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Study design: Clinical measurement.
Background: The Upper Limb Functional Index (ULFI) is a patient reported outcome (PRO) measure with
sound clinimetric properties and clinical viability for determination of upper limb function.
Purpose-methods: The aims of this study were to cross-culturally adapt the ULFI for Turkish-speaking
patients (ULFI-Tk) and investigate the reliability and validity in patients with upper limb problems.
Patients (n¼l02, age 49.1�16.6) with upper limb disorders were consecutively recruited. All participants
completed the ULFI-Tk and the Disability of Arm, Shoulder and Hand Turkish-version (DASH-Tk) criterion
at baseline and day-three.
Results: The ULFI-Tk demonstrated good internal consistency (a¼0.87), moderate criterion validity
(DASH-Tk:r¼0.68;p<0.05), moderate reliability (ICC2:1¼0.72,CI¼0.58-0.80) and strong error measure-
ment (SEM¼2.94;MDC90¼5.35). Exploratory factor analysis demonstrated a dual factor structure that
explained 31.2% of total variance.
Conclusions: The ULFI-Tk is a reliable and valid PRO that could be used to assess upper limb musculo-
skeletal disorders in Turkish speaking patients
Level of evidence: Class 2.

� 2015 Hanley & Belfus, an imprint of Elsevier Inc. All rights reserved.
Introduction

Upper extremity musculoskeletal disorders involve tendons,
muscles, ligaments, neural tissue and in some instances may have a
contributing component from the cervical spine.1e4 The major
factors affecting function are range of motion, muscle strength and
pain. Functional loss related to problems with these factors can
limit an individual’s activities of daily living (ADL) and cause
disability.5 This in itself can be a major problem or one that leads to
negative effects on an individual’s health-related quality of life
(HRQOL).5e7

The effectiveness of any treatment to the upper extremity
often focuses on the evaluation of physical symptoms, including
range of motion, grip strength and sensory capacity. However,
these findings are unable to identify the patients’ level of inde-
pendence and functional capacity in ADL. For these reasons, pa-
tient reported outcome (PRO) tools that consider HRQOL, such as
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the SF-36 and Euro-QOL, are commonly used for supplementary
assessment.8e13

However, these PROs are not sufficiently sensitive to accurately
evaluate function related changes9,12e15 in the upper limb. This led
to the development and use of joint- or disease-specific tools2,16,17

and more recently a move toward region-specific tools. These latter
PROs consider and subsequently evaluate the upper extremity as a
single kinetic chain.2,10,14,18 The region-specific PROs have emerged
as the preferred option due to their greater application across a
wider variety of clinical and research conditions and situations.19,20

They are more practical and easier to administer than physical
objective clinical measures.19 Consequently regional PROs can
require fewer patients and a smaller ‘number needed to treat’ to
detect the effectiveness of an intervention.21,22 This self-report data
indicates the clinical changes that represent the patients’ percep-
tion of their function with unique information specific to their
condition.19,23

Seven region-specific upper limb PROs developed for use in
general populations were found in the literature: the Neck and
Upper Limb Index (NULI),2 the Upper Extremity Functional Index
(UEFI),24 the Upper Extremity Functional Scale (UEFS)21 the
rights reserved.
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Disabilities of the Arm, Shoulder, and Hand (DASH),9,10 the DASH
shortened-version QuickDASH with 11-items25 and the
QuickDASH-9 with nine-items26 and most recently the Upper Limb
Functional Index (ULFI), initially as a dichotomous tool27 and sub-
sequently as a three-point response option PRO.18 In the literature
there is no review on region-specific PROs. Furthermore, there is no
gold standard for the assessment of upper extremity function in
patients with upper limb musculoskeletal disorders.28

The ULFI is a self-report questionnaire designed to assess
activity limitations and participation restrictions resulting from
upper limb musculoskeletal disorders.27 A study showed that the
original ULFI had high internal consistency, excellent test-retest
reliability, good convergent validity with the QuickDASH ques-
tionnaire and good responsiveness.18 In addition, the ULFI was
translated and culturally adapted to both Spanish and French-
Canadian. Both these studies indicated the ULFI was a valid and
reliable PRO with similar psychometric properties to the English
language version.29e31 The ULFI has some advantages for clinicians
and patients that include a short implementation time, simple
scoring and readability levels.29 Hamasaki et al concluded in their
study that the ULFI appears to be an appropriate outcome measure
for health professionals working with French-speaking patients
with upper limb musculoskeletal disorders in a clinical setting
where the time issue is critical.29 Similarly, in Turkey the health
professional generallyworks in a busy clinical environment. To date
the DASH is the only regional PRO cross-culturally adapted to
Turkish and is shown to be preferred to other upper limb joint or
condition specific tools.16,32 Because of these reasons the ULFI was
selected to be culturally adapted to Turkish as it would provide an
additional PRO to the DASH for upper limb regional assessment in
Turkish speaking populations.

The aims of this study were to cross-culturally adapt the ULFI for
Turkish-speaking patients (ULFI-Tk) and determine the clinimetric
properties of reliability, criterion validity, internal consistency,
measurement error and factor structure in patients with upper limb
problems. As the DASHwas the only other upper extremity regional
PRO available in Turkish it was concurrently investigated as the
criterion standard.

Materials and methods

Subjects

Subject inclusion criteria were an age minimum of 18 years,
symptoms duration of �12 weeks, providing an acute to subacute
population, and being referred by a medical practitioner to the
Baskent University Physical Therapy Clinic with a diagnosis of an
upper limb problem. Exclusion criteria were the inability to read
Turkish or respond to the questionnaires, recent surgery, infectious
disease, neurological diseases, cancer or other systemic diseases
that may affect the upper limb. The study was approved by the
Baskent University Non-Interventional Clinical Researches Ethics
Committee.

Procedure

Baseline data was collected by a physiotherapist with a mini-
mum qualification of a PhD on the day of the patient’s initial
attendance. All participants were informed of the study’s details
and signed an informed consent. All patients were given the ULFI-
Tk and DASH-Tk to complete. Patients were asked to repeat the
questionnaires for test-retest reliability including an additional
external ‘global rating of change (GRoC)’ scale at a subsequent
attendance following a two day period of non-treatment.17,31 All
tests were again collected by the same physiotherapist.
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Questionnaires

The ULFI is a single page, 25-item upper limb regional PRO with
three response options: “Yes”/“Half”/“No” and scored by assigning
1 point for “Yes” 0.5 points for “Half” and 0 points for “No.” The total
points are added and multiplied by four to score the functional
limitation, then subtracted from 100 to provide a functional status
scaled from 0 (worst function) to 100 (maximum or pre-injury
function). Up to two missing responses are permitted.18,27

The DASH is a 30-item PRO that evaluates impairments, activity
limitations and participation restrictions for leisure activities and
work. A total of 21 items evaluate difficulty with specific tasks, five
items evaluate the symptoms and a single item evaluates social
function, work function, sleep and confidence. Response options
are scaled as 1-no difficulty, 2-mild difficulty, 3-moderate difficulty,
4-severe difficulty and 5-unable. The DASH raw scores are then
multiplied by a conversion formula to produce values from 0 to 100
for each module where the higher score indicates severe functional
loss. The DASH-Tk has been shown to have excellent test-retest
reliability and validity and demonstrated as an adequate and use-
ful tool for measuring functional disability in upper extremity
complaints of Turkish speaking patients.16,32

The external GRoC is a criterion standard provided at retest to
assess the presence of change during the intervening period.33 This
study used the three response option question: ‘Is your condition
better, the same, or worse as compared to the day of the first test?’;
where the required response for inclusion in the reliability
component was ‘the same’.
Translation and cross-cultural adaptation

A double forward and backward translation was completed.
Forward translation was performed independently by two Turkish
native-language translators. This allowed detection of errors and
divergent interpretations of items with ambiguous meanings. To
improve idiomatic and conceptual (rather than literal) equivalence
and improve reliability, one translator had knowledge of the
questionnaires concepts and the study’s purpose. This enabled any
unexpected meanings in the original tool to be recognized. Back
translation was performed blindly and independently by two En-
glish native-language speakers. The final versions were compared
to the original version for inconsistencies and a pilot consensus
version completed.14,34
Cultural adaptation

The ULFI-Tk was pilot tested on 20 patients with upper
extremity musculoskeletal disorders. The participants found the
questionnaire easy to understand and applicable to their condi-
tions. Subsequent review and discussion found most of the ques-
tionnaire translated without difficulty, but some discrepancies
were present due to linguistic and cultural differences. Changes
were made through finer adjustments to wording that enabled a
final consensus agreed format from all translators with changes
compared to the English version as follows:

- Item 15 was not understood by Turkish patients and modified to
an English equivalent of ‘I feel physically weaker and stiffer’;

- Item 20 was changed from ‘I have difficulty eating and/or using
utensils (knife, fork, spoon, chop sticks) with ‘chop sticks’
removed as this was not applicable’;

- Item 21 was changed from ‘I have difficulty holding and moving
dense objects (e.g.: mugs, jars, cans)’ to include the example of a
‘tea glass.’
ara  Universitesi from ClinicalKey.com by Elsevier on June 07, 2018.
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Table 1
Demographic characteristics of participants

Variables Frequency %

Level of education
Primary school 17 16.7
Secondary school 8 7.8
High school 28 27.5
Bachelor 49 48

Occupation
Employee 34 33.3
Nonemployee 33 32.4
Retired 35 34.3

Diagnosis
Adhesive capsulitis 20 19.6
Impingement syndromea 20 19.6
Rotator cuff syndromeb 10 9.8
Lateral Epicondilitis 13 12.7
Carpal tunnel syndrome 12 11.7
Wrist or hand fracture 10 9.8
Ulnar nerve compression 5 4.9
Flexor tendon injury 5 4.9
Hand osteoarthritis 3 2.9
Olecranon bursitis 2 1.9
Dupuytrens contracture 1 0.9
Trigger finger 1 0.9

a Impingement: impingement of tendon or bursa within the subacromial space.
b Rotator cuff syndrome: symptomatic rotator cuff tendon, e.g. tendinopaty,

tendionosis, tendinitis.

Table 2
ULFI-Tk test-retest reliability and internal consistency

Internal
consistency (a)

Test-retest

Correlation ICC (%95 CI)

ULFI-Tk 0.877 0.837 0.717 (0.582e0.809)
ULFI-Tk factor 1 0.724 0.695 0.795 (0.697e0.892)
ULFI-Tk factor 2 0.720 0.709 0.777 (0.670e0.850)
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The final ULFI-Tk consensus versionwas brought into use for the
validity and reliability study.

Analyses

Distribution and normality were determined by the Shapiro
Wilk test (significance >0.05). Internal consistency was determined
using Cronbach’s a.35 There were no missing responses.

Test-retest reliability was assessed using the Intraclass Correla-
tion Coefficient 2:1 (ICC2:1) with the repeated measures at day
three at the same time of day during a period of non-treatment.36 A
prerequisite for examining test-retest reliability is stability of the
condition to minimize day-to-day variability that might affect the
test scores. Consequently, the three response-option GRoC external
criterion standard was provided at retest to assess the presence of
change during the intervening period with inclusion being the
response ‘the same.’

The sensitivity or error score was determined from the minimal
detectable change at the 90% level (MDC90) analysis that was per-
formed as described by Stratford.37 The standard error of the
measurement (SEM) was calculated using the formula:
SEM ¼ sO(1�r), where s ¼ the mean and standard deviation (SD) of
time 1 and time 2, r ¼ the reliability coefficient for the test and
Pearson’s correlation coefficient between test and retest values.
Thereafter the MDC90 was calculated using the formula:
MDC90 ¼ SEM � O2 � 1.65.

The criterion validity between the ULFI and DASH total scores
was assessed using the Pearson correlation coefficient with the
criteria of poor (r ¼ 0.20e0.40), fair (r ¼ 0.40e0.60), moderate
(0.60e0.80) and strong (0.80e1.00). The a-priori hypothesis was
that the correlation between the DASH and ULFI would be ‘mod-
erate’ (0.60e0.80).38 Face and content validity were determined
from the translation process and the pilot cultural-adaption
study.38

Factor structure was assessed using exploratory factor analysis
(EFA) with Maximum Likelihood Extraction (MLE) and Varimax
rotation.39,40 The three a-priori criteria for inclusion of the extrac-
ted factors were: Eigenvalues >1, accounting for >10% of variance
and the ‘point of deviation’ or ‘elbow’ visually determined on the
scree plot.41e43 The loading coefficient absolute value suppression
was set at the lower threshold of 0.30 to enable the maximum
number of factor loadings to be extracted.44

The minimum sample sizes were calculated from the original
ULFI study where criterion validity was determined through use of
Meng’s test of significance and solving for n.45 The reliability was
determined from an 80% likelihood of detecting differences be-
tween baseline and repeated measurements. Both calculations
allowed for a 15% attrition with p < 0.05.33 Power calculations
indicated a minimum sample of n � 101 for concurrent criterion
validity, n � 47 for reliability37 and a sample >100 for factor
analysis.46

All the analyses were conducted using Statistical Package of
Social Science version 17.0, Chicago, IL. The level of significant was
set at p < 0.05.47

Results

Participants

A total of 127 acute to subacute patients with upper limb
musculoskeletal conditions participated. A total of 25 patients did
not meet the eligibility criteria and were excluded leaving a final
sample of 102 (71% female, age 49.1 � 16.6 years;
duration ¼ 6.7 � 4.19 weeks). The demographic characteristics and
patients’ diagnoses, as determined by the referring medical
Downloaded for Anonymous User (n/a) at ULAKBIM Academic  Marmara
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practitioner, are presented in Table 1. The variables used in our
study were normally distributed (p > 0.05) however only 3.4% of
ULFI-Tk responses by 23% of participants used the ‘Half’ response
option.
Internal consistency, test-retest reliability, criterion validity and
error score

The internal consistency was high but not excessive (a ¼ 0.88)
indicating no item redundancy. Measurement error from the SEM
and MDC90 were respectively 2.94% and 5.35%.Test-retest reliability
wasmoderate (ICC2:1¼0.72; 95% CI¼ 0.58e0.81e see Table 2). The
reliability sample included all participants as every participant
reported ‘the same’ on the GRoC and consequently no participants
were excluded. This reported finding of no change is well recog-
nized and not uncommon in symptomatic Turkish patients in a
medical outpatients setting. The criterion validity between ULFI and
DASH total scores was moderate (r ¼ 0.68; p < 0.05).
Factor analysis

The correlation matrix was determined as suitable from the
Kaiser-Meyer-Olkin values (0.64) and the Bartlett’s Test of Sphe-
ricity (p < 0.001). The EFA revealed seven factors with Eigenvalues
>1 where two factors accounted for >10% variance and the scree
plot ‘inflection’ or ‘elbow’ occurred at the third point (Fig. 1).
Together these three criteria suggested a 2-factor structure was
likely where the first factor (Eigenvalue ¼ 4.53, named ‘sensation
and independence’) explained 18.1% of variance and the second
  Universitesi from ClinicalKey.com by Elsevier on June 07, 2018.
opyright ©2018. Elsevier Inc. All rights reserved.



Fig. 1. Scree plot of the Eigenvalues from the EFA using MLE.
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(Eigenvalue ¼ 3.3, named ‘function’) explained 13.1% (Table 3).
Eight items3,5,8,12,15,17,20 loaded below the 0.30 cutoff and item 12
showed cross loading.

Discussion

The adaptation and translation occurred without difficulty and
only a few items required cultural-specific changes. The results
indicated the development was successful and followed the inter-
national guidelines. The adapted questionnaire is self-administered
and simple to use in clinical practice for upper limb conditions. This
follows similar procedures of cross-cultural adaptation in studies
for different scales applied in the Turkish context.16,17 In this study
there were no missing responses, a comparable finding to both the
Table 3
Factor analysis loadings of the ULFI-Tk

Items Factors

1 2

1. I stay at home most of the time .683 .178
2. I change position frequently for comfort .644 .392
3. I avoid heavy jobs .024 .276
4. I rest more often .391 .215
5. I get others to do things for me .228 .111
6. I have pain almost all the time .306 .070
7. I have difficulty lifting and carrying .019 .597
8. My appetite is now different .124 .056
9. My walking or normal recreation activity is affected .329 .168
10. I have difficulty with normal home or family duties .042 .554
11. I sleep less well .744 .031
12. I need assistance with personnel care .280 .266
13. My regular daily activities is affected (work and social) .055 .621
14. I am more irritable or bad tempered .419 .113
15. I feel weaker and stiffer .465 .062
16. My transport independence is affected .238 .075
17. I have difficulty putting my arm into a shirt sleeves or

need assistance dressing
.785 .259

18. I have difficulty writing or using a keyboard or mouse .095 .239
19. I am unable to do things at or above shoulder height .134 .647
20. I have difficulty eating and or using utensils .083 .184
21. I have difficulty holding and moving dense objects .135 .374
22. I tend to drop things and or have minor accidents more

frequently
.190 .955

23. I use the other arm more often .160 .271
24. I have difficulty with buttons keys, coins, taps, con-

tainers or screw top lids
.212 .447

25. I have difficulty opening, holding pushing, or pressing .010 .714
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English and Spanish ULFI studies.18,31 The data was normalized and
consequently parametric statistics obligated the factor structure be
analysis with MLE rather than Principal Component Analysis (PCA).
As only 23% of respondents used the ‘Half’ option in a total of 3.4%
of all responses, the analysis was closer to that of a dichotomous
data set. The original ULFI found the half-mark used in 69% of re-
sponses by 83% of participants.18 Consequently, there appears to be
a cultural difference in the use of this option. One way to overcome
this and clarify if the preference for an intermediate point48,49 is
required in this Turkish population may be to provide three sepa-
rate response boxoptions. This will need to be considered in further
research in both this population and others.

The Cronbach’s a coefficient at 0.88 showed strong internal
consistency that was not excessive, indicating no item redundancy.
This was comparable to the findings in the original (a ¼ 0.89), the
Spanish (a ¼ 0.94) and in the French-Canadian (a ¼ 0.93) adapta-
tion studies.27,29,31

The ULFI-Tk test-retest reliability (ICC2:1 ¼ 0.72) was moderate
and notably below that of both the original ULFI (ICC2:1 ¼ 0.98),
Spanish versions (ICC2:1 ¼ 0.93) and French-Canadian versions
(ICC2:1 ¼ 0.92). In our study, all participants reported ‘same’ on
GRoC. This situation could be a reason for lower reliability. Mea-
surement error from SEM and MDC90 were respectively 2.94% and
5.35% which is comparable to the findings of the previous studies in
which it was measured.18,27,31

There are only two studies that have investigated criterion
validity with the DASH. In this study criterion validity with DASH
was moderate (r ¼ 0.68), which was lower than in both the original
and the French-Canadian versions (r ¼ 0.85). Researchers describe
some factors such as sample size and characteristics of the sample
that may affect the size of r in Pearson analysis.50e52 In this study
correlation might be lower than other researchers have reported
because of differences in the characteristics of the sample. While
the FrencheCanadian study involved patients with hand and wrist
injuries that were in the subacute to chronic stage, our study
included acute or subacute patients with relatively equal repre-
sentation of conditions from both proximal and distal aspects of the
upper limb. Also this study has sample characteristic differences
from the original and French-Canadian studies that include gender,
disease duration, work status, culture, etc.27,29

The factor analysis in both the original and Spanish studies was
exploratory and found a single dimension. The English version
found the dominant factor accounted for 33.4% of variance where
six additional factors had Eigenvalues >1.0, however only one had
variance of >10%. Likewise, the Spanish version ULFI revealed 48%
of variance explained by the primary factor where three other had
Eigenvalues>1.0, but only onewith variance>10%. By contrast, this
study had seven factors with Eigenvalues >1.0 and two showed
variance >10% that explained 31.2% of total variance. The scree plot
inflection at the third point also indicated a two factor structure
which corroborated these findings. There were nine items in this
study that scored below 0.50 while in the original there were 14.
Also, the Turkish patients felt the item on ‘appetite change’was not
relevant to their condition which was reflected in the low factor
loading of 0.12. Item 20, ‘eating and using utensils’, also scored very
low at 0.18. These findings together suggest a potential to reduce
the total item number, a recommendation consistent with the
earlier publications where a shorter 10-item tool was suggested.18

Sample size, particularly in relation to the factor analysis,53 in-
dicates it is at the lower end of the acceptable limit. It is necessary
to obtain factor solutions that are adequately stable and correspond
closely to and reflect the sample populations constructs and factors.
A fundamental misconception is that the minimum sample size or
ratio of participants to items is invariant across studies, whereas it
is dependent on several aspects within any given study. This
ara  Universitesi from ClinicalKey.com by Elsevier on June 07, 2018.
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includes the level of communality of the variables and the level of
over determination of the factors.53 Consequently, this study’s
sample size is acceptable and also comparable to that used in both
the original and Spanish version studies and to most PRO studies
where factor analysis is considered through EFA.54e57 Turkish cul-
ture is very different from both the Anglo-Saxon and European
Spanish cultures with a potential consequence that may affect
reliability and factor structure. Theremay be other Turkish versions
of the ULFI that could reflect a single factor structure e as found in
the previous studies. Alternatively the use of the definitive ‘Half’
response option, within three dedicated separate responses, may
be sufficient to change the factor structure of this current ULFI-Tk
version in a new study and analysis. Either way, subsequent anal-
ysis will be required with EFA and ultimately confirmatory factor
analysis in a larger population.
Study limitations and strengths

Other limitations include the lack of longitudinal data regarding
other psychometric properties, particularly responsiveness.
Furthermore, the lack of use of the half-mark option was not noted
in the pilot trial, consequently only 23% of participants used the
‘Half’ response in the main study, this situation should be consid-
ered in further research and clinicians may use further point option
questionnaire sheets such as three defined response sites. Another
limitation of our study is the responses of the participants on the
GRoC scale. All participants reported ‘same’ on the GRoC. Turkish
physical therapy outpatients (acute to subacute) generally give re-
sponses of ‘same’ about their condition which could affect the
findings of reliability. Though this situation is culturally well
recognized it has not been reported or noted previously in the
literature.

Strengths of the study included the relatively equal represen-
tation of conditions from both proximal and distal aspects of the
upper limb. While in the Spanish version study the majority of
patients had proximal conditions. Furthermore, this study was
prospective and the participants were recruited consecutively. This
study also complies with recommendations by Hamasaki et al who
state that further studies will be needed for patients with acute
conditions.29 Another strength of our study was included the
recruitment of patients with acute and subacute conditions.
Consequently this is the first study that shows validity and reli-
ability of the ULFI in this acute to subacute patient population.
Conclusion

The ULFI-Tk demonstrated good internal consistency, good
reliability and moderate criterion validity (r ¼ 0.68; p < 0.05) with
the DASH-Tk. The ULFI-Tk demonstrated a two factor structure
whichmay inhibit the use of a single summated score. However it is
reliable demonstrates face, content and criterion validity in its
present form and consists of simple and easily understood lan-
guage. These findings may enable the ULFI-Tk to be used to assess
upper limb musculoskeletal disorders in Turkish speaking patients.
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JHT Read for Credit
Quiz: #368
Record your answers on the Return Answer Form found on the
tear-out coupon at the back of this issue or to complete online
and use a credit card, go to JHTReadforCredit.com. There is
only one best answer for each question.

#1. The adaptation is intended for use by patients whose primary
language is

a. Farsi
b. Turkish
c. Arabic
d. Aramaic
#2. The ULFI-Tk demonstrated

a. moderate criterion validity
b. moderate reliability
c. good internal consistency
d. all of the above
#3. The ULFI is

a. required for government approval in the UK and Medicare

reimbursement in the US
b. standard procedure in the EU
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c. a PRO
d. an essential element of an initial evaluation
#4. The original ULFI description was authored by

a. MacDermid
b. Gabel
c. Szabo
d. Mackin
#5. Table 1 shows the demographic characteristics of the
participants

a. true
b. false
When submitting to the HTCC for re-certification, please batch your
JHT RFC certificates in groups of 3 or more to get full credit.
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