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OBJECTIVE

To evaluate whether telemedicine (TM) follow-up of patients with diabetes-related
foot ulcers (DFUs) in primary health care in collaboration with specialist health care
was noninferior to standard outpatient care (SOC) for ulcer healing time. Further, we
sought to evaluate whether the proportion of amputations, deaths, number of
consultations per month, and patient satisfaction differed between the two groups.
RESEARCH DESIGN AND METHODS

Patients with DFUs were recruited from three clinical sites in western Norway (2012–
2016). The cluster-randomized controlled noninferiority trial included 182 adults
(94/88 in the TM/SOC groups) in 42 municipalities/districts. The intervention group
received TM follow-up care in the community; the control group received SOC. The
primary end point was healing time. Secondary end points were amputation, death,
number of consultations per month, and patient satisfaction.
RESULTS

Using mixed-effects regression analysis, we found that TM was noninferior to SOC
regarding healing time (mean difference –0.43 months, 95% CI 21.50, 0.65). When
competing risk from death and amputation were taken into account, there was no
signiﬁcant difference in healing time between the groups (subhazard ratio 1.16, 95%
CI 0.85, 1.59). The TM group had a signiﬁcantly lower proportion of amputations
(mean difference –8.3%, 95% CI –16.3%, –0.5%), and there were no signiﬁcant differences in the proportion of deaths, number of consultations, or patient satisfaction
between groups, although the direction of the effect estimates for these clinical
outcomes favored the TM group.
CONCLUSIONS

The results suggest that use of TM technology can be a relevant alternative and
supplement to usual care, at least for patients with more superﬁcial ulcers.
Treatment of diabetes-related foot ulcers (DFUs) puts great pressure on the health care
system in terms of resource allocation and management strategy (1,2). Telemedicine
(TM) may be an effective approach to wound care management that can meet these
challenges (3). The availability of an interactive platform combined with photographic
devices and electronic transfer of high-quality digital images makes assessment of
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RESEARCH DESIGN AND METHODS
Trial Design

The trial protocol has previously been
reported (19). Brieﬂy, this multicenter

noninferiority parallel cluster clinical trial
(20) involved three clinical sites in western Norway. This design was selected
because a classical randomized controlled
trial (RCT) could threaten internal validity
because community nurses in the municipalities would treat patients in both the
intervention and control group (CG). The
recruitment period lasted from September 2012 to June 2016. The intervention
consisted of TM follow-up care in the
community in collaboration with specialist health care; the CG (SOC) had outpatient visits every 2 weeks and, if needed,
additional follow-up with the community
nurse. The trial is in accordance with the
CONSORT (CONsolidated Standards Of
Reporting Trials) checklist statement extension for cluster and noninferiority randomized trials (21,22) for transparent reporting
and registered with ClinicalTrials.gov
(NCT01710774). We evaluated the effectiveness of the intervention on patient
health using the Model for Assessment
of Telemedicine criteria (23). The study
was approved by the Western Norway
Regional Committee for Medical and
Health Research Ethics (2011/1609). All
participants gave written consent. One
hundred and eighty-two patients participated in the trial, with 94 in the TM group
and 88 in the CG.
Participants

We included patients with DFUs from the
endocrinology unit at Stavanger University Hospital, from the orthopedics or endocrinology unit at Haukeland University
Hospital, and from the surgical unit at Stord
county hospital. Inclusion criteria were that
patients have type 1 or type 2 diabetes and
be aged 20 years or older, presenting with
a new DFU to the clinical site. A DFU was
deﬁned as a skin lesion below the ankle.
Exclusion criteria were as follows: 1) an ulcer on the same foot treated during the
last 6 months in specialist health care, 2) a
diagnosis of mental disorders or cognitive
impairment (including schizophrenia,
other psychotic disorders, and dementia),
3) inability to complete questionnaires in
Norwegian, or 4) life expectancy ,1 year
(19). The difference in inclusion criteria between our study and the Danish RCT study
(6), which did not show superiority of the
intervention, was that we included only
patients who had not been treated for
any DFU in the last 6 months before inclusion, while the Danish RCT had no such
limitation.
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Randomization and Blinding

Rogaland and Hordaland counties in
western Norway were divided into 42 clusters based on the municipalities or districts
within the municipalities. The clusters
were matched in 21 pairs according to
population size and rural/urban characteristics in the municipalities or districts
and randomized to either the TM or SOC
group. A person independent of the study
performed the randomization sequences
using SPSS, version 21, statistical software
(IBM Corporation) (19).
All patients within each cluster were in
the same treatment group. At the initial
visit to the clinic, the study nurse screened
patients for eligibility and informed them
about the study. Patients who consented
to participate were allocated to either
TM follow-up care or SOC based on their
cluster. Patients in both groups were followed until ulcer healing, amputation, or
deathdup to a maximum of 12 months
of follow-up. The health care professionals,
patients, and researchers were not blinded
to the patients’ group allocation.
Intervention
TM Follow-up

The TM application consisted of an interactive Web-based ulcer record and a
mobile phone, enabling counseling and
communication between the community
nurses and specialist health care. The key
ingredient was the close integration between the levels of the health care services. Patients in the intervention group
received TM follow-up care in the community with consultations at the outpatient clinic every 6 weeks until an end
point occurred. During follow-up in the
community, the community nurses provided care under supervision of the specialist nurses at the outpatient clinics and
communicated at least weekly with the
specialist nurses at the outpatient clinic.
The TM consultations consisted of written
assessment of the ulcer and images sent
via the mobile phone through the online
Web-based ulcer record for assessment
and feedback and further follow-up procedures. If the community nurse had
questions regarding the feedback, discussion between the community nurse and
the specialist was conducted by phone
or e-mail. All diabetes specialist nurses
and/or podiatrists and community nurses
received training in the use of the Webbased ulcer record and mobile phone
after a standardized procedure. Individual
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wound status possible. TM can reduce
the number of consultations in specialist
health care by transferring treatment and
follow-up to primary health care while maintaining high standards of wound care (3,4).
Current evidence favoring use of TM
follow-up of DFU is limited. The available
evidence of TM in wound care is characterized by heterogeneity in the study populations, methods, and interventions applied,
making study results difﬁcult to compare
(5–12). Only one randomized controlled
study, from Denmark, evaluating the effect of telemedicine (TM) on DFU has been
conducted, comparing TM follow-up with
standard outpatient care (SOC) related to
healing, amputation, and death (6). The results from quantitative research on healing
are inconclusive as to whether TM follow-up
care is better or no worse than SOC. Findings from qualitative studies of patients with
DFUs exploring use of TM and its contribution to treatment and quality of care show
positive results (13–18).
The rationale for this TM follow-up
care study was to evaluate whether TM
follow-up could deliver the same treatment for patients with DFUs as SOC and
contribute to more convenient treatment and integrated care. Therefore, we
chose a noninferiority trial design based
on the expectation that TM follow-up
care would be no worse than SOC in
terms of ulcer healing time but might be
preferable to SOC given that TM follow-up
may allow more patients to be treated in
their home and can contribute to more
ﬂexible health care services (18).
Our primary aim was therefore to evaluate whether TM follow-up of patients
with DFUs in primary health care in collaboration with hospital outpatient care is
noninferior to SOC in terms of ulcer healing time. Noninferiority was a priori deﬁned as the lower limit of the 95% CI for
the mean difference in healing time ,1.5
months. Our secondary aims were assessed
for superiority: to evaluate whether amputations, deaths and outpatient consultations were less frequent in the TM group
compared with SOC. Further, we aimed to
evaluate whether patients receiving TM
follow-up care were more satisﬁed with the
treatment and follow-up care than patients
receiving SOC.
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teaching and training of the nursing staff
in primary care were offered at the specialist clinic or in primary care to ensure
equivalent and competent handling of patients. In addition, nurses in the community were encouraged to visit the hospital
clinic to improve their practical skills (19).
SOC

Outcome Measures
Primary Outcome

“Healing of the ulcer” was deﬁned as
healing (intact skin) of the whole foot
without minor or major amputations. The
maximum follow-up time for each patient
was 12 months. For patients whose ulcers
healed within 12 months, healing time was
measured from start of treatment at the
outpatient clinic when the foot ulcer was
diagnosed until the foot ulcer was healed.
“Noninferiority” for the TM intervention
was deﬁned as a difference in mean healing time of ,1.5 months in favor of SOC in
comparison of the TM with the SOC group;
i.e., the upper limit of the CI for the mean
difference in healing time with SOC as the
reference should not exceed 1.5 months.
We selected the noninferiority margin of
1.5 months a priori as the minimal clinically relevant difference in healing time
between the TM group and the SOC group
based on clinical judgement and statistical
considerations. The TM consultations at
the outpatient clinic were planned to take
place every 6 weeks. If the ulcer healed between two consultations, health care personnel veriﬁed that the ulcer had healed at
the subsequent consultation at the outpatient clinic. Amputation and death were
considered competing events for healing.
Follow-up time in competing risk regression analysis was calculated as the time
from the start of treatment in the outpatient
clinic until healing, amputation, death, or
end of follow-updwhichever came ﬁrst.
Secondary Outcomes

“Amputation” was deﬁned as minor or
major amputation before ulcer healing.

Amputation performed below the ankle was deﬁned as minor amputation,
whereas amputation above the ankle
was deﬁned as major amputation. Death
was deﬁned as death before ulcer healing.
Number of Consultations. For the TM
group, each consultation at the outpatient
clinic was registered in the Web-based ulcer record. Consultations in primary health
care for the TM group were based on the
total number of consultations each patient
received during follow up, documented by
the community nurses in the Web-based
ulcer record. For the SOC group, each consultation at the outpatient clinic was registered in the Web-based ulcer record. If
the patients received follow-up from the
community nurses, health care personnel
at the outpatient clinic documented the total number of consultations during follow up.
Patients’ experience was measured
with the Generic Short Patient Experiences
Questionnaire (GS-PEQ), a generic questionnaire on user experience with specialist
health care (24). It consists of 10 questions
with a response score on a 5-point Likert
scale ranging from 1 to 5 (1 = not at all,
and 5 = very strong degree) (Supplementary Table 1). Cronbach a was 0.80. The
last question showed low item-to-total
correlation and was therefore excluded
before the calculation of a mean satisfaction score for each patient. The questionnaire was completed at the end of the
follow-up period.
Statistical Analysis

Sample size calculation based on an SD of
healing time of 3.6 months showed that
92 participants per group would exceed
80% power to detect a difference in mean
healing time larger than the selected noninferiority margin of 1.5 months (25,26) between the TM and SOC groups. Given an
expected dropout rate of 25%, an intraclass correlation coefﬁcient (ICC) of 0.02,
and an average cluster size of 10 participants,
the minimum necessary sample size increased to 217 participants. As we expected
an attrition rate of 5%, our aim was to include 114 participants in each group (19).
Data were analyzed according to the
initial group allocation (intention to treat).
Continuous variables are presented as
mean 6 SD, and categorical variables are
presented as proportions. ICC was calculated for healing time among those whose
ulcer healed. To account for clustering in
treatment groups, we used linear mixedeffects regression to investigate differences

in mean healing time among those whose
ulcers healed, mean number of consultations per month, and mean sum score for
patient experience. Differences in healing
time were also analyzed with the Fine and
Gray competing risk regression (27) treating death and amputation as competing events, with robust SEs to account
for clustering. Results are reported as subhazard ratios (SHRs) with 95% CIs. Cumulative incidence curves for ulcer healing
time were constructed using the stcompet
command in Stata, with amputation and
death treated as competing events. A generalized linear model with binomial distribution, identity link function, and robust
SEs to account for clustering was used to
test for differences in the proportions of
amputations and deaths.
Additional Analyses

To test whether distance to the outpatient clinic affected the difference in consultations per month between the TM
and SOC groups, we conducted a subgroup analysis with a linear mixed model,
including only patients who lived .25 km
from the outpatient clinic. We also performed additional analyses using a linear
mixed model to test whether there was
an association between severity of ulcer
(grade and stage) and number of consultations per month and whether there
was a difference in the number of consultations between the three hospitals within
the TM group. All analyses were also repeated excluding 13 patients originally assigned to the TM group who did not
receive TM follow-up (per protocol analyses). A greater percentage of participants in
the intervention group with ulcers on the
toes than in the CG suggested possible differential selection. We therefore repeated
the linear mixed-effects regression analyses and competing risk analyses and adjusted for localization of ulcer.
Statistical signiﬁcance was deﬁned as
P , 0.025 for the primary outcome and
P , 0.05 for secondary outcomes. SPSS,
version 22, was used for the description of
baseline data, and Stata, version 14, was
used for competing risk regression and to
construct cumulative incidence function
curves in competing risk analyses.
RESULTS
Study Population

In total, 345 patients were assessed for
eligibility between September 2012 and
June 2016; of these patients, 163 did not

Downloaded from http://diabetesjournals.org/care/article-pdf/41/1/96/553667/dc171025.pdf by guest on 07 October 2022

Patients randomized to SOC followed the
SOC and treatment provided by the outpatient clinic. The treatment procedures
were evidence based in agreement with
the clinics. Consultations at the outpatient
clinic were normally scheduled to take
place every second week. For some patients in the SOC group, follow-up by the
community nurse between the consultations at the outpatient clinics was necessary but without use of TM follow-up.
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67 (76.1%) in the SOC group. Mean healing
time was 3.4 and 3.8 months in the TM and
SOC groups, respectively. The mean difference in healing time between TM and SOC
(including only those who healed) was
–0.43 months with 95% CI from –1.50 to
0.65 (Table 2). The upper conﬁdence limit
did not include 1.5, and TM was thus
deemed noninferior to SOC in terms of healing time. ICC for healing time was 0.0014
with 95% CI. Competing risk regression
showed no statistical differences between
TM and SOC in healing time (SHR 1.16,
95% CI 0.85, 1.59) (Table 2). Of 182 patients, 11 (6.0%) did not experience ulcer
healing within 12 months: 8 (8.5%) in the
TM group and 3 (3.4%) in the SOC group.
Cumulative Incidence Curve

Cumulative incidence curves for healing
stratiﬁed by group are shown in Fig. 2.
Throughout the follow-up period, the
TM group showed higher cumulative incidence of healing compared with the
SOC group, but the 95% CIs overlapped.

Primary Outcome
Ulcer Healing Time

Secondary Outcomes

Of the 182 patients, 142 (78.9%) experienced complete ulcer healing. Of these,
75 (79.8%) healed in the TM group and

Amputation

Of 182 patients, 19 (10.6%) had an amputation: 6 (6.4%) patients in the TM group

and 13 (14.8%) in the SOC group. The difference in proportions was signiﬁcantly different from zero (–8.3% with 95% CI –16.3,
–0.5) (Table 2). In total, 73.7% were minor
amputations (n = 5 in TM and n = 9 in SOC).
Four of the ﬁve major amputations were
in the SOC group.
Mortality

Of 182 patients, 10 (5.5%) died: 5 (5.3%)
in the TM group and 5 (5.7%) in the SOC
group. There was no signiﬁcant difference
in the proportion of deaths between the
two groups (difference in proportion
–0.4% with 95% CI –6.5, 5.7) (Table 2).
Consultations

The number of consultations per month
at the outpatient clinic was not signiﬁcantly different between the two groups,
but the direction of the observed differences favored the TM group. The mean
difference was 20.48 fewer consultations
at the outpatient clinic per month with 95%
CIs from –1.46 to 0.49 (Table 2). Patients
receiving SOC had fewer visits with community nurses compared with those in the
TM group, but the difference was not
signiﬁcant, with a mean difference of 0.92
visits per month and 95% CI –0.70, 2.53
(Table 2).
Patient Satisfaction

In total, 67 (71.3%) patients in the TM
group and 57 (64.8%) in the SOC group
answered the GS-PEQ questionnaire at
follow-up. The majority of patients in
both groups reported high satisfaction
with the treatment and follow-up, with a
mean 6 SD score of 4.4 6 0.5 (range 1–5);
no signiﬁcant difference was observed
between the two groups (mean difference 0.07, 95% CI –0.10, 0.24) (Table 2).
Additional Analysis

Figure 1—CONSORT ﬂow diagram.
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Within the TM group, the mean number
of consultations per month at the outpatient clinic was signiﬁcantly lower among
patients who lived .25 km from the clinic
compared with those who lived #25 km
from the clinic (mean difference –1.0 with
95% CI –1.9, –0.1. When the analysis was
restricted to patients who lived .25 km
from the outpatient clinic, there were signiﬁcantly fewer consultations per month
in the TM group compared with the
SOC group (mean difference –1.2, 95%
CI –2.4, –0.03).
The analyses of the association between severity of ulcer according to
grade and stage and number of consultations per month at the outpatient clinic
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meet the inclusion criteria. Thus, the ﬁnal
analysis set comprised 182 patients: 94 in
the TM group and 88 in the SOC group
(Fig. 1). Overall, baseline characteristics
were well matched between the two
groups (Table 1). However, there was a
signiﬁcant difference between the two
groups in type of diabetes (P = 0.016)
and localization of ulcer (P = 0.009). A
higher proportion of patients in the TM
group had type 2 diabetes compared with
the SOC group: 86.2% vs. 71.6%, respectively. A higher proportion of patients in
the TM group had ulcers in the toe area
compared with the CG: 60.6% vs. 38.6%,
respectively. Most participants were male
(74.2%), the mean 6 SD HbA1c was 7.8 6
1.7%, and the majority used insulin
(64.4%). A history of cardiovascular disease and neuropathy was present in
31.6% and 71.4% of patients, respectively
(Table 1). Furthermore, most ulcers were
classiﬁed as grade 1 and stage A or B at
baseline (Supplementary Table 2).
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Table 1—Baseline characteristics: the Diabetic Foot and Telemedical Images Project
(DiaFOTo), western Norway
Total
TM
SOC
n

94

88

135 (74.2)
66.4 6 16.6
93 (60.0)

70 (74.5)
67.2 6 16.7
43 (56.6)

65 (73.9)
65.5 6 16.5
50 (63.3)

38 (26.6)
73 (51.0)
32 (22.4)
35 (22.0)
50 (27.8)

23 (33.3)
34 (49.3)
12 (17.4)
18 (22.8)
29 (31.2)

15 (20.3)
39 (52.7)
20 (27.0)
17 (21.3)
21 (24.1)

28 (18.2)

14 (18.4)

14 (18.0)

38 (20.9)
144 (79.1)

13 (13.8)
81 (86.2)

25 (28.4)
63 (71.6)

20.7 6 15.0
116 (64.4)
62 6 18.6
7.8 6 1.7

19.9 6 14.4
63 (67.0)
62 6 18.6
7.8 6 1.7

21.5 6 15.6
53 (61.6)
63 6 18.6
7.9 6 1.7

Ulcer characteristics
Localization of ulcer
Toe
Metatarsal
Heel
Other

91 (50.0)
27 (14.8)
16 (8.8)
48 (26.4)

57 (60.6)
12 (12.8)
9 (9.6)
16 (17.0)

34 (38.6)
15 (17.0)
7 (8.0)
32 (36.4)

Comorbidities
Cardiovascular diseasec
Neuropathyd
Renal disease: GFR ,60 mL/min/1.73 m2
Retinopathy

56 (31.6)
120 (71.4)
70 (38.5)
59 (36.2)

27 (29.7)
63 (72.4)
37 (39.4)
27 (32.1)

29 (33.7)
57 (70.4)
33 (37.5)
32 (40.5)

Lifestyle characteristics
Smoking (yes)
Subgroups of diabetes
Type 1 diabetes
Type 2 diabetes
Diabetes-related variables
Diabetes duration (years)
Insulin treatment
HbA1c (mmol/mol)b
HbA1c (%)b

Unless otherwise indicated data are shown as n (%) (% of patients with valid values) for categorical
variables and mean 6 SD for continuous variables. GFR, glomerular ﬁltration rate. aEducation
level: primary, up to 10 years of compulsory education; secondary, high school or vocational school;
and tertiary, college/university. bHbA1c measurements were reported using the International
Federation of Clinical Chemistry units (mmol/mol) in addition to the derived NGSP units (%) upon
attendance at the outpatient clinic. cCardiovascular disease was deﬁned as a history of angina
pectoris, myocardial infarction, or stroke. dNeuropathy was deﬁned as an abnormal pressure
sensation evaluated with the 10-g monoﬁlament and/or presence of symptoms and/or signs of
peripheral nerve dysfunction.

showed no statistically signiﬁcant associations in the total study population or
in the two treatment groups separately
(results not shown).
Analyses comparing the number of consultations per month at the outpatient
clinics between the three hospitals within
the TM group showed a signiﬁcantly lower
number of consultations per month at the
hospital that was included ﬁrst in the intervention compared with the hospital
that was included last (mean difference
–1.1, 95% CI –2.2, –0.1). However, exclusion of the hospital that was recruited last
did not result in any signiﬁcant difference
in consultations per month between the
TM group and the SOC group, although
the difference favored the TM group and

was larger than the main result in Table 2
(mean difference –0.56, 95% CI –1.7, 0.6).
When we repeated the main analyses,
excluding 13 patients in the TM group
who did not receive TM follow-up (per
protocol analyses), results were approximately the same (results not shown).
A signiﬁcantly greater percentage of
participants in the intervention group
than in the SOC group had ulcers in the
toe area. We therefore repeated the linear mixed-effects regression analyses adjusting for ulcer localization. This did not
change the results markedly. Similarly, in
the competing risk analyses, with ulcer
heling as the end point taking localization
of ulcer into account, SHR did not change
much (SHR 1.13, 95% CI 0.83, 1.57).

We found that TM follow-up in patients
with DFUs in primary health care was
noninferior to SOC regarding healing
time among those who experienced healing. When competing risk of death and
amputation was taken into account, there
was no signiﬁcant difference in healing time
between the two groups. There were significantly fewer amputations in the TM group.
The direction of the effect estimates for
healing, death, and consultations all favored TM follow-up. Patients in both treatment groups were satisﬁed with the
treatment and follow-up they received.
This study conﬁrmed our hypothesis
that TM is noninferior to SOC regarding
healing time. The noninferior healing time
and the direction of the effect estimates
favoring TM suggested that providing expert advice through TM intervention in
wound care is promising and thus can be
an alternative in treatment and follow-up
care compared with SOC for patients with
DFU. Results of the recent Danish study (6)
mentioned above correspond with these
results. However, in contrast to the Danish
study, we found no differences in mortality
between the two groups. The Danish authors (6) reported excess mortality for TM
follow-up care compared with standard
care but could not identify any obvious
reasons for the increased mortality rate in
the TM group. In our study, we excluded
patients with previous ulcers within the last
6 months before inclusion. Such patients
may be particularly vulnerable to adverse
outcomes. A similar restriction was not part
of the Danish study (6). Differences in inclusion criteria should be clearly speciﬁed
in future studies to identify subgroups for
whom TM follow-up care might be particularly beneﬁcial.
In this study, the TM intervention resulted in no signiﬁcant differences between
the two groups in number of consultations
per month at the outpatient clinic. This result was unexpected, as with use of TM one
might expect a change in the treatment
routines resulting in a lower number of outpatient visits. Similar ﬁndings have been
reported in a qualitative study in Denmark
where the staff did not experience a decrease in the number of consultations at
outpatient clinics (15). In our study, patients in the TM group had outpatient
consultations, on average, every second
week compared with the scheduled consultations (every 6 weeks). The higher
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182

Demographic variables
Male sex
Age (years)
Married or cohabitant
Education levela
Primary
Secondary
Tertiary
Employed
Travel distance .25 km to hospital

CONCLUSIONS

care.diabetesjournals.org

Smith-Strøm and Associates

101

Table 2—Summary of primary and secondary outcomes by TM and SOC within 12 months of recruitment
n
Primary outcome
Patients whose ulcer healed
Time to healing within 12 months (months)
Secondary outcomes
Amputations before ulcer healing
Deaths before ulcer healing
Secondary outcomes
Consultations at the outpatient clinic (per month)
Consultations by community nurse (per month)
Secondary outcomes
GS-PEQc

Mean difference (95% CI)a

SHRb

67 (76.1)
3.8 6 3.4

20.43 (–1.50, 0.65)

1.16 (0.85, 1.59)

6 (6.4)
5 (5.3)

13 (14.8)
5 (5.7)

28.3% (–16.3, –0.5)
20.4% (–6.5, 5.7)

2.0 6 1.9
6.7 6 3.4

2.5 6 3.0
5.9 6 4.6

20.48 (–1.46, 0.49)
0.92 (–0.70, 2.53)

4.4 6 0.5

4.4 6 0.5

0.07 (–0.10, 0.24)

TM

SOC

94

88

75 (79.8)
3.4 6 3.2

number of consultations in the TM group
was not explained by ulcer severity: one
might expect that more severe ulcers required more frequent consultations at
the outpatient clinic. Interestingly, the
subgroup analysis showed that within
the TM group, patients who lived .25 km
from the outpatient clinics had signiﬁcantly
fewer consultations per month compared
with patients who lived closer to the outpatient clinic. This association was not seen
in the SOC group. In addition, between the
groups, there were signiﬁcantly fewer consultations in the TM group compared with
the SOC group for patients who lived more
than .25 km from the outpatient clinic.
This result suggests that distance is an

important factor in the implementation
of TM. The subgroup analysis within the
TM group also showed that the outpatient clinics with the most experience
with TM had fewer consultations per
month compared with the other two outpatient clinics. This result corresponds with
research showing that adaption to new
technology requires maturity and time to
organizational adoption (15,17,18,23,28).
During the trial, we evaluated whether
the intervention was working as intended.
In qualitative studies we explored more indepth how this complex intervention was
working from a provider perspective. We
found that health care personnel were
enthusiastic and conscientious regarding

Figure 2—Cumulative incidence curve: healing time from start of treatment in specialist health care.

the intervention even though in some municipalities the intervention was not optimally implemented. The overall ﬁndings
point to important factors and conditions
to consider for further use and implementation of TM technology (17,18). Applying
new technology leads to changes in delivery of health care as well as changes in
the organization of daily work routines
(23,28). Strategic use of TM may help us
deliver integrated services across different levels of health care and reduce the
burden on specialist clinics. Our study
shows that TM follow-up is feasible and
noninferior with regard to ulcer healing
time.
Both TM and SOC led to positive experiences for the patients. Although we hypothesized that patients receiving TM
would have more positive experiences
than patients receiving SOC, we found
no statistical differences in patient experience between the two groups. This may
reﬂect that patients in both groups felt
secure about and had conﬁdence in the
ulcer treatment and follow-up they received. This is consistent with supplementary qualitative studies conducted during
this trial (16,17) indicating that health
professionals had positive experiences
based on knowledge and skills they
gained in wound management (16). In
addition, type of service (TM or SOC)
seemed less important, as they both underscored continuity of care, conﬁdence,
and competence among the health professionals as key factors contributing to
secure wound care treatment (16). These
ﬁndings are in line with results from a
study among patients with long-term
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Data are n (%) or mean 6 SD unless otherwise indicated. Mean difference adjusted for clustering using linear mixed models for continuous outcomes
and difference in proportions estimated using generalized linear models with robust SEs for dichotomous outcomes. bEstimated using competing risk
regression with robust SEs to adjust for clustering. The SOC group is the reference group. cTotal score for each patient calculated as the mean of
the responses (range 1–5).
a
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would be less effective for those with
less metabolic control. Fifth, three outpatient clinics and nurses in many different
municipalities and municipality districts
provided the intervention. The treatment
procedures were evidence based, but it is
possible that there were minor differences
in the use of bandages and/or off-loading
between home care and the outpatient
clinic, as there were different purchasing
routines. This may have affected whether
the intervention worked in the same way
in all communities and within the communities (19). Training in use of the TM
equipment offered by the specialist clinics
was standardized, and the health care
personnel using the same guidelines contributed to increasing the external validity
and generalizability of the results, which
thus made them more applicable to a realistic clinical setting. Sixth, even though
our trial was not powered to detect signiﬁcant differences for the secondary outcomes, it was unexpected that we did not
observe differences in number of consultations between the TM and usual care
group. It is possible that the overall frequency of follow-up in specialist clinics in
the TM group affected the primary outcome. Seventh, there were fewer minor
amputations and more ulcers not healed
at 12 months in the TM group. Therefore,
it is possible that there were more chronic
ulcers in the TM group. Finally, the health
care professionals at the outpatient clinics were not blinded in the study. This was
not possible to avoid, as the TM and SOC
groups were treated by the same health
care professionals when the patients attended the clinic.
Clinical and Research Implications

This TM trial took place in a novel setting,
and the ﬁndings of no differences regarding time to healing, death, and patient
satisfaction as well as signiﬁcant fewer
amputations in the TM group suggest
that use of TM technology can be an alternative and supplement to usual care.
Owing to the low proportion of patients
with severe ulcers in the current sample,
the conclusions are most relevant for patients with more superﬁcial ulcers. The
ﬁndings suggest that TM is particularly
useful for patients who live far from an
outpatient clinic. Thus, use of TM can reduce the burden that long travel distance
entails but maintain high-quality wound
care. The ﬁndings also indicate that the
number of consultations at the outpatient

clinics were lower when health professionals gained more experience using the
TM equipment. However, the overall lack
of signiﬁcant differences in consultations
per month between the two groups at
the outpatient clinics highlights the need
to focus on organizational aspects to facilitate use of TM solutions.
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