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Background: The introduction of the smartphone with high-quality, built-in digital cameras and easy-
to-install software may make it more convenient to perform teledermatology. In this study we looked 
at the feasibility of using a smartphone (iPhone 4®) with an installed application especially developed 
for teledermatology (iDoc24®) and a dermoscope (FotoFinder Handyscope®) that is customized to at-
tach to the smartphone to be able to carry out mobile teledermoscopy.
Objectives: To study the diagnostic accuracy of this mobile teledermoscopy solution, to determine the 
interobserver concordance between teledermoscopists (TDs) and a dermatologist meeting the patient 
face-to-face (FTF), and to assess the adequacy of the TDs’ management decisions and to evaluate the 
image quality obtained.
Patients/Methods: During a 16-week period, patients with one or more suspicious skin lesions deemed 
to need a biopsy or excision were included. The smartphone app was used to send a clinical image, a 
dermoscopy image and relevant clinical information to a secure Internet platform (Tele-Dermis®). Two 
TDs assessed the incoming cases, providing a specific primary diagnosis and a management decision. 
They also graded the image quality. The histopathological diagnosis was used as the gold standard.
Results: Sixty-nine lesions were included. The FTF dermatologist’s diagnostic accuracy was 66.7%, 
which was statistically higher than TD 1 (50.7%, P=0.04) but similar to TD 2 (60.9%, P=0.52). The 
interobserver concordances between the FTF dermatologist and the two TDs and between the respec-
tive TDs showed moderate to substantial agreement. The TDs provided adequate management deci-
sions for 68 (98.6%) and 69 (100%) lesions, respectively. The image quality was rated as excellent or 
sufficient in 94% and 84% of the cases by the respective TDs.
Conclusion: This novel mobile teledermoscopy solution may be useful as a triage tool for patients 
referred to dermatologists for suspicious skin lesions.

ABSTRACT
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Introduction
The incidence of skin cancer is increasing among fair-skinned 

individuals worldwide due to excessive sun exposure, an 

older population, and an increase in the number of immuno-

suppressed patients [1,2]. In 2010, melanoma and squamous 

cell carcinoma represented 14% of all cancers diagnosed in 

Sweden [3]. Furthermore, 15% of male and female Swedes 

will develop at least one basal cell carcinoma before the age 

of 74 years [4]. Meanwhile, national health budgets in the 

western world are strained with limited resources to handle 

an aging population [5].

In Sweden, referrals from general practitioners (GPs) 

are paper-based, are sent by post, and contain no photo-

graphic documentation. In addition, they often lack impor-

tant descriptive clinical details. With written paper referrals, 

there is a theoretical risk that patients with malignant lesions 

can be incorrectly triaged as having a low level of suspicion 

with subsequent long waiting times and vice versa. There-

fore, novel and more effective approaches to how skin can-

cer patients are referred to dermatologists are warranted.

Sending digital images of skin lesions with relevant clini-

cal information to a dermatologist for his/her opinion is 

known as teledermatology [6]. When dermoscopic images 

of the lesions are included, the consultation is called tele-

dermoscopy [7]. Teledermatology and teledermoscopy have 

shown promising results with high concordance in diagnos-

tic accuracy in comparison with face-to-face (FTF) visits 

[8-16]. Clinical and dermoscopic images and relevant clini-

cal information can be sent by email [8,14], through special-

ized telemedicine software and virtual private networks for 

online consultation [9,10,12,13,15] or via Multimedia Mes-

saging System (MMS) [17]. Today, with the introduction of 

smartphones with built-in digital cameras and Internet con-

nectivity, one could also use a so-called mobile application 

or “app” for teledermatology. Moreover, several companies 

have also started producing dermoscopes that can be coupled 

with smartphones. In other words, mobile teledermoscopy 

referrals could become a reality if GPs were provided with a 

smartphone with a pre-installed teledermoscopy referral app 

and a customized dermoscope.

The primary objective of this study was to determine the 

diagnostic accuracy of a digital referral process using a novel 

mobile teledermoscopy app. The secondary objectives were 

to analyze the interobserver concordances between two tele-

dermoscopists (TDs) and a FTF dermatologist, the adequacy 

of the management decisions provided by the TDs, as well as 

the quality of the acquired images.

Materials and methods

During a 16-week period, consecutive patients with one or 

more suspicious skin lesions were included in the study if a 

biopsy or excision was deemed to be necessary after clinical 

and dermoscopic examination during a FTF visit with a sin-

gle dermatologist. All patients had previously been referred 

to the Department of Dermatology at Sahlgrenska Univer-

sity Hospital by a GP. The exclusion criteria were: patients 

under 18 years, patients with no knowledge of the Swedish 

language, skin lesions located on a part of the skin that did 

not allow for digital photography with the smartphone and 

customised dermoscope used in the study and skin lesions 

in which histopathological examination was not performed. 

The local ethics committee approved the study and all 

patients gave written informed consent prior to inclusion.

The study was carried out using a smartphone (iPhone® 

4, Apple, Cupertino, California, USA), a dermoscope cus-

tomised to be attached to the smartphone (FotoFinder 

Handyscope®, FotoFinder Systems GmbH, Bad Birnbach, 

Germany), a secure web-based teledermoscopy platform 

(Tele-Dermis®, iDoc24® AB, Gothenburg, Sweden) and an 

iPhone app (iDoc24® AB, Gothenburg, Sweden) installed on 

the smartphone. This equipment is shown in Figure 1. A der-

matologist with several years of experience in the fields of 

skin cancer and dermoscopy first evaluated the skin lesions 

clinically and with manual dermoscopy during a FTF visit. 

Before performing a biopsy or an excision, a case was cre-

ated in the smartphone app for each skin lesion simulating a 

teledermoscopy referral.

The app first prompted the user to take one clinical over-

view image of the skin lesion with the smartphone’s 5-mega-

pixel digital camera using the autofocus function. In order to 

standardize photography as much as possible, the user was 

advised to acquire the images in a well-illuminated room, 

using a neutral background, no flash, autofocus and an 

appropriate distance from the patient to include the detail as 

well as important surrounding skin structures. Then, a single 

dermoscopic image was taken with the same camera after 

attaching the smartphone to the customised dermoscope. 

The contact dermoscope used polarized light from light-

emitting diodes and provided up to 20x magnification. The 

resulting digital photographs had a size of 1024 × 766 pixels. 

Finally, all relevant clinical information about the patient 

and lesion were added to a standardized query form in the 

app including: age, sex, a lesion description, size (mm), local-

ization, duration, symptoms, previous treatments and other 

relevant medical information. The referral was then sent to 

the Tele-Dermis® platform using the smartphone’s 3G Inter-

net connection. The whole referral process required approxi-

mately two minutes to carry out per case.

All information sent through the app was anonymous. 

Upon sending the referral, the app automatically created 

a unique 8-digit identification code that was saved in the 

referring physician’s smartphone and on the Tele-Dermis® 

platform. The system simultaneously sent email notifications 
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to the two TDs for assessment. The participating TDs were 

two specialists in dermatology who also had several years 

of experience within the fields of skin cancer and dermos-

copy. The email received by the TDs contained a direct link 

to the Tele-Dermis® platform. After logging in, the cases were 

assessed and triaged independently by both TDs on a com-

puter screen (19-inch liquid crystal display monitor). They 

were asked to assess if the lesion was benign or malignant 

and if it was melanocytic or non-melanocytic. They were 

also asked to choose one of the following specific primary 

diagnoses: melanoma, melanoma in situ, dysplastic nevus, 

benign nevus, basal cell carcinoma, squamous cell carci-

noma, squamous cell carcinoma in situ, actinic keratosis, 

seborrhoeic keratosis, dermatofibroma, angioma or other. 

Potential differential diagnoses were not taken into consid-

eration. Furthermore, they provided a management decision 

Figure 1. Technologic equipment used in the mobile teledermoscopy solution: (A) the smartphone (iPhone 4®) with the 

iDoc24® app showing on the display; (B) the dermoscope (Fotofinder Handyscope®) with its six light-emitting diodes 

lit; (C) the dermoscope attached to the smartphone displaying a dermoscopic image of a reticular nevus; and (D) a der-

matologist viewing a case on the Internet platform (Tele-Dermis®). [Copyright: ©2013 Börve et al.]
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(excision, biopsy, follow-up with digital dermoscopy or no 

treatment), they evaluated the image quality (excellent, suf-

ficient or poor) and they judged the level of diagnostic dif-

ficulty (high or low). The same assessment was also carried 

out separately by the FTF-dermatologist.

The assessments regarding the nature of the lesion 

(benign vs. malignant, melanocytic vs. non-melanocytic and 

the specific primary diagnosis) were compared to the histo-

pathological diagnosis (gold standard) in order to analyse 

the diagnostic accuracy of the FTF-dermatologist and both 

TDs. In order to study any differences between the FTF-der-

matologist and the respective TDs or between TD 1 and TD 

2, exact McNemar tests were carried out. The interobserver 

concordances for these parameters were also calculated 

using Raw Rate and Cohen’s Kappa () analyses. Further-

more, interobserver concordances were analysed using the 

same statistical methods in regards to the management deci-

sion, the image quality and the level of diagnostic difficulty. 

Statistical significance was taken as P <0.05.

Results

Sixty-two consecutive patients (24 female and 38 male) with 

a mean age of 64 years (range 25-94 years) were included in 

the study. Six patients had multiple lesions. Four of them had 

two lesions and two patients had three, which were initially 

included. However, one of the patients with three lesions 

ended up only having two excised during surgery. Thus, one 

lesion was excluded, giving a total of 69 included lesions.

The histopathological diagnoses and the nature of these 

69 lesions are shown in Table 1. In total, there were 40 

malignant lesions (58%, 12 melanocytic and 28 non-mela-

nocytic) and 29 benign lesions (42%, 18 melanocytic and 

11 non-melanocytic). The number of melanocytic and non-

melanocytic lesions was thus 30 (43.5%) and 39 (56.5%), 

respectively.

 TABLE 1. Number of benign or malignant and 
melanocytic or non-melanocytic lesions included 

in the study. [Copyright: ©2013 Börve et al.]

Histopathological diagnosis
Number of 
lesions (%)

Malignant melanocytic lesions

 Melanoma 5 (7.2%)

 Melanoma in situ 7 (10.1%)

Benign melanocytic lesions

  Dysplastic nevus 12 (17.4%)

  Benign nevus 6 (8.7%)

Malignant non-melanocytic 
lesions

 Basal cell carcinoma 25 (36.2%)

 Squamous cell carcinoma 1 (1.4%)

  Squamous cell carcinoma in 
situ

1 (1.4%)

 Cutaneous metastasis 1 (1.4%)

Benign non-melanocytic lesions

 Seborrhoeic keratosis 6 (8.7%)

 Angioma 2 (2.9%)

 Other 3 (4.3%)

Total 69 (100%)

The diagnostic accuracy of the FTF dermatologists and 

the two TDs is shown in Table 2.

The specific primary diagnosis given by the FTF derma-

tologist was correct for 46 lesions (66.7%), showing statisti-

 TABLE 2. Diagnostic accuracy of the face-to-face dermatologist and the two teledermoscopists 
in relation to the specific primary diagnosis and the classification of the lesion in 

different diagnostic categories. [Copyright: ©2013 Börve et al.]

Diagnostic level FTF (95% CI)* TD 1 (95% CI)* TD 2* (95% CI)*

Primary diagnosis 66.7% (54.9–76.6%) 50.7% (39.2–62.2%) 60.9% (49.1–71.5%)

Benign vs malignant 87.0% (77.0–93.0%) 75.4% (64.0–84.0%) 79.7% (68.8–87.5%)

Melanocytic vs non-melanocytic 89.9% (80.5–95.0%) 84.1% (73.7–90.9%) 92.8% (84.1–96.9%)

Combination** 79.7% (68.8–87.5%) 68.1% (56.4–77.9%) 76.8% (65.6–85.2%)

*FTF, Face-to-face dermatologist; TD 1, Teledermoscopist 1; TD 2, Teledermoscopist 2; CI, Confidence interval.
**Combination of correct classification as benign or malignant and melanocytic or non-melanocytic.
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cally higher accuracy than TD 1 who diagnosed 35 lesions 

correctly (50.7%, P=0.04) but similar accuracy compared to 

TD 2 who had 42 correct diagnoses (60.9%, P=0.52). No 

statistical differences were observed between the two TDs for 

the specific primary diagnosis (P=0.19). Accuracy increased 

for all three dermatologists when it came to classifying the 

lesions as benign or malignant and/or melanocytic or non-

melanocytic. As shown in Table 2, the diagnostic accuracy 

was highest for all three dermatologists when differentiat-

ing between melanocytic and non-melanocytic lesions but 

dropped slightly when classifying the lesions as benign or 

malignant. Consequently, the diagnostic accuracy in regards 

to lesion classification combining the diagnostic categories 

was also lower. For the classification of the lesions as benign 

or malignant, melanocytic or non-melanocytic and the 

combination of both criteria, no statistical differences were 

observed between the FTF dermatologist and the respective 

TDs or between TD 1 and TD 2.

As shown in Table 3, the interobserver concordance (raw 

rate) for the specific primary diagnosis was 55% between 

the FTF dermatologist and TD 1, 57% between the FTF der-

matologist and TD 2, and 58% between TD 1 and TD 2. 

The resulting Cohen’s  values were 0.47, 0.48 and 0.51, 

respectively. The interobserver concordances for lesion clas-

sification in the different diagnostic categories ranged from 

71-91% with  values of 0.49-0.82. The interobserver con-

cordances observed between the FTF dermatologist and the 

two TDs and between the respective TDs were practically 

identical for all levels of diagnosis.

Management decisions were only considered to be ade-

quate for malignant melanocytic lesions if the dermatolo-

gist chose to excise them. Biopsy or excision was consid-

ered adequate management for malignant non-melanocytic 

lesions, whereas any alternative was considered adequate 

for all benign lesions. The TDs were not completely blinded 

 TABLE 4. Management decisions.  
[Copyright: ©2013 Börve et al.]

Management FTF *
TD 
1*

TD 
2*

Excision 53 46 51

Biopsy 16  9  9 

FU digital dermoscopy*  0  2  5

No treatment  0 12  4

*FTF, face-to-face dermatologist; TD 1, teledermoscopist 1; 
TD 2, teledermoscopist 2; FU, follow-up

 TABLE 3. Interobserver concordance. [Copyright: ©2013 Börve et al.]

FTF vs TD 1* FTF vs TD 2* TD 1 vs TD 2*

Diagnostic level IOC (95% CI)* κ* IOC (95% CI)* κ* IOC (95% CI)* κ*

Primary diagnosis 55% (43–67%) 0.47 57% (44–68%) 0.48 58% (45–70%) 0.51

Benign vs malignant 77% (65–86%) 0.50 78% (67–87%) 0.50 78% (67–87%) 0.49

Melanocytic vs 
non-melanocytic

88% (78–95%) 0.77 91% (82–97%) 0.82 88% (78–95%) 0.77

Combination** 71% (59–81%) 0.60 72% (60–83%) 0.61 71% (59–81%) 0.59

*FTF, face-to-face dermatologist; TD 1, teledermoscopist 1; TD 2, teledermoscopist 2; IOC, interobserver concordance; CI, 
confidence interval; κ, kappa value.
**Combination of correct classification as benign or malignant and melanocytic or non-melanocytic.

from the FTF dermatologist’s management decision since 

they knew that all lesions were going to be either biopsied 

or excised, but they still elected follow-up with digital der-

moscopy or no treatment for some cases as shown in Table 

4. Subsequently, TD 1 provided adequate management deci-

sions in 68 cases (98.6%). In one case, ‘no treatment’ would 

have been chosen for a melanoma in situ that was given a 

primary specific diagnosis of benign nevus. TD 2 would have 

managed all 69 cases (100%) adequately. The interobserver 

concordance in regards to the management decisions between 

the TDs was 68% (95% CI, 56-79%) with a  value of 0.34.

Regarding the diagnostic difficulty of the 69 lesions, the 

FTF dermatologist considered that 37 lesions had a high 

diagnostic difficulty (53.6%). However, TD 1 and TD 2 

scored 60 (87.0%) and 42 lesions (60.9%) respectively as 

having a high diagnostic difficulty. The image quality was 

deemed to be excellent in 61 cases (88.4%) and sufficient 

in 8 cases (11.6%) by the FTF dermatologist. TD 1’s ratings 

were clearly worse with 65 cases (94.2%) rated as having 

sufficient quality and 4 cases (5.8%) as having poor quality. 

TD 2’s scores were in between, resulting in 15 cases (21.7%) 
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with excellent quality, 43 cases (62.3%) with sufficient qual-

ity and 11 cases (15.9%) with poor quality. There was poor 

agreement between all three dermatologists regarding the 

image quality ( values around 0). Three examples of the 

image quality obtained are shown in Figure 2.

Discussion

The diagnostic accuracy of the TDs using this novel mobile 

teledermoscopy app was comparable to that of the FTF der-

matologist in regards to the primary diagnosis and in regards 

to the classification of the lesions in the various diagnostic 

categories. The only statistically significant difference was 

the lower diagnostic accuracy of TD1 in regards to the pri-

mary diagnosis (50.7%), when compared to the FTF derma-

tologist (66.7%). Overall, the diagnostic accuracy in regards 

to the primary diagnosis in our study was within the ranges 

observed in two teledermoscopy studies designed similarly 

to ours. In these studies, the diagnostic accuracy for the pri-

mary diagnosis was 46.8 % for nonpigmented neoplasms 

and 51.6%-56.9% for pigmented neoplasms depending on 

the type of dermoscope used [9,10].

In comparison with other teledermoscopy studies, how-

ever, the diagnostic accuracy of the TDs in our study was 

slightly lower, which in most cases may be due to differences 

in study design. Tan et al obtained a diagnostic accuracy of 

72.3% using teledermoscopy, but included evidently benign 

lesions and did not use histopathology as their gold stan-

dard [15]. In a Swiss study including 55 histopathologically 

verified lesions, the diagnostic accuracy was 74.5 % when 

classifying the lesions in diagnostic categories [12]. In a 

study by Blum et al, three TDs with varying experience in 

dermoscopy reviewed 157 lesions and were able to recognize 

the correct diagnostic category in 87.0%-90.7% of the cases 

[11]. A recent study using dermoscopic images taken with a 

mobile phone camera manually applied onto a pocket der-

moscope showed a diagnostic accuracy of 75%. However, 

this study included differential diagnoses, 8% of the lesions 

were excluded due to poor image quality and not all lesions 

were confirmed histopathologically [13]. A study by Piccolo 

et al on 66 lesions resulted in a diagnostic accuracy of 86%, 

but 97% of the lesions were benign [16]. Similarly, a Spanish 

study including 61 cases rendered an accuracy of 94%, but 

only two lesions were malignant [14]. Interestingly though, 

another study by Piccolo et al. showed a very high diagnostic 

accuracy, varying from 77% to 95%, with greater accuracy 

among TDs with more experience in dermoscopy. In this 

study, lesions with a high diagnostic difficulty were included 

and histopathology was used as their gold standard [8].

Figure 2. Image quality of four different lesions included in the study. Clinical and dermoscopic images of: (A,B) a spitzoid nodular mela-

noma; (C,D) a seborrheic keratosis (note: this was the only case in which both teledermoscopists rated the images as having poor quality); 

(E,F)) a basal cell carcinoma; and (G,H) a dysplastic nevus. [Copyright: ©2013 Börve et al.]
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In our study, a relatively high interobserver concordance 

with moderate to substantial agreement between the FTF 

dermatologist and the TDs and between the two TDs was 

observed. The interobserver concordance was highest when 

distinguishing between melanocytic and non-melanocytic 

lesions. The TDs would have recommended ‘no treatment’ 

for a few lesions. This could have resulted in inadequate 

management of a patient with MM in situ. It is therefore 

important to remember that such a risk exists if teleder-

moscopy is to be used to avoid FTF visits. Melanomas have 

been underdiagnosed as benign melanocytic nevi or seb-

orrheic keratoses in other teledermoscopy studies as well 

[8,9,11,15,18].

The rating of the image quality varied greatly between 

the three dermatologists. The FTF dermatologist found all 

images to have a satisfactory image quality, whereas the 

TDs rated 4 and 11 cases (14 different cases), respectively, 

as having poor quality. This may be due to a grading bias 

since the FTF dermatologist acquired the images himself, 

whereas the TDs were perhaps influenced negatively by the 

high diagnostic difficulty of these 14 cases. In fact, both TDs 

graded all of these cases as having a high diagnostic dif-

ficulty and the FTF dermatologist graded 12 of these 14 

cases in the same way. Nevertheless, no images needed to 

be excluded due to poor quality. As seen in other teleder-

moscopy studies, poor image quality did not correlate with 

lower diagnostic accuracy for any of the three dermatolo-

gists [8,9,16]. In images with suboptimal quality, the inclu-

sion of relevant clinical information about the patient and 

the lesion may act as a complement to the images and help 

the dermatologist with his/her assessment [11].

Goulart et al recently identified a possible use for der-

moscopy in skin self-examination [19]. Although this mobile 

teledermoscopy app could be used by patients directly, our 

initial intention is to use it in triaging patients with suspi-

cious skin lesions that are referred to dermatologists from 

GPs. In this sense, there are several limitations to this study. 

First of all, there was a selection bias since only lesions 

requiring biopsy or excision were included. The TDs were 

aware of this fact, which may have influenced their man-

agement decisions. This selection bias also means that the 

assessed lesions do not reflect the wider spectrum of diag-

noses seen among all the patients referred to us in routine 

clinical practice. If the app were used for referral triage, the 

proportion of benign lesions would certainly increase and 

histopathological confirmation would not always be ethi-

cally possible. Also, differential diagnoses would have to 

be taken into account in such a scenario since these could 

affect patient prioritization. Furthermore, all images in this 

study were taken by the FTF dermatologist, who had experi-

ence in using the imaging equipment. The image quality may 

be affected negatively when the smartphones are put in the 

hands of GPs.

In order to assess how this app would perform as a tri-

age tool, our group has initiated a larger prospective, multi-

center, teledermoscopy trial in which GPs from multiple pri-

mary health care centers will refer patients with suspicious 

lesions to TDs at two hospitals in western Sweden using this 

app. Potentially, this could lead to more accurate patient pri-

oritization and the possibility of planning for surgery on the 

patient’s first visit to the dermatologist when necessary. Also, 

the referring GP could receive faster feedback regarding 

the suspected diagnosis and the dermoscopic findings, add-

ing educational value. Furthermore, patients with evidently 

benign lesions could receive reassuring news almost directly, 

thereby avoiding the nervous wait of weeks or months before 

finally meeting with a specialist. Using teledermatology and 

teledermoscopy for triaging patients with a suspicion of skin 

cancer has already been shown to be both feasible and eco-

nomically viable [20-22].

Like other teledermoscopy solutions, the app provides a 

digital referral system that can transfer all relevant clinical 

information in combination with high-quality digital clinical 

and dermoscopic images to a dermatologist within seconds. 

Contrary to other teledermoscopy solutions, the whole tele-

dermoscopy solution fits in your pocket and does not require 

any cables or the need to transfer images from a camera to 

a computer prior to sending the case. Furthermore, the stan-

dardized query form minimizes the risk of the GP forget-

ting to include relevant clinical information in the referral. 

Lastly, and as we have shown here, this mobile teledermos-

copy solution allows TDs to achieve a diagnostic accuracy 

comparable to that of a FTF dermatologist.

The introduction of smartphones with easy-to-install 

“apps” can potentially revolutionize the way GPs communi-

cate with dermatologists. In 2009, Massone et al envisioned 

“one click” skin cancer diagnosis through mobile teleder-

moscopy, and this app takes us a step closer to this goal [7].
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