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Introduction
Diabetes mellitus (DM) is a chronic condition resulting from
insufficient insulin production (Type 1) or ineffective use of
insulin (Type 2). By 2030, it is estimated the DM will affect
643 million people, and the number is likely to rise to 783
million by 2045.1 Type 2 DM (T2DM), accounting for 80-90%
of cases, is associated with metabolic abnormalities,
including hyperlipidaemia, insulin resistance (IR) and
hypertension (HTN), leading to increased skin fragility and
impaired tissue healing. Hyperglycaemia alters the
macromolecular structure of collagen, reducing elasticity
in the skin, joints, and connective tissue due to the
accumulation of advanced glycation end-products
(AGEs).2,3 The plantar fascia (PF) and Achilles tendon (AT)

are interconnected elastic components of the foot,
influencing each other's mechanical properties. Changes
in the stiffness and elasticity of these tissues disrupt foot
biomechanics, leading to restricted joint movement,
altered plantar pressure distribution, and increased risk of
foot issues, such as plantar fasciitis and diabetic foot ulcers
(DFUs). These changes also weaken intrinsic foot muscles
and impair the windlass mechanism by diminishing its
ability to provide effective tension and support the medial
arch during gait, thereby further disrupting load
distribution during stance and walking.2-6 Restoring PF and
AT function in diabetic patients is critical for preventing foot
complications. However, options, such as electrotherapy,
stretching, orthoses and shoe modifications, are limited
due to increased skin fragility. Myofascial release (MFR) and
kinesiologic taping (KT) are non-invasive, cost-effective
techniques that show potential in this regard.7,8 MFR
reduces fascial adhesions, alleviating pain and improving
functions,7 while KT enhances microcirculation, reduces
inflammation and promotes healing.8 Both techniques are
applied in various acute and chronic musculoskeletal
pathologies, including plantar fasciitis, because they are
non-invasive, cost-effective and safe.9,10 Investigating their
immediate effects is crucial, as early biomechanical and
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Abstract
Objective: To investigate the immediate effects of myofascial release and kinesiologic taping on the biomechanical
properties of plantar fascia and Achilles tendon in type 2 diabetes mellitus patients, and to analyse changes in plantar
pressure distribution following the intervention.
Method: The prospective case-control study was conducted at the Marmara University, Turkiye, from February 1 to May
27, 2021, and comprised male type 2 diabetes mellitus patients aged 35-65 years in group A and healthy controls matched
for age and gender in group B. Myofascial release with the help of a foam roller was applied to the plantar fascia on one
foot, while kinesiologic taping using the ligament technique was applied on the other foot. Stiffness and elasticity of the
plantar fascia and Achilles tendon, as well as total contact area and peak contact pressure were assessed at the baseline,
immediately after the intervention, and 30 minutes post-intervention. Data was analysed using SPSS 22.
Results: Of the 26 male subjects, 13(50%) were in group A with mean age 57.77±4.81 years (range: 48-65 years). There were
13(50%) controls in group B with mean age 54.69±7.4 years (range: 37-59 years) (p=0.05). Stiffness and elasticity values
were not significantly different between the groups at baseline (p>0.05). Myofascial release application increased plantar
fascia stiffness in group B (p=0.001), whereas in group A, it increased the contact area (p=0.018) and pressure (p=0.032) of
the forefoot-medial, and decreased the peak contact pressure of the hind foot (p=0.032) at 30 minutes post-intervention.
In group A, kinesiologic taping application decreased the hind foot contact area and pressure (p=0.032) without altering
the forefoot dynamics (p>0.05).
Conclusion: Although kinesiologic taping had a positive effect and myofascial release had a negative effect on plantar
fascia, the impact was unsteady.
Keywords: Fascia, Achilles tendon, Diabetes mellitus, Type 2, Athletic tape, Myofascial release treatment.
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neuromuscular responses can rapidly alleviate pain,
enhance tissue mobility, and optimise foot load
distribution, which are the key factors in preventing
complications, such as DFUs and plantar fasciitis, in T2DM
patients. Despite their widespread use in musculoskeletal
conditions, there are no studies, to our knowledge, directly
comparing the immediate effects of MFR and KT in the
foot/ankle region, particularly in T2DM cases. The current
study was planned to fill the gap in literature by examining
the immediate effects of MFR and KT on PF and AT
properties in T2DM patients.

Patients and Methods
The prospective case-control study was conducted at the
Marmara University, Turkiye, from February 1 to May 27,
202?, after approval from institutional ethics review
committee. This clinical trial was registered in the
ClinicalTrials.gov (NCT04637841). The sample was raised
using systematic sampling technique. Group A included
male patients with T2DM, aged 35–65 years, with no known
chronic conditions and classified as having a very low risk
of developing DFUs according to the International Working
Group on the Diabetic Foot (IWGDF)11 and healthy controls
matched for age and gender in group B. Group A was raised
from among those visiting the Diabetes Centre of the Fatih
Sultan Mehmet Training and Research Hospital, Turkiye,
while group B was recruited through social media
announcements. Those excluded were individuals who
used assistive devices for ambulation, had a history of foot
or ankle fractures or surgeries within the preceding six
months, were diagnosed with connective tissue diseases,
had neurological or orthopaedic disorders that could affect
plantar pressure distribution, had neuropathy, or
experienced difficulties in maintaining balance on one foot.
With respect to group B, individuals with any chronic
condition were excluded.

After obtaining written informed consent from the
participants, demographic and clinical data was recorded.

The sample size was calculated using G*Power version
3.1.9.712 with a two-way mixed-design analysis of variance
(ANOVA), power 0.90 (1-β), margin of Type I error alpha (α)
0.05 and a medium effect size having Cohen’s f value 0.25.12

One foot of each subject was treated with MFR, while the
other foot was treated with KT in order to prevent the effect
of individual tissue structure and foot pressure differences
of the participants on the interventions. To balance the
dominant-non-dominant distribution during the
treatment, MFR was applied to the dominant side in 50%
of each group, while KT was applied to the dominant side
in the remaining 50%. This was done to ensure a balanced
assessment of both interventions on dominant and non-

dominant sides, and to minimise the potential influence of
individual dominance differences on the outcomes. The
dominant foot and technique were randomly assigned
using an online randomization software. In this way, four
different working groups were formed: controls with MFR
intervention (C-MFR), controls with KT intervention (C-KT),
diabetics with MFR intervention (D-MFR), and diabetics
with KT intervention (D-KT).

MFR and KT were delivered with the participants lying in
the prone position with their feet out of the bed. MFR was
applied in all cases by a physiotherapist having 15 years of
clinical experience. The physiotherapist applied pressure
with the help of a foam roller (TheraBand Foot Roller,
Theraband, Ohio, United States; 13cm in height and 4cm in
diameter) from the calcaneus to the toes in the same
direction as the fibres of the plantar fascia for 5 minutes.13

The applied pressure was of moderate intensity, adjusted
by the physiotherapist according to patient tolerance.

The same physiotherapist delivered KT applications
(Kinesio Tex Gold, Kinesio Holding, Georgia, US). The
participants were tested for allergy to the tape by applying
1-2 cm of KT to the sole of the foot for 30 minutes. No
patient had an allergic reaction to KT. A tape with a width
of 5cm and a thickness of 0.5mm was selected, and the
ligament technique.13 After two I-shaped bands were cut
and the ends were rounded, the first tape was applied
between the midpoint of the calcaneus and the metatarsal
heads with 100% tension while keeping the foot in the
neutral position. The ends of the band were attached
towards AT and the toes were without tension.13 To prevent
the tape material from interfering with Myoton
measurements, the part of the tape reaching the PF
measurement point was cut before application, and a
minimal gap was created on the skin. In the second
application, the tape with 100% tension in the middle was
used over the medial longitudinal arch, and the ends of the
tape were attached towards the dorsal foot without
tension.

All measurements and evaluations were carried out at
room temperature ranging from 23°C to 24°C, with <50%
humidity. The subjects were asked to avoid using
stimulants, sedative drugs and any substance on the soles
of their feet for 24 hours after the application. Two hours
before the measurement, the subjects were not allowed to
consume food and beverages. All measurements were
performed by two researchers. Myoton and plantar
pressure distribution measurements were performed at the
baseline (T0), immediately after the intervention (T1) and
30 minutes post-intervention (T2).

Assessment of neuropathy was done during the selection
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of patients using the Semmes-Weinstein monofilament
test. While the subject was in a supine position with eyes
closed, pressure (100 mN) was applied to 10 different areas
defined on the dorsum and sole of the foot. A
monofilament (10g) was pushed at a 90° angle against the
skin until the filament was bowed, and it was held in place
for 1.5 seconds before being removed. During this
procedure, the subjects were asked about the indication
sensation on the pressure point, and a loss of sensation of
≥3 points was diagnosed as neuropathy.14 Neuropathy was
not diagnosed in any of the patients.

Ankle active-passive dorsi/plantar flexion range of motion
(ROM) was measured using a goniometer while the
patients were in the supine position.

The stiffness (N/m) and decrement (inversely proportional
to elasticity) values of PF and At were measured using the
Myometer (Myoton Pro, Myoton AS, Tallinn, Estonia), a
digital hand-held device whose validity and reliability have
been demonstrated in several studies.15 Myometer works
on the principle of determining the biomechanical and
viscoelastic properties of the tissue through the oscillatory
responses of the tissue to the mechanical impulse applied
to the tissue compressed by preload. Three repetitive
mechanical impulses were applied to the tissue, and the
average of the oscillatory responses was used in statistical
analysis.15,16 Measurements were made after the points
were determined and marked on PF and AT, first on the
right and then on the left foot, respectively, while the
subjects were lying prone with the foot out of the bed. The
measurement point was defined as the midpoint of the
projections of both malleoli for AT, and the midpoint of the
line extending between the centre of the calcaneus and the
second metatarsophalangeal joint for PF. The
measurements were made with the ankle in neutral
position (0°), knee in extension for At, and knee in
90° flexion for PF.16 Joint angles were determined
using a goniometer.

Plantar pressure distribution was evaluated by
using a pressure platform (TekScan, Matscan, model
3150, Boston, MA, US) with 2,288 sensors (4
sensels/cm²) and 100Hz sample frequency. On each
measurement day, the pressure platform was
calibrated as recommended by the manufacturer.
The foot was randomly selected (coin flip) for
commencing the measurements, and the subject
was asked to stand on one foot for 30 seconds in
the order determined. Between the measurements
of the two feet, a 30-second interval was
maintained. The researcher provided minimal
support from the elbow on the contralateral side of
the patient's supporting leg to prevent excessive

oscillation during the measurements.17 The data were
analysed using Matscan 7.10 software (TekScan, Boston,
MA). To analyse the plantar pressure distribution, the sole
of the foot was divided into five different regions (1st digit,
forefoot-medial side, forefoot-lateral side, arch (mid foot),
and hind foot), which are the regions with the highest risk
of developing foot ulcers according to IWGDF.11 The peak
contact pressure (kPa) and total contact area (cm2) were
assessed for each region.17

Data was analysed using SPSS 22. Data was expressed as
either frequencies and percentages, mean±standard
deviation, or median with interquartile range (IQR), as
appropriate. Data normality was assessed using the
Shapiro-Wilk test, and by evaluating skewness and kurtosis
within the acceptable range from -2 to +2. Data was found
not to be normally distributed, except for demographic
characteristics. For each of the three measurements, the
Friedman test was used to determine statistically significant
differences, and the Wilcoxon signed-rank test was used for
post-hoc comparison with Bonferroni correction. The
Mann-Whitney test was used for intergroup comparisons.
The effect size of the data not normally distributed was
calculated using the formula: r=Z/√n. Rosenthal’s
guidelines were used as an alternative to Cohen’s d, with
r=0.10 small effect, r= 0.30 medium effect, and r=0.50 large
effect.18 For all statistical purposes, p<0.05 was considered
significant.

Results
Of the 33 individuals assessed, 26(78.8%) were included
(Figure). Of these male subjects, 13(50%) diabetics were in
group A with mean age 57.77±4.81 years (range: 48-65
years). There were 13(50%) controls in group B with mean
age 54.69±7.4 years (range: 37-59 years) (p=0.05). Body
mass index (BMI) (p=0.022) and right (p=0.008) and left
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Table-1: Demographic and descriptive characteristics.

Parameers Groups p-value
Tip 2 diabetes mellitus Control

Mean±SD (Median/ Mean±SD (Median/ 
min–max) (n=13) min–max) (n=13)

Age (year) 57.77±4.81 (48-65) 54.69±7.4 (37-59) 0.051
Height (cm) 171.84±6.65 (163-186) 175.69±6.79 (160-185) 0.094
Weight (kg) 85.23±10.89 (70-105) 82.85±8.04 (70-97) 0.520
BMI (kg/cm2) 29.02±2.41 (24-32) 26.85±2.41 (23-33) 0.022
Dorsi Fleksiyon-Right 5.92±6.84 (5/0-20) 13.81±6.90 (15/5-30) 0.008
Dorsi Fleksiyon-Left* 3.08±5.22 (.00/0-15) 12.54±7.50 (15/0-25) 0.002
Plantar Fleksiyon-Right* 38.23±7.94 (40/22-50) 42.31±4.38 (45/30-45) 0.165
Plantar Fleksiyon-Left* 40.58±6.06 (45/30-45) 40.77±4.93 (40/30-45) 0.859
Shoe Size 41.83±1.52 (40-45) 42.15±1.114 (40-44) 0.462
Glucose Thr-Fasting (mg/dl) 116.42±31.29 (72-180) - N.D
Glucose Thr-1 hour (mg/dl) 161.33±40.65 (114-232) - N.D
Use of Insulin (%) 46.2 - N.D

BMI;  Body Mass Index; Thr: Threshold; ND, None determined.
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(p=0.002) ankle dorsi flexion values were significantly
different between the groups (Table 1).

Stiffness and elasticity values were not significantly
different between the groups at baseline (p>0.05). MFR
application increased PF stiffness in group B (p=0.001),
whereas in group A, it increased the contact area (p=0.018)

and pressure (p=0.032) of the forefoot-medial, and
decreased the peak contact pressure of the hind foot
(p=0.032) at 30 minutes post-intervention. In group A, KT
application decreased the hind foot contact area and
pressure (p=0.032) without altering the forefoot dynamics
(Tables 2).

Immediate effects of myofascial release or taping on tissue and plantar pressure in diabetes

Table-2: Intragroup comparison of measurement times in terms of stiffness (N/m), decrement, total contact area values (cm2) and peak contact pressure (kPa).

Tissue or Groups Groups or Measurement of Stiffness and Decrement
Parameters T0 T1 T2 p-value

Median (min–max) Median (min–max) Median (min–max)

Achilles Tendon-Stifness C-MFR 1022 (917-1103) 1020 (873-1129) 1016 (861-1104) 0.232
C-KT 1036 (904-1103) 1045 (958-1158) 976 (890-1111) 0.092
D-MFR 1082 (744-1123) 1040 (845-1158) 1078 (822-1156) 0.397
D-KT 1015 (933-1163) 994 (892-1111) 1074 (870-1163) 0.458

Achilles Tendon- Decrement C-MFR 0.37 (0.30-0.70) 0.44 (0.24-0.67) 0.43 (0.28-0.65) 0.565
C-KT 0.42 (0.30-0.60) 0.38 (0.24-0.59) 0.45 (0.30-0.62) 0.050
D-MFR 0.35 (0.20-0.80) 0.40 (0.18-072) 0.41 (0.26-0.59) 01.00
D-KT 0.41 (0.30-0.60) 0.36 (0.20-0.60) 0.37 (0.23-0.55) 0.044

Plantar Fascia -Stiffness C-MFR 584 (435-814) 592 (506-916) 635 (539-843) 0.002 (a)
C-KT 573 (480-740) 595 (472-793) 580 (491-833) 0.872
D-MFR 664 (550-786) 688 (522-805) 658 (568-800) 0.368
D-KT 625 (499-765) 645 (499-767) 626 (495-750) 0.149

Plantar Fascia - Decrement C-MFR 1.25 (1.05-1.33) 1.24 (0.89-1.40) 1.20 (1.04-1.39) 0.767
C-KT 1.24 (1.02-1.33) 1.26 (0.93-1.34) 1.19 (0.90-1.35) 0.383
D-MFR 1.21 (1.01-1.45) 1.18 (0.96-1.36) 1.21 (1.09-1.58) 0.338
D-KT 1.26 (0.97-1.40) 1.18 (0.93-1.41) 1.22 (1.02-1.39) 0.058

Measurement of Total Contact Area Values
C-MFR Forefoot - Medial 11.86 (1.44-18.43) 11.90 (0.87-19.76) 11.40 (2.98-18.59) 0.232

Arch 21.59 (3.61-24.29) 18.46 (2.68-26.20) 19.62 (4.62-25.32) 0.368
Hindfoot 30.29 (23.90-37.31) 30.72 (22.42-38.50) 30.28 (23.78-36.69) 0.051

C-KT Forefoot - Medial 10.85 (0.36-20.86) 11.08 (1.18-15.61) 10.67 (0.04-14.70) 0.584
Arch 18.77 (4.19-29.01) 20.24 (7.72-28.14) 20.58 (8.01-26.97) 0.368
Hindfoot 30.73 (24.64-37.87) 27.85 (23.53-37.33) 28.48 (23.26-38.06) 0.584

D-MFR Forefoot - Medial 13.26 (5.34-22.49) 10.76 (8.32-18.77) 15.43 (10.26-22.31) 0.009 (a)
Arch 17.40 (7.54-30.01) 21.41 (14.13-29.00) 21.27 (10.49-27.27) 0.500
Hindfoot 29.36 (25.46-40.84) 28.76 (22.90-39.94) 29.49 (24.29-38.17) 0.368

D-KT Forefoot - Medial 12.88 (5.51-21.17) 14.23 (4.08-20.42) 12.12 (0.00-19.62) 0.368
Arch 22.55 (9.90-28.20) 22.77 (7.45-30.25) 24.68 (11.21-29.51) 0.058
Hindfoot 30.61 (27.14-42.45) 28.50 (23.97-39.57) 28.77 (25.68-37.20) 0.009 (b)

Measurement of Total Peak Contact Pressure
C-MFR Forefoot - Medial 74.36 (24.39-151.8) 77.08 (23.76-155.5) 67.70 (33.87-155.8) 0.199

Arch 89.94 (20.73-150.0) 87.26 (20.40-152.9) 93.43 (40.61-142.8) 0.125
Hindfoot 161.3 (83.97-200.8) 145.3 (80.35-189.2) 141.6 (84.52-191.3) 0.368

C-KT Forefoot - Medial 65.35 (6.24-116.7) 66.71 (17.17-117.1) 62.80 (0.32-117.9) 0.232
Arch 79.32 (45.17-149.9) 96.10 (60.56-138.1) 84.10 (53.93-126.2) 0.092
Hindfoot 158.6 (107.6-200.3) 150.5 (57.57-181.4) 139.4 (61.39-190.1) 0.199

D-MFR Forefoot - Medial 91.38 (39.54-140.0) 76.91 (47.83-127.6) 89.83 (65.77-151.5) 0.037 (a)
Arch 85.38 (51.23-162.0) 90.97 (67.83-134.9) 87.80 (63.12-128.0) 0.116
Hindfoot 157.9 (85.96-187.7) 141.5 (87.59-186.5) 147.9 (82.05-188.8) 0.023 (b)

D-KT Forefoot - Medial 90.62 (24.19-140.0) 100.3 (25.01-151.6) 99.02 (20.95-145.7) 0.500
Arch 103.2 (46.19-154.1) 103.5 (38.25-147.4) 107.8 (56.12-148.1) 0.584
Hindfoot 152.2 (110.2-188.6) 126.6 (88.13-187.7) 144.3 (75.86-186.5) 0.002 (c)

C-MFR: Controls with myofascial release, C-KT: Controls with kinesiologic taping, D-MFR: Diabetics with myofascial release, D-KT: Diabetics with kinesiologic taping, T0: Pre-intervention, T1: Immediately
post-intervention, T2: 30 minutes post-intervention,  (a): T1 vs T2; (b): T0 vs T1; (c): T0 vs T2.
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Discussion
In the present study, MFR application increased PF stiffness
in the control group. In the T2DM group, MFR application
increased the contact area and contact pressure of the
forefoot-medial, and decreased the contact pressure of the
hind foot at 30 minutes of application. The application of
KT decreased the hind foot contact area and pressure in the
T2DM group without any change in the forefoot.

Priesand et al.¹⁹ reported a 42% higher prevalence of
plantar fasciitis in T2DM patients compared to T1DM
patients, and 64% higher than in non-diabetic individuals.
Gariani et al.⁶ highlighted in a 2020 review that diabetic
adults are at greater risk of plantar fasciitis than non-
diabetics, but noted the retrospective design and
heterogeneous nature of the study, which lacked focus on
diabetic patients. They also emphasised that while
diagnostic and treatment methods are generally similar
across patients, plantar fasciitis in diabetics requires more
tailored approaches6. Batista et al.20 observed structural AT
abnormalities in diabetics, indicating altered stiffness,

increased forefoot pressure, and a risk of plantar ulcers. This
study evaluated biomechanical and viscoelastic changes in
PF and AT in T2DM patients to identify treatments that
prevent complications. Fascial restrictions may transfer
tension throughout the body due to fascial continuity,
potentially causing stress on structures like nerves and
vessels. MFR is believed to restore connective tissue length,
relieving pain and improving function, supported by
research into the viscoelastic and piezoelectric properties
of connective tissue.7,9,10,20,21

Meltzer et al.²¹ showed that MFR post-injury altered
fibroblast orientation and promoted healing. While MFR is
thought to halt degenerative processes in the PF, this
remains unproven. A study reported no immediate effect
of MFR on AT stiffness in healthy individuals¹⁰, while
another found improved flexibility without directly
measuring stiffness²² In the current study, MFR increased
PF stiffness in the control group, contrary to previous
findings, likely due to differences in evaluation
methods.15,16

Figure: The flow diagram.
T2DM: Type 2 diabetes mellitus, C-MFR: Controls with myofascial release, C-KT: Controls with kinesiologic taping, D-MFR: Diabetics with myofascial release, D-KT: Diabetics with kinesiologic taping.
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KT has shown potential for reducing PF tension and
inflammation. Tsai et al.⁸ found KT had immediate effects
in reducing PF thickness at its insertion site, decreasing
inflammation. Despite positive findings for KT8,13,23 its
immediate effects and impact on PF and AT stiffness in
diabetic or control groups remain unclear. Lopes et al.²³
noted immediate effects on improved wrist flexor stiffness
with KT, but studies on PF have primarily focussed on pain
and functional improvements.24 In the current study, KT
showed minimal and inconsistent positive immediate
effects. DFU prevention requires plantar pressure
assessment and customised treatments.11,1 Martínez-
Jiménez et al.²⁵ found that manual PF therapy improved
static balance, but not pressure values. Few studies suggest
KT did not alter plantar pressure distribution.26,27 In the
current study, MFR increased contact area and peak
pressure in T2DM patients, but these changes were
intermittent and inconsistent, highlighting KT as more
suitable for biomechanical adjustments.

The current study has limitations as it focussed on
immediate effects, with no long-term data. The coronavirus
disease-2019 (COVID-19) pandemic prevented 24-hour
follow-up. Variability in plantar pressure changes may have
resulted from unmeasured factors, such as activity levels or
baseline stiffness, underscoring the need for individualised
assessments. Static pressure evaluation is another
limitation. The sample size was small ad included only male
participants, which limits the generalisability of the
findings. Although Myoton directly measures
biomechanical properties, operator dependence may
affect reliability. Future studies should explore long-term
effects, dynamic conditions, larger and more diverse
populations, and combined treatments, particularly for
T2DM patients with plantar fasciitis or varying ulcer risk
profiles.

Conclusion
Both MFR and KT were found to have immediate effects on
the mechanical properties of soft tissues. In the T2DM
group, KT application reduced hindfoot contact area and
pressure, suggesting improved load redistribution and
tissue elasticity. MFR application increased PF stiffness in
the control group, while it increased the contact area and
peak pressure in the T2DM group, indicating changes in
tissue compliance. All such mechanical effects were found
to be transient and unstable.
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