.26–29 It is clear that significant variations

still exist in the description and achievement of sca-

pular positioning.

While current literature has utilized some degree of

scapular depression or scapular blocking in neutral,

there are no studies to date in which both positions

have been tested in the same individuals. Therefore,

the primary purpose of this study was to determine

the differences in ULNT outcomes in asymptomatic

individuals between scapular depression and scapular

blocking. We expected to find that pre-positioning in

scapular depression would provoke earlier sensory

responses in a broader area of the limb during the

ULNT sequence. Additionally, we anticipated that

scapular depression will trigger a greater increase in

local muscle activity and subsequently reduce the

available elbow extension range of motion compared

to blocking the scapula in neutral.

Methods
Participants
This cross-sectional study included a convenience

sample of 40 participants. Participants were recruited

through postings online and at local academic and

medical center campuses. The inclusion criteria

required the participant be at least 18 years old and

have full pain free range of motion of bilateral

shoulders, elbows, wrists, hands, and cervical spine.

Exclusion criteria included presence of current or

recent (more than 3 consecutive days in the last

6 months) neck or upper extremity pain, diagnoses of

peripheral neuropathy, diabetes mellitus, carpal

tunnel syndrome, complex regional pain syndrome,

upper extremity or cervical spine surgeries, drug or

alcohol abuse, and chemotherapy within the last year.

The Samuel Merritt University institutional review

board approved this study and assured the ethical

treatment of participants. Participants submitted

written informed consent prior to testing. Prior to

physical examination procedures each participant

completed the modified Baecke questionnaire: a

self-report measure of activity level with work, sports

and leisure activities.30

Equipment set-up
A Myosystem 1400A unit was used in conjunction

with MR-XP 1.07 Master Edition software for

data collection (Noraxon USA Inc., Scottsdale, AZ,

USA). The sampling frequency was 1000 Hz with a

high pass bandwidth filter of 500 Hz. Surface

electrodes (1 cm circular bipolar Ag/AgCl with

a 2 cm inter-electrode distance; Noraxon USA Inc.)

were placed on the upper trapezius, biceps brachii,

and forearm wrist and finger flexor group to capture

electromyographic (EMG) data consistent with sur-

face electromyography for the non-invasive assess-

ment of muscles guidelines.31 Specifically, the electrode

placement was half-way between the acromion and

C7 spinous process for the upper trapezius, the distal

third of the line between the acromion and cubital

fossa for the biceps brachii, and the proximal third

of the line between the medial epicondyle and wrist

crease for the forearm flexor muscle group. The

reference electrode was placed over the C7 spinous

process. A twin-axis electrogoniometer (Noraxon

USA Inc.) was used to record elbow range of motion

and was placed medially across the elbow joint with

the proximal end in line with the humerus and the

distal end in line with the ulnar styloid process. Full

elbow extension to neutral was defined as 180u. A

hand-held trigger was used to identify the first onset

of any sensory response during the last phase of the

ULNT (elbow extension). A hand brace was used to

keep the fingers in neutral and the carpometacarpal

joint of the thumb fully extended throughout testing

while allowing full wrist extension from a neutral

position.

Testing protocol
The participant was positioned in supine in a neutral,

anatomical position. A standard 2.5 cm thick foam
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pillow was used to support the participant’s head

during testing. Testing was performed on the

participant’s dominant limb as determined by the

hand used for writing. The testing sequence began

with one of two passive scapular positions based on a

previously determined random order. This included

either scapular blocking in neutral (ULNTb), which

involved placing the scapula in a neutral position by

applying a caudal force with the tester’s forearm until

the first onset of resistance to movement was felt

(R1), or scapular depression (ULNTd), designated by

the end range position (R2) determined by the tester.

Randomization of order was utilized to help control

for the effect of repeated testing and allow compar-

isons between the two test variations. This was then

followed, in order, by passive shoulder abduction,

wrist extension, forearm supination, shoulder exter-

nal rotation, and finally elbow extension. Each

motion was either taken to the end range of motion

(R2) or to the onset of any sensory response, if any

was provoked, including but not limited to stretch,

pulling, tension, pain, tingling, or numbness. One

practice trial was performed for each ULNT version

prior to repeating for testing purposes. Two-minute

breaks were given between each trial.

Data processing
EMG data were rectified using a root mean squared

conversion with a 50-millisecond interval and then

normalized to resting muscle activity levels re-

corded in supine with limbs supported prior to

ULNT procedure. EMG data are reported as

percent increases above resting values. The authors

believe this comparison is more appropriate for

passive testing procedures where comparisons to

resting muscle tone are more relevant, instead of

comparing to maximal voluntary isometric contrac-

tions which would be more appropriate for actively

performed movements. Muscle activation was

determined using a threshold of three standard

deviations (SDs) above the mean resting values as

has been previously utilized for EMG analysis.15,32

Elbow extension range of motion was calculated

from a 100-millisecond window centered at the mo-

ment the participant indicated a sensory response

with this movement. This measure was utilized to

indicate the relative flexibility during the ULNT as

this was the final limb motion for each test va-

riation. Reliability analysis was performed on a

subset of participants (n56) using elbow extension

measured during the practice trial and measurement

trial for both ULNTb and ULNTd. Intraclass

correlation coefficients (2,1) were calculated to exa-

mine measurement consistency. For analysis pur-

poses, sensory responses were coded as occurring

in the arm (spanning the acromion process to the

crease in antecubital fossa), forearm (spanning the

crease in antecubital fossa to the distal wrist crease),

and hand (spanning the distal wrist crease into the

hand).

Statistical analysis
All statistical analyses were performed using SPSS

software, version 18.0 (IBM Corporation, Somers,

NY, USA). The means and SDs are reported for

continuous variables and frequencies are reported for

dichotomous and categorical data. Paired t-tests were

used for between-test comparisons, and repeated

measures analysis was utilized for within test

comparisons. Repeated measures general linear

regression analysis was utilized to determine the

specific impact of test variation and testing order on

elbow extension range of motion. Non-parametric

analysis was utilized for sensory response variables

due to non-normal distributions of data. Alpha was

set at 0.05. Power analysis revealed that with a

sample of 40, alpha of 0.05, and power of 80%, we

would have the ability to detect a 4.5u difference in

elbow extension between ULNTb and ULNTd with

an SD of 10u.

Results
Demographics
The participant’s demographic characteristics are

presented in Table 1. There were no significant

differences between the male (n59) and female

(n531) participants with the following exceptions.

The males were on average slightly taller (0.08 m,

P,0.01) and weighed more (12.29 kg, P50.04) than

the female participants. However, since there was no

difference in body mass index between these sub-

groups, male and female participants were grouped

together for further analysis. The modified Baecke

questionnaire scores indicate that these participants

were moderately active in all three subscales (work,

sports, and leisure), based on the average total score

of 8.58 on a scale of 3 as the lowest and 15 as the

highest activity rating.30,33

Table 1 Demographics

Demographics Total group (n540)

Hand dominance (writing) 85% right/15% left
Age (years) 33.98 (11.14)
Height (m) 1.67 (0.08)
Weight (kg) 69.85 (15.75)
BMI (kg/m2) 24.94 (5.21)
Modified Baecke questionnaire
Work subscale 2.47 (0.61)
Sports subscale 3.28 (0.83)
Leisure subscale 2.82 (0.53)
Total score 8.58 (1.50)

Note: BMI, body mass index.
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ULNT testing
Elbow extension range of motion

ICC2,1 values for elbow extension measurements were

0.93 (95% CI: 0.60–0.99) during ULNTb and 0.92

(95% CI: 0.56–0.99) during ULNTd demonstrating

excellent reliability of repeated measurements for

both ULNT versions. The range of elbow extension

at the end of the test sequence is presented in Fig. 1

for ULNTb compared to ULNTd. Average elbow

extension was 144.7u (19.1u SD) during ULNTb and

139.5u (20.6u SD) during ULNTd. Of note, all of the

participants in the lower quartile for elbow extension

range (n510) were females (130u or less). There was

greater elbow extension during ULNTb compared to

ULNTd by an average of 5.3u (10.9u SD, P,0.01).

Further comparison shows that 72.5% (29/40) of

participants had more elbow extension during

ULNTb (above y5x line) while 27.5% (11/40) had

more elbow extension during ULNTd (below y5x

line) (Fig. 1). Interestingly, the testing order influ-

enced the difference in elbow extension between

ULNTb and ULNTd (P50.03). Repeated measures

general linear analysis revealed that the test variation

(ULNTb or ULNTd) explained 29% of the variance

(eta2) in elbow extension range of motion (P,0.01),

while testing order only explained 12% of the va-

riance (eta2) (P50.03).

Muscle activity

Data for EMG were not able to be calculated for two

participants due to equipment malfunction which

resulted in the following EMG analysis being

performed in 38 participants. There was no difference

in muscle activity when lying at rest in supine with the

limbs supported or with scapular positioning for the

upper trapezius (P50.19), biceps brachii (P50.99),

and flexor muscles (P50.81) between the ULNTb

and ULNTd. Figure 2 demonstrates the muscle

activity at the end of the testing sequences (i.e. elbow

extension) including the average threshold for muscle

activation (three SD above resting levels).

During ULNTb, the activity of the upper trapezius

muscle increased by 27.4% (22.8% SD) above resting

levels (P,0.01). In comparison, during ULNTd, the

upper trapezius increased to 43.2% (50.3% SD) of

resting levels (P ,0.01). The difference between

activation during ULNTb and ULNTd was 15.9%

(44.2% SD, P50.03). However, not all participants

had an increase in upper trapezius muscle activity.

When using the conservative threshold for muscle

activation (three SDs above resting levels), only

68.4% of participants (26/38) had upper trapezius

muscle activation at the end of the ULNTb and

ULNTd sequence (Fig. 2). This means that 12

individuals (31.6%) did not have an upper trapezius

muscle response in each of the testing variations. It

should be noted that the ULNTd did not produce

more participants with an upper trapezius response

compared to ULNTb, but instead created a larger

magnitude of upper trapezius activation above

resting levels in the same percentage of participants.

Both the biceps brachii and forearm flexor muscles

had significantly increased muscle activity above

Figure 1 Elbow extension range of motion at the end of the

ULNT test sequence for ULNTb (y-axis) and ULNTd (x-axis).

Line represents the absolute y5x condition indicated by the

slope 1/1. Data points above the line are indicative of more

elbow extension range during ULNTb compared to ULNTd.

Data points below the y5x line are indicative of less elbow

extension range during ULNTb compared to ULNTd. Right

handed individuals are represented with blue circles and left

handed individuals are represented with red circles. Full

elbow extension is defined as 180u.

Figure 2 Muscle activity during ULNT is represented as

percent increase above resting levels with error bars

representing the SD. The numbers within each bar graph

represent the frequency of muscle activity above the thresh-

old (three SDs above resting muscle activity level). The

horizontal red line indicates the average threshold for muscle

activation. Asterisk (*) indicates significant increase muscle

activity above resting levels and cross ({) indicates sig-

nificant differences between ULNTb and ULNTd (P,0.05).
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resting levels at the end of the testing sequences

(P,0.01), but there was no difference between

ULNTb and ULNTd (biceps brachii, P50.40; fore-

arm flexors, P50.25) (Fig. 2). Biceps brachii muscle

activation was only present in 52.6% of participants

(20/38) at the end of the ULNTb and 60.5% (23/38)

for ULNTd. In comparison, even fewer participants

had forearm flexor muscle activation at the end of the

ULNTb (47.4%, 18/38) and ULNTd (42.1%, 16/38)

(Fig. 2).

Sensory response

There were no reports of sensory responses when

lying at rest in supine with the limbs supported prior

to testing or with scapular positioning in either block

or depression. During the ULNTd version, there

were significantly more participants who experienced

sensory responses during shoulder abduction (P5

0.02) and during wrist extension (P50.02) compared

to during ULNTb (Fig. 3). The first onset of sen-

sory response occurred most frequently (mode) with

shoulder abduction during ULNTd compared to with

wrist extension during ULNTb. The average onset

was significantly earlier for ULNTd compared to

ULNTb (P,0.01); however, the median onset of

sensory response was during wrist extension for both

test variations. These group differences are small, and

individual participant analysis revealed that only 10

participants (25.0%) had an earlier onset of sensory

response during ULNTd compared to ULNTb. No

participants had earlier onset of sensory responses

with ULNTb compared to ULNTd.

When considering the location of sensory responses

in the limb, the frequency of sensory responses felt in

the arm, forearm, and hand did not differ between the

two test versions at any stage of testing. Sensory

responses in the arm were most frequently provoked

during shoulder abduction and then were often

increased with wrist extension. Sensory responses in

the forearm were most often provoked during wrist

extension and frequently increased during forearm

supination and elbow extension. In the hand, sensory

responses were most frequently provoked during wrist

extension and often increased during forearm supina-

tion and elbow extension. When analyzing sensory

responses reported in multiple areas, there was an

Figure 3 Sensory responses during ULNT are presented. Blue data points represent the ULNTb and red data points represent

the ULNTd. The onsets of sensory responses are indicated by boxes with a solid line showing the cumulative percentages

throughout the testing sequences. The number of areas within the limb that were reported to have sensory responses is

presented as circles (one area reported), diamonds (two areas reported) and triangles (all three areas reported) with the dashed

line. Asterisks (*) indicate significant differences between ULNTb and ULNTd.
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increase in participants that reported sensory res-

ponses in two simultaneous locations (most often the

forearm and hand) with wrist extension during

ULNTd (45.0%) compared to ULNTb (25.0%)

(P50.01). This difference was only apparent at this

stage of the ULNT procedures and was not evident

later in the test sequence (Fig. 3). There was no

statistical difference in the frequency of the sensory

responses with a quality descriptor associated with

neurogenic sources,34,35 such as numbness, tingling or

pins and needles (35.0% during ULNTb and 40.0%

during ULNTd, P50.41), or those associated with non-

neurogenic sources such as stretch, tightness, tension or

pulling (87.5% during both versions, P51.00).

Discussion
Scapular depression to the end of range (R2) created

meaningful alterations in range of motion and

sensory and motor responses during the ULNT

compared to blocking the scapula in a neutral

position. Specifically, the ULNTd reduced elbow

extension range of motion by an average of 5u
(reduced in y75% of participants) and increased the

response of upper trapezius muscle activation by

.50% at the end of the test sequence compared to

ULNTb. Additionally, the ULNTd increased the

frequency of earlier sensory responses and broadened

the sensory response being provoked at an earlier

time in the test sequence compared to the ULNTb.

These findings suggest the impacts of scapular

positioning are not negligible and thus should be an

important part of test standardization.

The authors recommend utilizing the ULNTb as

the ‘base’ test instead of the ULNTd version because

the former is a less provocative version that allows

the healthy limb to be taken further into the testing

sequence before sensory responses are provoked and

induces more localized sensations with less upper

limb muscular activation. Since sensory responses

were provoked in all healthy individuals with the less

vigorous version (ULNTb), the addition of more

stress to the nervous system through scapular depres-

sion is not a necessary addition to the base ULNT.

The findings of the present study support the use of

early descriptions of scapular positioning in neutral

to block scapular elevation provided by the origina-

tors and developers of the ULNT.1–5

Since pre-positioning in scapular depression is

thought to increase loading on the nervous system,

one potential use of the ULNTd could be as a

‘sensitized’ version to compare to the base test

(ULNTb). Previous literature has found that pre-

positioning the cervical spine in contralateral side

bending as a ‘sensitized’ ULNT test, decreases the

elbow extension range of motion19,36 and increases

upper trapezius muscle activation16 compared to a

ULNT with the cervical spine positioned in neutral.

When cervical motions are contraindicated or limited

due to local pain or hypomobility, scapular depres-

sion could be considered an alternative. The normal

magnitude and variations in test outcomes between

ULNTb and ULNTd in healthy individuals have now

been established for future comparisons to patients

with upper quarter and neck symptoms.

It is important to note that the testing order did

impact the range of motion outcome. This implicates

that repeated testing does have an effect on range of

motion with ULNT. While this finding is statistically

significant, it is not likely very clinically relevant as it

only explains 12% of the variability in range of

motion during these ULNT procedures, while in

comparison, the specific test variation (ULNTb or

ULNTd) explained y2.5 times as much variance

(29%). Furthermore, the frequency of participants

experiencing more range of motion with ULNTd

compared to ULNTb (below the x5y line in Fig. 1)

was essentially equal between the two testing orders

(five received ULNTb first and six received ULNTd

first). Previous literature has noted a small trend of

increasing range of motion with repeated ULNT

trials, but this trend was not statistically significant in

this smaller sample (n525).19 With this potential

confounding variable, the utilization of randomized

testing order in the present study was critical to

counter balance this order effect as has been done

previously with ULNT research.19,36

The increased activation in local musculature seen

during ULNT has been described as a protective

response of the nervous system to limit tensile forces

acting on the neural tissue.15,16,37 A previous study

found sequential limb positioning increased muscle

activity in the upper trapezius above baseline when

taken to the onset of pain in 20 asymptomatic males

during a version similar to ULNTb in the present

study.16 An additional study examining a similar

ULNTb variant in 20 asymptomatic males and

females, found an increase in muscle activation in

55–90% of participants within the upper trapezius,

30–50% within the biceps brachii, and 45–55% within

the triceps brachii.15 Lastly, a recent study found

increased upper and middle trapezius, pectoralis

major, biceps brachii, brachialis, triceps brachii, and

flexor carpi radialis muscle activity when the test was

taken to the onset of pain during a similar version of

the ULNTb.37 We found similar muscle activation

during ULNTb in the upper trapezius (68%), biceps

brachii (53%) and forearm flexors (47%).

It has been previously hypothesized that the

mechanism driving this muscular protective response

is due to nociceptive input triggering either a spinal

reflex response15 or specifically a flexor withdrawal

reflex16,37 or due to stretch receptor mediated
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reflexes.16 The fact that there is activation of the

triceps brachii,15,37 suggests that the mechanism is

not simply triggering a flexor withdrawal reflex. In

fact, a similar response of cocontraction of the biceps

and triceps brachii seen in the upper limb15 has been

found in the quadriceps and hamstring muscles, as

well as the gastroc-soleus and anterior tibialis muscles,

with straight leg raise neurodynamic testing in the

lower limb.38 Since anterior and posterior limb

muscles are activated during ULNT and are inner-

vated by multiple peripheral nerves, including the

median, radial, musculocutaneous, spinal accessory,

C3 and C4 spinal nerves, this suggests that the

response is triggered by a complex mechanism within

the central nervous system. It is possible that the

response to loading the neural structures with the

ULNT may be to limit further movement by creating a

cocontraction of the limb muscles instead of moving

into an antalgic posture via a flexor withdrawal.

The main limitation to this study is the use of only

healthy, asymptomatic individuals; however, the aim

of the study was to establish a baseline normative

evaluation of the two test versions as a means

for comparisons with multiple patient populations.

Another limitation is the small number of males in

this convenience sample. It is not expected that there

would be a different response in males compared to

females so equal distribution of sex was not sought in

this study. Lastly, the elbow extension measurement

tool (digital goniometer) and use of the hand brace

for fixation of the finger position during testing are

not commonly used clinical so the outcomes cannot

be assumed to be equivalent to manual stabilization

of the fingers and visual estimation or standard

manual goniometry for range of motion measures.

This is the first study to demonstrate how altera-

tions in scapular positioning influence the sympto-

matic and muscular responses and subsequently

range of motion during the ULNT. Establishing the

response to scapular positioning in asymptomatic

populations allows clinicians to perform one of the

most fundamental comparison for their patients;

comparing to known norms. Understanding the

range of normal responses in healthy individuals

provides a baseline comparison for all clinical

populations for which the ULNT is appropriate.
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