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Abstract
Introduction: Electromyographic biofeedback (EMG-BF)

therapy provides information on the state of contraction of
targeted muscles and relaxation of their antagonists, which
can facilitate early active range of motion (RoM) after elbow
surgery. Our aim in this study was to calculate the minimum
detectable change (MDC) in EMG-BF therapy, initiated in
the early postoperative period after elbow surgery.

Methods: This study is an observational case series study.
Thirty-six patients, 53+16 years old, who underwent surgery
were enrolled. EMG-BF of muscle contraction and relaxation
was provided during active elbow flexion and extension
exercises. Patients completed 3 sets of 10 trials each of
flexion and extension, for 4 weeks. Total range of flexion-
extension motion and scores on the Japanese Society for
Surgery of the Hand version of the Disability of the Arm,
Shoulder, and Hand questionnaire (DASH-JSSH) and the
Japanese version of the Patient-Rated Elbow Evaluation
(PREE-J) were obtained at baseline and weekly during the 4-
week period of intervention. A prediction formula was
created from the time series data obtained during the
intervention period, using the least-squares method. The
estimated value was calculated by removing the slope from
the prediction formula and adding initial scores to residuals

between measured scores and predicted scores individually.



Systematic error, MDC at the 95t percentile cutoff (MDCys),
repeatability of measures, and the change from baseline to
each time point of intervention were assessed.

Results: There was no evidence of systematic bias between
the baseline and 4-week data on the Bland-Altman analysis.
Repeatability of measurement was excellent for range of
motion and the DASH-JSSH score, and good-to-excellent for
the PREE-J score. Improvement in total elbow RoM and the
DASH-JSSH and PREE-J scores exceeded the MDCgs,
indicative of a clinically meaningful change from baseline to
week 4 of EMG-BF therapy.

Conclusions: The MDCygs, which is an indicator of the efficacy
of EMG-BF therapy after surgery around the elbow, was
determined using the data for the early postoperative
initiation of the elbow ROM and ADL. The calculated MDC
values could be used as reference values to assess the

therapeutic effects in individuals.



Abbreviations

BA analysis= Bland-Altman analysis, BA plots= Bland-
Altman plots, DASH = Disability of the Arm, Shoulder, and
Hand questionnaire, DASH-DS = DASH subscale: disability
and symptoms, DASH-JSSH = Japanese version of DASH,
EMG-BF = Electromyographic biofeedback, ICC = intraclass
correlation coefficient, MDC = minimum detectable change,
MCID = Minimal Clinically Important Difference, MDCgo =
minimum detectable change at the 90th percentile cutoff,
MDCy5s = minimum detectable change at the 95th percentile
cutoff, PREE = Patient-Rated Elbow Evaluation, PREE-F =
PREE subscales: function, PREE-J = Japanese version of
PREE, PREE-P = PREE subscales: pain, PREE-SF = PREE
subscales: specific activities, PREE-UF = PREE subscales:
usual activities, PRO = patient-reported outcomes, RoM =

range of motion, SEM = standard error of the measurement.



1. Introduction

The elbow joint is particularly prone to the
development of contractures after surgery due to shortening
of peri-articular soft tissues during prolonged
immobilization 1. Early mobilization of the elbow joint after
surgery is, therefore, recommended to avoid this
complication [2], and patients are advised to perform active
elbow flexion and extension within a non-painful range. Fear
of moving the elbow immediately after surgery is, thus, a
risk factor for post-operative contracture [31,
Electromyographic biofeedback (EMG-BF) therapy provides
information on the state of contraction of targeted muscles
and relaxation of their antagonists, which can facilitate
early active range of motion (RoM) after elbow surgery, as
well as reduce pain and, therefore, anxiety around moving
the elbow 4. 51, The ability to “self-regulate” the contraction
and relaxation of muscles during active elbow movement,
based on visual feedback via the BF system, shows promise
as an effective intervention to minimize joint immobility
after surgery [6. 71,

In Japan, the therapeutic effectiveness of
interventions to improve elbow function after surgery is
generally evaluated using both joint-specific metrics, such as
RoM, and patient-reported outcomes (PRO), such as the

Japanese Society for Surgery of the Hand version of the



Disability of the Arm, Shoulder, and Hand questionnaire
(DASH-JSSH) 8! and the Japanese version of the Patient-
Rated Elbow Evaluation (PREE-J) [9 10l However, clinical
judgement of therapeutic effectiveness using these measures
1s based only on the relative reliability of the measurement,
which has principally been expressed as correlation
coefficients [9 11l In reality, however, this measured change
will include some measurement error and/or systematic bias
which would affect the interpretation of the score in clinical
practice 121, Relative reliability captures the random error of
measurement without providing information on the presence
or absence of systematic bias of the measure, nor its
magnitude when present. Considering that systematic bias
can limit the responsiveness of a measure to change and,
thus, the judgement of therapeutic effectiveness, it would be
clinically relevant to consider the systemic bias of the
measure when evaluating the therapeutic effectiveness of an
intervention, including EMG-BF therapy. In addition, the
use of PRO measures, such as the DASH, to evaluate change
in patient status or the therapeutic effectiveness of an
intervention requires an understanding of how different
outcome measures relate to each other 13, It can be
determined by using “Minimal Clinically Important
Difference ” MCID [14],

There are two methods for MCID: anchor-based and



distribution-based. Anchor-based methods are calculated the
MCID to measure by PRO using external reference “anchors”
such as patients self-assessment [15. 161 and clinician
perspectives [171, clinical parameters [18], Distribution-based
methods rely on expressing change scores in terms of an
underlying sampling distribution, whether in between-
person standard deviation units, within-person standard
deviation units, or some variation of SEM [19]. Distribution-
based methods rely on the statistical characteristics of a
group’s baseline PRO measurement scores to determine—
given the spread of a group’s baseline PRO measurement
scores—how much of a change may be clinically important
(20l One of the distribution-based change indexes is the
minimal detectable change (MDC) [21. 22] that provides the
minimal amount of change that is not likely to be due to
chance variation in measurement and is thus clinically
meaningful [19], In addition, reporting of any systematic bias
in the measure, estimated using the standard error of the
measurement (SEM), [23-25] in combination with the MDC
would provide a transparent interpretation of the clinical
significance of the measured change [19). Using the concept of
MDC, it is possible to determine the proportion of
intervention effects that have achieved at least a minimal
amount of reliable change. Reporting the proportion of

patients achieving a degree of improvement that is beyond



measurement error is a more informative method for
describing the effects of the intervention than overall mean
change [191, According to a rehabilitation study, the minimum
level of detectable change in Roland—Morris Disability
Questionnaire as PRO for disturbances of daily living due to
low back pain was reported [12]. On the other hand, MDC of
Fugl-Meyer assessment (26, 271 and Berg Balance Scale [28]
were also estimated in rehabilitation studies. With regard to
PRO for upper limb function, the MDC has previously been
reported for the DASH but not the PREE. The MDC has also
been reported for RoM [29] using measurement error, with
indications that RoM might not provide a reliable marker of
therapeutic efficacy. If we are to use the MDC, and
associated SEM, confirmation of the reproducibility of the
measured value, with an intra-class correlation coefficient
(ICC1,1) >0.8 is necessary 30, Generally, the ICC is
calculated during steady state of a measure [31], with the
MDC during the acute phase and intervention periods not
having been appropriately addressed, despite the clinical
relevance.

The time-series data 1s generally used to evaluate
therapeutic effectiveness during periods of change, such as
the acute phase and intervention periods, and interpreted
using trend analysis of change [32°34], This trend in the data

must be removed to create a regression model of recovery [35],



Removal of this trend requires calculation of an estimated
value, using a prediction formula created by flexible
discriminant analysis (FDA), unit root test, or least-square
method, which is subtracted from each data point to detrend
the data set [36], This study aimed to determine the MDC in
EMG-BF therapy, initiated in the early postoperative period
after elbow surgery, for three outcome measures (elbow RoM,
DASH-JSSH score, and PREE-J score) typically used in
practice. The calculated MDC can be used to assess the
individual treatment effect of EMG-BF therapy after elbow
surgery by comparing the changes in the three outcome

measures.
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2. Methods
2.1. Statement of ethics

Our study protocol was approved by the Ethics
Committee of Saitama Prefectural University, on August 23,
2013 (approval no. 25513), and the Bioethics Committee of
Dokkyo Medical University Saitama Medical Center, on
September 4, 2013 (reference number: 25015). Informed

written consent was obtained from the participants.
Study design and participants

This was an observational case series study. Included
were patients who underwent elbow surgery at one of our
two affiliated centers (Saitama Medical Center, Dokkyo
Medical University; and Department of Orthopedics,
Koshigaya Seiwa Hospital), between July 2013 and January
2017. Eligible patients were diagnosed by trauma surgeons
and physicians, using the AO/OTA fracture and dislocation
classification of bone fractures. Exclusion criteria included
non-closure of the epiphysis, involvement of both upper
limbs, and inability to follow the instructions for EMG-BF
therapy.

The sample size was determined to be sufficient
through calculations using the G*Power 3.1.1 computer
program software [37], Power analysis indicated that a total
of 21 participants were needed when a = 0.95 for a power of
0.95, using a change score of -0.15, as previously reported

for the DASH to be indicative of a clinically meaningful
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change [38],
2.2. Post-operative rehabilitation program

All patients received standard care after elbow
surgery at our medical centers and hospital, including
physical therapy (with passive RoM, avoiding varus/valgus
stress) and a home program of active RoM within a pain-free
range. Patients whose surgery included ligament repair used
a functional brace, except during RoM exercises, for the first
six post-operative weeks. The brace included an external
strut to prevent excessive valgus stress. Dynamic splinting
was used after post-operative week 6 in patients who
developed a severe contracture. Patients were permitted to
perform minor tasks related to activities of daily living after
post-operative week 6, with lifting activities being permitted

after post-operative week 12 (Fig. 1).
2.3. Biofeedback therapy
EMG-BF therapy was provided during physical

therapy sessions. All EMG-BF-assisted RoM exercises were
performed with patients seated in a chair with their feet on
the ground. Surface EMG electrodes were secured on the
skin overlying the muscle of the biceps and triceps, with the
EMG signal recorded using the Telemyo DTS system
(Noraxon U.S.A., Arizona) and provided as visual feedback
on a monitor placed in front of patients [5. 61, Patients
completed 10 repetitions each of elbow flexion (A) and

extension (B), with each repetition consisting of a 10 s

12



contraction of the agonist (and relaxation of the antagonist),
followed by a 10 s relaxation of the agonist (Figure 2).
Flexion (A) was first performed with the elbow in flexion,
and patients were asked to contract their biceps as intensely
as possible (with relaxation of the triceps), followed by a 10
s relaxation of the biceps. All patients were asked to
relaxation in tension of biceps by decreasing myoelectric
potential close to 10 uV as soon as possible. For progression,
the cycle of biceps contraction and relaxation was
incorporated into active elbow flexion, encouraging patients
to move to the greatest range of elbow flexion possible. In
the same way, for extension (B), patients first started with a
10 s contraction of the triceps, with the elbow in extension
and relaxation of the biceps, followed by 10 s of triceps
relaxation. For progression, the cycle of triceps contraction
and relaxation was incorporated into active elbow extension,
encouraging patients to move to the greatest range of elbow
extension possible. All patients began with simple
contraction/relaxation under EMB-BF guidance and
progressed to incorporate the BF into active elbow flexion
and extension once they were able to self-regulate the
contraction/relaxation cycle. Of note, although all patients
started the flexion exercise after surgery, extension was
delayed until 3 weeks post-surgery, with the exact timing of

extension RoM exercise being dependent on the surgical
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approach, type of ligament injury, and other variables.
Patients completed three sets of 10 repetitions each of
flexion (A) and extension (B), performed 3-5 times per week,

for 4 weeks.
2.4. Measured outcomes

The following outcomes were measured: total elbow
RoM (sum of the range in flexion and extension), the DASH-
JSSH total score, and the PREE-J total score. Baseline
measurements were obtained at the first BF therapy session
and were also obtained at the end of each of the 4 weeks of
the EMG-BF therapy program (Figure 1). RoM was measured
using a standard universal goniometer, with 1 axis and 2
arms, one stationary and movement arm, covering a range of
180° (Sakai Medical, Tokyo, Japan). All RoM measures were
obtained by a same evaluator. Each measurement was
performed three times, with the average used for analysis.
The DASH-JSSH is the Japanese version of the DASH, a self-
reported questionnaire developed by the American Academy
of Orthopaedic Surgeons to specifically assess upper limb
disability in individuals with musculoskeletal conditions [8].
The DASH-JSSH consists of 30 items regarding functional
impairment (disability subscale) and symptoms (symptoms
subscale), as well as two other subscales, of 4 items each,
regarding sports/leisure activities and work. In this study,

as we focus on the early post-operative period, we included

14



only the disability and symptoms subscales (DASH-DS). Each
item is rated on a scale of 1-5, with higher scores indicative
of greater disability and symptoms. The PREE-J is also a
patient-reported measure developed to quantify upper limb
disability and elbow-related pain [9). The reliability, validity,
and responsiveness of the Japanese version (PREE-J) has
previously been confirmed [19), The PREE included two
subscales: pain (PREE-P) and function (PREE-F). The PREE-
P subscale included 5 items, rated on a 10-point scale, from
0 (no pain) to 10 (worst possible pain). The PREE-F includes
11 items to measure specific activities (PREE-SF) and 4
items regarding usual activities (PREE-UF), with each item
rated on a 10-point scale, from 0 (no difficulty) to 10
(completely impossible). The total score is calculated as the
sum of the PREE-P and PREE-F subscores and can range
from 0 to 100 points. All measurements were performed by
one registered hand-therapist. In addition to the three
measurements, baseline information of the study group (sex,
age, affected side: dominant hand, days after surgery,
diagnosis, social/work profile, clinical profile, and details of

the surgery) was recorded.
2.5. Signal processing and analysis

We constructed a state-changing model, which includes

a detrending process (using the initial y-intercept and slope

of the RoM and DASH-DS and PREE-J scores) and a steady-
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state process (with random variation for decomposing the
slope of the RoM and DASH-DS and PREE-J scores) as
follows:

f)=a+ pt+e¢ (Eq. 1),
where a 1s the initial RoM and DASH-DS and PREE-J scores,
£ the slope of the RoM and DASH-DS and PREE-J scores, &;
the steady process (with random variation of the RoM and
DASH-DS and PREE-J scores), and ¢ the number of
assessments. Data from each patient were fitted to the model
using the least-squares method, thus eliminating the slope of
RoM and DASH-DS and PREE-J scores. The calculated @ and
e+ values were used to evaluate the inherent random error in

the RoM and DASH-DS and PREE-J scores.
2.6. Data analysis
Reproducibility was assessed by comparing the RoM,

and the DASH-DS and PREE-J scores across the time points
of the assessment: first (baseline) and second time point
(week 1), first and third time point (week 2), first and fourth
time point (week 3), and first and fifth time point (week 5).
The ICC values was used to estimate the variance in score
between time points, with ICC values of 0.8-1.0 indicative of
excellent repeatability, values of 0.6-0.8 indicative of good
reliability, and values of <0.6 indicative of poor repeatability
(301, Values are presented as the ICC, with the associated

95% confidence interval (Table 3).
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The Bland-Altman (BA) analysis was used to identify
systematic error in measurements 391, with the difference
between pairs of scores (d, x-axis) plotted against their mean
(y-axis) for each outcome measure. In this way, the BA
analysis identifies the relationship between the
measurement error and true value.

Absolute reliability was evaluated using the MDC at
the 95th percentile cutoff (MDCygs), which indicates the
smallest change in measurement required to exceed the
measurement error and thus demonstrate a true change that
can be attributed to the intervention, which was EMG-BF
therapy in our study [40]. The MDCy5 and SEM were
calculated as follows [19]:

MDCys = SEM x 1.96 2 (Eq. 2),

SEM = SD x /(1 = ICC) (Eq. 3),

where SEM is the standard error of measurement [23] and
1.96 is the z-score at the 95% confidence interval for normal
distribution. In this formula, the square root of 2 takes into
account errors made in repeat measurements.

The change in score between the first (baseline) and
second time point (week 1), first and third time point (week
2), first and fourth time point (week 3), and first and fifth
time point (week 5) was then compared to the MDCy5 value to
determine if the change in RoM, the DASH-DS and the

PREE-J scores exceeded the measurement error. We defined

17



all statistical significance as P < 0.05. Participants with
missing data were excluded from the analysis without
compensation. All statistical analyses were performed using
R 3.4.2 software (R Foundation for Statistical Computing,

Vienna, Austria).
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3. Results

Thirty-six (cases) in 65 patients were included in the
study after screening individuals with missing data (Figure
3). The baseline characteristics of these 36 patients are
shown in Table 1. The mean (+standard deviation, SD) age of
our study group was 53+16 years, with a male-to-female
ratio of roughly 4:6 (44% males, 56% females). Among these
36 patients, 8 (22.0%) were involved in manual work,
including manufacturing, construction, equipment
maintenance, garbage collection, nursing, beautician, and
hairdresser. The main occupation of the remaining patients
was as follows: housewife, 14 (39.0%); office clerk, 7 (19.0%);
driver, 3 (8.0%); student, 2 (6.0%); and musician, 1 (3.0%);
with the final patient being unemployed (3.0%). The most
common mechanism of injury was a fall, (72.0%), with other
causes as follows: traffic accident (14.0%), sport injuries
(8.0%); and elbow joint disease (6.0%). The indications for
surgery are detailed included: acute fractures of the distal
humerus (28%); elbow fracture and dislocation (28%); elbow
dislocation and medial/lateral collateral ligament injury
(19%); olecranon fracture (3%); chronic distal humerus
fracture (8%); and synovial osteochondromatosis (6%). The
dominant arm-to-non-dominant ratio was roughly 6:4 (injury
to the dominant arm in 58% of patients and the non-

dominant arm in 42%).
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BA analysis results are shown in Figures 4 through 6.
The mean difference in scores were as follows: RoM, —6.1° to
—0.3° (SD, 8.8° to 20.3°); DASH-DS score, 2.2 to 4.2 points
(SD, 14.4 to 22.6 points); and PREE-J score, 3.0 to 7.4 points
(SD, 16.5 to 28.4 points). The BA plot confirms the absence
of any systematic bias for all three outcome measures at
each time point of measurement: baseline and week 1,
baseline and week 2, baseline and week 3, and baseline and
week 4. The MDCygs values for all three outcome measures
are reported in Table 2, with the range of values, as follows:
RoM, 8.3° to 22.5°; PREE-J score, 17.6 to 30.6 points; and
DASH-DS score, 14.2 to 22.9 points.

The change in RoM from baseline was as follows: 14.3°
(SD, 11.0°) at week 1; 25.1° (SD, 15.3°) at week 2; 32.8° (SD,
16.7°) at week 3; and 38.3° (SD, 17.7°) at week 4. The change
in PREE-J score from baseline was as follows: 12.8 points
(SD, 15.0 points) at week 1; 13.5 points (SD, 17.6 points) at
week 2; 18.0 points (SD, 15.2 points) at week 3; and 23.6
points (SD, 16.4 points) at week 4. The change in the DASH-
DS score from baseline was as follows: 8.0 points (SD, 8.7
points) at week 1; 12.3 points (SD, 11.7 points) at week 2;
14.6 points (SD, 12.9 points) at week 3; and 18.7 points (SD,
12.9 points) at week 4.

The time-series plots for RoM, and the PREE-J and the

DASH-DS scores for all 36 patients are shown in Figure 7.
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The DASH-DS and PREE-J scores decreased from baseline to
the fifth time point of measurement (week 4), with the total
RoM at the elbow increasing from baseline to the fifth time
point of measurement (week 4). The values obtained after
detrending are plotted in Figure 7. Compared to the
estimated MDCgs5, the change in RoM improved over the
MDCy5 cutoff in 8 of the 36 patients (22%) from baseline to
week 1, in 20 patients (56%) from baseline to week 2, in 34
patients (94%) from baseline to week 3, and 35 (97%)
patients from baseline to week 4. Changes in the PREE-J
above the estimated MDCyos was achieved in 5 patients (14%)
from baseline to week 1, in 8 (22%) patients from baseline to
week 2, in 20 (56%) patients from baseline to week 3, and in
22 (61%) patients from baseline to week 4. With regard to
the DASH-JSSH, a change above the MDCy9s was achieved in
6 patients (17%) from baseline to week 1, in 5 (14%) from
baseline to week 2, and 19 (53%) patients from baseline to
week 3, and in 22 (61%) patients from baseline to week 4.
ICC values between pairs of time points of
measurement for the detrended data (Eq. 1) were excellent
for RoM (0.80 to 0.97), good-to-excellent for the PREE-J
score (0.75 to 0.92), and excellent for the DASH-DS score

(0.86 to 0.95), as shown in Table 3.
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4. Discussion

The use of validated indicators of performance
improves the reliability of the assessment of the therapeutic
effectiveness of interventions [41. 421, Our results demonstrate
that elbow RoM, as well as the PREE-J and DASH-DS scores,
measured after elbow surgery, are reproducible, providing a
reliable measure of the change elbow and upper limb
function to evaluate the effectiveness of an intervention,
EMG-BF in our study. We evaluated the MDCg5 values during
the acute phase after surgery and early rehabilitation phase
(4 weeks after surgery) by applying a detrending method. To
our knowledge, this is the first study to have estimated the
MDCog5 by using the time-series data from the time of
surgery to the recovery period, correcting the trend of
change. All three indices demonstrated good-to-excellent
reliability, with the change in score from baseline to the
endpoint of the interventions (4 weeks) exceeding the MDCys
threshold for clinical relevance for elbow extension RoM and
for the DASH-DS and PREE-J scores. Therefore, EMG-BF
therapy is effective for increasing elbow extension and elbow
joint function, as well as ameliorating symptoms after
surgery.

The MDCygs of the DASH-DS score calculated in this
study was equivalent to previously reported [38. 431, In their

case series of 104 patients evaluated using the DASH score
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after surgery, Dawson et al. calculated the 90th percentile
MDCgo value of 9.3 points for the pain and function
subcomponents of the DASH [44], Franchignoni et al.
evaluated the test-retest reliability of the DASH score in a
group of 255 patients with upper limb musculoskeletal
disorders (including 13 elbow fractures), before and after
physical therapy, and reported an ICC (2, 1) value of 0.93
and an MDCygo value of 10.8 points [45], The interval between
DASH measurements in these studies ranged between 1 and
14 days and, therefore, the MDC values did not reflect the
recovery process, including therapeutic interventions. In our
study, we include values related to both the natural recovery
after elbow surgery, as well as recovery related to EMG-BF.
We controlled for the effects of early recovery and EMG-BF
intervention on MDCgs values by applying a detrending
analysis.

The MDCygs values have not previously been reported
for the PREE-J scores. In their systematic review, Vincent et
al. did report an ICC value for inter-rater reliability of the
PREE-J >0.90, but without calculating the MDC value [46] It
1s possible that the MDC value for the PREE might reflect
the extent to which this PRO is used; specifically, the DASH
has been translated in 47 languages, while the PREE has
been translated in only 3 languages. PREE i1s a specific index

for elbow joint disorders, being widely used in Japan, the

23



United States, and Germany 9 10, 471, The MDCgs value that
we calculated for the PREE in our study will serve as a
clinical reference to evaluate therapeutic effectiveness of an
intervention, such as EMG-BF.

With regard to RoM, Armstrong et al. reported a
measurement error for hand-held goniometry of 5.9° for
elbow flexion and 6.6° for elbow extension, based on
measurements obtained in 38 patients after injury and
surgery for various injuries to the elbow, forearm, or hand
(291, When measured with a goniometer, the elbow ROM
showed The MDC for elbow flexion were approximately 7.0 -
9.6° [48, 491 OQur MDCy5 value for elbow RoM was equivalent
to previously reported, ranging between 8.3° and 22.5°.
These data suggested that a change of less than 10° may be
considered clinically insignificant in elbow RoM.

Reporting the proportion of patients who achieve a
degree of improvement that is beyond the measurement error
1s more informative for describing the effects of the
intervention than the overall mean changell9l In our study,
we confirmed that changes in the RoM, PREE-J score, and
DASH-DS score after the 4-week program of EMG-BF
therapy exceeded the respective MDCyg5 estimates for each of
the three outcome measures. The MDC can be used to
determine the therapeutic effects on individuals.Further, our

valid method of calculating the MDC by eliminating the
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slope from the state change model may be applied to
calculate the MDC in the acute phase or the early recovery
phase. This method for calculating MDC under these
conditions is a first attempt and, thus, the validity of this
analysis method is not guaranteed, requiring further
confirmation.

However, the limitations of our study need to be
acknowledged when evaluating the application of our
findings in clinical practice. Firstly, in this study, since the
control of disease severity, sex differences, and age
differences is not sufficient, further stratification analysis is
required in future studies to clarify these effects on
measured outcomes. Second, we measured RoM using a hand-
held goniometer that does not have the same inter-rater
reliability of measurement as a smartphone or electronic
goniometer [29. 501 High reliability and validity of electric
devices were reported in measuring the active movements of
elbow joint 1501, Third, this study investigated data during
the early treatment phase after elbow surgery. There data
has a trend during this period, and interpreted using trend
analysis of change. Our data were obtained with an interval
of maximum 4 weeks, which was anticipated that the
estimated value would not change and that the effects of
training effects could be eliminated. However, there was

considerable difference in the test-retest interval, as well as
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in the underlying conditions between our study and
previously published studies on this topic. Although the
sample size was small, it was equivalent to the number of
cases in the study by Schmit et al. [43], Lastly, all measures
were obtained by one examiner, and all patients were from
the same institution. Therefore, inherent selection bias
cannot be denied and multi-center studies are needed to

evaluate the reproducibility of our findings.
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5. Conclusion

The MDCygs values, which are indicators of the efficacy of
EMG-BF therapy after surgery around the elbow, were
determined using the data recorded for the early
postoperative initiation of the elbow ROM and ADL. Our
study findings suggest that the calculated MDC could be
used as a reference value to assess the therapeutic effects in

individuals.
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Figure Legends
Figure 1 Study protocol.

Outcome measures of therapeutic effectiveness were the
active elbow range of motion, expressed as the total sum of
flexion and extension, the Japanese Society for Surgery of
the Hand version of the Disability of the Arm, Shoulder, and
Hand questionnaire (DASH-JSSH) disability/symptom score,
and the Japanese version of the Patient-Rated Elbow
Evaluation (PREE-J) score. Baseline measurements were
obtained at the first biofeedback (EMG-BF) therapy session
and were subsequently obtained at weekly intervals over the
4-week period of EMG-BF intervention. In addition to EMG-
BF, post-operative management included physical therapy
and a home program of active range of motion. All
restrictions in activities of daily living were lifted by 12

weeks after surgery.

Figure 2 Example of the use of electromyography-based
(EMG) biofeedback therapy for elbow flexion exercises.

EMG waveforms recorded from electrodes placed over biceps
and triceps muscles indicate the activation state of the
biceps and triceps (upper and lower left panels,
respectively). Patients were instructed to complete sets of 10
cycles of contraction and relaxation of the biceps at a cycle

frequency of 10 s (timed using an audio cue, upper right
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panel).

Figure 3 Patient selection and inclusion criteria. Procedure

of data acquisition and selection for analysis.

Figure 4 Bland-Altman-plots of the range of motion (RoM)
measures between baseline and (A) week 1, (B) week 2, (C)
week 3, and (D) week 4 of treatment. The dotted line denotes
the mean difference in scores between pairs of assessments,
with the £2 standard deviations of the mean boundaries

1dentified.

Figure 5 Bland-Altman-plots of the Japanese version of the
Patient-Rated Elbow Evaluation (PREE-J) scores between
baseline and (A) week 1, (B) week 2, (C) week 3, and (D)
week 4 of treatment. The dotted line denotes the mean
difference in scores between pairs of assessments, with the

+2 standard deviations of the mean boundaries identified.

Figure 6 Bland-Altman-plots of the Japanese Society for
Surgery of the Hand version of the Disability of the Arm,
Shoulder, and Hand questionnaire disability/symptom
(DASH-DS) scores between baseline and (A) week 1, (B) week
2, (C) week 3, and (D) week 4 of treatment. The dotted line

denotes the mean difference in scores between pairs of
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assessments, with the £2 standard deviations of the mean

boundaries identified.

Figure 7 Time course of change in (A) range of motion (RoM),
(B) the Japanese version of the Patient-Rated Elbow
Evaluation (PREE-J) score, and (C) the Japanese Society for
Surgery of the Hand version of the Disability of the Arm,
Shoulder, and Hand questionnaire disability/symptom
(DASH-DS) score. The black squares are represented MDCs.
The circle symbols shows scores of treatment periods
subtracted the patient's initial scores respectively. The gray
line shows their transitions. RoM increased beyond the
MDCys, from baseline, at all time points of assessment (from
week 1 through week 4), with a concomitant decrease in the

DASH-DS and PREE-J scores beyond the MDCoys.
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Tables

Table 1 Patients’ characteristics at baseline

Descriptor Data
Number of patients (Female) 36 (20)
Age (years, mean + standard error) 53+16
Affected side (Dominant : Non-dominant) 21:15
Days after surgery 17+8
Diagnosis (n)  Distal Humeral fracture (acute) 2 10
Elbow dislocation fracture® 10
Elbow dislocation (MCL and LCL rapture) 7
Olecranon fracture (B1) 4
Distal Humeral fracture (chronic) 3
Synovial osteochondromatosis 2

AO Classification A3=1 patient, B1=2 patients, B2=1 patient, C1=1 patient,
C2=1 patient, and C3=4 patients

b Posterior dislocation and radial head fracture=4 patients, posterior
dislocation and coronoid fractures=2 patients, posterior dislocation and
olecranon fracture=1 patient, posterior dislocation and radial head and
coronoid fractures=3 patients. Values are presented as mean+SD. MCL:

medial collateral ligament, LCL: lateral collateral ligament.



Table 2

MDCg5 of measured outcomes during biofeedback therapy

Evaluation/Inter MDC,,

val 0-1 week 0-2 0-3 0-4
weeks weeks weeks

Elbow RoM 20.4 22.5 14.0 8.3

PREE-J 30.6 26.7 17.9 17.6

DASH-JSSH 17.2 22.9 15.0 14.2

MDCo5: minimum detectable change at the 95th percentile

cutoff; RoM: range of motion; PREE-J: Japanese version of

the Patient-Rated Elbow Evaluation; DASH-JSSH: Japanese

Society for Surgery of the Hand version of the Disability of

the Arm, Shoulder, and Hand questionnaire



Table 3

Reliability coefficient of measurements during EMG-BF

therapy
Intra-Class Correlation coefficient : ICC(1 .
Evaluation/
and 95% confidence interval
Interval
0-1 week 0-2 weeks 0-3 weeks 0-4 weeks
0.80 0.81 0.91 0.97
Elbow RoM (0.59- (0.56- (0.71- (0.94-
0.90) 0.91) 0.96) 0.98)
0.75 0.81 0.92 0.92
PREE-J (0.50- (0.66- (0.83- (0.84-
0.88) 0.90) 0.96) 0.96)
0.91 0.86 0.94 0.95
DASH-
(0.79- (0.73- (0.89- (0.90-
JSSH
0.96) 0.93) 0.97) 0.97)

BF, biofeedback; RoM: range of motion; PREE-J: Japanese
version of the Patient-Rated Elbow Evaluation; DASH-JSSH:
Japanese Society for Surgery of the Hand version of the

Disability of the Arm, Shoulder, and Hand questionnaire
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Appendix 1. DASH
Appendix 1. DASH

DISABILITIES OF THE ARM, SHOULDER AND HAND

INSTRUCTIONS

This questionnaire asks about your
symptoms as well as your ability to
perform certain activities.

Please answer every question, based
on your condition in the last week,
by circling the appropriate number.

If you did not have the opportunity
to perform an activity in the past
week, please make your best estimate
on which response would be the most
accurate.

It doesn't matter which hand or arm
you use to perform the activity; please
answer based on your ability regardless
of how you perform the task.
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Appendix 1. DASH

DiISABILITIES OF THE ARM, SHOULDER AND HAND

Please rate your ability to do the following activities in the last week by circling the number below the appropriate response.

NO MILD MODERATE SEVERE UNABLE
DIFFICULTY DIFFICULTY DIFFICULTY  DIFFICULTY
1. Open a tight or new jar. 1 2 3 4 5
2. Write. 1 2 3 4 5
3. Turn a key. 1 2 3 4 5
4. Prepare a meal. 1 2 3 4 5
5. Push open a heavy door. 1 2 3 4 5
6. Place an object on a shelf above your head. 1 2 3 4 5
7. Do heavy household chores (e.g., wash walls, wash floors). 1 2 3 4 5
8. Garden or do yard work. 1 2 £ 4 5
9. Make a bed. 1 2 3 4 5
10. Carry a shopping bag or briefcase. 1 2 3 4 5
11. Carry a heavy object (over 10 Ibs). 1 2 3 4 5
12. Change a lightbulb overhead. 1 2 3 4 5
13. Wash or blow dry your hair. 1 2 3 4 5
14. Wash your back. 1 2 3 4 5
15. Put on a pullover sweater. 1 2 3 4 5
16. Use a knife to cut food. 1 2 3 4 5
17. Recreational activities which require little effort
(e.g., cardplaying, knitting, etc.). 1 2 3 4 5
18. Recreational activities in which you take some force
or impact through your arm, shoulder or hand
(e.g., golf, hammering, tennis, etc.). 1 2 3 4 5
19. Recreational activities in which you move your
arm freely (e.g., playing frisbee, badminton, etc.). 1 2 3 4 5
20. Manage transportation needs
(getting from one place to another). 1 2 3 4 5
21. Sexual activities. 1 2 3 4 5
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Appendix 1. DASH

DiISABILITIES OF THE ARM, SHOULDER AND HAND

QUITE

NOT AT ALL SLIGHTLY MODERATELY ABIT EXTREMELY
22. During the past week, to what extent has your arm,
shoulder or hand problem interfered with your normal
social activities with family, friends, neighbours or groups?
(circle number) 1 2 3 4 5
NOT LIMITED SLIGHTLY MODERATELY VERY
AT ALL LIMITED  LIMITED LIMITED ~ UNABLE
23. During the past week, were you limited in your work
or other regular daily activities as a result of your arm,
shoulder or hand problem? (circle number) 1 2 3 4 5
Please rate the severity of the following symptoms in the last week. (circle number)
NONE MILD MODERATE SEVERE EXTREME
24. Arm, shoulder or hand pain. 1 2 3 4 5
25. Arm, shoulder or hand pain when you
performed any specific activity. 1 2 3 4 5
26. Tingling (pins and needles) in your arm, shoulder or hand. 1 2 3 4 5
27. Weakness in your arm, shoulder or hand. 1 2 3 4 5
28. Stiffness in your arm, shoulder or hand. 1 2 3 4 5

SO MUCH
NO MILD MODERATE SEVERE  DIFFICULTY
DIFFICULTY DIFFICULTY DIFFICULTY  DIFFICULTY THAT |

CAN'T SLEEP
29. During the past week, how much difficulty have you had
sleeping because of the pain in your arm, shouldér or hand?
(circle number) 1 2 3 4 5
STRONGLY NEITHER AGREE STRONGLY
DISAGREE DISAGREE NOR DISAGREE ~ AGREE AGREE
30. | feel less capable, less confident or less useful
because of my arm, shoulder or hand problem.
(circle number) 1 2 3 4 5

DASH DISABILITY/SYMPTOM SCORE = [(sum of n responses) - 1] x 25, where n is equal to the number of completed responses.
n

A DASH score may not be calculated if there are greater than 3 missing items.
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DISABILITIES OF THE ARM, SHOULDER AND HAND

WORK MODULE (OPTIONAL)
The following questions ask about the impact of your arm, shoulder or hand problem on your ability to work (including home-
making if that is your main work role).

Please indicate what your job/work is:
O 1 do not work. (You may skip this section.)

Please circle the number that best describes your physical ability in the past week. Did you have any difficulty:

NO MILD MODERATE SEVERE

DIFFICULTY DIFFICULTY DIFFICULTY DIFFicuLTy UNABLE
1. using your usual technique for your work? 1 2 3 4 5
2. doing your usual work because of arm,
shoulder or hand pain? 1 2 3 4 5
3. doing your work as well as you would like? 1 2 3 4 5
4. spending your usual amount of time doing your work? 1 2 3 4 5

SPORTS/PERFORMING ARTS MODULE (OPTIONAL)

The following questions relate to the impact of your arm, shoulder or hand problem on playing your musical instrument or sport
or both. If you play more than one sport or instrument (or play both), please answer with respect to that activity which is most
important to you.

Please indicate the sport or instrument which is most important to you:
[ 1 do not play a sport or an instrument. (You may skip this section.)

Please circle the number that best describes your physical ability in the past week. Did you have any difficulty:

NO MILD MODERATE SEVERE UNABLE
DIFFICULTY DIFFICULTY DIFFICULTY DIFFICULTY
1. using your usual technique for playing your
instrument or sport? 1 2 3 4 5
2. playing your musical instrument or sport because
of arm, shoulder or hand pain? 1 2 B 4 5
3. playing your musical instrument or sport
as well as you would like? 1 2 3 4 5
4. spending your usual amount of time
practising or playing your instrument or sport? 1 2 3 4 5

SCORING THE OPTIONAL MODULES: Add up assigned values for each response;
divide by 4 (number of items); subtract 1; multiply by 25.
An optional module score may not be calculated if there are any missing items.

Research Excellence
Advancing Employee
Health

EF Institute
A for Work &
‘ Health

© INSTITUTE FOR WORK & HEALTH 2006. ALL RIGHTS RESERVED.
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Appendix 2. DASH-JSSH

DISABILITIES OF THE ARM, SHOULDER AND HAND

THE

EREEEFMR (DASH) DRAKLD2WVWT

CORMRQ, HBBLOFOERVEDL (LNE
ETELN? )COVTEMETZENTT,
ThETRORMICNL T, £ 1 EMOREE,
ZETRIENLo EOFTEATTE W,
FTOFRICHBLHN EE 1 BMTEBRCT>TUE
VWEDH B BER. EOBREICTE LA ZER
LT, TERLEFINTOHRBMIBEATEL,

BEREETSCHLE2T, EHESSHOFHD
VEAFEE> LA BBERS ) EEA, SBLNE
NDERETELOANCO ZLTTFEV, (HBLFHE
BREFTFERVTVT, RBARALIDNSTIL
TEFTRVTVLELES, EFTFER<SBHHELD
WTBREYETRERHEEK 2O TTEL,)

BEH Fip
B/1& FEB H/E

AR F A Z]

UTRYSFTRALET,

2

FilA F A A
FisE

HLTES

DASH score

Disability/symptom
Sports/music

Work
© Institute for Work & Health 2006. All rights reserved

Japanese translation courtesy of Functional Evaluation Committee, JSSH, .
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DisABILITIES OF THE ARM, SHOULDER AND HAND

B 1 BRICRIEHIFRIHENTELHESH, BUTIRBOESZOTHAT
TaL,

1. E2HDFLRBHLVWEY DT Y ZMITS

1 ACHERL 2 PPEEE 3 hHEERE 4:»RVEE 5 TELboK
2. B< 1:&CHERL 2 RPEEE 3 hEERE 4 »h)EE 5 CE¥hhok
3. A¥EEY 1 &CHERL 2 RemEE 3 hEERE 4:»R0VEE 5 cEhbor
4. REDXE%Z29 D 1 2CHBRL 2 PRl 3 hEERE 4:»LVEE 5 TEkbok
5. EWR7%R[IT3 1 2CHEEERL 2 PPEEE 3 hEERE 4 :»rRVEE 5 TELbok
6. BELOHICYHZEEL 1 2CHBRL 2 PRl 3 hEEEE 4:»RVEE 5:TEkbok
7. EXBOREET S (BAETPEBRERLE)

1 ACHERL 2 PPEEE 3 hHEEE 4:»RVEE 5 TELbok
8. EftE%93 1 &CHEERL 2 PO 3 hGEEE 4 »phVEE 5: TE¥hdok
9, RYRA—FVIZFRBHEAZHL

1 2CHEERL 2 PPEEE 3 b EEREE 4 »hVEE 5 TELdok
10. BEWONRY JPBEMNEAZREESR

1 2CHERL 2 PPEEE 3 hEEERE 4:»RVEE 5 TELbok
1. EWYZEER(5kg BLE)

1 2CHEERL 2 PPEE 3 b EERE 4 »hVEE 5 TELdok
12, EEOBRERWETS | 2CEERL 2 0PREE 3 hSERE 4:HLYVEE 5:TEkdok
13, RBOAT—RZ1V—2#ERATS

1 2CHEERL 2 PPEEE 3 b EERE 4 »hVEE 5 TERdoK
14, BhZE%S 1 2CHEERL 2 PPEE 3 hEEEE 4 :»hVEE 5 TELdok
15. ELSHRZE—Y—%2ES

1 ACHERL 2 PPEEE 3 hEEEE 4:»RVEE 5 TELbok
16. RETHI7%ES 1 2CHBRL 2 PPl 3 hEEEE 4:»LRVEE 5 TEkbok
17. BWLIYz—vaveETEH: bV 7, @Y. B PHLEE)

1 ACHERL 2 PPEEE 3 hHEERE 4 hRVEE 5 TELbok

18. B. BYPFIEBHELELTID. TNSIKEREOIDBLIY—YaVEE%ETS
OL7 - F=ZR - FryFIR—ILET S, \YV—%2HESBLE)

1 &CHBRL 2 PRl 3 hEEEE 4 :»LOVEE 5:TEkbok
19, ZBRKHIILIVI—YavERETZ(TYRE— NRIVhYRE)

1 ACHEERL 2 PPEEE 3 hHEERE 4 hRVEE 5 TELboK
20. FERBEOFIAHLBEHHICTE S (BEIDERIC)

1 2CHBRL 2 PRl 3 hEEEE 4:»RVEE 5:TEkbok

21. HEFEETS 1:2CHEERL 2 DPREE 3 hEERE 4 hR)EE 5 TEkbok
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DisABILITIES OF THE ARM, SHOULDER AND HAND

22. Bi-JE - FOEED, KiK. KA. BA. BZ3IVWEHHEDEERHSETEZ EOEEHIFTEL
b

1 Eohl{hhol 2:99bol 3 :HEEH-% 4 :ohYVHo% 5 HEICH-%

23. BB - FOREIL L >THBADMLE - HEEFEICHBRMSH D XL
1:flRZL 2 : PR 3 hEEHR 4 :pROFHIR 5 WEICHR

%8 1EROERICOVWT, ZYUTHBSZOTEHATTIW,

24 BB FITHEHIDHD
1 :Eohl{hhol 2:99bol 3 :WEEH-% 4 :9hYVHoKk 5:MHTELVIIELY

25. BEDEHZULEZRH B - FICTEHDHS
1: Eoll{ ot 2:9%bok 3 : HEEH-%k 4:2%DVHok 5 LTERVIFE

26. Bi- 1B - FHFIVFIBOC(EVPHER UL SGHEH)
1:Eo{ ot 2:9%bok 3 : HEELH-k 4:0%YVHok 5 ABTERVIFY

21. Bi-1B - FRADBWSEL
1: Eoll{ ot 2:9%bok 3 : HEEH-%k 4:2%DVHok 5 ADTERVIFE

28. Bi-B - FlcTOIEFOEDHS
1:Eo{ ot 2:9%bok 3 : HEELH-k 4:2%YVHok 5 BTERVIFY

29 BB FOBHCE>TENRBVWEESHHDHLED
1:Eo{ ol 2:9%bok 3 : HEELH-%k 4:2%0VHok 5:ENEVIEE

3. BB - FOEEDLSIC. BADEAIBEIBWED. FEVNISVER>TVETH
1 :Eok(Bbhvy 2: )bk 3 fEbFxA 4: 2585 5 I EHICED

60



Appnedix 2. DASH-JSSH

DisABILITIES OF THE ARM, SHOULDER AND HAND

AR="Y | =iiEE (EREE)

KBMOBERPAR =V %2 TBICH>T, HREDJE - B - FOREN L OREMEL T 20U TOHRM
ICEZTTE, bLERENPVEDUEDRAR—YH L IZRBMHEEL EZ LTV E5AR, ik
BEBELEEZTVRBEBICOVTELTT I,

Z DOIEE I ¢

O FIFRBOHEZERLAR—VE2LETA, UTO 1254 0HEMICIEZ2568EHY FHA)

Jeill 1EET, %70 RBZRORFL TR EHS2O0THATTI Y,
RICHEEEND D F L ?

1. ZR=Y, BULRBERBESLEVWTWOLDFHHTEXLED

1 2CHEERL 2 ePEEE 3 hHFERE 4 pLhVEE 5 TEhbok
2. B, B. FORHOHICEHHNEDEEFRENEL D

1 2CHERL 2 oP@EE 3 hEERE 4 pLhYVEE 5 TEhbok
3. BAOBRS LS ICEENTEXLED,

1 2CHEERL 2 0PEEE 3 hEERE 4 hLhDEE 5 TELboK
4. WOHERAUREATEXLED

1 2CHEERL 2 0PEEE 3 hEERE 4 hLhDEE 5 TELboK

1% (BIRRE)

bhl-0ftFE (RFEEZ2EGE) 2T21dbkoT, O 8 - FOMENLOREMEL TV 30MUT
DEMIZEZTTFE W,

Hlatc DI :

O fiveTtwEti, UUTO 125 40EMICIREZ2HEIIHD FRA)

Jell BRI T, $4a70REZRORL T 2HT2OTHATT I,
RIS EEENSH Y £ Lich?

1. HEEBWVWT, WOHDFEHHTEXLED

1 2KHEERL 2 ePEEE 3 hHERE 4 pLVEE 5 TEhbhok
2. BB - FORADEHICHEBLFIRESE LD

1 & REERL 2 RPEEE 3 SRR
3. BB LS KEENTEX LD

1 2CHEERL 2 2PEEE 3 hEERE 4 hLRDEE 5 TELboK
4. WObERURBREENTEX LD

1 &CHEERL 2 0PEEE 3 hEEEEE

S

R hEEE 5 TEhdok

S

CHhRYVEEE 5 TEhbork
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Appnedix 2. DASH-JSSH

DASH DAk

2002 “EDFIZ, the DASH Outcome Measure DR AIEZSET LEHEALE Lz, Z O LW IFEIAEMIZI
FTEOFELFCTTH, RFPEZW IS H - LMHBIICHRIS DY OFTEXD LI L,
ULOBRTUITSINEFEERA L TKEIZL B8O LET, Ll BRHUIZR 7R LT
5DT, EHLbOHEEFES>THRALKRTT,

DASH 1 ¥ T3, MAEREE / FERICBIT 2 GOHEBOEMRH Y. ZhTh 15 A% Thh
F9) EAR—Y / ZHEE, AT 2RIER (ThEn 4 HEOEMRH Y, FEHBAIZ 1-5 A8
BTHATVWET) TT,

HREEE / ER 2=7

REEHAT A0, 30 HA P R L L 27 HARKEELTHL I MNERDH Y 7., BEx 2/ bhi
[F1& D REBERMICEIH LFEY LT, 5 ARlAOREEHLEYS, TOMES 1 25& 25 Z#1J T, 100
S RICHBE L E T, Zo%EET 5 L 0-100 ATl SN REE LB L9 < 2 9, s
TFHIERVIEE LV EERRENWI LEZRLTVET,

umH%%%%ﬁﬁwox:7=F@yﬁ¥§§@—@us

n [ ZEE A B - 7238 B 3
BIRER (AR—Y | EifFES, 4% a7

ThZhn 4 HAMLZRY T2, BEOME L, BIZET2ABWIIERIZLEZVABWET, ZOBRIE
BOHWIZ, 7e0RAR—YRFE, 7oO@EBE, (LFE2T25AER. BEEE ETIEER R, &0
DASH HREREE / FER X 27 Tikdb bbby, EMHRTESICBWTI L OREDORENH 50 %
T HZETT,

ETHRARIZFIECHEVRIRO 4 HEORBEEHA LET, mBEHET S22, 4 2OERMTXTIZE
BLTHLIMERDHY 7, HEEOLAKEZEMICAE L4 (HEEORK) TEHY ET, 2hnb 1 25X
25 ZHNT T, 100 AU A OREEHE L E T,

DASHIERIEH X 27 =[W-l}xzs

EIEASIRVIEE O

HL10%%E#Bx 5B (0FY 4HAL L) CEEPELADE S, DASH #hEE / ik X a7 i33H
TEERA, ZON—)V (EBEZEOHEHBD 10%% B2 TIXWT2RW) IV, AR—Y | ZifES)., 4%
DErvarTiElkot 4 HELMRWOT, —OOXBELFENERA, ZOXKBMEONL—NMT,
U PN ORAIEIC B EDOFRRIEC b SN ET,

Olnstitute for Work & Health 2006. All rights reserved
Japanese translation courtesy of Functional Evaluation Committee, JSSH, Japan

62



Appendix 3. PREE

Appnendix 3. PREE

PATIENT-RATED ELBOW EVALUATION

Name Date

The questions below will help us understand the amount of difficulty you have had with your
elbow in the past week. You will be describing your average elbow symptoms over the past week
on a scale 0-10.

[1. PAIN |
Rate the average amount of pain in your elbow over the past week by circling the
number that best describes your pain on a scale from 0-10. A zero (0) means that you did not

have any pain and a ten (10) means that you had the worst pain you have ever experienced.

RATE YOUR PAIN:

When it is at its worst 0123 456 728 9 10

At rest 01 23456 7289 10

When lifting a heavy object 0123456 789 10

When doing a task with repeated elbow 012 3 4546 7289 10

movement

How often do you have pain? 0123 456 728 9 10
Never Always

Please turn the page......

© Joy MacDermid 2009
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Appnedix 3. PREE

2. FUNCTION

A. SPECIFIC ACTIVITIES

Rate the amount of difficulty you experienced performing each of the items listed below,
over the past week, by circling the number that best describes your difficulty on a scale of 0-10.
A zero (0) means you did not experience any difficulty and a ten (10) means it was so difficult
you were unable to do it at all.

No Unable
Comb my hair 0123456 7289 10
Eat with a fork or spoon 01234546 7389 10
Pull a heavy object 0123 4546 789 10
Use my arm to rise from a chair 01 2 3 45 6 78 9 10
Carry a 101b object with my arm at my side 01 2 3 456 78 9 10
Throw a small object, such as a tennis ball 0123456 7 89 10
Use a telephone 012 3 456 78910
Do up buttons on the front of my shirt 0123456 7 89 10
‘Wash my opposite armpit 01 23 456 78 9 10
Tie my shoe 0123456 7389 10
Turn the doorknob and open a door 0123456 738910

B. USUAL ACTIVITIES

Rate the amount of difficulty you experienced performing your usual activities in each of
the areas listed below, over the past week, by circling the number that best describes your
difficulty on a scale of 0-10. By “usual activities”’, we mean the activities that you performed
before you started having a problem with your elbow. A zero (0) means you did not experience
any difficulty and a ten (10) means it was so difficulty you were unable to do any of your usual
activities.

1. Personal activities (dressing, washing) 012 3 456 789 10

2. Household work (cleaning, maintenance) 0123 456 78 9 10

3. Work (your job or everyday work) 01 2 3 456 78 9 10

© Joy MacDermid 2009
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4. Recreational activities

0

1

23 45 6789

10

Comments:

© Joy MacDermid 2009
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Appnedix 4. PREE-J

PREE H AGEhR (PREE-J)

Patient-Rated Elbow Evaluation (PREE)

The Japanese Version
B4l Eifp
Bl & Rl £l £
AR 4 H
UTIYSFTRALET,
Fii B i H
FiiHE (- &)
INTEE
PREE % =7 —

7 (PREE-P)
Bie (PREE-F)
K E DB
(PREE-SF)

S OB

(PREE-UF)

© Joy MacDermid 2009, all right reserved.
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Appendix 4. PREE-J

ID: AR # H H

it o FF A

FREDERIZ, FHE (FH)HBLAo TOBRYDIHIZDUT, BEZSESY, HRED,
ED1BRIEE DI, JHIFAEEREL T B FEEIET-E/20 D8 D TF, ZD1IBR
DIFLIFILIS DIERIT DUV T, 055 10DEFED 53684, THEL TS0, £TOEY
ZHIL T, [EIBEBEOLET, bLEDBIEEL TV RITIUL, ARSI T
HIBFL TSIES 0, ZDBIES—ED LIEZEDRT UL, FEDA TRE# TS,

1. Ja A

ZD1LBRIDFEIHG N DI A DEEIZ DU T, BbI<HEL T EHF302510
DFHLEA T, O THA THTML TSEZN, B (0) 13T DHE 287575307250 I B
T, 10135 ETREBRLIZD L TREBDJEHIE 0T, EIEITHERDIEDICFDEYEIES
TELD oSSV EMETT,

HAEY O RA 0123456789 10
2L ZHETTREDR
Fr
A EFHE LT E &N
it DS B B AR RE D 01234586789 10
tRA TN D 01234586789 10
B WD LT 58 01234586789 10

OB LTHEZENTHAELZLTND 01234586789 10
(53

E DAL OBEE TR ETH 2 0123 4567 8 9 10

—BEH RN "
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2. HEE

A. BEDEYE

ED1HRHZ T oD H 21T ORFICIRE U7 IBES DFEEIZ DU T BDLSHEL T
WBEFEODE 10D 3684, T, O THA THMHL TTESY, OIE{TDHEES U2
Dol ENTEHET, 1001E T EBELRD TES TELDOIEIELE T,

HEEY D RA 0123458678910

2L NEER Do T 2L TE R
el
Zrind 0123 4546 78 9 10
FATEIATS = TRAD 0123 456 7 8 9 10
BHOHDEF|oED 0123 4546 7 8 9 10
i SN i o RS R A SN b/ 0123456 7 89 10
B 43 DERIZST TS5 kgD % iE 5 0123 4546 7 8 9 10
E a9 0123 4567 8 9 10
T=AR— N DIHIRNERbDERIT D 0123456789 10
XY DRIRZ L EDNTD 01 23 456 7 8 9 10
BRI DI D T 238D 01 23 456 7 8 9 10
HObERS 01 23 456 7 8 9 10
K7 OB FEEILTRTEZHIT5 0123 456 7 8 9 10
B. BEDOEIE

ED1BRIIZ F B D5 B Tl OBEETTORFIZIE L RS DRBEIZ D1 T, &
bLSEL TOBHFZ0510DF 752584 T, O THA TIFMHEL TEEY, [HEHED
BHE) 212707 DRI B Z B LUBTIZ7T > TU EBIEE Y 5B T, 01T DI
FEDIE L0 0 /oL OB T, 10128 THOHBELRD TES TELD 0 /LW IEHTT,

HOREVWOEIE (REED, KEPED) 012345867886 10

ZF (R, ) 0123456789 10
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HH LU TotE FdEB+5
HTAo TS H IR E)
v7)xz—ay

0123 4567389 10

0123 456 7 8 9 10

69



