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ABSTRACT

This study evaluated the accuracy of a store-and-forward telemedicine system for assessing
the status of chronic wounds, including those surgically repaired. Digital photos and other
patient and wound data were collected by a nurse using a laptop and transmitted via the In-
ternet to a database, which organized and posted the data onto a web page for access by the
telemedicine physician. Two Veterans’ Affairs (VA) medical centers and two specialties (plas-
tic surgery, physical medicine and rehabilitation) participated in the study. Study patients in-
cluded inpatients and outpatients with pressure ulcers of stage II, III, or IV, plus outpatients
with diabetic foot ulcers or venous stasis ulcers. All patients were assessed both in-person
(the “gold standard”) and with the telemedicine system using yes/no responses and a 5-point
scale, respectively, on four diagnostic questions concerning wound healing and infection,
based on AHCPR guidelines. A total of 70 patients were enrolled, with data collected on 430
visits: up to 6 visits per wound. Percentage agreement for all visits ranged from 67.1 for “not
healing” to 88.8 for “cellulitis present.” Sensitivity ranged from 0.32 for cellulitis to 0.63 for
necrosis; and specificity ranged from 0.80 for necrosis to 0.91 for cellulitis. Although agree-
ment of the telemedicine system was not high, it was not significantly less than interphysi-
cian agreement on in-person assessments. A relatively inexpensive store-and-forward
telemedicine system for monitoring the status of chronic wounds has the potential to improve
access to specialty care for patients who are not currently receiving routine monitoring by
specialized nurses or physicians.

VA Center for Practice Management and Outcomes Research and Section of Plastic and Reconstructive Surgery,
University of Michigan, Ann Arbor, Michigan.

INTRODUCTION

PRESSURE ULCERS are a significant and costly
problem in elderly and disabled patients.1,2

One of the contributors to the cost is their lack
of access to timely, specialized care. The use of
a telemedicine system could improve access to
providers with specialized training, by en-
abling providers to assess the status and man-

age the treatment of ulcers without personally
seeing the patients. Increased access to special-
ized care should reduce the incidence and im-
prove the treatment of infected ulcers, which
should, in turn, reduce the costs of treating pa-
tients with these conditions. The costs of care
include the outpatient visits and hospitaliza-
tions that could be prevented with the provi-
sion of more timely care, as well as the costs of



transporting disabled patients to a hospital or
physician’s office. Hospitalization days of pa-
tients who undergo surgery for repair of their
wounds could be reduced with telemedicine by
enabling patients to be monitored postopera-
tively at home or in an extended care facility.

The primary objective of this study was to
evaluate the clinical accuracy of a store-and-
forward telemedicine system for assessing the
status of different types of ulcers, both chronic
and those surgically repaired. The purpose of
most telemedicine systems, including the one
evaluated here, is to enable clinicians to pro-
vide a diagnosis for patients at a remote site as
an alternative to seeing the patient in-person.
To evaluate the clinical accuracy of the pro-
posed telemedicine approach, therefore, the re-
sults of the assessment process using telemed-
icine are compared with results under the
current standard of care based on an in-person
assessment.

A number of systems for providing wound
care at a distance have been described in the
medical literature. Several Veterans’ Affairs
(VA) medical centers use videoconferencing to
manage pressure ulcers and other conditions of
patients with spinal cord injuries.3,4 However,
the equipment for these systems can be expen-
sive and occasionally unreliable. The Shepherd
Center in Atlanta uses a less expensive, tele-
phone-based system to monitor the wounds of
spinal-cord-injured patients in their homes.5,6

The Picasso Still-Image Videophone allows the
real-time transmission of still images of diag-
nostic quality from patient to clinician over the
telephone while they converse.

Among the lessons learned from telemedi-
cine demonstrations in the military thus far is
that lower-cost store-and-forward data trans-
mission, rather than expensive real-time video,
is adequate for most transactions.7 Because of
their relatively low cost and ease of use, the ma-
jority of telemedicine applications in the future
are predicted to be store-and-forward and In-
ternet-based. Store-and-forward applications
involve digital photographs and other clinical
data being captured and transmitted to the
telemedicine physician. The physician can then
view the data via e-mail, a web site, or a file on
a shared server at her or his convenience. Only
a few examples of store-and-forward systems

for conducting evaluations of wounds are de-
scribed in the literature. The British Defense
Medical Services have used digital cameras and
electronic mail to transmit wound images be-
tween a hospital in Bosnia and a British De-
fense hospital in the United Kingdom.8 Wirth-
lin et al. described a store-and-forward system
for the remote management of vascular
wounds.9

MATERIALS AND METHODS

Study design

The study was a prospective cohort design
comparing the diagnostic evaluation of a
wound by a treating physician (in-person as-
sessment) with a diagnostic evaluation by a re-
mote physician using the telemedicine system.
The in-person physicians’ diagnoses are con-
sidered the “gold standard” or “true diagno-
sis” for calculating accuracy, which is the stan-
dard approach taken in similar studies
evaluating the accuracy of telemedicine diag-
noses, such as studies of teledermatology.10–13

Two VA medical centers (Ann Arbor, MI, and
Augusta, GA) participated in data collection.
Participants were hospital inpatients, outpa-
tients, or nursing home residents with the fol-
lowing types of wounds: chronic stage II, III,
or IV pressure ulcers; patients who had under-
gone a skin flap procedure for treatment of a
grade III or IV pressure ulcer; diabetic foot ul-
cers; or venous status ulcers. Patients with mul-
tiple wounds were included, and mentally in-
competent patients were excluded.

Six participating physicians worked in pairs
and rotated roles within each pair as the in-per-
son and telemedicine evaluator as their sched-
ules allowed, so that each physician served an
approximately equal amount of time in each
role. One pair of plastic surgeons participated
at the Ann Arbor site reviewing data for all
chronic wounds. In Augusta, a pair of physical
medicine and rehabilitation (PM&R) specialists
from the Spinal Cord Injury (SCI) Unit re-
viewed chronic wounds, while plastic surgery
residents from the Medical College of Georgia
reviewed postoperative wounds. The plastic
surgery residents were in their final year of
postgraduate plastic surgery training and had
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considerable experience caring for patients
with both acute and chronic wounds. If a pa-
tient with an open wound underwent a surgi-
cal closure while participating in the study in
Augusta, the pair of physicians reviewing the
patient’s data would switch from PM&R to
plastic surgery. Each wound was assessed by
an in-person and telemedicine physician, and
the physicians were blinded to each other’s as-
sessments. Data collection began in March,
1999, and concluded in August, 2000.

Data collection

Potential patients were identified by a nurse
coordinator, who was funded by the study at
each site. The Augusta VA Medical Center
(VAMC) has a regional SCI center and the
nurse coordinator received notification of all
new or recurring ulcers on a regular basis from
the participating physicians. At the Ann Arbor
VAMC, patients were recruited from several lo-
cations within the medical center. The nurse co-
ordinator had access to the computer-based
scheduling system and also received notifica-
tion from cooperating nurses and physicians.
At both sites, after identifying a potential sub-
ject, the nurse coordinators approached a pa-
tient about participation and verbally ex-
plained the study. If the patient was interested,
he was given study materials, including an in-
formed consent document and study question-
naire, and participating patients were reim-
bursed at the rate of $10 per data collection
session.

The nurse coordinators collected patient and
wound data at each study visit for the telemed-
icine evaluation. Data on each study patient
were collected for a maximum of six visits, or
until the wound was healed or the patient was
discharged, whichever came first. The telemed-
icine system for wound assessment consisted
of three major data collection components: dig-
ital photographs of the ulcer; quantitative mea-
surements of the ulcer (i.e., ulcer area and vol-
ume); and other ulcer and patient data
collected by the nurse (e.g., wound drainage,
patient mobility, continence status, nutrition
status, etc.). The specific data collection com-
ponents were based on the Agency for Health
Care Policy and Research (now the Agency for

Health Research and Quality) guidelines on
treatment of pressure ulcers.14 Information on
the system’s data collection protocol and tech-
nical specifications are published elsewhere15

or can be viewed at http://www.hsrd.ann-
arbor.med.va.gov/telemed_toc.htm.

The nurse entered the data into an Access
database, from which they were uploaded pe-
riodically via an Internet connection to the
study’s central Oracle database on a remote
server at the University of Michigan. The dig-
ital images were uploaded to an image direc-
tory. Web software (ColdFusion) downloaded
the images from the directory and the data
from the Oracle database into tables, graphs,
and images on the web site. The password-pro-
tected web site was accessible to the telemedi-
cine physician from any location where Inter-
net access was available. Patient confidentiality
was maintained by use of study identification
numbers for each patient: no patient names,
medical record, or Social Security numbers
were presented. This precaution, plus the use
of a password to access the site, precluded the
need for encryption software. A demonstration
version of the Web page can be viewed at
www.wats.ann-arbor.med.va.gov/ (user ID 5
Demo, password 5 DMWound).

In-person and telemedicine diagnostic variables

The in-person physician personally exam-
ined the ulcer, reviewed the patient’s medical
record, recorded his or her observations and di-
agnoses in the medical record, and responded
to four or five questions on a study form. Con-
sistent with the AHCPR guidelines14, the diag-
nostic questions for chronic ulcer patients were
as follows: Is necrotic tissue present? Is celluli-
tis suspected? Is the wound getting smaller? Is
osteomyelitis suspected? A fifth question was
added for patients with pressure ulcers who
had undergone operative repair: Is the wound
closed? For all diagnostic questions, the in-per-
son physicians were required to answer the
questions either yes or no, since their answers
provided the standard against which the
telemedicine assessments were compared. The
telemedicine physicians reviewed the ulcer and
patient data on the web site and then re-
sponded to the same assessment questions us-
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ing a five-point scale of “positively yes,” “prob-
ably yes,” “not sure,” “probably no,” and “pos-
itively no.” For each visit, the telemedicine
physicians entered their responses into a page
on the web site.

Training

To establish the level of agreement between
physicians performing conventional (i.e., in-
person) assessments, and to compare this to the
rate of agreement observed between the in-per-
son and telemedicine assessments obtained
from the study, a baseline rate of agreement be-
tween the participating physician pairs was es-
tablished at both sites. Each physician pair saw
a group of pressure ulcer patients, different
from the study participants, in person and in-
dependently answered the five diagnostic
questions. In addition, the study physicians
participated in an in-service teleconference on
the telemedicine review and assessment pro-
cess with the investigators. Each step of the
web process was reviewed and discussed us-
ing data from a sample of wounds before the
study began.

The two nurses participated in a hands-on
training session at the Ann Arbor VAMC, con-
ducted by a consultant with experience in the
data collection protocol. Both nurses took dig-
ital photographs and measurements of ulcer
volume (using a potassium alginate compound
to take a mold of the wound) and area (using
a computer program to trace the edge of the
wound in the digital photograph) on the same
patients. Results for both nurses for each pa-
tient were compared, and the trainer and
nurses worked together to refine the protocol
in cases where differences existed.

Because the digital photographs provide
most of the information used by the telemedi-
cine physicians in making their assessments,
particular attention was paid to ensuring the
quality of the photos, by standardizing light-
ing and orientation. Differences in orientation
were assessed as part of the evaluation of vari-
ability in ulcer area, because area changes with
the orientation of the photo. Assessment of dif-
ferences in lighting could not be performed
quantitatively; therefore, the trainer and nurses
used professional judgment to review the pho-

tographs for differences in lighting and col-
oration and to identify means of reducing vari-
ability. In addition to the training provided
prior to implementation, refinements to the
digital photo protocol continued on an as-
needed basis. A senior medical photographer
from the Ann Arbor site consulted on the dig-
ital camera’s operation at several times in the
study when room lighting and patient posi-
tioning posed problems.

Data analysis

Data were collected on up to six visits and
five wounds per patient, and these data were
used for two sets of analyses: first visits only
and all visits. The unit of analysis was the
wound, and multiple wounds of any given
patient were considered independent. When
all visit data were included, statistical adjust-
ment was made whenever possible for the po-
tential correlation within multiple assess-
ments made for any one wound. Agreement
between the in-person and telemedicine as-
sessments was measured using percentage
agreement and kappa. Percentage agreement
is one of the most commonly reported mea-
sures in other studies assessing the accuracy
of telemedicine assessments. The kappa sta-
tistic was also used because it adjusts for
agreement due to chance.16 Values of kappa
can range from 21 to 1, depending on the
strength of agreement; positive values indi-
cate agreement, the value of 0 indicates no
agreement, and negative values indicate dis-
agreement. To assess agreement, the five-
point telemedicine assessments were com-
pressed from “positively yes” or “probably
yes” into “yes,” and from “positively no,”
“probably no,” or “not sure” into “no.”

The wound evaluations included in this
study consisted of three combinations of physi-
cian and wound types: chronic wounds evalu-
ated by PM&R physicians (chronic/PM&R),
chronic wounds evaluated by plastic surgeons
(chronic/plastic), and repaired wounds evalu-
ated by plastic surgeons (repaired/plastic). To
assess differences in percentage agreement
among the three subgroups, chi-square test was
used for the analysis of first visit data. For all
visit data, because of the potential correlation
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within patients, differences in agreement rate
among the three subgroups were evaluated by
modeling agreement as a binary response
(agreed 5 1; not agreed 5 0) and using a 
random-effects logistic regression model 
with patient as a random effect and with two
indicators for the three subgroups of physi-
cian/wound type.17 The random-effects model
accounts for potential correlation within pa-
tient. To test for differences in agreement rate
across the physician/wound type subgroups, a
likelihood ratio test was constructed by com-
paring a model with the group indicators and
a model without the group indicators.

As measures of accuracy, sensitivity (pro-
portion of in-person positive assessments cor-
rectly identified by the telemedicine assess-
ments) and specificity (proportion of in-person
negative assessments correctly identified by
the telemedicine assessments) were calculated.
Because we did not obtain definitive diagnoses
(i.e., through laboratory confirmation) of cel-
lulitis and osteomyelitis, we recognize that we
are not truly assessing accuracy of the telemed-
icine assessments. However, our objective was
to compare the telemedicine assessments to the
in-person assessments as if the in-person as-
sessments were definitive, because the in-per-
son assessments are the standard of care
against which we wish to evaluate the telemed-
icine system. As measures of accuracy, sensi-
tivity and specificity are useful for under-
standing the nature and potential implications
of disagreement (i.e., to determine if disagree-
ment is due more to the failure to identify prob-
lems or to the failure to identify healing).

For first visit data, sensitivity and specificity
were calculated as proportions and physi-
cian/wound subgroup comparisons were
made using a chi-square test. For all visit data,
sensitivity and specificity were calculated us-
ing an ordinal regression model, which is a
flexible way to model the accuracy data and
gives robust standard errors by allowing for
potential within subject correlation.18 The
physician/wound subgroup comparisons,
however, were made using chi-square statistics
assuming independence, which were sug-
gested by our data and seemed reasonable; the
within-person correlation is likely to be not
substantial, because the gold standard status of

any given wound can also change over the vis-
its.

As a summary measure of diagnostic accu-
racy, the area under the receiver operating-
characteristic curve (AUROC) was also calcu-
lated. AUROC combines both the sensitivity
and specificity while varying the cutoff for
classifying positive versus negative diag-
noses.19 An AUROC of 1 indicates perfect di-
agnostic accuracy, while an AUROC of 0.5 in-
dicates no diagnostic power. For first-visit
data, the ROC curves were estimated non-
parametrically, and the area was calculated us-
ing a trapezoidal rule.20 The 95% confidence in-
tervals for AUROC were calculated, and the
AUROC among physician/wound type sub-
groups were compared using a nonparametric
method. When all visit data were included, sta-
tistical adjustment was made for the potential
correlation within patients by utilizing an or-
dinal regression model to obtain AUROC.21

The physician/wound type subgroup differ-
ences in the AUROC were tested assuming in-
dependence of multiple assessments of wounds
of a person, however.

RESULTS

Sample description

Seventy patients were recruited to the study,
and of those, one did not complete a baseline
study questionnaire. All 69 patients who com-
pleted a questionnaire were male with a mean
(range) age of 59 (range, 24–83) years, and
35.3% (24/68) were married or had a live-in
partner. In considering the potential applica-
bility of the telemedicine system to home care,
the majority of patients (97.1%, 67/69) lived at
home rather than in a nursing home. Their liv-
ing situation varied, with 41.3% (26/63) living
without assistance, while the majority (58.7%)
received some kind of assistance or care at
home (39.7% a full- or part-time caregiver,
12.7% some assistance, and 6.3% a full-time
nurse). In addition, the majority (63.3%) of par-
ticipating patients considered their overall
health to be good or very good. There were no
significant differences between the two partic-
ipating sites in the demographics of the 
sample.
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One hundred and eight wounds were in-
cluded in the study; but for the 10 chronic
wounds that were later surgically repaired, the
postsurgical visit data were treated as those of
a new wound. For the statistical analyses,
therefore, the study was considered to have
data on 118 wounds. Of the 118 wounds, 99
were chronic ulcers and 19 were surgically re-
paired ulcers. Table 1 presents the distribution
of wound types, which varied significantly 
(p , 0.0001, chi-square analysis) across the two
study sites.

A total of 430 wound assessments were
made, and of those, 27% (118/430) were first

visits, decreasing steadily to 9% (39/430) that
were the sixth (and final) visit. The average
time between visits was 9.3 days (standard de-
viation 5 8.5, min 5 2, max 5 56).

Prevalence

Table 2 shows the prevalence (percentage of
positive assessments made by in-person physi-
cians) of each of the wound condition assess-
ments, for all visits and for first visits. The
prevalence of cellulitis was low for all ulcers
and for the individual subgroups. For repaired
ulcers, the prevalence was low for all of the con-
ditions. When prevalence is very low, sensitiv-
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TABLE 1. DISTRIBUTION OF WOUNDS BY TYPE AND NUMBER (PERCENT)

Wound type

Pressure ulcers

Stage 2 Stage 3 Stage 4 Post-op closures Vascular ulcers Total

No. (%) of wounds 9 (7.6) 16 (13.6) 44 (37.3) 19a (16.1) 30 (25.4) 118 (100.0)
Ann Arbor 7 (14.0) 5 (10.0) 10 (20.0) 0 (0.0) 28 (56.0) 50 (100.0)
Augusta 2 (2.9) 11 (16.2) 34 (50.0) 19a (27.9) 2 (2.9) 68 (100.0)

aIncludes 10 wounds that were originally chronic pressure ulcers and then were surgically repaired.

TABLE 2. PERCENT (n/N) OF WOUNDS WITH THE CONDITION AS ASSESSED BY THE IN-PERSON PHYSICIAN (TRUE POSITIVES)

Ulcer/physician Condition All visits First visit

All ulcers Not healing 32.6 (97/298) 45.9 (39/85)a
Necrosis 25.4 (109/430) 38.1 (45/118)
Cellulitis 4.2 (18/430) 5.1 (6/118)

Repaired ulcer Not healing 10.0 (7/70) 5.9 (1.17)a
Necrosis 7.6 (7/92) 0 (0/19)
Cellulitis 4.4 (4/92) 0 (0/19)
Not closed 4.4 (4/92) 0 (0/19)

Chronic ulcer Not healing 39.5 (90/228) 55.9 (38/68)a
Necrosis 30.2 (102/338) 45.5 (45/99)
Cellulitis 4.1 (14/338) 6.1 (6/98)
Osteomyelitis 45.7 (138/302) 49.4 (44/89)

Chronic ulcer by PM&R Not healing 37.1 (49/132) 56.41 (22/39)a
Necrosis 21.0 (39/186) 30.6 (15/49)
Cellulitis 0.5 (1/186) 2.0 (1/49)
Osteomyelitis 61.5 (99/161) 72.1 (31/43)

Chronic ulcer by plastic surgeon Not healing 42.7 (41/96) 55.2 (16/29)a
Necrosis 41.5 (63/152) 60.0 (30/50)
Cellulitis 8.6 (13/152) 10.0 (5/50)
Osteomyelitis 27.7 (39/141) 28.3 (13/46)

aThe assessment “Is the wound getting smaller?” requires that the physician has seen the patient on at least one
previous occasion to make a comparison. Therefore, these assessments were from the second visit.



ity and, thus, AUROC, cannot be estimated re-
liably or cannot be estimated at all. Therefore,
subgroup analyses by wound type and physi-
cian group were limited by the lack of sample
size for those truly having the conditions.

Agreement

Table 3 shows percentage agreement and
kappa for measuring agreement between the
telemedicine and in-person assessments of all
visit data and first visit data. Percentage agree-
ment on assessments for first visits ranged from
60.0 for not healing to 100.0 for wound not
closed (repaired ulcers). Percentage agree-
ments for all visit data tended to be similar or
higher than those of first visit data, with the ex-
ception of osteomyelitis, in which agreements
for all visit data were slightly lower. Except for
osteomyelitis, significant (p , 0.05) or margin-

ally significant (p , 0.10) differences in per-
centage agreement among the three wound/
physician subgroups were observed, in which
agreement tended to be greater for assessments
made by the plastic surgeons who reviewed the
repaired wounds than for the physicians who
reviewed the chronic wounds. The repaired
wounds, however, had very low prevalence of
true problems (refer to Table 2), so their agree-
ment rates were based on considerably more
wounds without problems than wounds both
with and without problems. High agreement
likewise tended to occur when the prevalence
of cellulitis was low, especially cellulitis for
chronic ulcers evaluated by PM&R physicians.

Although the kappa statistics for all assess-
ments combined showed agreement better than
that by chance, they were generally low. Kappa
values for all visit data were similar to those of
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TABLE 3. PERCENT AGREEMENT AND KAPPA STATISTICS MEASURING AGREEMENT BETWEEN

TELEMEDICINE AND IN-PERSON ASSESSMENTS OF ALL VISIT AND FIRST VISITa DATAb

% Agreement (n/N) Kappa (p-valuec)

All visits 1st visit only All visitsd 1st visit only

Not healing All 67.1 (200/298) 60.0 (51/85) 0.22 (,0.01) 0.19 (0.04)
Chronic/PM&R 61.4 (81/132) 51.3 (20/39) 0.12 (0.08) 0.05 (0.36)
Chronic/plastic 57.3 (55/96) 58.6 (17/29) 0.14 (0.09) 0.16 (0.19)
Repaired/plastic 91.4 (64/70) 82.4 (14/17) 0.45 (,0.01) 20.09 (0.65)
p-valuee ,0.01 0.09 0.89 0.65

Necrosis All 77.0 (331/430) 74.6 (88/118) 0.43 (,0.01) 0.47 (,0.01)
Chronic/PM&R 69.9 (130/186) 65.3 (32/49) 0.17 (,0.01) 0.17 (0.12)
Chronic/plastic 75.7 (115/152) 76.0 (38/50) 0.51 (,0.01) 0.49 (,0.01)
Repaired/plastic 93.5 (86/92) 94.7 (18/19) 0.47 (,0.01) g

p-valuee ,0.01 0.04 ,0.01 0.11
Cellulitis All 88.8 (382/430) 81.4 (96/118) 0.18 (,0.01) 0.15 (0.02)

Chronic/PM&R 95.7 (178/186) 91.8 (45/49) 20.01 (0.58) 20.03 (0.60)
Chronic/plastic 79.0 (120/152) 66.0 (33/50) 0.21 (,0.01) 0.12 (0.12)
Repaired/plastic 91.3 (84/92) 94.7 (18/19) 20.05 (0.67) g

p-valuee ,0.01 ,0.01 f f

Osteomyelitis All chronic 72.5 (219/302) 75.3 (67/89) 0.44 (,0.01) 0.50 (,0.01)
Chronic/PM&R 68.9 (111/161) 72.1 (31/43) 0.37 (,0.01) 0.42 (,0.01)
Chronic/plastic 76.6 (108/141) 78.3 (36/46) 0.32 (,0.01) 0.38 (,0.01)
p-valuee 0.19 0.50 0.65 0.81

Not closed? Repaired/plastic 96.7 (89/92) 100.0 (19/19) 0.55 (,0.01) g

aIncludes the first visit after a surgical repair for initially chronic patients who were later surgically repaired. For
“not healing,” analyses were conducted on the second visit.

bTelemedicine assessments of “positively yes” or “probably yes” were categorized as “yes”; telemedicine assess-
ments of “positively no,” “probably no,” or “not sure” were categorized as “no.”

cTest for kappa . 0.
dFor all visit data, kappas were calculated ignoring any potential within-patient correlation.
eFor agreement rates, p-values test for no difference in agreement across the three physician and wound type com-

binations. For kappa, p-values test for no difference in kappa values between the two chronic ulcer subgroups only,
because low prevalence of conditions in the repaired wound subgroup makes the kappa values unreliable.

fP-value was not calculated because of low prevalence in at least one subgroup.
gKappa was not calculated because no wounds had this condition.



first visit data for all assessments combined. In
comparing the kappa values for the assessment
of chronic wounds between the PM&R and
plastic surgeons, the kappa values were gener-
ally lower for the PM&R physicians, with the
exception of osteomyelitis. A known paradox
of kappa statistics is that kappa will be low
even when agreement rate is high, when preva-
lence is low.22 This paradox is evident in this
study for all diagnoses of repaired ulcers and
for the diagnosis of cellulitis for the chronic/
PM&R subgroup, in which the prevalence of
the conditions was low. Their kappa values ei-
ther were negative or could not be computed,
even though their corresponding agreement
rates tended to be high.

Accuracy

Table 4 shows the accuracy measures of sen-
sitivity, specificity, and AUROC for the five di-
agnostic questions of interest. Sensitivity was
slightly higher for first visits than for all visits.
Specificity was generally lower for first visits,
with the exception of osteomyelitis. Of note,
cellulitis in the chronic/PM&R group has a
sensitivity of 0%, because the telemedicine
physicians diagnosed all four of the wounds
with true cellulitis as “no cellulitis.” Except for
osteomyelitis, the AUROC values were higher
for all visit data compared with those of first
visit data, suggesting an increasing level of ac-
curacy over time. Overall, the ability of the
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TABLE 4. SENSITIVITY, SPECIFICITY, AND AREA UNDER THE ROC CURVE (AUROC) MEASURING AGREEMENT BETWEEN

TELEMEDICINE AND IN-PERSON ASSESSMENTS OF ALL VISIT AND FIRST VISITa DATAb

Sensitivity/Specificity AUROC (95% CI)

All visits 1st visits All visits 1st visits

Not healing All 0.45/0.81 0.49/0.70 0.699 (0.622, 0.776) 0.663 (0.550, 0.776)

Chronic/PM&R 0.36/0.80 0.41/0.65 0.635 (0.534, 0.737) 0.595 (0.417, 0.773)
Chronic/plastic 0.54/0.60 0.63/0.54 0.595 (0.445, 0.745) 0.599 (0.392, 0.806)
Repaired/plastic 0.38/0.97 0/0.88 0.860 (0.646, 1.000) c

p-valued 0.13/,0.01 0.26/0.13 0.40 0.98
Necrosis All 0.63/0.80 0.69/0.78 0.795 (0.725, 0.864) 0.756 (0.664, 0.848)

Chronic/PM&R 0.36/0.76 0.40/0.76 0.596 (0.479, 0.713) 0.594 (0.418, 0.771)
Chronic/plastic 0.81/0.70 0.83/0.65 0.841 (0.758, 0.925) 0.755 (0.619, 0.921)
Repaired/plastic 0.50/0.98 c/0.95 0.918 (0.803, 1.000) c

p-valued ,0.01/,0.01 ,0.01/0.08 ,0.01 0.16
Cellulitis All 0.32/0.91 0.50/0.83 0.725 (0.598, 0.852) 0.677 (0.411, 0.943)

Chronic/PM&R 0.00/0.96 0.00/0.94 c c

Chronic/plastic 0.52/0.81 0.60/0.67 0.746 (0.619, 0.874) 0.691 (0.429, 0.953)
Repaired/plastic 0.15/0.96 c/0.95 0.700 (0.472, 0.928) c

p-valued 0.11/,0.01 0.27/,0.01 0.76
Osteomyelitis All chronic 0.56/0.84 0.59/0.91 0.795 (0.721, 0.870) 0.866 (0.797, 0.935)

Chronic/PM&R 0.64/0.71 0.68/0.83 0.740 (0.619, 0.862) 0.841 (0.716, 0.967)
Chronic/plastic 0.37/0.92 0.38/0.94 0.779 (0.663, 0.896) 0.826 (0.713, 0.939)
p-valued ,0.01/,0.01 0.07/0.27 0.60 0.86

Not closed? Repaired/plastic 0.59/0.99 c/1.00 0.971 (0.923, 1.000) c

aIncludes first visit after a surgical repair for initially chronic patients who were later surgically repaired.
bTelemedicine assessments of “positively yes” or “probably yes” were categorized as “yes”; telemedicine assess-

ments of “positively no,” “probably no,” or “not sure” were categorized as “no.”
cToo few true negatives or true positives to obtain reliable accuracy measures.
dThe p-values test for no difference in the accuracy measures of sensitivity, specificity, and AUROC among the three

physician/wound type subgroups when the accuracy measures are available from all three subgroups, or between two
subgroups otherwise. For all visit data, the p-values do not account for potential within-patient correlation.



telemedicine system to differentiate accurately
between the presence and absence of a true
wound condition was fair with 95% confidence
intervals for the AUROC not including the
value of 0.5 (no diagnostic ability), except for
the first visit assessment of cellulitis.

When accuracy measures were compared
across the different groups of physician and
wound type combinations for first visit data,
significant (p , 0.01) or marginally significant
(p , 0.10) differences were observed for sensi-
tivity in assessments of necrosis and os-
teomyelitis, and for specificity in assessments
of necrosis and cellulitis. No significant differ-
ences were observed across groups for AU-
ROC. In general, smaller p-values were ob-
served for analyses of all visits, due to the
larger sample size.

Comparison of agreement to baseline assessments

Before patients were enrolled for collection
of the telemedicine data, two of the three pairs
of participating physicians assessed a sample
of patients with pressure ulcers who were dif-
ferent from the participants in the telemedicine
study. Each physician within each pair per-
formed the assessment independently of the
other physician in the pair, and the results of
the assessments were compared, to determine

a “baseline” rate of agreement within each
physician pair. The participating plastic sur-
geons at the Ann Arbor VAMC assessed 24 pa-
tients with chronic pressure ulcers in this man-
ner; the physical medicine and rehabilitation
physicians at the Augusta VAMC assessed 23
patients.

Rates of agreement between the participat-
ing physicians and kappa statistics are pre-
sented in Table 5. As expected, baseline agree-
ment rates and kappa statistics were generally
greater than those for the telemedicine and in-
person assessments; with the exception of not
healing for chronic/PM&R assessments and
osteomyelitis for chronic/plastic assessments.
For most of the diagnoses, the observed differ-
ences in agreement rates and kappa statistics
were not significantly different, with the ex-
ception of percentage agreement for cellulitis
(chronic/plastic assessments) and kappa for
necrosis (chronic/PM&R).

DISCUSSION

The objective of this study was to evaluate a
store-and-forward telemedicine system to di-
agnose various wound conditions remotely.
We evaluated the level of agreement between
the assessments of in-person and telemedicine
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TABLE 5. COMPARISON OF BASELINE AGREEMENT BETWEEN PHYSICIANS

VERSUS IN-PERSON AND TELEMEDICINE AGREEMENT (FIRST VISITS)

% Agreement (N) Kappa (SE)

In-person and In-person
Baseline telemed p-valuea Baseline and telemed p-valuea

Not healing
Chronic/PM&R 46.2 (13) 51.3 (39) 1.00 0.04 (0.20) 0.05 (0.15) 0.97
Chronic/plastic 70.0 (10) 58.6 (29) 0.71 0.29 (0.22) 0.16 (0.19) 0.72

Necrosis
Chronic/PM&R 87.0 (23) 65.3 (49) 0.09 0.68 (0.21)b 0.17 (0.14) 0.05
Chronic/plastic 83.3 (24) 76.0 (50) 0.56 0.67 (0.20)b 0.49 (0.14) 0.48

Cellulitis
Chronic/PM&R 91.3 (23) 91.8 (49) 1.00 c 20.03 (0.12) c

Chronic/plastic 100.0 (24) 66.0 (50) ,0.01 c 0.12 (0.11) c

Osteomyelitis
Chronic/PM&R 87.0 (23) 72.1 (43) 0.22 0.72 (0.21)b 0.42 (0.14) 0.23
Chronic/plastic 58.3 (24) 78.3 (46) 0.10 0.11 (0.20) 0.38 (0.14) 0.27

ap-value is from Fisher’s exact test, comparing baseline agreement with in-person versus telemedicine agreement.
bp , 0.01 for test of kappa 5 0.
cKappa cannot be calculated due to no wounds with cellulitis.



physicians as well as the level of accuracy when
telemedicine assessments were compared with
in-person assessment as the gold standard as-
sessment. The accuracy of the proposed tele-
medicine system to diagnose wound condi-
tions of cellulitis, necrosis, or healing was
generally fair, while the diagnosis of os-
teomyelitis showed a high accuracy with an
AUROC of 0.87. For all conditions (diagnoses),
our results showed that specificity was gener-
ally higher than sensitivity; here telemedicine
assessments were dichotomized into “yes” or
“no”, where “positively yes” and “probably
yes” were considered as the telemedicine di-
agnosis of “yes.” Although some differences in
these measures were observed across the three
physician/wound subgroups, it is difficult to
draw any valid conclusions from these com-
parisons, because of the multiple factors vary-
ing across the groups, including wound type,
specialty, and years of experience of physician.

Sensitivity would be increased, and speci-
ficity decreased, if the telemedicine assess-
ments used a more lenient cutoff in which “not
sure” was also included with the “positively
yes” and “probably yes” responses. Increased
sensitivity is desirable to identify as many of
the true positives as possible. That is, for pur-
poses of remote diagnoses, it would be better
to err on the side of overdiagnosing (i.e., diag-
nose the existence of a problem when one does
not exist) than to underdiagnose. Decreasing
specificity, however, means that there would
be a greater number of patients referred for
treatment or additional consultation who did
not really have a condition needing treatment.
The ultimate question is whether the cost of
bringing in patients for possible treatment
when it is not necessary outweighs the poten-
tial savings from providing more timely serv-
ices to patients who truly need treatment. This
should be the focus of subsequent research: to
determine whether actual use of the telemedi-
cine system improves outcomes sufficiently to
justify the cost of the system.

Although our results showed that the rates
of agreement between the telemedicine and in-
person assessments tended to be lower than be-
tween two in-person assessments, most of these
differences were not statistically significant. In
addition, baseline agreement was generally

low, with kappa being lower than 0.75 for all
diagnoses. These findings suggest that much of
the disagreement between the in-person and
telemedicine assessments may be due to dif-
ferences in physician judgment. The partici-
pating physicians agreed that they probably
use different criteria to respond to the diag-
nostic questions. To evaluate whether diag-
nostic concordance between in-person and
telemedicine assessments is associated with
technical aspects of the telemedicine system,
Krupinski et al. measured correlations between
dermatologists’ ratings of digital image quality
and diagnostic concordance and found low cor-
relations (r 5 0.46 between color and diagnos-
tic concordance, and r 5 0.40 between image
sharpness and diagnostic concordance).23

These findings further suggest that technical
aspects of the telemedicine system may have
little to do with observed disagreement be-
tween in-person and telemedicine assessments.
Unfortunately, our study protocol did not al-
low us to evaluate how much of the disagree-
ment was due to judgment differences among
telemedicine evaluators or to technical failings
(e.g., image quality) of the telemedicine data.

The results of this study are similar to those
of Wirthlin et al., who examined the use of dig-
ital images for the assessment of vascular
wounds, including postoperative incision, am-
putation site, necrotic/gangrenous toes, and
nonhealing ulcer in a total of 38 wounds (dur-
ing 45 visits) in 24 patients.9 Their sensitivities
were higher than ours and their specificities
were about the same or a little lower. Sensitiv-
ity ranged from 71% for cellulitis to 98% for
wound healing and necrosis; specificity ranged
from 53% for wound healing to 82% for necro-
sis. One reason for the higher sensitivities is
that they limited their analyses to the subset of
cases in which the onsite surgeons agreed more
than 67% of the time. That is, they attempted
to control for surgeon variation by stratifying
their analyses according to the level of onsite
agreement. When this was done, they observed
a higher concordance between remote and on-
site surgeons for cellulitis. In our study, the
sample of patients used for determining the
baseline agreement between the in-person
physicians was not the same sample of patients
used in the telemedicine portion of the study;
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we therefore could not stratify our analyses in
this manner. However, our results are more
representative of those expected from actual
use of the telemedicine system, because limit-
ing the use of the system to only those wounds
with high onsite physician agreement is not
very feasible.

As with our study, the Wirthlin study ob-
served considerable disagreement among on-
site physicians: 67% for cellulitis and 80% for
necrosis. (Kappa statistics were not calculated.)
The authors conclude that the variability in
physician judgment observed among in-person
assessments limits the ability to evaluate the ac-
curacy of digital imaging. Unfortunately, there
is currently no other “gold standard” in wound
assessment; the bedside examination becomes
the criterion against which to compare the
telemedicine assessment.

Therefore, additional research is needed to
develop ways to evaluate wound conditions
more objectively or, at least, more reliably, not
only for improving evaluations of the accuracy
of telemedicine diagnoses but also for improv-
ing the quality and consistency of care for
wounds in general. Stanberry has noted4 that,
“One of the principal dangers of telemedicine
is that there may be times when it is difficult
or even impossible to establish if it was a mis-
diagnosis by a clinician or a technical failing of
the system itself that was the operative cause
of harm to a telepatient.” The degree of base-
line disagreement observed between physi-
cians in our study suggests that much of the
source of the discrepancies between the
telemedicine and in-person assessments is due
to differences in physician judgment rather
than to failure of the technology.

Until more research is done to determine
whether discrepancies between the telemedi-
cine and in-person assessments are due to dif-
ferences in physician judgment or to problems
with the telemedicine technology, we would
recommend using the system to increase access
to specialized wound care services if the pa-
tient does not currently receive those services
(e.g., for patients residing at home or in an ex-
tended care facility, where the ulcer is managed
by care givers without specialized training in
wound care). Thus, the web-based telemedi-
cine system used in this project has the poten-

tial to provide more timely assessments of
wounds for patients who currently do not have
access to specialized wound care. However,
providers using the system must recognize its
limitations (as measured by sensitivity and
specificity) in achieving the same diagnoses
provided by in-person assessments. The next
step will be to deploy the system in several set-
tings to improve access to specialized services,
and to determine if the quality and timeliness
of care do indeed improve.
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