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1. Zusammenfassung in deutscher Sprache

Einleitung

Der Telemedizin, insbesondere der Teleradiologie, kommt im Klinischen Alltag eine zu-
nehmende Bedeutung zu. Vor allem die Teleradiologie ist als sehr gut evaluiertes Ver-
fahren weit verbreitet, obwohl sie technisch aufwendig und teuer ist (Caramella et al.,
2000; Thrall 2007). Aufgrund hoher technischer und juristischer Hirden hat sich bis
heute aber kein Mehrwert fir die Traumatologie ergeben. Eine teletraumatologische Ein-
richtung kénnte im Bereitschaftsdienst helfen Diagnosen bzw. OP-Indikationen schneller

zu treffen und die Behandlung des Patienten im Notfall zu beschleunigen.

Ricci und Borelli (2002) konnten zeigen, dass die elektronische Ubertragung von
Rontgenbildern und anschlieRende gemeinsame telefonische Beurteilung die Ent-
scheidungsfindung bezuglich einer Operationsindikation ermdglicht. In verschiedenen
Arbeiten wurden bereits erfolgreich Versuche zur Evaluation der CT-Bildubertragung
mittels Mobiltelefon durchgefuhrt (Phabphal und Hirunpatch, 2008; Reponen et al.,
2000). Im Bereich der Traumatologie sind solche Methoden bisher nicht klinisch unter-

sucht worden, auch wenn sie sicherlich in einigen Kliniken Anwendung finden.

Im Rahmen einer Projektstudie Uberpriiften wir daher, ob die Ubertragungszeit, die
Datenmenge und -qualitat der Ubertragenen Rontgenaufnahmen ausreichend ist, um

eine schnelle und sichere Beurteilung der Bilder zu erméglichen.

Material und Methode
1. Bildmaterial

Es wurden 100 Rontgenbilder zehn unterschiedlicher Koérperregionen fir diese Studie
ausgewahlt. Das Verhaltnis zwischen Aufnahmen mit bzw. ohne pathologischen Befund
betrug 66: 34.



2. Fotografie des Bildmaterials

Es wurde die integrierte Digitalkamera des Mobiltelefons Nokia N 95 benutzt. Diese er-
maoglicht Aufnahmen mit bis zu funf Megapixeln. Des Weiteren verfugt sie tber ein inte-
griertes Blitzlicht, Autofokus und Schwarz-Weil3- bzw. Farbmodus. Um eine best-
maogliche Qualitat der Aufnahmen zu ermdglichen wurde in einem abgedunkelten Raum
und bei vollstandiger Einblendung des Rontgenbildes am Schirm fotografiert. Der Blitz
der Kamera war deaktiviert. Die Fotos sind im Schwarz-Weil3-Modus aufgenommen
worden, um einen moglichen Grunstich zu vermeiden. Die so gewonnen Aufnahmen

wurden per Multimedia-Message-Service (MMS) und als E-Mails verschickt.
3. Versand und Empfang der Bilder

Die durchnummerierten Grafikdateien wurden als Anhang einer E-Mail verschickt. Diese
Nachrichten wurden dann unmittelbar nach Aufnahme an die funf verschiedenen Gut-
achter gesendet. Zusatzlich wurde zeitgleich eine Kopie an eine gesonderte Kontroll-E-
Mail-Adresse geschickt, um die Ubertragung beziiglich korrekter Ubermittlung und Uber-
tragungsdauer zu dokumentieren. In einem zweiten Schritt erfolgte der Versand per
MMS in gleicher Art.

4. Beurteilung der Bilder

Die Rontgenbilder wurden an einem Laptop in Bezug auf Qualitat, sichtbare Pathologie
und OP-Indikation beurteilt. Auf einer Skala zwischen 1 (sehr schlecht) und 10 (sehr gut)
wurde die Bildqualitéat beziglich der Kriterien Scharfe, Helligkeit und Kontrast eingeteilt.
Die Beurteilung der Pathologie bzw. OP-Indikation erfolgte in der Nennung der haupt-
séchlichen bzw. augenscheinlichen krankhaften Veranderung wie zum Beispiel mediale
Schenkelhalsfraktur, Pneumothorax oder vordere Beckenringfraktur. Bei Fehlen eines
pathologischen Befundes erfolgte die Beurteilung als Normalbefund. Fiinf Arzte aus den

Fachbereichen Orthopadie/Unfallchirurgie bzw. Radiologie nahmen daran teil.
5. Datenschutz

Nach Ricksprache mit dem Datenschutzbeauftragten des Universitatsklinikums Bonn
wurden samtliche Patientendaten vor dem Fotografieren unkenntlich gemacht. Die funf

Beurteiler erhielten keinerlei Informationen (iber die Patienten.



Ergebnisse

Insgesamt wurden 100 Bilder an die beurteilenden Arzte versandt. Die Qualitat der
Bilder, welche per MMS Uubertragen wurden, war so schlecht, dass eine sinnvolle Be-
urteilung nicht mdglich war. Es erfolgte eine Beurteilung der per E-Mail Ubermittelten
Bilder. Die mittlere Grol3e der versandten Bilder betrug 394 Kilobyte (Range 265 — 590,
SD + 59). Die Ubertragung dauerte im Mittel 3,29 Minuten, der Median lag bei weniger
als 60 Sekunden (Range < 60 sec — 37 Minuten, SD £8,2). Bei der Beurteilung der Bild-
qualitdt (Score 1 bis 9) wurden von den 4 Facharzten aus der Orthopadie/Chirurgie
Mittelwerte zwischen 5.4 und 6.2 (Mittelwert: 5.8, Median: 6) angegeben, ohne dass sich
gesicherte Unterschiede bei der Beurteilungen zwischen den einzelnen Bewertern er-
gaben. Dagegen beurteilte der 5. des Beurteilergremiums als Facharzt fiir Radiologie
die Qualitat der Bilder nur mit einem Mittelwert von 3.1, so dass sich seine Bewertung
signifikant von denen seiner Kollegen unterschied. Eine Korrelation zwischen den vor-
gegebenen Diagnosen und den Beurteilungen der Bildqualitat konnte nicht
nachgewiesen werden (Korrelationskoeffizient: - 0.15; p>0.1).

Hinsichtlich des Vergleichs zwischen den vorgegebenen Diagnosen mit den Resultat der
Angaben durch die 5 Facharzte als Bildempfanger ergab sich in 83.2 + 4 Prozent der
Falle (Mittelwert = SD) ein korrekter Befund (Median 82; 80 bis 89 %). Eine zusétzliche
Auswertung ergab, dass im Mittel bei 76 % der Ubermittelten Bilder von allen Arzten
Ubereinstimmend eine richtige Diagnose gestellt wurde. In 7 % (Median) waren die An-
gaben zur Diagnose Ubereinstimmend falsch, und in 18 % ergaben sich Differenzen bei
den Trefferquoten zwischen den einzelnen Bewertern. In Anbetracht der teilweise
geringen Fallzahlen kdénnen direkte Ruckschlisse nur mit Vorbehalt gezogen werden.
Auffallig ist die geringe Trefferquote im Bereich des Thorax und bei den Verletzungen
von Kindern. Hierbei ist zu berticksichtigen, dass die Anteile von korrekten Befunden
durch die Bewerter von den Bildqualitaten abhangig waren. Die Kosten pro versandte E-
Mail betrugen 79,5 Cent.



Diskussion

Die Verwendung eines Mobiltelefons fiir medizinische Zwecke ist nicht neu und bereits
fur die Patiententiberwachung und -kommunikation mehrfach evaluiert worden (Blake,
2008; Krishna et al., 2009). Diese Studie untersucht, ob die Ubertragung von Réntgen-
bildern mittels E-Mail ein sicheres Verfahren ist. Die geringe DateigroRe hat den Vorteil
einer guten Speichermoglichkeit auf dem Mobiltelefon und einer schnellen Uber-
tragungsmaglichkeit. Bis auf wenige Ausreil3er betrug diese weniger als eine Minute. Die

Kosten von weniger als 80 Cent sind gering.

Die Rate an korrekten Diagnosen und OP-Indikationen ist mit einer Trefferquote von 83
% hoch. Es zeigt sich allerdings, dass nur in 61 % der Félle von allen Bewertern tber-
einstimmend die richtige Diagnose angegeben wurde. Es bestehen auch zum Teil deut-
liche Unterschiede nach beurteilter Region. So ist die Trefferquote an den langen
Rohrenknochen und groRen Gelenken héher als an der Wirbelséule und an den kleinen
Gelenken. Am schlechtesten schneiden die Thoraxaufnahmen und die Aufnahmen von
Kindern ab. Bei den Thoraxaufnahmen ist die Ursache wohl in der Vielzahl an zu be-
urteilenden Knochen und Organsystemen zu suchen, bei den Kindern im fehlende Epi-
physenschluss, in der geringe Aufnahmequalitat und, da zuletzt prasentiert, einem Er-

mudungseffekt.

Trotz dieser guten Ergebnisse sollte man die Methode nicht Uberbewerten. Zum ersten
betrachtete man nur konventionelle Rontgenbilder. Sie haben zwar immer noch einen
grolRen Anteil an radiologischen Untersuchungen, und sie sind in vielen Bereichen auch
unverzichtbar. Trotzdem ist bei zahlreichen Fragestellungen in der Orthopadie und
Traumatologie die Schichtbildgebung mittels CT oder MRT indiziert und dem
konventionellen Rontgen lberlegen. Weiterhin muss beriicksichtigt werden, dass all-
gemein zwischen der Trefferquote und der Bildqualitéat eine gesicherte Korrelation
bestand. Daraus ergibt sich von vornherein die Notwendigkeit, das tUbermittelte Bild-
material kritisch einzuschatzen und ggf. die Angabe zu einer Diagnose mit einer
gewissen Zuruckhaltung vorzunehmen. Unter realen Bedingungen wirde die Bild-
Ubertragungen jedenfalls durch verbale Angaben zur Anamnese, zur Klinischen Be-

funderhebung etc. ergdnzt werden, was die Treffsicherheit bzgl. Diagnose in jedem Fall



10

optimieren wirde. Auch die Rechtsgrundlage ist unklar. Die per E-Mail verschickten
Bilder sollten lediglich eine Entscheidungshilfe bilden. Unumgéanglich sind weiterhin eine
ausfuhrliche Anamnese und eine grundliche Untersuchung des Patienten. Es sollte
keine Therapieentscheidung auf Grund der Bilder getroffen werden. Die Indikation fir
eine Therapie muss auch weiterhin am Patienten erfolgen. Wir wollten nur aufzeigen,
was mit relativ einfachen technischen Mdglichkeiten machbar ist. Die Methode ist billig,
schnell und fast tberall anwendbar. Sie kann einem unerfahrenen, diensthabenden Arzt
im Krankenhaus eine Hilfestellung wéhrend der Rulcksprache mit dem Hinter-

grunddienst geben. So kdnnen Arbeitszeit und Kosten eingespart werden.

Schlussfolgerung

Die Ubertragung von fotografierten Réntgenbildern mittels E-Mail ist eine sichere und
relativ  verlassliche Methode. Die Rechtsgrundlage bleibt ungeklart. Als
Entscheidungshilfe, und nicht als einziges Kriterium, fir den Hintergrunddienst ist sie

unter gewissen Umstanden geeignet.
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Abstract

Introduction: Developments in telemedicine have not produced any relevant benefits for orthopedics and trauma surgery
to date. For the present project study, several parameters were examined during assessment of x-ray images, which had
been photographed and transmitted via cell phone.

Materials and Methods: A total of 100 x-ray images of various body regions were photographed with a Nokia cell phone
and transmitted via email or MMS. Next, the transmitted photographs were reviewed on a laptop computer by five medical
specialists and assessed regarding quality and diagnosis.

Results: Due to their poor quality, the transmitted MMS images could not be evaluated and this path of transmission was
therefore excluded. Mean size of transmitted x-ray email images was 394 kB (range: 265-590 kB, SD *59), average
transmission time was 3.29 min =8 (Cl 95%: 1.7-4.9). Applying a score from 1-10 (very poor - excellent), mean image quality
was 5.8. In 83.2+4% (mean value + SD) of cases (median 82; 80-89%), there was agreement between final diagnosis and
assessment by the five medical experts who had received the images. However, there was a markedly low concurrence ratio
in the thoracic area and in pediatric injuries.

Discussion: While the rate of accurate diagnosis and indication for surgery was high with a concurrence ratio of 83%,
considerable differences existed between the assessed regions, with lowest values for thoracic images. Teleradiology is a
cost-effective, rapid method which can be applied wherever wireless cell phone reception is available. In our opinion, this
method is in principle suitable for clinical use, enabling the physician on duty to agree on appropriate measures with
colleagues located elsewhere via x-ray image transmission on a cell phone.
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Introduction A teletrauma unit could enable on-call services to establish
diagnosis and/or indication for surgery more rapidly and thus
speed up patient treatment in an emergency. Especially during on-
call duties, situations may arise whereby medical assistants who are

Telemedicine and teleradiology, in particular, are of increasing
importance in daily clinical practice. Teleradiology is a highly
evaluated and widely used method despite its high costs and ;¢ vet able to judge complex situations must consult with more
technical complexity [1,2]. In the surgical field, no additional qualified specialists on background duty. However, in complicated
benefits from teleradiology have resulted due to existing financial, cases, even the specialist on background duty has to occasionally
technical and legal obstacles (Tables 1, 2). Thus, teleradiology consult with experienced colleagues or the head of the department.
remains mostly localized and personal (radiology specialist). In these joint consultations, x-ray images are usually verbally

Consequently, there is no consistent further development or described more or less accurately.
opening of telemedicine for telesurgery or telemetric orthopedic In view of the development of ubiquitously available cell phones
and trauma surgery, while especially in orthopedic and trauma and cell phone networks, telemedicine hias already expanded
surgery, a rapid and easy to use system for joint evaluation of x-ray  towards a Global System for Mobile Communications-based
images in an emergency would be desirable. Such a system could  t¢jemedicine [3]. Ricci could show that decision making regarding
enable valid assessment of x-ray images independent of location. indication for surgery is possible in joint assessment by telephone
following electronic transmission of x-ray images via GSM phone

PLOS ONE | www.plosone.org 1 October 2012 | Volume 7 | Issue 10 | e43402
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Table 1. Teleradiology requirements.

1l Adequate technical resources at place of examination/evaluation

2. Personnel skilled in technical equipment present at place of
examination

3. Rapid and reliable transmission

4. Assessment by medical specialist at reception point

doi:10.1371/journal pone.0043402.t001

[4]. Whether transmission of x-ray images of various anatomical
regions and injuries is of sufficient quality and reliability has not
been studied to date. However, transmission of photographed x-
ray images via email or cell phone has certainly become a regular
practice in many clinics today.

In the present project study, we examined whether transmission
time, quantity and quality of data of transmitted x-ray images of
various anatomical regions and their typical injuries are sufficient
to enable rapid and safe assessment of these images.

Materials and Methods

1. Image material

In total, 100 x-ray images of nine different body regions were
selected for this study. Included were 10 images of pediatric
injuries and 30 images without pathological findings. All images
were selected within a two-week period from the accident and
emergency department and given final diagnoses after being read
in person by the author H.G. On the selected images with
pathological findings, the findings were evident with no hidden
cracks or hard to find fracture lines. A graded classification of
pathological findings was not applied; the final diagnosis just
contained positive or negative pathological finding. These x-ray
images were then photographed and sent ocut via email to the
reviewers. All the diagnoses determined then by the remote
reviews were ultimately compared to these actual final diagnoses.

2. Photography of the image material

‘We used a Nokia N 95 (Picture S1, Nekia Oy, Espoo, Finland)
cell phone with integrated digital camera and an additional SD
card, where up to 8 gigabyte of photographs and other data can be
stored. Resolution is up to 5 megapixels due to an aspect ratio of
4:3 and 2592 %1944 pixels (5,038,848 pixels) according to the
product specification. Included are integrated flash, auto focus and
black/white as well as color mode. Focal length of optics is
5.6 mm, corresponding to a focal length of 35 mm, thus
comparable to commercially available 35 mm cameras. Focus
range is between 10 cm and infinity. Photographs can be stored as
JPEG or exchangeable image file format (EXIF).

Table 2. Uses of teleradiology.

Emergency teleradiology (emergency consulting)

Second opinion (teleconsulting)

Joint discussion on findings (teleconference)

Distribution of images and findings (e.g. to referring physician)

Scientific cooperation

o Bl - g~

Linking with home offices (e.g. background duty radiology)

doi:10.1371/journal pone.0043402.t002

PLOS ONE | www.plosone.org
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To ensure best possible quality, the photographs were taken in a
darkened room with full focus on the x-ray image as displayed on
the screen. Flash was deactivated. Photographs were taken in the
black/white mode to avoid any green casting. Distance between
camera and object was 30 cm. Each image was photographed
several times with the highest possible resclution and the best
photographs were selected and numbered consecutively. Photo-
graphs were stored as JPEG and transmitted via MMS (multime-
dia message service) and email.

Further image quality measurements such as contrast resolution
and contrast-to-noise ratio were not assesed.

3. Transmission and reception of images

The consecutively numbered graphic data were sent immedi-
ately after photographing to the five reviewers as email attach-
ments. Additionally, a copy was sent to a control email address to
document correct transmission and transmission time. In a second
step, transmission via MMS was done in the same manner.

4. Assessment of images

Assessment of transmitted x-ray images was carried out on a
laptop computer (Lenovo T500, screen resolution 1280 x800, 32-
bit color depth) regarding quality, visible pathology and indication
for surgery. On a scale ranging from 1 (very poor) to 10 (excellent),
image quality was arranged regarding sharpness, brightness and
contrast. Pathology and/or indication for surgery were assessed by
naming the main or obvious pathological changes, e.g. “fracture of
the medial femoral neck”, “pneumothorax” or “fracture of the
anterior pelvic ring”. In the absence of pathelogical findings,
assessment resulted in “‘normal finding”.

The data were transmitted via email or MMS, respectively, to
five medical specialists for assessment.

The five reviewers were:

. Medical director, specialist at the Department of Orthopedic
and Trauma Surgery

2. Senior physician, specialist at the Department of Orthopedic
and Trauma Surgery
3. Specialist at the Department of Orthopedic and Trauma

Surgery
4. Specialist at the Department of Orthopedic and Trauma
Surgery
Senior physician, specialist at the Department of Radiology

o

5. Ethics and data protection

Following censultation with the data protection officer appoint-
ed by the University Hospial and the local ethics committee, all
patient data on the x-ray images (name, first name, date of birth
and patient identification number) were blinded prior te photo-
graphing. The five reviewers received no information on the
patients. None of the pictures were shown to a physician outside
our hospital. Therefore, according to prior agreement with the
local ethics committee, verbal or written informed consent was not
obtained.

6. Evaluation

All data were entered into an Excel file according to parameter,
parameter characteristic or parameter value, respectively. Sum-
ming up and statistical calculations were carried out with the BiAS
program (Biometric analysis of samples, Ackermann, 1989 2001).
Mean value, standard deviation, median with maximum and
minimum values and confidence interval (CI) of 95% were

October 2012 | Volume 7 | Issue 10 | e43402
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calculated. For comparative assessment, the Wilcoxen-U-test for
non-parametric values was applied. A box plot was used to
illustrate the calculated values. The relationship between cumu-
lative values and image quality and concurrence ratio of diagnosis
was calculated and illustrated as single linear correlation (Pearson).

Results

In total, 100 blinded x-ray images were separately sent to the
individual reviewers.

Selection of diagnoses/body locations had been carried out
prior to transmission based on clinical and radiclogical findings.

As the quality of the images transmitted via MMS was evidently
very poor these were rejected for assessment by all reviewers.
Therefore, any assessment of these images was discontinued due to
obvious quality defects.

Mean size of images transmitted via email was 394 kB (range:
265 590 kB, SD *59). Mean value of transmission time was
calculated as 3.2978 min (CI 95%: 1.7 4.9) (median: 0; 0 37).

Table 3 shows the distribution of the final findings. In 30% of
images, no pathological or clinically relevant findings were present
(normal findings), while 10% of images showed pediatric injuries.
The remaining images depicted typical injuries in various body
locations.

The four orthopedic and trauma specialists assessed the image
quality (score 1 10) with mean values between 5.4 and 6.2 (mean
value: 5.8, median: 6) (Table 4, Fig. 1) without significant
differences between the assessments of the individual reviewers,
whereas the fifth member of the panel, a specialist in radiology,
assessed the quality of the images with a lower mean value of 3.1.
Hence, his assessment differed significantly from those of his
colleagues. These differences became also noticeable when
summing up the individual image assessments (Table 5), whereby
the mean value of the sum of the assessments by specialists 1 4 was
significantly different (p<0.01) compared to the assessments of the
radiclogy specialist. No correlation was found between final
diagnoses and assessments of image quality (correlation coefficient:
—0.15; p=0.1}.

Comparison between the final diagnoses and the statements
issued by the five reviewers of the transmitted images resulted in
confirmed findings in 83.2%4% of cases (mean value * SD;
median 82; 80 89%). Table 6 shows the percentage shares of

Table 3. Distribution of diagnoses based on clinical and
radiological findings.

diagnosis/body location frequency share (%)
1. no findings 30 30

2. spinal column 4 4

3. thorax 6 6

4. shoulder and upper arm 12 12

5. elbow and lower arm 6 6

6. hand 5 5

7. pelvis/hip 8 8

8. femur and knee 7 7

9. lower leg and upper ankle 8 8

joint

10. foot 4 4

11. pediatric injuries 10 10
doi:10.1371/journal pone.0043402.t003

PLOS ONE | www.plosone.org
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Score Picture Quality Assessment

Reviewers

Figure 1. Box plot with median, Q1 and Q3, minimum and
maximum values for assessment of image quality by five
specialists (score 1-9). Comparison between reviewers 1-4 and
reviewer 5: p<<0.01.

doi:10.1371/journal.pone.0043402.9001

confirmed findings, whereby a distinction was made between
statements issued on all findings and statements issued on normal
findings or findings with a final diagnosis, respectively. No
significant difference was found regarding concurrence ratio. An
additional evaluation showed that, on average, accurate diagnosis
was reached unanimously by all specialists in 76% of all
transmitted images (Table 7), while in 7% (median), statements
regarding diagnosis were unanimously false, and in 18%,
concurrence ratio differed between the individual reviewers.

Table 8 shows the percentage shares of accurate findings after
image transmission issued by the specialists depending on the final
diagnoses/body locations.

As the number of cases was in some parts low, direct conclusions
can only be drawn with reservations. Of note is the low
concurrence ratio in the thoracic region and in pediatric injuries.
In the thoracic region, accurate diagnosis was stated by all
reviewers in only one case, while in another case, all reviewer
findings were false. The percentage of accurate diagnosis by all
reviewers excluding thoracic region and pediatric injuries  was
71%. Including the thoracic region and pediatric injuries only
61% were reached. Here it must be taken into account that the
percentage share of accurate findings by the reviewers depended
on image quality. Comparison between the sum of image quality
assessments and the sum of accurate findings shows a direct

Table 4. Assessment of image quality (score: 1-10) after
transmission.

reviewer MV = SD Cl: 95%
1 6.1+2 57-6.4
2 6.2+2 59-6.6
3 54+2 50-5.7
4 57+2 54-6.0
5 Sl 28-34

reviewers 1-4 vs. reviewer 5: p<0.01

Mean values (MV), standard deviations (SD) and confidence intervals (Cl: 95%)
from statements of individuals reviewers.

Significant differences were found between values from specialists 1-4 and
values from specialist 5 (radiology).

doi:10.1371/journal.pone.0043402.t004

October 2012 | Volume 7 | Issue 10 | e43402
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radiology.

X-Ray Image Transmission via Cell Phone

Table 5. Assessment of image quality (score 1-10) by four specialists in orthopedics/surgery/trauma surgery and one specialists in

assessment score 5 reviewers sum n (%)

reviewers 1-4 sum/4 n=% reviewer 5 sum n=%

1 18 (3.6)
2 6 (7.2)
3 59 (11.8)
4 59 (11.8)
5 80 (16.0)
6 87 (17.4)
7 88 (17.6)
8 54 (10.8)
9 19 3.8)
sum total 500
mean value 5.1

{15, 120
2.0 27.0
8.5 25.0
10.0 20.0
18.0 8.0
20.0 6.0
220 1.0
13.0 1.0
5.0 0
100 100
5.8 Bkl

reviewer 5=2.75 (p<<0.01).
doi:10.1371/journal pone.0043402.t005

correlation between both parameter values (Fig. 2) with a
correlation coefficient of 0.204 (p<0.05).

During data transmission via cell phone email, the actual costs
were calculated depending on data size. As each of the 100
photographs was sent to six recipients five specialists and one
control recipient 600 emails were sent in total. The costs were
0.795 EUR per transmission.

Discussion

The use of cell phones for medical purposes is not new. In fact,
it has been evaluated several times in patient monitoring and
patient communication [5,6]. Uses range from menitoring of
asthmatic patients via transmission of breath sounds, to manage-
ment of diabetes outpatients, to transmission of photographs of the
skin for diagnosis and therapy control in dermatological diseases
[7,8,9]. Reponen et al. and Phabhal et al. were able to show in
their studies that in the area of neurosurgery, transmission of
individual CT (Computerized Tomography) images via cell phone
for assessment of injuries is simple, easy and more than adequate
[10,11]. In-house solutions via cell phone or PDA (Personal Digital
Assistant) for PACS (Picture Archiving and Communication
System) are currently being tested in clinical practice [12].

Left column: all reviewers; middle column: orthopedics/surgery/trauma surgery specialists; right column: radiology specialist; median of difference: reviewers 1 to 4 vs.

In the present study, we tested whether transmission of x-ray
images via email on a cell phone from the clinic to a laptop is a
reliable. It is certainly not the best form of consultation since
further verbal communication with additional description of the
images did not take place. Under standard conditions (darkened
room, x-ray alternator, black/white camera mode without flash)
average size of email was 394 kB, due to compression to JPEG
format as well as black/white mode. Major advantages include
good storage facilities on the cell phone and rapid transmission
and availability on a laptop or desktop computer. Apart from a few
outliers, time between sending of the photographs and assessment
on the desktop/laptop computer was less than 60 sec. Only in ten
photographs did the transmission time exceed 10 min. Costs were
very low at approximately 0.80 EUR per transmission.

Rate of accurate diagnosis and indications for surgery is high
with a concurrence ratio of 83%. However, only in 61% of cases
did all reviewers reach the accurate diagnosis unanimously. Also,
depending on body location, considerable differences existed with
a higher concurrence ratio in long tubular bones and large joints
than in the spinal region and small joints, while photographs of
thorax x-rays had the poorest results. Of note are also the low

Table 6. Tally of accurate confirmations of final diagnoses after assessment of transmitted images by 5 specialists.

confirmation of diagnosis by 5

x-ray images without given

diagnosis no findings x-ray images with given diagnosis

specialists all x-ray images
assessment total n=%

0 accurate 3

1 accurate 3

2 accurate 6

3 accurate 12

4 accurate 16

5 accurate 61

total 100

n (%) n (%)
103) 2(3)
1) 203)
1) 5()
5(17) 7 (10)
5017 10 (14)
17 (57) 44 (63)
30 70

doi:10.1371/journal pone.0043402.t006
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numbers of accurate diagnoses in cases without pathological
findings and in pediatric injuries.

In x-ray images from the thoracic region, not only numerous
bones, but also the subtle details of the lung must be assessed.
Therefore, assessment of a normal x-ray image of the thoracic
region is more difficult than assessment of a skeleton x-ray image.
As the reviewers’ assessment of image quality of the photographs
of thoracic x-rays was slightly higher than the mean, poor image
quality cannot be the cause of the lower accuracy of diagnosis.
However, not only trauma images were included in the
photographs but also assessments of pleural effusion or pulmonary
congestions which are rarely required by trauma surgeons.

The moderately successful results in the assessment of pediatric
injuries images is not surprising either as x-ray images of pediatric
results are difficult to assess due to the as yet incomplete epiphyseal
fusion. Also, the quality of the pediatric injury photographs was
graded somewhat lower with an average rating of 4.4. Further-
more, since the photographs of the pediatric x-rays were presented

Table 8. Confirmation of correct remote diagnosis
depending on selected diagnoses/body locations.
diagnoses/body location confirmation share (%)
no pathological findings 17/30 57
spinal column 3/4 75
thorax /6 17
shoulder and upper arm 10/12 83
elbow and lower arm 4/6 67
hand 3/5 60
pelvis/hip 7/8 88
femur and knee 6/7 86
lower leg and upper ankle joint 5/8 63
foot 2/4 50
pediatric injuries 3/10 30
total 61/100 61
doi:10.1371/journal pone.0043402.t008

PLOS ONE | www.plosone.org

Table 7. Comparison of diagnosis concurrence ratio based on individual reviewers.

reviewer false - false false - accurate accurate - false accurate - accurate
Tvs 2 18 (4] 2 80
Tvs 3 8 7 12 85
1vs. 4 7 4 13 76
Tvs 5 8 12 12 68
2vs. 3 7 8 11 74
2vs. 4 6 5 12 82
2vs. 5 7 13 a1l 69
3vs. 4 5 6 10 79
3vs. 5 5 15 10 70
4vs. 5 7 13 4 76
median 7 75 11 76

Cl 95% 5-8 4-13 4-12 69-82
On average, a 76% total agreement of accurate diagnosis occurred.

doi:10.1371/journal pone.0043402.t007

last to the reviewers, fatigue may have played a role in the
relatively low number of accurate diagnoses.

Despite the good results, this method should not be overrated.
First, it must be stressed that only conventional x-ray images were
viewed which obviously continue te play an important part in
radiclogical examinations and are essential in many areas.
However, in many orthopedic and trauma cases, multiple slice
imaging via CT or MRI (Magnetic Resonance Imaging), which is
superior to conventional x-ray imaging, is indicated. Also, it must
be noted that while generally a significant correlation was found
between cencurrence ratio and image quality, the specialist in
radiclogy assessed image quality significantly lower than the other
medical specialists. Furthermore image quality was only assessed
by subjective rating to keep the study easy and outside the
requirements of teleradiology. In an established cell phone
consulting system this aspect would be necessary according to
quality management. Thus, right from the outset the transmitted
image material should be assessed critically and if necessary,
diagnosis must be stated with caution.

Another critical aspect of the assessment results is the
discrepancy found between the concurrence ratios of the

Hits Correlation: Hit rate vs. image quality

9 e . - e

SR W PR e (o o

n=100 image quality

Figure 2. Diagram of correlation between sum of confirmed
diagnoses by the five specialists (ordinate: 0 =false, 1=accu-
rate) and sum of assessments of image quality (abscissa: score
1-9). Correlation ratio: 0.204; exceeding probability: p=0.04.
doi:10.1371/journal.pone.0043402.g002
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individual reviewers (Tab. 5). This is, inter alia, possibly due to the
experimental nature of this study. In realistic circumstances, image
transmission would be supplemented with verbal information
regarding case history, record of clinical findings etc., thus possibly
optimizing the concurrence ratio regarding diagnosis.

Although this is a reliable and thus functional method, the legal
basis remains unclear. This is not a teleradiology method since the
European X-ray Ordinance stipulates specific workstations for
viewing and diagnostics. The method presented here cannot meet
these high standards of quality. Diagnosis on a laptop would
simply be illegal, with extensive consequences due to a potentially
inadequate or omitted treatment for a disease based on a
transmitted and inaccurately interpreted photograph.

However, these were not our aims. The images transmitted via
email are only to serve as decision-making aids in joint assessment
of findings or treatment plans by telephone, while detailed
recording of the medical history and thorough physical examina-
tion of the patient remain absolutely essential. No therapy decision
must be taken based on transmitted images alene. Indication for
therapy must continue to be based on the patient. In was our
intention to demonstrate the possibilities available with relatively
simple technical means. It is a cost-effective and rapid method
which can be applied almost anywhere.

In our opinion, this method is in principle suitable for clinical
use enabling the on-duty physician in hospital to agree on further
treatment with the background duty specialist by x-ray transmis-
sion via cell phone, thus possibly saving the background duty
specialist from traveling to the hospital. This could result not only
in increased patient comfort, but also in a reduced demand on the
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background duty specialist, saving time and hence improving
compliance with the European Working Hours Act.

In a real clinical setting the transmitted images would be
discussed additionally with the physician on duty or in future with
photographs and notes from the electronic patient files.

Conclusions

In this study, the photographing and mailing of x-ray images via
cell phone has been proven to be a valid and applicable method
for x-ray image evaluation. Necessary requirements include a cell
phone camera of at least 5 megapixels and access to email
transmission.

Our study confirms that the quality of a photographed and
electronically transmitted x-ray image may be suitable in
facilitating decision-making by the background duty specialist,
possibly making the personal appearance of a background
specialist in some cases unnecessary.
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