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Abstract

Background: Improvement of functional status with physiotherapy is an important goal for patients with postoperative
complications and an increased length of hospital stay (LoS) after esophagectomy. Supervised physiotherapy with telerehabilitation
instead of conventional face-to-face care could be an alternative to treat these patients in their home environment after hospital
discharge (T0), but its feasibility has not yet been investigated in detail.

Objective: The aim of this study was to investigate the feasibility of a 12-week supervised postoperative physiotherapy
intervention with telerehabilitation for patients with esophageal cancer who underwent esophagectomy and had postoperative
complications or who had an increased LoS. The secondary objective was to investigate the preliminary effectiveness of
telerehabilitation on functional recovery compared with usual care.

Methods: A prospective feasibility study with a matched historical comparison group was performed. Feasibility outcomes
included willingness and adherence to participate, refusal rate, treatment duration, occurrence of adverse events, and patient
satisfaction. Secondary outcome measures were measurements of musculoskeletal and cardiovascular functions and activities
according to the domains of the International Classification of Functioning, Disability and Health.

Results: A total of 22 patients with esophageal cancer who underwent esophagectomy and had postoperative complications or
an increased LoS were included. The mean age at surgery was 64.55 (SD 6.72) years, and 77% (17/22) of patients were male.
Moreover, 15 patients completed the intervention. Patient adherence was 99.8% in the first 6 weeks and dropped to 75.6% in the
following 6 weeks, with a mean difference of −24.3% (95% CI 1.3 to 47.2; P=.04). At 3 months post operation, no differences
in functional status were found between the intervention group and the matched historical comparison group.

Conclusions: This study showed that a postoperative physiotherapeutic intervention with telerehabilitation is feasible for patients
with postoperative complications or an increased LoS after esophageal cancer surgery up to 6 weeks after T0.

(J Med Internet Res 2020;22(6):e16056) doi: 10.2196/16056
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Introduction

Background
Surgical resection of the esophagus is the primary curative
treatment for patients with esophageal cancer and is associated
with a high risk of postoperative complications, varying from
25% to 60% [1,2]. This leads to an increased length of hospital
stay (LoS) and a delayed postoperative recovery, with a
significant decline in physical function in the first 3 months
after surgery [2,3].

It has been demonstrated in many surgical populations that
improving preoperative functional status by exercise training
had a positive effect on long-term postoperative outcomes [4,5].
However, recent studies have shown that preoperative functional
status was not associated with postoperative complications in
patients treated with esophagectomy, justifying the need to focus
on treating these patients in the postoperative phase [6,7].

Patients with postoperative complications after esophagectomy
often have fatigue, decreased exercise capacity, and disability
such as impaired walking capacity and their recovery could take
up to one year and beyond [3,8]. These symptoms are explained
by altered cardiopulmonary function, generalized muscle
weakness, and malnutrition, and physiotherapists play an
important role in improving these aspects of physical functioning
[9].

Telerehabilitation as an Alternative to Face-to-Face
Care
Instead of face-to-face care, postoperative physiotherapy can
also be streamed by telerehabilitation. Telerehabilitation is a
medium to provide physiotherapy with electronic health
(eHealth), defined as the delivery of rehabilitation services to
patients at a distance using information and communication
technologies [10]. Telerehabilitation has shown to be a valuable
tool in improving postoperative outcomes and functional
recovery in surgical patients, where patients considered reduced
barriers for travel, flexible exercise hours, and the ability to
directly integrate exercises into daily life as positive [11,12].

Moreover, telerehabilitation interventions have been valuable
to overcome discontinuities that may arise in communication
between hospital and primary care, where physiotherapists may
have a lack of knowledge about how to treat patients after a
highly complex surgery [13].

There is evidence showing positive effects of physiotherapy
with telerehabilitation on clinical outcomes in patients with
cancer, patients with cardiac disease, and patients with
musculoskeletal disorders, but information on the feasibility of
this intervention in the postoperative phase of patients with
esophageal cancer treated with esophagectomy is lacking
[14,15].

Objectives
Therefore, the primary objective of this prospective feasibility
study was to investigate the feasibility of a 12-week supervised
postoperative telerehabilitation program for patients with
esophageal cancer who underwent esophagectomy and had
postoperative complications or who had an increased LoS. The
secondary objective was to investigate the preliminary
effectiveness of telerehabilitation on functional recovery
compared with a matched historical comparison group receiving
usual care.

Methods

Ethical Approval
The Medical Ethical Committee (METC) of the Amsterdam
University Medical Centers provided ethical approval for this
study (NL58388.018.16). All patients provided written informed
consent. As this was a feasibility study, sample size calculations
have not been performed, and the initial sample size of 30
participants was pragmatically chosen. Patients could leave the
study at any time for any reason if they wished to do so without
any consequences.

Study Design
A prospective feasibility study was performed in patients treated
with esophagectomy. To assess preliminary effectiveness, the
patients who underwent the complete treatment were matched
with a historical comparison group of patients who underwent
esophagectomy and had postoperative complications, receiving
usual face-to-face care between March 2012 and October 2014.
We decided to match one case to 2 patients from a historical
comparison group to optimize statistical power. Data collected
from this historical comparison group were part of a previous
study performed by the same research group, from which the
METC waived the need for informed consent [6]. Patients were
matched for gender, age, American Society of Anesthesiologists
Physical Status Classification, comorbidities, Body Mass Index,
pulmonary function, surgical procedure, and severity of
postoperative complications.

Participants
Patients were recruited from the surgical wards at the
Gastrointestinal Oncologic Centre Amsterdam of the Amsterdam
University Medical Centre, located in the Academic Medical
Centre, just before discharge from the hospital by the
supervising physiotherapist or the investigator. Patients who
refused to participate were referred to face-to-face physiotherapy
in primary care.

Inclusion Criteria
Participants were included if they were aged 18 years or older
and the primary reason of hospital stay was status after
esophagectomy, they had internet access at home, and they
signed the informed consent form. Moreover, participants were
included if they had a postoperative complication, grade 3a to
4 according to the Clavien-Dindo classification. This 5-scale
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classification reports surgical complications based on the type
of therapy required to treat the complication [16]. Participants
were also included if the postoperative LoS was longer than 9
days because they were physically too weak to be discharged
earlier. There was an indication for face-to-face physiotherapy
in primary care if a patient was not yet able to walk or transfer
independently because of loss of muscle strength, mobility, or
balance at discharge.

Exclusion Criteria
Patients were excluded if they were unable to complete
self-reported questionnaires, insufficiently able to read or speak
Dutch, had cognitive disorders, or had any other severe medical
conditions that prevented them from doing unsupervised
exercises at home.

Intervention
Participants received a 12-week supervised home-based
telerehabilitation intervention after hospital discharge (T0) in

their home environment. Before T0, a physiotherapist from the
surgical ward instructed the patient on the telerehabilitation
intervention.

The telerehabilitation intervention was provided with Physitrack
(Physitrack Limited). Physitrack is an eHealth platform that
enables physiotherapists to design home exercise programs and
track patient adherence. Patients were provided with a
goal-oriented exercise program created by the physiotherapist
that could be accessed by a tablet, mobile phone, or computer
(Figure 1). The physiotherapist accurately monitored the
progress of the patient in weekly telephone, email, or video
sessions, and exercises were adapted via the eHealth platform
if needed. Physitrack had provided their services for this
research project free of charge, and they will use the outcomes
of this study to improve their services. They were not involved
in the design, execution, analysis, and conclusions of this
research. Physitrack will only have access to the published paper
with its results, with no access to raw data.

Figure 1. Goal-oriented exercise program created by the physiotherapist, accessible by tablet, mobile phone, or computer (Used with permission from
Physitrack).

The postoperative physiotherapeutic intervention with
telerehabilitation was aimed at improving functional status. The
intervention lasted 12 weeks with at least two sessions per week,
depending on whether the treatment goals were achieved. The
exercises were tailored to the patients’ specific condition and
needs, which were determined a day before T0. The
physiotherapy goals were determined by using the
patient-specific complaint list [17]. The exercises were aimed
at improving the functional activity level of the patient, by
increasing muscle strength, coordination, range of joint motion,
and stamina. The intensity and frequency of the functional
exercises were determined according to the guidelines of the
American College of Sports Medicine [18]. Cardiorespiratory
exercises to improve stamina were performed on a
moderate-to-vigorous intensity level, measured using the Borg
rating of perceived exertion scale (scores 6-20), for at least two
sessions per week. Rating of perceived exertion with the Borg

scale is a generally used and reliable scale to monitor and
evaluate exercise intensity. A score from 13 to 16 relates to the
moderate-to-vigorous intensity level, and this allowed us to
monitor and adapt the appropriate intensity [19]. Exercises to
improve muscle strength were performed 2 to 3 days per week
on 60% to 70% of the 1 repetition maximum (moderate-to-hard
intensity). We used the Holten curve that relates the percentage
of the 1 repetition maximum to the estimated repetitions of that
intensity. This allowed us to adapt the exercises without using
fitness equipment to measure the 1 repetition maximum directly
[18,20].

Feasibility Outcome Measures
Feasibility outcome measures were calculated for the 15 patients
who completed the 12-week supervised home-based
telerehabilitation intervention. Feasibility outcomes included
refusal rate; adherence to the telerehabilitation intervention
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operationalized in the amount and duration of email, phone,
and video calls conducted by patients and physiotherapists;
treatment duration per session; adverse events; and patient
satisfaction. Patient satisfaction was recorded with a modified
telemedicine satisfaction and usefulness questionnaire (TSUQ),
a 30-item Likert-type questionnaire including 3 subscales
(usefulness, communication, and user friendliness) at 6 weeks
post operation (T1) and at 3 months post operation (T2) [21].
Scores range from 30 to 150, with high scores indicating a
higher satisfaction.

The telerehabilitation intervention was considered as feasible
if at least an 80% adherence rate was achieved, if no adverse
events took place, and if the average total patient satisfaction
was higher than 75% (score >120).

Effectiveness Outcome Measures
Secondary outcome measures on preliminary effectiveness were
musculoskeletal and cardiovascular functioning and level of
activities according to the domains of the International
Classification of Functioning, Disability and Health [22].

Handgrip strength was measured using the Jamar grip strength
dynamometer (Lafayette Instrument Company) as a measure
of generalized muscle strength [23,24]. Maximal inspiratory
pressure was measured as an indicator of inspiratory muscle
strength, with a Micro Respiratory Pressure Meter [2,4].
Functional lower extremity muscle function was measured with
the 30-second chair stand test (30CST). This test measures
extremity strength in relation to demanding functional daily
activities such as stair climbing and getting out of a chair [25].
Walking capacity was measured using the 2-min walk test
(2MWT) [26].

Fatigue was measured using the Multidimensional Fatigue
Inventory [27].

Self-reported activities were measured using the Longitudinal
Ageing Study Amsterdam Physical Activity Questionnaire
(LAPAQ) in which patients reported the type, frequency, and
duration of daily activities in the past 14 days. Health-related
quality of life (HRQL) was measured using the European
Organization for Research and Treatment of Cancer Quality of
Life Questionnaire C30, version 3.0 [28].

The effectiveness of outcome measures was recorded before
the start of the intervention (T0) and at T1 and T2.

Standardized operating procedures of all measurements were
used to guarantee uniformity and accuracy in operationalization.

Trained and experienced physiotherapists performed the
standardized measurements.

Statistical Analysis
Data were analyzed in the Statistical Package for the Social
Sciences (version 25.0; IBM SPSS Statistics for Windows, IBM
Corp). Statistical tests were analyzed two sided and considered
significant with an alpha value ≤.05.

Baseline characteristics were summarized with descriptive
statistics, where discrete variables were expressed as counts
with percentages, ordinal variables as median and interquartile
ranges (P25-75), and continuous variables as mean and standard
deviation, and in case of a skewed distribution, they were
expressed as median and interquartile range. Differences in
outcomes before and after the intervention were determined by
using a paired samples t test or a Wilcoxon matched-pairs signed
rank test for skewed data. Differences between the intervention
group and the historical comparison group were tested using a
linear mixed model analysis to account for the dependency
between observations.

Results

Baseline Characteristics
From January 2017 to October 2018, 22 patients with esophageal
cancer who underwent esophagectomy were included in the
study after obtaining informed consent. The study was
terminated after the inclusion of the 22nd patient because we
reached a point in data collection after which no new or relevant
information emerged with respect to answering the primary
research question.

The mean age at surgery was 64.6 (SD 6.7) years, and 77%
(17/22) of patients were male. All patients received neoadjuvant
chemoradiation therapy. At enrollment, mean pulmonary
function expressed as a percent score of the predicted pulmonary
function value was 116.1 (SD 18.7) for forced vital capacity,
109.0 (SD 19.3) for forced expiratory volume in 1 second, and
109.2 (SD 30.1) for inspiratory vital capacity. Except for 2
patients, all other patients were surgically treated with a
minimally invasive transthoracic esophagectomy. In addition,
36% (8/22) of patients had a hospital stay of more than 9 days.
Moreover, 91% (20/22) of patients had postoperative
complications, of which 70% (14/22) required a surgical, an
endoscopic, or a radiological intervention. Patient characteristics
are presented in Table 1.
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Table 1. Characteristics of the entire study population.

Study population (N=22)Patient characteristics

17 (77)Gender (male), n (%)

ASAa classification, n (%)

5 (22)Ib

10 (45)IIc

7 (31)IIId

64.6 (6.7)Age (years), mean (SD)

26.5 (4.4)BMIe, mean (SD)

Comorbidities, n (%)

7 (31)Cardiovascular

0 (0)COPDf

2 (9)DM IIg

2 (9)Cigarette smoking

Pulmonary function (percent predicted), mean (SD)

116.1 (18.7)FVCh

109.0 (19.3)FEV1
i

109.2 (30.1)IVCj

Surgical procedure, n (%)

0 (0)Transhiatal open

1 (5)Transhiatal minimally invasive

0 (0)Transthoracal open

20 (91)Transthoracal minimally invasive

1 (5)Esophageal resection with colon interposition

Clavien-Dindo postoperative complications, n (%)

2 (9)No complications

2 (9)Grade 1

4 (18)Grade 2

3 (14)Grade 3a

4 (18)Grade 3b

7 (32)Grade 4a

0 (0)Grade 4b

0 (0)Grade 5

aASA: American Society of Anesthesiologists.
bI: healthy person.
cII: mild systemic disease.
dIII: severe systemic disease.
eBMI: body mass index is calculated as weight in kilograms divided by height in meters squared.
fCOPD: chronic obstructive pulmonary disease.
gDM II: diabetes mellitus type 2.
hFVC: functional vital capacity.
iFEV1: forced expiratory volume in the first second of expiration.
jIVC: inspiratory vital capacity.
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Feasibility
Of 22 patients, a total of 15 (68%) patients completed the
12-week program. Of the 7 patients who did not complete the
study, 1 was discharged to a nursing home after inclusion, 2
quit the study intervention after 3 and 4 weeks because they
preferred face-to-face physiotherapy, and 4 patients were
withdrawn by the investigator because postoperative treatment
required a multidisciplinary approach (n=3) or because of the
presence of metastases (n=1). These patients did not
systematically differ in baseline characteristics from the patients
who completed the program.

The average duration of the treatment program was 11.1 (SD
5.2) weeks. Of the 4671 exercises provided to patients, 1337
(28.62%) were aimed at lower extremity muscle strength, 996
(21.32%) were aimed at respiration, and 1150 (24.62%) were
aimed at walking.

Patient adherence, operationalized in the performance rate of
exercises to the telerehabilitation intervention, was 99.8% in
the first 6 weeks and dropped to 75.6% in the following 6 weeks,
with a mean difference of −24.3% (95% CI 1.3 to 47.2; P=.04).
The accomplishment of treatment goals was the main reason
reported for being less or not adherent to the program anymore.

The physiotherapist and patients contacted each other 204 times
in 243 weeks, with a minimum of 1 and a maximum of 3 times
a week for coaching, for regular follow-ups, and for adjusting
the treatment program, dependent on the patient’s needs. Of
these 204 direct patient contacts, 1 (0.5%) took place with a
video connection, 26 (12.7%) with email, 122 (59.8%) with
telephone, and 55 (27.0%) with live contact via home visits.

Total average patient satisfaction (range 30-150) measured at
T1 was 135.0 (SD 19.5), with subscores on usefulness (range
10-50) being 44.66 (SD 7.4), communication (range 11-55)
being 48.3 (SD 8.1), and user friendliness (range 9-45) being
42.8 (SD 3.2). Patients appreciated weekly follow-ups by
telephone or email and especially appreciated the flexibility
they had to perform the exercises at home. They rated the
telerehabilitation app as user friendly, and they did not miss the
physical presence of the physiotherapist to follow the exercise
program. No adverse events took place during measurements
or exercise sessions. Total average patient satisfaction at T2
was 139.6 (SD 15.4). Textbox 1 provides a selection of quotes
provided by participants more than once about experiences with
the program.

Textbox 1. Patient experiences.

Quotes:

• “It gave a lot of confidence to work at home on my recovery with supervision of a PT” [Mrs S, 70 years]

• “I could do the exercises whenever I wanted, that was very convenient” [Mr W, 54 years]

• “Without this program I would never have been that far” [Mr J, 66 years]

• “I should not have thought about going to the physiotherapist twice a week” [Mrs B, 60 years]

• “By practicing at home, I knew what I was doing it for. That was very motivating” [Mr B, 62 years]

• “I missed incentives in the program” [Mr B, 49 years]

• “I did not miss the physical presence of the physiotherapist, I felt that I could always reach him through the app” [Mrs B, 64 years]

• “Along the way, I found the exercise program less relevant, I could already do my daily activities again” [Mr S, 62 years]

Effectiveness
A total of 15 patients who completed the telerehabilitation
program were matched with 30 patients from a historical
comparison group for both pre- and postoperative characteristics
(gender, age, preoperative pulmonary function, type of surgery,
and postoperative complications classified according to
Clavien-Dindo). Table 2 provides details about the matching
characteristics.

At T0, patients in the intervention group had significantly lower
functional capacity measures compared with reference values

than patients in the matched historical comparison group (Table
3).

At 3 months post operation, no differences in functional status
measures were found between the intervention group and the
matched control group (Table 4).

Within the intervention group, 30CST, 2MWT, fatigue, and
HRQL improved significantly between T0 and T1 and between
T1 and T2, whereas activities of daily life (ADL) decreased
significantly between T0 and T1 and improved again between
T1 and T2 (Table 5).
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Table 2. Patient characteristics of the intervention group matched with a historical comparison group.

Matched controls (n=30)Intervention (n=15)Patient characteristics

22 (73)11 (73)Gender (male), n (%)

ASAa classification, n (%)

5 (16)3 (20)Ib

15 (50)8 (53)IIc

10 (33)4 (26)IIId

60.3 (7)62.8 (6.9)Age (years), mean (SD)

25.2 (4)26.1 (3.5)BMIe, mean (SD)

Comorbidities, n (%)

5 (16)6 (40)Cardiovascular

3 (10)0 (0)COPDf

1 (3)1 (7)DM IIg

7 (23)1 (7)Cigarette smoking

Pulmonary function (percent predicted), mean (SD)

116.3 (16.2)115.0 (20.1)FVCh

110.2 (20.7)105.4 (20.1)FEV1
i

112.0 (16.7)114.1 (21.9)IVCj

Surgical procedure, n (%)

0 (0)0 (0)Transhiatal open

2 (7)0 (0)Transhiatal minimally invasive

1 (3)0 (0)Transthoracal open

27 (90)14 (93)Transthoracal minimally invasive

0 (0)1 (7)Esophageal resection with colon interposition

Clavien-Dindo postoperative complications, n (%)

11 (37)2 (13)No complications

4 (13)2 (13)Grade 1

7 (23)2 (13)Grade 2

4 (13)3 (20)Grade 3a

1 (3)2 (13)Grade 3b

2 (7)4 (27)Grade 4a

1 (3)0 (0)Grade 4b

0 (0)0 (0)Grade 5

aASA: American Society of Anesthesiologists.
bI: healthy person.
cII: mild systemic disease.
dIII: severe systemic disease.
eBMI: body mass index is calculated as weight in kilograms divided by height in meters squared.
fCOPD: chronic obstructive pulmonary disease.
gDM II: diabetes mellitus type 2.
hFVC: functional vital capacity.
iFEV1: forced expiratory volume in the first second of expiration.
jIVC: inspiratory vital capacity.
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Table 3. Functional status capacity outcome measures at hospital discharge (T0). Beta values represent the differences in functional status between the
historical control group and the intervention group at T0.

P value95% CIBetaControlInterventionFunctional status outcome

.04b−31.9 to 0.79−15.5107.9 (23.2)92.4 (19.7)RHGSa (percent predicted), mean (SD)

.11b−26.6 to 2.9−11.9106.2 (22.4)97.1 (20.8)LHGSc (percent predicted), mean (SD)

.003b−53.8 to −12.7−33.289.0 (34.4)50.8 (31.6)30CSTd (percent predicted), mean (SD)

.03b−42.7 to −2.5−22.6154.4 (32.3)117.4 (50.6)2MWTe (meters), mean (SD)

aRHGS: right-hand grip strength.
bP≤.05 is considered significant.
cLHGS: left-hand grip strength.
d30CST: 30-second chair stand test.
e2MWT: 2-min walk test.

Table 4. Within-group differences between hospital discharge (T0) and 3 months post operation (T2) and between-group differences at T2 in measures
of functional status. Within-group differences represent the differences in functional status between T0 and T2. Beta values represent the differences
in functional status between the historical control group and the intervention group at T2.

Between-group differences at T2Within-group differences (T0-T2)a,bFunctional status
outcome

BetaHistorical control (n=30)Intervention (n=15)

P valueMean (95% CI)P valueMean (95% CI)P valueMean (95% CI)

.910.8 (14.2 to −12.7).08−4.1 (−8.7 to 0.5).048d10.4 (0.1 to 20.8)LHGSc

.89−1.0 (−15.3 to 13.3).25−3.2 (−8.9 to 2.4).04d12.3 (0.9 to 23.7)RHGSe

.3213.7 (−14.0 to 41.4)————hMIPf,g

.585.9 (−15.3 to 27.0)<.001d29.8 (18.7 to 40.9)<.001d69.7 (51.6 to 87.8)30CSTi

.1716.8 (−7.6 to 41.2)<.001d41.2 (27.3 to 55.1).001d82.4 (53.4 to
111.3)

2MWTj

.36−444.3 (−1417.0 to 528.3)————ADLg,k

.55−3.6 (−16.0 to 8.8)————Fatigueg

.573.5 (−9.0 to 16.11)————HRQLl

aT0: hospital discharge.
bT2: 3 months post operation.
cLHGS: left-hand grip strength.
dP<.05 is considered significant.
eRHGS: right-hand grip strength.
fMIP: maximal inspiratory pressure.
gThese measurements were not performed at T0 and therefore were excluded from this analysis.
hMissing data.
i30CST: 30-second chair stand test.
j2MWT: 2-min walk test.
kADL: activities of daily life.
lHRQL: health-related quality of life.
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Table 5. Mean differences in functional status outcomes between hospital discharge and 6 weeks post operation (T1) and between T1 and 3 months
post operation in the intervention group (n=15).

P valueΔT1-T2d (95% CI)P valueΔaT0-T1b,c (95% CI)Measurements

.125.1 (−1.5 to 11.6).227.4 (−5.1 to 19.8)RHGSe

.741.0 (−5.0 to 6.9).069.6 (−0.6 to 19.8)LHGSf

.079.6 (−1.1 to 20.3)——iMIPg,h

.001k19.0 (10.2 to 27.9)<.001k53.0 (38.5 to 67.5)30CSTj

.001k30.3 (15.5 to 445.0).002k51.0 (21.9 to 80.2)2 MWT (m)l

.001k−16.8 (−24.6 to −9.0).007k−10.2 (−16.8 to −3.6)MFIm fatigue

.002k14.6 (6.4 to 22.8)<.001k25.6 (14.6 to 36.5)EORTC QLQ C30n, (score)

.04k173.6 (9.5 to 337.7).008k−514.7 (−866.7 to 160.7)LAPAQo (kcal/day)

aΔ: mean difference.
bT0: hospital discharge.
cT1: 6 weeks post operation.
dT2: 3 months post operation.
eRHGS: right-hand grip strength.
fLHGS: left-hand grip strength.
gMIP: maximal inspiratory pressure.
hThese measurements were not performed at T0 and therefore were excluded from this analysis.
iMissing data.
j30CST: 30-second chair stand test.
kP<.05 is considered significant.
l2MWT: 2-min walk test.
mMFI: Multidimensional Fatigue Inventory; scores range from 20 to 100, with a higher score representing more fatigue and reduced activity/motivation.
nEORTC QLQ C30: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire C30; scores range from 0 to 100, with
high scores indicating a better quality of life.
oLAPAQ: Longitudinal Ageing Study Amsterdam physical activity questionnaire; total amount of activities in kilocalories per day.

Discussion

Principal Findings
To our knowledge, this is the first study demonstrating that
postoperative physiotherapy with telerehabilitation is feasible
in patients with postoperative complications after
esophagectomy, primarily in the first 6 weeks after T0. This is
in line with a study by Latham et al [11], who stated that
telerehabilitation is a valuable tool to manage postoperative
outcomes and functional progress directly after T0 in a patient’s
home environment.

The adherence rates were significantly higher in the first 6 weeks
after T0 than in the following 6 weeks, where patients reported
that they were generally more able to perform their ADL and
were less dependent on the telerehabilitation intervention, which
might explain the lower adherence rates despite a further incline
in functional status. From a functional perspective, these lower
adherence rates should be interpreted as a desired outcome,
because it illustrates the patient’s gradual independence of
physiotherapeutic care.

The consistently high patient satisfaction rates of the
telerehabilitation intervention in our study are confirmed in a
systematic review by Mair et al [29], who stated that the greatest

advantages experienced by patients were increased accessibility
of specialist expertise, increased flexibility, less travel required,
and reduced waiting times. This is also in agreement with the
study by Moffet et al [30], who investigated patient satisfaction
with in-home telerehabilitation after total knee arthroplasty and
found similar results, concluding that patient satisfaction was
at least equal to conventional health care delivery.

In this study, we compared patients who underwent the
telerehabilitation program with a historical comparison group
of patients receiving usual care and found equal functional status
outcome measures at T2. This is in line with studies that found
telerehabilitation interventions to be equally effective as usual
care on at least one outcome measure; however, overall
significant evidence in favor of telerehabilitation was still
lacking [31,32].

Despite the similar functional outcomes at T2, it has to be noted
that most of the functional status outcome measures of our
intervention group at T0 were significantly lower than those of
the matched historical comparison group. It could be argued
that the intervention group gained more progress on functional
status because of the physiotherapeutic treatment with
telerehabilitation, in comparison with the matched historical
comparison group, ultimately resulting in equal outcomes at
T2.
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Within the intervention group, most of the functional outcome
measures significantly improved between T0-T1 and T1-T2,
apart from ADL that significantly decreased during the first 6
weeks of the intervention and was restored in the following 6
weeks. A possible explanation could be that after T0, patients
mostly stayed at home because they felt too weak to keep up
with their ADL. Moreover, in the first 6 weeks, the
telerehabilitation intervention primarily focused on increasing
muscle strength of the lower extremities. After 6 weeks, the
shift was gradually made toward implementing the exercises in
daily life, finally resulting in a significant increase in ADL in
the following 6 weeks.

Limitations
This study has intrinsic limitations. First, only 22 patients were
included in this study, of which 15 patients completed the study.
This might limit the generalizability of our findings. However,
despite the small sample size, the included participants
represented the population of interest in terms of baseline
characteristics and postoperative complications. Moreover,
inclusion was terminated after the inclusion of the 22nd
participant because no new findings were to be expected with
adding new participants to the study.

Second, this study was not a pilot feasibility trial, where patients
were randomly assigned either to the intervention group or a
control group to determine the effectiveness of investigational
treatment. Instead, we compared the intervention group with a
matched historical comparison group. Therefore, bias could not
be ruled out completely.

We were not able to compare functional status outcome
measures half way through the telerehabilitation intervention
because the historical controls were not measured at T1.

Third, patient satisfaction was measured with a modified TSUQ
that had not been validated in this specific population. Kairy et
al [33] in their systematic review investigating clinical outcomes,
clinical process, health care utilization, and costs associated
with telerehabilitation concluded that patient satisfaction ratings
were generally high, irrespective of the population. However,
they also stated that operationalization and standardization of
satisfaction were frequently lacking and too much focus was
on the technology aspect instead of aspects of service delivery.
The satisfaction questionnaire we used addressed both aspects,
and therefore, we are confident that the satisfaction ratings were
representative of the telerehabilitation intervention provided.

Conclusions
This study shows that patients are able to improve their
functional status by doing functional exercises in their own
meaningful environment supported by telerehabilitation and
tablet use with distant guidance from an experienced
physiotherapist. The feasibility of the physiotherapeutic
intervention with telerehabilitation for this specific patient
category has implications for (re)organizing postoperative
physiotherapeutic care in the patient’s home environment.
Telerehabilitation cannot replace face-to-face physiotherapy as
physical examination remains to be necessary, but taking into
account positive adherence rates and satisfaction, we strongly
suggest considering this way of treatment delivery for patients
with esophageal cancer treated with surgery and having
postoperative complications, especially in the first 6 weeks after
T0. We also recommend investigating the potential
cost-effectiveness of telerehabilitation compared with usual
care. Although we found equal functional status outcomes in
both the intervention group and the historical comparison group
at T2, we suggest performing a randomized controlled trial to
draw firm conclusions on its effectiveness.

Acknowledgments
The authors would like to acknowledge Sander Steenhuizen, PT, and Sven Geelen, PT, MSc, for recruiting participants and
performing measurements. The authors would also like to acknowledge Physitrack, who provided their services for this research
project free of charge without being involved in the design, execution, analysis, and conclusions of this research. This work was
supported by a Doctoral Grant for Teachers (023.003.016) in 2014 by the Dutch Research Council (Nederlandse organisatie voor
Wetenschappelijk Onderzoek). MB reports research grants from Olympus and Stryker, in addition to consulting fees from
Medtronic, Johnson and Johnson, and Mylan, in areas unrelated to this study.

Conflicts of Interest
None declared.

References

1. Grotenhuis BA, Wijnhoven BP, Grüne F, van Bommel J, Tilanus HW, van Lanschot JJ. Preoperative risk assessment and
prevention of complications in patients with esophageal cancer. J Surg Oncol 2010 Mar 1;101(3):270-278. [doi:
10.1002/jso.21471] [Medline: 20082349]

2. Feeney C, Reynolds JV, Hussey J. Preoperative physical activity levels and postoperative pulmonary complications
post-esophagectomy. Dis Esophagus 2011 Sep;24(7):489-494. [doi: 10.1111/j.1442-2050.2010.01171.x] [Medline: 21309920]

3. O'Neill L, Moran J, Guinan EM, Reynolds JV, Hussey J. Physical decline and its implications in the management of
oesophageal and gastric cancer: a systematic review. J Cancer Surviv 2018 Aug;12(4):601-618. [doi:
10.1007/s11764-018-0696-6] [Medline: 29796931]

4. Dronkers JJ, Lamberts H, Reutelingsperger IM, Naber RH, Dronkers-Landman CM, Veldman A, et al. Preoperative
therapeutic programme for elderly patients scheduled for elective abdominal oncological surgery: a randomized controlled
pilot study. Clin Rehabil 2010 Jul;24(7):614-622. [doi: 10.1177/0269215509358941] [Medline: 20530651]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e16056 | p. 10http://www.jmir.org/2020/6/e16056/
(page number not for citation purposes)

van Egmond et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1002/jso.21471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20082349&dopt=Abstract
http://dx.doi.org/10.1111/j.1442-2050.2010.01171.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21309920&dopt=Abstract
http://dx.doi.org/10.1007/s11764-018-0696-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29796931&dopt=Abstract
http://dx.doi.org/10.1177/0269215509358941
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20530651&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


5. Hulzebos EH, Helders PJ, Favié NJ, de Bie RA, Brutel de la Riviere A, van Meeteren NL. Preoperative intensive inspiratory
muscle training to prevent postoperative pulmonary complications in high-risk patients undergoing CABG surgery: a
randomized clinical trial. J Am Med Assoc 2006 Oct 18;296(15):1851-1857. [doi: 10.1001/jama.296.15.1851] [Medline:
17047215]

6. van Egmond MA, van der Schaaf M, Klinkenbijl JH, Engelbert RH, van Berge Henegouwen MI. Preoperative functional
status is not associated with postoperative surgical complications in low risk patients undergoing esophagectomy. Dis
Esophagus 2017 Jan 1;30(1):1-7. [doi: 10.1111/dote.12469] [Medline: 26918788]

7. Dettling DS, van der Schaaf M, Blom RL, Nollet F, Busch OR, van Berge Henegouwen MI. Feasibility and effectiveness
of pre-operative inspiratory muscle training in patients undergoing oesophagectomy: a pilot study. Physiother Res Int 2013
Mar;18(1):16-26. [doi: 10.1002/pri.1524] [Medline: 22489016]

8. Santa Mina D, Alibhai SM, Matthew AG, Guglietti CL, Steele J, Trachtenberg J, et al. Exercise in clinical cancer care: a
call to action and program development description. Curr Oncol 2012 Jun;19(3):e136-e144 [FREE Full text] [doi:
10.3747/co.19.912] [Medline: 22670103]

9. Guinan EM, Dowds J, Donohoe C, Reynolds JV, Hussey J. The physiotherapist and the esophageal cancer patient: from
prehabilitation to rehabilitation. Dis Esophagus 2017 Jan 1;30(1):1-12. [doi: 10.1111/dote.12514] [Medline: 27862675]

10. Laver KE, Schoene D, Crotty M, George S, Lannin NA, Sherrington C. Telerehabilitation services for stroke. Cochrane
Database Syst Rev 2013 Dec 16(12):CD010255 [FREE Full text] [doi: 10.1002/14651858.CD010255.pub2] [Medline:
24338496]

11. Latham NK, Harris BA, Bean JF, Heeren T, Goodyear C, Zawacki S, et al. Effect of a home-based exercise program on
functional recovery following rehabilitation after hip fracture: a randomized clinical trial. J Am Med Assoc 2014 Feb
19;311(7):700-708 [FREE Full text] [doi: 10.1001/jama.2014.469] [Medline: 24549550]

12. van Egmond MA, van der Schaaf M, Vredeveld T, Vollenbroek-Hutten MM, van Berge Henegouwen MI, Klinkenbijl JH,
et al. Effectiveness of physiotherapy with telerehabilitation in surgical patients: a systematic review and meta-analysis.
Physiotherapy 2018 Sep;104(3):277-298. [doi: 10.1016/j.physio.2018.04.004] [Medline: 30030037]

13. Forster AJ, Murff HJ, Peterson JF, Gandhi TK, Bates DW. The incidence and severity of adverse events affecting patients
after discharge from the hospital. Ann Intern Med 2003 Feb 4;138(3):161-167. [doi:
10.7326/0003-4819-138-3-200302040-00007] [Medline: 12558354]

14. Head BA, Studts JL, Bumpous JM, Gregg JL, Wilson L, Keeney C, et al. Development of a telehealth intervention for head
and neck cancer patients. Telemed J E Health 2009 Jan;15(1):44-52 [FREE Full text] [doi: 10.1089/tmj.2008.0061] [Medline:
19199847]

15. Thompson DA, Leimig R, Gower G, Winsett RP. Assessment of depressive symptoms during post-transplant follow-up
care performed via telehealth. Telemed J E Health 2009 Sep;15(7):700-706 [FREE Full text] [doi: 10.1089/tmj.2009.0021]
[Medline: 19694599]

16. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, et al. The Clavien-Dindo classification of
surgical complications: five-year experience. Ann Surg 2009 Aug;250(2):187-196. [doi: 10.1097/SLA.0b013e3181b13ca2]
[Medline: 19638912]

17. Stevens A, Beurskens A, Köke A, van der Weijden T. The use of patient-specific measurement instruments in the process
of goal-setting: a systematic review of available instruments and their feasibility. Clin Rehabil 2013 Nov;27(11):1005-1019.
[doi: 10.1177/0269215513490178] [Medline: 23881336]

18. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee I, American College of Sports Medicine. American
College of Sports Medicine position stand. Quantity and quality of exercise for developing and maintaining cardiorespiratory,
musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise. Med Sci Sports
Exerc 2011 Jul;43(7):1334-1359. [doi: 10.1249/MSS.0b013e318213fefb] [Medline: 21694556]

19. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc 1982;14(5):377-381. [Medline: 7154893]
20. Lorenz DS, Reiman MP, Walker JC. Periodization: current review and suggested implementation for athletic rehabilitation.

Sports Health 2010 Nov;2(6):509-518 [FREE Full text] [doi: 10.1177/1941738110375910] [Medline: 23015982]
21. Bakken S, Grullon-Figueroa L, Izquierdo R, Lee N, Morin P, Palmas W, IDEATel Consortium. Development, validation,

and use of English and Spanish versions of the telemedicine satisfaction and usefulness questionnaire. J Am Med Inform
Assoc 2006;13(6):660-667 [FREE Full text] [doi: 10.1197/jamia.M2146] [Medline: 16929036]

22. World Health Organization. International Classification of Functioning, Disability and Health: ICF. Geneva: World Health
Organization; 2001.

23. Trutschnigg B, Kilgour RD, Reinglas J, Rosenthall L, Hornby L, Morais JA, et al. Precision and reliability of strength
(Jamar vs. Biodex handgrip) and body composition (dual-energy X-ray absorptiometry vs. bioimpedance analysis)
measurements in advanced cancer patients. Appl Physiol Nutr Metab 2008 Dec;33(6):1232-1239. [doi: 10.1139/H08-122]
[Medline: 19088782]

24. Timmerman H, de Groot JF, Hulzebos HJ, de Knikker R, Kerkkamp HE, van Meeteren NL. Feasibility and preliminary
effectiveness of preoperative therapeutic exercise in patients with cancer: a pragmatic study. Physiother Theory Pract 2011
Feb;27(2):117-124. [doi: 10.3109/09593981003761509] [Medline: 20690877]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e16056 | p. 11http://www.jmir.org/2020/6/e16056/
(page number not for citation purposes)

van Egmond et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1001/jama.296.15.1851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17047215&dopt=Abstract
http://dx.doi.org/10.1111/dote.12469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26918788&dopt=Abstract
http://dx.doi.org/10.1002/pri.1524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22489016&dopt=Abstract
http://www.current-oncology.com/index.php/oncology/article/view/912/876
http://dx.doi.org/10.3747/co.19.912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22670103&dopt=Abstract
http://dx.doi.org/10.1111/dote.12514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27862675&dopt=Abstract
http://europepmc.org/abstract/MED/24338496
http://dx.doi.org/10.1002/14651858.CD010255.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24338496&dopt=Abstract
http://europepmc.org/abstract/MED/24549550
http://dx.doi.org/10.1001/jama.2014.469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24549550&dopt=Abstract
http://dx.doi.org/10.1016/j.physio.2018.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30030037&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-138-3-200302040-00007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12558354&dopt=Abstract
http://europepmc.org/abstract/MED/19199847
http://dx.doi.org/10.1089/tmj.2008.0061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19199847&dopt=Abstract
http://europepmc.org/abstract/MED/19694599
http://dx.doi.org/10.1089/tmj.2009.0021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19694599&dopt=Abstract
http://dx.doi.org/10.1097/SLA.0b013e3181b13ca2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19638912&dopt=Abstract
http://dx.doi.org/10.1177/0269215513490178
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23881336&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21694556&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7154893&dopt=Abstract
http://europepmc.org/abstract/MED/23015982
http://dx.doi.org/10.1177/1941738110375910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23015982&dopt=Abstract
http://europepmc.org/abstract/MED/16929036
http://dx.doi.org/10.1197/jamia.M2146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16929036&dopt=Abstract
http://dx.doi.org/10.1139/H08-122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19088782&dopt=Abstract
http://dx.doi.org/10.3109/09593981003761509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20690877&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


25. Millor N, Lecumberri P, Gómez M, Martínez-Ramírez A, Izquierdo M. An evaluation of the 30-s chair stand test in older
adults: frailty detection based on kinematic parameters from a single inertial unit. J Neuroeng Rehabil 2013 Aug 1;10:86.
[doi: 10.1186/1743-0003-10-86] [Medline: 24059755]

26. Brooks D, Parsons J, Tran D, Jeng B, Gorczyca B, Newton J, et al. The two-minute walk test as a measure of functional
capacity in cardiac surgery patients. Arch Phys Med Rehabil 2004 Sep;85(9):1525-1530. [doi: 10.1016/j.apmr.2004.01.023]
[Medline: 15375829]

27. Smets EM, Garssen B, Bonke B, de Haes JC. The Multidimensional Fatigue Inventory (MFI) psychometric qualities of an
instrument to assess fatigue. J Psychosom Res 1995 Apr;39(3):315-325. [doi: 10.1016/0022-3999(94)00125-o] [Medline:
7636775]

28. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The European Organization for Research
and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in international clinical trials in oncology. J Natl
Cancer Inst 1993 Mar 3;85(5):365-376. [doi: 10.1093/jnci/85.5.365] [Medline: 8433390]

29. Mair F, Whitten P. Systematic review of studies of patient satisfaction with telemedicine. Br Med J 2000 Jun
3;320(7248):1517-1520 [FREE Full text] [doi: 10.1136/bmj.320.7248.1517] [Medline: 10834899]

30. Moffet H, Tousignant M, Nadeau S, Mérette C, Boissy P, Corriveau H, et al. Patient satisfaction with in-home
telerehabilitation after total knee arthroplasty: Results from a randomized controlled trial. Telemed J E Health 2017
Feb;23(2):80-87. [doi: 10.1089/tmj.2016.0060] [Medline: 27529575]

31. Hawkes AL, Gollschewski S, Lynch BM, Chambers S. A telephone-delivered lifestyle intervention for colorectal cancer
survivors 'CanChange': a pilot study. Psychooncology 2009 Apr;18(4):449-455. [doi: 10.1002/pon.1527] [Medline: 19241477]

32. van den Brink JL, Moorman PW, de Boer MF, Hop WC, Pruyn JF, Verwoerd CD, et al. Impact on quality of life of a
telemedicine system supporting head and neck cancer patients: a controlled trial during the postoperative period at home.
J Am Med Inform Assoc 2007;14(2):198-205 [FREE Full text] [doi: 10.1197/jamia.M2199] [Medline: 17213498]

33. Kairy D, Lehoux P, Vincent C, Visintin M. A systematic review of clinical outcomes, clinical process, healthcare utilization
and costs associated with telerehabilitation. Disabil Rehabil 2009;31(6):427-447. [doi: 10.1080/09638280802062553]
[Medline: 18720118]

Abbreviations
2MWT: 2-min walk test
30CST: 30-second chair stand test
ADL: activities of daily life
eHealth: electronic health
HRQL: health-related quality of life
LAPAQ: Longitudinal Ageing Study Amsterdam Physical Activity Questionnaire
LoS: length of hospital stay
METC: Medical Ethical Committee
TSUQ: telemedicine satisfaction and usefulness questionnaire

Edited by G Eysenbach; submitted 30.08.19; peer-reviewed by M Vollenbroek-Hutten, H Friess, A Van de Winckel; comments to
author 09.12.19; revised version received 22.01.20; accepted 07.02.20; published 09.06.20

Please cite as:
van Egmond MA, Engelbert RHH, Klinkenbijl JHG, van Berge Henegouwen MI, van der Schaaf M
Physiotherapy With Telerehabilitation in Patients With Complicated Postoperative Recovery After Esophageal Cancer Surgery:
Feasibility Study
J Med Internet Res 2020;22(6):e16056
URL: http://www.jmir.org/2020/6/e16056/
doi: 10.2196/16056
PMID: 32515742

©Maarten A van Egmond, Raoul H H Engelbert, Jean H G Klinkenbijl, Mark I van Berge Henegouwen, Marike van der Schaaf.
Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 09.06.2020. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal
of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2020 | vol. 22 | iss. 6 | e16056 | p. 12http://www.jmir.org/2020/6/e16056/
(page number not for citation purposes)

van Egmond et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1186/1743-0003-10-86
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24059755&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2004.01.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15375829&dopt=Abstract
http://dx.doi.org/10.1016/0022-3999(94)00125-o
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7636775&dopt=Abstract
http://dx.doi.org/10.1093/jnci/85.5.365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8433390&dopt=Abstract
http://europepmc.org/abstract/MED/10834899
http://dx.doi.org/10.1136/bmj.320.7248.1517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10834899&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2016.0060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27529575&dopt=Abstract
http://dx.doi.org/10.1002/pon.1527
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19241477&dopt=Abstract
http://europepmc.org/abstract/MED/17213498
http://dx.doi.org/10.1197/jamia.M2199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17213498&dopt=Abstract
http://dx.doi.org/10.1080/09638280802062553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18720118&dopt=Abstract
http://www.jmir.org/2020/6/e16056/
http://dx.doi.org/10.2196/16056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32515742&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

