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VALIDITY AND RELIABILITY OF THE 6-MINUTE
PEGBOARD RING TEST IN PATIENTS WITH
PULMONARY HYPERTENSION

ORIGINAL ARTICLE

ABSTRACT

Purpose: Patients with pulmonary hypertension (PH) may have limitations in the upper extremity
function. This study aimed to investigate the validity and reliability of the 6-minute pegboard ring
test (6PBRT) in patients with pulmonary hypertension PH.

Methods: This study included 31 patients with PH. The upper extremity function was measured using
the 6PBRT. Muscle strength was assessed for shoulder flexor, shoulder abductor, elbow extensor,
and elbow flexors muscles using with a digital dynamometer, and handgrip strength using the hand
dynamometer. Limitation of the activities of daily living was evaluated using the Milliken Activities
of Daily Living Scale. The intra-class correlation coefficient (ICC) was used to determine test-retest
reliability.

Results: The 6PBRT showed excellent test-retest reliability with the ICC=0.98 (95% Cl 0.82-0.99).
The standard error of measurement (SEM) and minimal detectable change (MDC) was calculated
as 5.9 and 16.4, respectively. The patients with New York Heart Association (NYHA) Class Il had
significantly lower scores in the 6PBRT compared to the patients with Class Il showing the known-
groups validity of the 6PBRT (p=0.005). The 6PBRT was significantly and strongly correlated with age
(r=-0.628, p<0.001), functional class (r=-0.502, p=0.004), activities of daily living (r=0.522, p=0.003),
moderately correlated with dominant side shoulder flexor (r=0.360, p=0.047), shoulder abductor
(r=0.388, p=0.031), elbow flexor (r=0.406, p=0.036) and handgrip muscles strength (r=0.375, p=0.041).

Conclusion: This study showed that 6PBRT has excellent test-retest reliability and good validity,
including known-groups and convergent in PH. These results support the use of 6PBRT as a practical
upper extremity performance assessment tool in patients with PH.

Key Words: Exercise Test; Patient Outcome Assessment; Pulmonary Hypertension; Upper Extremity.

PULMONER HIPERTANSIYONLU HASTALARDA
6-DAKIKA PEGBOARD RING TESTININ GECERLIGi VE
GUVENIRLIGi

ARASTIRMA MAKALESI

0z
Amag: Pulmoner hipertansiyonu (PH) olan hastalarda st ekstremite fonksiyon limitasyonlari

goriilebilmektedir. Bu calismanin amaci pulmoner hipertansiyonlu (PH) hastalarda 6-dakika pegboard
ring testinin (6PBRT) gecerlik ve giivenirliginin arastirilmasiyd.

Yéntem: Bu calismaya 31 PH hastasi dahil edildi. Ust ekstremite fonksiyonu 6PBRT ile éliildii. Kas
kuvveti icin dijital dinamometre ile omuz fleksor, omuz abduktor, dirsek ekstansor ve dirsek fleksor
kaslari ve el dinamometresi ile kavrama kuvveti élciildii. Giinlik yasam aktivitelerinin limitasyonu
Milliken Giinlik Yasam Aktiviteleri Olcegi ile degerlendirildi. Test-tekrar test giivenirligini belirlemek
icin sinif ici korelasyon katsayisi (ICC) kullanildi.

Sonuglar: 6PBRT icin ICC degeri 0,98 (% 95 Cl 0,82-0,99) bulundu. Ol¢iimiin standart hatasi (SEM)
ve tespit edilebilir minimal degisim (MDC) degerleri sirasiyla 5,9 ve 16,4 olarak hesaplandi. Bilinen
gruplarin gecerligi yoniinden “New York Heart Association (NYHA)” Sinif Il olan hastalar 6PBRT'de
Sinif Il hastalara gére anlamli derecede dusiik skorlara sahipti (p=0,005). 6PBRT, yas (r=-0,628,
p<0,001), fonksiyonel sinif (r=-0,502, p=0,004), giinliik yasam aktiviteleri (r=0,522, p=0,003) ile giclii
duizeyde, dominant taraf omuz fleksor (r=0,360, p=0,047), omuz abduktor (r=0,388, p=0,031) ile dirsek
fleksor (r=0,406, p=0,036) kaslarinin kuvveti ve kavrama kuvveti (r=0,375, p=0,041) ile anlamli ve orta
diizeyde korelasyon gosterdi.

Tartigma: Bu calisma PH'da 6PBRT'nin mikemmel bir test-tekrar test giivenirligine ve iyi
diizeyde bilinen gruplar ve yakinsak gecerligine sahip oldugunu géstermistir. Bu sonuclar dst
ekstremite performansinin degerlendirilmesinde 6PBRT nin pratik bir degerlendirme araci oldugunu
desteklemektedir.

Anahtar Kelimeler: Egzersiz Testi; Hasta Sonug Degerlendirmesi; Pulmoner Hipertansiyon; Ust
Ekstremite.
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INTRODUCTION

Pulmonary hypertension (PH) is defined as the
pulmonary artery pressure measured by right heart
catheterization equal to or greater than 25 mmHg
(1). The PH is a pathophysiological, life-shortening
disease that involves multiple conditions such
as pulmonary arterial hypertension and chronic
thromboembolic pulmonary hypertension (2).

Many symptoms, such as skeletal muscle weakness,
dyspnoea, and fatigue, cause exercise intolerance
and reduced exercise capacity in patients with
PH (3,4). Therefore, the assessment of exercise
intolerance has a vital role in the management
of PH. Traditionally, the lower extremity-related
tests (i.e, six-minute walk test [6MWT] and
cardiopulmonary exercise test [CPET] using a
treadmill or bicycle) have been commonly used
in patients with PH (5). However, in recent years,
some studies have suggested that patients with
PH also have limitations in the upper extremity
function (6,7). Many activities of daily living,
such as eating, dressing, hygiene, and vocational
tasks, are impaired (8,9). This activity limitation is
related to many activities of daily living involving
unsupported upper extremity movements, which
lead to dyspnoea and fatigue in patients with
the cardiopulmonary disease (10). Therefore,
determination of strength, endurance, and exercise
capacity of the upper extremities emerge as an
essential issue in the management of PH. One of
the tests serving this purpose is the six-minute
pegboard and ring test (6PBRT), which has been
found as valid and reliable in patients with chronic
obstructive pulmonary disease (COPD) (11-13). As
the 6PBRT has been frequently used in the clinical
and research practice of the patients with PH, it is
essential to know its validity and reliability (7,14).
This study aimed to investigate the validity and
reliability of the 6PBRT in patients with PH.

METHODS
Participants

Thirty-one patients with PH diagnosed according to
the current guidelines (15) from the PH Outpatient
Clinic, the Department of Cardiology, Dokuz
Eylil Hospital were recruited to this study from
November 2017 to July 2019. The inclusion criteria

included the New York Heart Association (NYHA)
functional class Il and IlI, aged older than 18 years,
undergoing a right heart catheterization and being
diagnosed with PH, and receiving drug therapy for
the last three months. Patients with restrictive
or obstructive pulmonary disease or orthopedic
disease, which would affect exercise tests, were not
included in the study. Non-Interventional Research
Ethics Committee of Dokuz Eylil University
approved the study (Approval Date: 12.10.2017
and Approval Number: 2017/24-29). Informed
consent was obtained from all the participants
before entering the study.

A study showed significant correlations between
the 6PBRT and age, handgrip strength, and
shoulder flexor muscle strength in the patient with
COPD (16). Another study showed that the 6PBRT
had a very high test-retest reliability in patients
with COPD (11). The sample size calculations
ranged from 4 to 7 participants for a study power
of 0.80 and alpha error probability of 0.05 using
the G*Power (Ver. 3.1.9.4, Dusseldorf University,
Germany) considering high correlation coefficients
(17). As the pre-computed sample size tables for
reliability studies suggested that 27 participants
were enough and the validity and reliability study
of the 6PBRT in the patients with COPD included
27 participants, we decided to recruit at least 27
participants (11,18). Post-hoc power analysis was
conducted using the test-retest reliability results
(ICC=0.98, p<0.001, n=31) with using the G*Power
(Ver. 3.1.9.4, Dusseldorf University, Germany) and
posthoc study power was calculated as >0.99 which
indicated that the sample size was adequate (17).

Measures

Demographic and clinical characteristics of the
patients with PH were collected using interviews
and from last month’s medical records except for
pulmonary arterial pressure which was taken from
last catheterization results. Because as an invasive
assessment, catheterization did not repeat for the
study.

Six-Minute Pegboard and Ring Test

The 6PBRT was performed using a pegboard with
two upper and lower pegs set at participants’
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shoulder level and above the shoulder level (20 cm)
(11). During the test, the participants moved 10
lightweight wooden rings each of the lower pegs
to the upper pegs using both hands simultaneously.
Then, they moved the rings back from the upper
pegs to the lower pegs. This activity continued
for six minutes. The aim was to move as many
rings as possible during the six minutes. The
score was reported as the number of rings that
were simultaneously moved. In every minute, the
standardized verbal encouragement was given to
the participants. Heart rate, blood pressure, scores
for the sensation of dyspnoea and upper extremity
fatigue (modified Borg scale 0-10) were measured
before and immediately after each test. The
photograph of the equipment used in the 6PBRT is
available in another study (7).

Muscle Strength

Muscle strength was measured for shoulder flexor,
shoulder abductor, elbow extensor, and elbow
flexors muscles using a digital dynamometer
(Manual Muscle Tester™, Lafayette Instrument
Company, Lafayette, Indiana, USA), and handgrip
strength using Jamar® hand dynamometer
(Patterson Medical, Warrenville, USA) (19,20).
Muscle tests were repeated three times for both
sides, and the highest value was recorded as kg.
Muscle strength were expressed as percentages of
the expected values.

Milliken Activities of Daily Living Scale

The limitations in the activities of daily living
were evaluated using the Milliken Activities of
Daily Living Scale (MAS), a patient-reported
outcome measure (21). The MAS scale includes
47 items related to different activities of daily
living, including preparing meals, eating, self-
care, dressing oneself, manual manipulation of
objects, house cleaning, and washing clothes, and
other activities. An integrated scoring procedure
is available that uses the product of each ability
score multiplied by each necessity score, giving in
a possible score of 15 for each item and a possible
total integrated score of 705. A total score was used
in this study. Lower scores indicate a higher level of
limitation in the ability to perform daily tasks with
upper extremities. The validity and reliability of the
MAS for the Turkish population have been found
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suitable (21). The required permission for the MAS
was provided.

Protocol

Firstly, the demographic and clinical data were
collected, and the MAS was administered. Then,
muscle strength assessments were performed.
After an adequate resting period, the first trial of
the 6PBRT was conducted. Dyspnoea and fatigue
were evaluated using the Borg scale, and heart
rate and blood pressure were recorded before and
after the 6PBRT. After a 1-hour resting period, the
second trial of the 6PBRT was performed. The first
values of the level of dyspnoea and fatigue and
heart rate were checked before the second trial
to ensure that the patients were stable. The same
physiotherapist administered all assessments.

Statistical Analysis

The Shapiro-Wilk test and histogram graphics
were used to check the normality of the data.
The demographic and clinical characteristics of
the participants were reported using descriptive
statistics. The intraclass correlation coefficient
(ICC) with two-way random effects and absolute
agreement methods was used to assess the test-
retest reliability (22). The strength of reliability
was interpreted as excellent for ICC value >0.90.
Ninety-five per cent Confidence Interval (95% Cl)
was calculated to investigate the measurement
variability. The Standard Error of Measurement
(SEM) was calculated using the formula, “standard
deviation of the mean difference/v2” and the
Minimal Detectable Change (MDC) was calculated
as “SEMx1.96xv2.” To assess the know-groups
validity, we investigated the difference between the
patients with NYHA Class Il vs Class Il using the
Mann-Whitney U test. Since the Class lll patients
expected to have impaired functional performance,
they would have significantly lower scores in the
6PBRT compared to the patients with Class Il. To
assess the convergent validity of the 6PBRT, we
hypothesized that there would be moderate to
strong correlations between the 6PBRT and age,
NHYA classes, shoulder flexor, shoulder abductor,
elbow extensor, elbow flexor and handgrip muscles
strength, and performance of the activities of daily
living. Correlations between the variables were
examined using Pearson’s correlation coefficients.
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Table 1: Characteristics of Participants with Pulmonary Hypertension.

Pulmonary Hypertension
Variables (n=31)
MeantSD Min-max
Age (years) 49.20+18.54 19.00-75.00
Body Mass Index (kg/m?) 25.60£5.63 16.53-39.04
Gender n %
Female/Male 26/4 83.9/12.9
NYHA Classification n %
Class Il 20 64.5
Class Il 11 35.5
Clinical Classification of Pulmonary Hypertension n %
Pulmonary Arterial Hypertension 29 93.5
Chronic Thromboembolic Pulmonary Hypertension 2 6.5
MeantSD Min-max
mPAP (mmHg) 66.10+24.40 32.00-121.00
Cardiac Index (L/min/m?) 2.60+0.90 1.30-4.10
BNP Level (pg/ml) 492.20+975.60 8.00-3393.00
Muscle Strength MeantSD Min-max
Dominant Shoulder Flexor (kg) 13.40+6.03 6.57-32.00
%Dominant Shoulder Flexor 71.11+£20.27 33.48-115.41
Nondominant Shoulder Flexor (kg) 12.74+4.92 7.02-29.80
%Nondominant Shoulder Flexor 72.62+16.76 42.72-111.48
Dominant Shoulder Abductor (kg) 12.2145.91 4.50-31.30
%Dominant Shoulder Abductor 81.49+23.74 36.07-130.17
Nondominant Shoulder Abductor (kg) 11.9345.58 5.30-28.60
%Nondominant Shoulder Abductor 82.86+23.60 43.00-128.89
Dominant Elbow Extensor (kg) 9.70+2.81 5.80-17.00
%Dominant Elbow Extensor 84.66124.70 52.07-140.23
Nondominant Elbow Extensor (kg) 9.38+3.17 5.90-17.20
%Nondominant Elbow Extensor 80.62422.90 50.31-139.95
Dominant Elbow Flexor (kg) 13.34+5.00 7.25-27.10
%Dominant Elbow Flexor 79.61+£19.95 43.11-122.23
Nondominant Elbow Flexor (kg) 13.09+5.14 6.80-28.20
%Nondominant Elbow Flexor 78.20+£21.92 42.43-121.72
Dominant Handgrip (kg) 23.80+8.84 14.00-48.00
%Dominant Handgrip 84.65+£17.16 53.36-116.21
Nondominant Handgrip (kg) 23.06+8.77 13.00-45.00
%Nondominant Handgrip 85.23+17.18 51.58-122.74
Milliken Activities of Daily Living Scale (47-705) 595.20+74.22 417.00-689.00

NYHA: New York Heart Association, mPAP: Mean Pulmonary Arterial Pressure, BNP: Brain Natriuretic Peptide.

Correlation coefficients were interpreted as strong
(>0.50), moderate (0.30 to 0.50), and weak (0.20 to
0.30) (23). The paired t-test was used to evaluate
the differences between pre- and post-test values,
and pre-test values between trial 1 and trial 2.

RESULTS

1.

Statistical significance was set at p<0.05. The

statistical analyses were conducted using the IBM
SPSS software (Version 24.0, IBM Corp., Armonk,

USA).

In total, 31 patients with PH participated in the
study, and all patients completed the protocol. The
patients’ characteristics are summarized in Table

Heart rate, systolic and diastolic blood pressure,
dyspnoea, and arm fatigue increased significantly
from pre- to post-test on both tests (p<0.05). There
was no difference in baseline heart rate, systolic

21> G
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Table 2: Results of the Six-Minute Pegboard Ring Test in Patients with Pulmonary Hypertension.

A Trial 1 Trial 2

Variables p°
Pre-test Post-test p? Pre-test Post-test p?

Heart Rate (bpm) | 85.90:11.50 | 91.80+10.40 <0.001* 85.80:+9.92 | 99.90+10.90 <0.001* 0.922
Systolic Blood 118.83+14.13 | 123201510 | <0.001* | 117.00+13.32 | 119.70+14.80 0.020* 0.399
Pressure (mmHg)
Diastolic Blood 74904952 | 77.60+10.61 0.044* 740341033 | 76.00+8.90 0.039* 0.811
Pressure (mmHg)
Dyspnea (Modified | ¢, , 14 1.12+1.91 0.015* 0.40+0.70 1.20+1.90 0.004* 0214
Borg Scale)
Upper Extremity
Fatigue (Modified 0.4140.92 4404313 <0.001* 0.64+1.00 3.51:2.83 <0.001* 0.165
Borg Scale)

*p<0.05. @ Difference between pre-test and post-test (Paired sample t-test). ® Difference between pre-test values in Trial 1 and Trial 2 (Paired sample t-test)

6PBRT: Six-Minute Pegboard Ring Test.

and diastolic blood pressure, dyspnoea, and arm
fatigue between the trials (p>0.05). The detailed
results are presented in Table 2.

The score of the 6PBRT in trial 1 and trial 2 was
157.00+41.06 and 165.30+41.81, respectively.
The score of trial 2 was significantly greater than
the trial 1 with a mean difference of 8.38+1.48
(p<0.001). Despite the statistical significance, no
clinically relevant difference was observed as the
difference (8.38+1.48) was lower than the MDC
value which was found as 16.35. The 6PBRT
showed excellent test-retest reliability with the
ICC=0.98 (95% ClI 0.82-0.99). The SEM and MDC
were calculated as 5.90 and 16.35, respectively
(Table 3).

As we expected, the patients with NYHA Class

[l had significantly lower scores in the 6PBRT
compared to the patients with Class Il (p=0.005),
showing the known-groups validity of the 6PBRT.
The 6PBRT score was 167 (150.3-196.8) for
NYHA Class Il and 132 (110-158) for NYHA Class
lll. The 6PBRT was significantly and strongly
correlated with age (r=-0.628, p<0.001), functional
class (r=-0.502, p=0.004), and activities of daily
living (r=0.522, p=0.003). It was moderately
correlated with shoulder flexor (r=0.360, p=0.047
for the dominant and r=0.391, p=0.030 for the
nondominant sides), shoulder abductor (r=0.388,
p=0.031 for the dominant and r=0.382, p=0.034
for the nondominant sides), elbow flexor (r=0.406,
p=0.036 for the dominant and r=0.382, p=0.049
for the nondominant sides) and handgrip muscles
strength (r=0.375, p=0.041 for the dominant and

Table 3: The Test Results and Test-Retest Reliability of the Six-Minute Pegboard Ring Test in Patients with Pulmonary

Hypertension.

. Trial 1 Trial 2 Difference . b
Variable Mean+SD Mean+SD Mean+SE p ICC | 95% CI p SEM | MDC
GPBRT . 157.00+41.06 | 165.30+41.81 | 8.38+1.48 | <0.001* | 0.98 |0.82-0.99 | <0.001*| 5.90 |16.35
(repetition)

*p<0.05. *Difference between Trial T and Trial 2 (Paired sample t-test). °ICC ICC: Intraclass Correlation Coefficient, SD: Standard Deviation, SE: Standard Error,
Cl: Confidence Interval, SEM: Standard Error of Measurement, SDC: Minimal Detectable Change. 6PBRT: Six-Minute Pegboard Ring Test.

Table 4: Correlations of the Six-Minute Pegboard Ring Test with Age, Functional Class, Muscle Strength, and Activities of

Daily Living.
Shoulder
Shoulder Flexor Abductor Elbow Extensor Elbow Flexor Handgrip
Variable Age NYHA Strength Strength Strength Strength Strength
MAS
D ND D ND D ND D ND D ND
r -0.628 -0.502 0.360 0.391 0.388 0.382 | -0.039 | 0.038 0.406 0.382 0.375 0.428 0.522
6PBRT
p | <0.001* | 0.004* | 0.047* | 0.030* | 0.031* | 0.034* | 0.847 | 0.850 | 0.036* | 0.049* | 0.041* | 0.018* | 0.003*

*p<0.05. 6PBRT: Six-Minute Pegboard Ring Test, NYHA: New York Heart Association, MAS: Milliken Activities of Daily Living Scale, D: Dominant Side, ND:

Non-dominant Side.
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r=0.428, p=0.018 and for the nondominant sides).
Table 4 shows the correlations coefficients.

DISCUSSION

To the best of our knowledge, this is the first study
evaluating test-retest reliability, known-groups and
convergent validity of the 6PBRT in the patients
with PH. This study showed that 6PBRT has
excellent test-retest reliability and good validity.
The higher 6PBRT scores were significantly
correlated with younger age, better functional
class and performance in activities of daily living,
and greater upper extremity muscle strength.
Heart rate, systolic and diastolic blood pressure,
dyspnoea, and arm fatigue significantly increased
after the 6PBRT, indicating that the test creates
the required load as an exercise stress test.

The mean 6PBRT ring number was 157 in this study,
which was lower than the mean ring number of
healthy individuals reported in the previous studies.
The norm values were 382.7 in Brazilian adults and
404.7 in Canadian adults for the similar age groups
as our study (10,24). Another study was conducted
in healthy adults who reported the mean 6PBRT
score as 365.2 (25). However, we should note that
these studies used a different reporting system
as they multiplied the scores by “2”. We preferred
to use the same scoring system as described by
the first study of the 6PBRT in the patients with
COPD (11). Therefore, the norm values could be
transformed as 192, 202, and 183, respectively
(10,24,25). Due to the reduced functional capacity
in the patients with PH, decreased upper extremity
function is expected compared to healthy
individuals. Heart rate, systolic and diastolic blood
pressure, dyspnoea, and arm fatigue increased
significantly from pre- to post-test on 6PBRT and
returned to baseline values after the resting period.
Lima et al. showed an increase in heart rate, blood
pressure, dyspnoea, and arm fatigue on 6PBRT and
recovery after the rest period in healthy individuals
(25). These findings suggest that the 6PBRT could
create the required loading as an exercise test.

We found an excellent test-retest reliability of the
6PBRT in PH patients, which is similar to other
studies in healthy adults and patients with COPD
(11,25). Lima et al. reported the ICC value as 0.91
(25). Zhan et al. found highly significant test-retest

correlation coefficients (r=0.910) of the 6PBRT (11).
Our study supported the previous findings that the
6PBRT has high test-retest reliability in different
populations. In this study, 6PBRT completed safely
and harmoniously. We found that the MDC was
16.35 in the patient with PH. The clinicians and
researchers could accept that the scores above
16.35 is a valid change and not due to chance (26).

Our study demonstrated that the 6PBRT has good
known-groups validity, which means that it could
differentiate the patients with worse functional
performance. As we expected, the patients with
NHYA Class Il had significantly higher scores in the
6PBRT compared to the patients with NHYA Class
[ll. Ozcan Kahraman et al. also showed a similar
result as the NYHA Class Il patients with pulmonary
arterial hypertension have significantly higher
6PBRT scores than those of the Class Il patients
(7). We found moderate-to-strong correlations
between the 6PBRT scores and age, functional
class, muscle strength, and daily living activities
to previous studies’ findings of convergent validity
(10,27-29). In healthy adults, it was reported that
there was a correlation between 6PBRT results
and age (10). Janaudis-Ferreira et al. stated that
there was a moderate correlation between 6PBRT
performance and elbow and shoulder flexors
muscle strength measured by a manual isometric
dynamometer (29). In another study, Nyberg et
al. reported a moderate correlation with shoulder
flexors measured by isokinetic muscle function in
moderate-to-severe stable patients with COPD
(28). Ozsoy et al. showed significant correlations
between the 6PBRT and age, handgrip strength, and
shoulder flexor muscle strength in older patients
with COPD (16). Felisberto et al. demonstrated
the convergent validity of 6PBRT by comparing
the performance in the test assessing peripheral
muscle function, upper-extremity activities of daily
living, and clinical impact of the disease (13). Calik-
Kutukcu et al. also reported a significant correlation
between 6PBRT score and with the number of cycles
in activities of daily living simulation test in Global
Initiative for Obstructive Lung Disease (GOLD)
stage II-Ill COPD patients (27). All these results
suggest that the 6PBRT has good validity, including
known-groups and convergent. It could reflect the
limitations in the upper extremity function.
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There are some limitations to this study. First, we
included only the patients with PH with NYHA Class
Il and IIl. In addition, the patients were recruited
from only one center. These limitations decrease
the generalizability of the results. Secondly, the
minimal clinically important difference has not
been investigated in our study. Further longitudinal
study is needed to determine the minimal clinically
important difference for the 6PBRT. Finally, we
investigated the test-retest reliability of the
6PBRT on the same day. Therefore, performance
results for the on different days were not known
for the patients with PH. However, it was reported
that same day performance gives better reliability
results than different days (30).

In conclusion, this study showed that 6PBRT has
excellent test-retest reliability and good validity,
including known-groups and convergent. The
higher 6PBRT scores were significantly correlated
with younger age, better functional class, and
performance in activities of daily living and greater
upper extremity muscle strength. Heart rate,
systolic and diastolic blood pressure, dyspnoea,
and arm fatigue significantly increased after the
6PBRT, indicating that it creates the required load
as an exercise stress test. The 6PBRT can reflect
the functional limitations in the upper extremity in
the patients with PH.

Sources of Support: None
Conflict of Interest: There is no conflict of interest.

Ethical Approval: Non-Interventional Research
Ethics Committee of Dokuz Eylul University
approved the study (Approval Date: 12.10.2017,
and Approval Number: 2017/21-20).

Peer-Review: Externally peer-reviewed.

Author Contributions: Conception- BOK, i0, AT,
BA, EO, BS, SA, CS, SS; Design- BOK, 10, AT, BA,
SS; Supervision- BA, CS, SS; Funding- BA, EO, BS,
CS, SS; Materials- BOK, 10, AT; Data collection
and /or processing- BOK, 10, AT; Analysis and/or
interpretation- BOK, BA, EO, BS, SA, CS; Literature
review- BOK, 0, AT, EO, BS, SA; Writing manuscript-
BOK, SS; Critical review- BOK, i0, AT, BA, EQ, BS,
SA, CS, SS.

TURKISH JOURNAL OF PHYSIOTHERAPY AND REHABILITATION 2020; 31(2)

Acknowledgements: We would like to express
our sincere thanks to Turhan Kahraman, PhD,
PT, from izmir Katip Celebi University, Faculty of
Health Sciences, Department of Physiotherapy and
Rehabilitation, Izmir, Turkey, for statistical analysis.

REFERENCES

1. Hoeper MM, Bogaard HJ, Condliffe R, Frantz R, Khanna D, Kurzyna
M, et al. Definitions and diagnosis of pulmonary hypertension. )
Am Coll Cardiol. 2013;62(25 Suppl):D42-50.

2. Galie N, Humbert M, Vachiery JL, Gibbs S, Lang |, Torbicki A, et
al. 2015 ESC/ERS Guidelines for the diagnosis and treatment of
pulmonary hypertension: the joint task force for the diagnosis and
treatment of pulmonary hypertension of the European Society
of Cardiology (ESC) and the European Respiratory Society (ERS):
endorsed by Association for European Paediatric and Congenital
Cardiology (AEPC), International Society for Heart and Lung
Transplantation (ISHLT). Eur Heart ). 2016;37(1):67-119.

3. Breda AP, Pereira de Albuquerque AL, Jardim C, Morinaga
LK, Suesada MM, Fernandes CJ, et al. Skeletal muscle
abnormalities in pulmonary arterial hypertension. PLoS One.
2014;9(12):e114101.

4. Mainguy V, Maltais F, Saey D, Gagnon P, Martel S, Simon M, et al.
Peripheral muscle dysfunction in idiopathic pulmonary arterial
hypertension. Thorax. 2010;65(2):113-7.

5. Demir R, Kiiikoglu MS. Six-minute walk test in pulmonary
arterial hypertension. Anatol ) Cardiol. 2015;15(3):249-54.

6. Saglam M, Vardar-Yagli N, Calik-Kutukcu E, Arikan H, Savci S,
Inal-Ince D, et al. Functional exercise capacity, physical activity,
and respiratory and peripheral muscle strength in pulmonary
hypertension according to disease severity. ] Phys Ther Sci.
2015;27(5):1309-12.

7. Ozcan Kahraman B, Ozsoy |, Acar S, Ozpelit E, Akdeniz B, Sevinc
C, et al. Effect of disease severity on upper extremity muscle
strength, exercise capacity, and activities of daily living in
individuals with pulmonary arterial hypertension. Turk Kardiyol
Dern Ars. 2017;45(5):434-40.

8. Pendleton HM, Schultz-Krohn W. Pedretti’s occupational therapy-
e-book: practice skills for physical dysfunction. St. Louis: Elsevier
Health Sciences; 2017.

9. McCollister D, Shaffer S, Badesch DB, Filusch A, Hunsche
E, Schuler R, et al. Development of the pulmonary arterial
hypertension-symptoms and  impact (PAH-SYMPACT(R))
questionnaire: a new patient-reported outcome instrument for
PAH. Respir Res. 2016;17(1):72.

10. Lima VP, Aimeida FD, Janaudis-Ferreira T, Carmona B, Ribeiro-
Samora GA, Velloso M. Reference values for the six-minute
pegboard and ring test in healthy adults in Brazil. J Bras
Pneumol. 2018;44(3):190-4.

11.  Zhan S, Cerny FJ, Gibbons WJ, Mador M), Wu YW. Development
of an unsupported arm exercise test in patients with chronic
obstructive pulmonary disease. ] Cardiopulm Rehabil.
2006;26(3):180-7.

12.  Celli BR, Rassulo J, Make BJ. Dyssynchronous breathing during
arm but not leg exercise in patients with chronic airflow
obstruction. N Engl ) Med. 1986;314(23):1485-90.

13.  Felisberto RM, de Barros CF, Nucci KCA, de Albuquerque ALP,
Paulin E, de Brito CMM, et al. Is the 6-minute pegboard and
ring test valid to evaluate upper limb function in hospitalized
patients with acute exacerbation of COPD? Int J Chron Obstruct
Pulmon Dis. 2018;13(1):1663-73.

14.  Kahraman BO, Savci S, Ozsoy |, Baran A, Acar S, Ozpelit E, et al.
Effects of neuromuscular electrical stimulation in patients with



20.

21.

22.

23.

Kahraman BO, Ozsoy |, Tanriverdi A, Akdeniz B, Ozpelit E, Sentiirk B, Acar S, Seving C, Savci S.

pulmonary arterial hypertension: a randomized controlled pilot
study. J Cardiol. 2020;75(6):702-8.

Galie N, Hoeper MM, Humbert M, Torbicki A, Vachiery JL,
Barbera JA, et al. Guidelines for the diagnosis and treatment of
pulmonary hypertension. Eur Respir J. 2009;34(6):1219-63.
Ozsoy |, Kahraman BO, Ozsoy G, llcin N, Kahraman T, Acar S, et
al. Determinants of the 6-minute pegboard and ring test as an
unsupported upper-extremity exercise capacity measure in older
adults with chronic obstructive pulmonary disease. Eur Geriatr
Med. 2018;9(6):863-70.

Faul F, Erdfelder E, Lang AG, Buchner A. G* Power 3: a flexible
statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res. 2007;39(2):175-91.
Shoukri M, Asyali M, Donner A. Sample size requirements for the
design of reliability study: review and new results. Stat Methods
Med Res. 2004;13(4):251-71.

Haidar SG, Kumar D, Bassi RS, Deshmukh SC. Average versus
maximum grip strength: which is more consistent? ] Hand Surg
Br. 2004;29(1):82-4.

Andrews AW, Thomas MW, Bohannon RW. Normative values for
isometric muscle force measurements obtained with hand-held
dynamometers. Phys Ther. 1996;76(3):248-59.

Akel BS, Oksuz C, Kayihan H. Adaptation and validation of
Turkish version of the Milliken ADL Scale (MAS). ) Hand Ther.
2010;23(4):e12.

Koo TK, Li MY. A Guideline of selecting and reporting intraclass
correlation coefficients for reliability research. ) Chiropr Med.
2016;15(2):155-63.

Cohen J. Statistical power analysis for the behavioral sciences.

24.

26.

27.

28.

29.

30.

TURKISH JOURNAL OF PHYSIOTHERAPY AND REHABILITATION 2020; 31(2)

Hillsdale: L. Erlbaum Associates; 1988.

Lima VP, Brooks D, Konidis S, Araljo T, Ribeiro-Samora CA,
Goldstein R, et al. Normative values for the unsupported upper
limb exercise test and 6-minute pegboard and ring test in
healthy Canadian adults. Physiother Can. 2020;e20190021.
Lima VP, Velloso M, Almeida FD, Carmona B, Ribeiro-Samora GA,
Janaudis-Ferreira T. Test-retest reliability of the unsupported
upper-limb exercise test (UULEX) and 6-min peg board ring test
(6PBRT) in healthy adult individuals. Physiother Theory Pract.
2018;34(10):806-12.

Von der Heyde R, Droege K. Assessment of functional outcomes.
In: Cooper C, ed. Fundamentals of hand therapy. 2nd ed. St.
Louis: Mosby; 2014:p.115-27.

Calik-Kutukcu E, Arikan H, Vardar-Yagli N, Saglam M, Inal-Ince D,
Oksuz C, et al. Association between 6min pegboard and ring test
and arm performance in GOLD stage II-lll patients. Wien Klin
Wochenschr. 2020. doi:10.1007/s00508-020-01635-8.

Nyberg A, Tornberg A, Wadell K. Correlation between limb
muscle endurance, strength, and functional capacity in people
with chronic obstructive pulmonary disease. Physiother Can.
2016;68(1):46-53.

Janaudis-Ferreira T, Hill K, Goldstein RS, Wadell K, Brooks D.
Relationship and responsiveness of three upper-limb tests in
patients with chronic obstructive pulmonary disease. Physiother
Can. 2013;65(1):40-3.

Wong AY, Kawchuk G, Parent E, Prasad N. Within- and between-
day reliability of spinal stiffness measurements obtained using a
computer controlled mechanical indenter in individuals with and
without low back pain. Man Ther. 2013;18(5):395-402.

217



