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Orthopedic trauma and emergency medicine practften aequire images have to be reviewed and

reported on from locations outside the departniemige evaluation by radiologists and orthopediartra team
is crucial for decision making. In difficult casearious specialist will be involved. A quick repag system and
efficient access to radiology information are efisénNew developments in IT technologies have ndge
emerged to bridge the traditional gap betwimaging and reporting and consultation processbgsiBians
involved in treatment of injured patients requiapid access to images. When departments like Mieldizaying

or Radiology and Emergency and/or Orthopedic Traamea located separately in relatively distant lmrat
within Clinical campus the data sharing is necgsdéthe facility does not have implemented PAGStem jet
informatic technology bypass should be consideabt of the hospitals without integrated informatieetwork

are covered with GSM network. Advanced telecommatioas technology as higher resolution PDA phones
handsets with multi-media messaging (MMS) servieg@ability may enhance simple store and forward
telemedicine system for transfer of the medicalgesaand to support accurate management decisionst@ly
confirmed that PDA phones equipped with digital eams for image and video capture can be used as an

efficient tool facilitating rapid diagnosis in miglly injured patients. MMS images with limited sifiles may
supplement clinical decision. Images sent via MM& mot always fully diagnostic but usually sufficily
informative to manage the patient.

1. THE USE OF MULTI-MEDIA MESSAGING AS SUPPLEMENNFORMATION OF
MUSCULOSKELETAL INJURY CASES

1.1. INTRODUCTION
Orthopedic trauma and emergency medicine practtea cequire images have to be reviewed and regame

from locations outside the department. Image eviandy radiologists and orthopedic trauma teagrigial for

decision making. Images should be well prepareddatisgered. The procedure consumes more time if no
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PACS/RIS/HIS is available. Some facilities do navdé implemented PACS systems jet. When departriikats
Medical Imaging or Radiology and Emergency and/ah@pedic Trauma are located separately in relgtidistant
location within Clinical campus the data sharingesessary. Fast developments of modern technslagie
telecommunications have a profound influence ordeievery of medical care throughout the world. Mgament
decisions are therefore based upon a clinical tyistod an anatomical description of the radiograpiesbal
description of the diagnostic images of politraumeat patients, including musculoskeletal injurias e insufficient.
Utilizing a recent advance in telecommunicatiomht®logy as higher resolution PDA phones handsigsmulti-
media messaging (MMS) service capability make digiapture and its transmission possible. Junictais due to
their low experience sometimes look for some adwuibde evaluating radiograms even having the vedeskription of
the radiograph. In some cases it is of great betefiew the images of the injury to plan furtliBagnostics or final
treatment. A simple store and forward telemedisiystem for transfer of the radiographs using MMSilddnelp to
make early, accurate management decisions. Usoallgall or on duty trauma surgeon is unable tdrgetnet access
and is also insufficiently equipped. PDA phone imuédia messaging (MMS) capability is able to owene obstacles
of accessing the internet. Mobile phones or Mobilgital Assistants become a new generation de\sopglied with
GPRS/3G wireless communication system. Mobile Reirsassistant (MDA) devices have changed the wagjadd and
information exchange, share and storage. The usétarest in PDA/MDA devices rises particularly@mg
physicians. A PDA Phone is a combination of mophene (cellular phone) and personal digital agsigtanctionality
in one device. It differs from a smart phone irthéas a touch screen and a stylus. Comparedansthart phone it
usually has a larger screen, a more powerful mromgssor, more memory, etc. In short, it functionse like a
computer in its input/output of information. Nowadaliagnostic equipment used for diagnosis of ralinatized
patients generates large number of images. Drainatiease of image number was observed at thedfrimeroduction
of multislice CT scanners. Single examination mamtain several hundreds of images. Specialistdvedan treatment
of critically injured patients require rapid accésshese data. Cooperation among various spdsia@isime consuming
when not efficient system for data and image temisfavailable. PDA phones have been adopted sedito images
accessing, collecting and transfer in clinicalisgtfor decision support in trauma cases. We decidgerform the
pilot study utilizing MMS in management of politraatized patients to speed up diagnosis. The atmeo$tudy was to
evaluate the use of multi-media messaging as desumept to the radiologist description of injuresl 4o evaluate

usefulness of PDA phones in daily clinical practcel emergency teleconsultation.

2. MATERIAL AND METHODS

There are still some hospitals located in sevasshdt buildings without integrated PACS networkeT
facility, where the tests were performed, is lodateseveral buildings standing separately witHe&CS network
connection. Emergency and Orthopedic Trauma anibRay Departments are located in opposite sectidiibe
hospital (approx. 500 m distance). The facilitjoisated in the area of fully supplied with 3G ckdlunetwork that
enables data and image transfer with MDA (Mobilgifal Assistant) and/or mobile phones or interAdter the
evaluation of a selection of advanced PDA mobilenghhandsets, Qtek 2020 was taken into considarfatichandset

size and picture quality. Qtek 2020 device was eh@s the mobile platform to transmit and recdienulti-media

messagedH{qg. ).
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Fig. 1 Radiogram of the fractured tibia on PDA péon

Main unit with battery weighs approximately 190glats maximal dimensions are 69,9 mm x130 mm x 1® m
that allows to be carried by the physician on duitgll times. The device is operating on Microsfhdows Mobile
2003 for Pocket PC Phone Edition. It is equippetth Bi5” Transflective TFT-LCD with Back-light LED240 x 320
Pixels resolution, 64K Colors and Sensitive ToucheBn. The mobile phone in this model is basedity lihtegrated
GSM/GPRS Functional Block. Images were capturet tiitilt in CMOS color VGA camera (resolution 480854
MMS client and image capture applications availableis PDA phone were utilized for the study. Rlemages were
captured by the referring orthopedic trauma surgealadiologist, saved in JPEG format and thensiratied as an
MMS image to the handset of the other specialish@pedic trauma surgeon or radiologist). Imagediagnosed
patient consisted of AP and lateral radiographfefnjured region, CT scans, US images, MRI imagewell as a
photograph of the clinically existing soft tissuaplicating injury. Fifty images of conventionaldliagrams and CT
scans were sent as MMS images. Teleconsultatiores made between PDA phones through direct commiimica
Transferred image size was limited to 100 Kb. MM&ssages were created and sent to provide fasideérgic
consultation. Teleconsultations were performed betwconsultant radiologist and orthopedic traumgesn and vice
versa. The acute duty emergency duty environmenédeas a study setting. Consecutive recruitmedtagfnosed
cases was chosen to avoid selection bias in reafidigyuality or injury pattern. Radiographs and ottiagnostic
images were obtained in all the teleconsulted pttidvlanagement decision was supplemented basktiis$iimages
and the clinical history.

2.1. RESULTS

Image capture, selection of the Region Of Intefresh clinically relevant image and its transmissand
finally preparation of single MMS was never longfggin 60 seconds. Transmission time for single meltia message
and its review by radiologist or orthopedic trausnageon was usually shorter than 10 minutes depgrati specialist
availability. All images sent via MMS reached sometthe recipient. Forty six of 50 MMS image reacl®iA phone
the others were redirected to MMS server. Other Mi$e e-mailed to the address of the one consuléegsages
which did not received directly probably due tglfif mode of the devices or some latency in messaigging.
Similarly, MMS transfer time from radiologist toimician or opposite way to an e-mail account wagagk shorter than
one minute. Quality of all CT images enabled caasigins between specialists. Image quality of MM8iegrams
accurate for teleradiologic assessment was cordiimd6 MMS messages. Eight percent of X-rays widfeult to
read. Ease of use of the MMS telemedicine systesjudged to be highly acceptable.

3.1 DISCUSSION
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PDAs an MDA devices are becoming increasingly papamong medical professionals [7, 10]. There le&nb
widespread adoption of personal digital assistdAs) within medicine in recent years [5-8, 11, 18, 17, 22].
However, more than 75% of PDA users use only soéwsach as drug databases and clinical referemctseo PDAS.
Patient tracking applications, medical references@alculators, and documentation and billing safenare also
commonly used. Radiology-specific applicationsatietl on PDA devices, is rarely used. Boon and ddas surveyed
radiologists [3] on PDA usage. They found that 4&%adiologists, mostly trainees use PDA devicesd than 25% of
them use radiology-specific applications. They daded that along with higher display resolutionttéewireless
networking capabilities, greater memory capacity excreasing number of software applications dedit#o imaging,
more radiologists in the future will use PDAs.

Dealing with emergency medicine and traumatologygimg information evaluation is demanded by radjsb
and clinicians. Image transfer utilizing commoniaiable PDAs has been addressed by other invéstigfL 0, 19, 25,
26, 27 ]. The 3G network has speed relatively apginmg to the current broadband network, but thbilityis far
greater than that of the broadband network. Theluden of a typical single slice of CT image ofodution 512 x 512
pixels consumes around 0.5 MB. This size file respiresizing for further transmission. This procgtisreduce the
image detail to less than half of the image detfathe original DICOM image. The DICOM is the mastimmon image
format in PACS [12] designed for imaging scanneosnputed radiography, film printers, and displaykstations. At
present there are a little display capabilitiesH&A phone to present DICOM images.

The accuracy rate of 95% for image interpretatisingia PDA was higher in the studies of Yaghmail €i24]
than that reported by Reponen et al. [19]. Repabeth studied images of a resolution of 600 x gid@ls, JPEG (Joint
Photographers Expert Group) compression, and & lgiag scale setting of 8. False negative diago@stor
possibilities, nonsignificant for the managementhef patient may occur as reported previously. ddheent of wireless
or GPRS/EDGE/UMTS operating PDA phone introducesptihssibility of remote image interpretation andiical
consultation. Evaluation of medical image by meldsgeecialists based on remote transmission reqagteguate,
clinically relevant image quality. This study evatled the capacity of the PDA phone to serve asdiumein the
diagnostic interpretation of plain X rays CT scahgpatients with multiple injuries. MDA and mobitdones allowed
to see satisfactory images but rather informatias tdiagnostic. The rapid diagnosis of multipleliigs is crucial for
favorable outcome. Personal digital assistants (HDWAve been adopted and used within many disepfior a number
of different functionalities and healthcare is moception. Healthcare professionals from physictargharmacists have
adopted PDAs. That adoption has led to a numbdiffefent uses including decision support, educatand accessing
or collecting data.

Multimedia Messaging Service (MMS) became a stathflara telephony messaging systems that allow
sending messages that includes multimedia objecksding images, audio, video and rich text. MM$his evolution
of Short Message Service (SMS - a text-only mesggigichnology for mobile networks). Mobile deviastbeen
designed to work with mobile packet data servicehas GPRS. MMS was originally developed withieThird-
Generation Partnership Program (3GPP), a standards organization focused on stdsdar the UMTS/GSM networks.
Global availability makes cellular technology GPREDGE / UMTS ideal for accessing MMS and emailwdweer, the

rates of data transmission are slower than wirdldeBty (WiFi) technology.
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MMS requires a number of handset parameters tet&silti-media messaging service (MMS) capability
allows the sending and receiving of images, moaresaudio files. These devices are simple to udeswificient
quality of image resolution [20]. Implementing MMi8s the potential to facilitate the rapid, reldiniaexpensive
teleconsultations to make an accurate managem@uatitfluma and musculoskeletal injuries.

Display quality on PDA phones improves. Similar noyement is observed through image transfer spéadd w
utilizing these devices [19, 25, 26]. A new metlabghortable image interpretation and display issaielolutionize the
field of radiology and subspecialty medical coresitdin. Our data suggest that high-quality imagesfa radiogram or
CT scan can be displayed on a PDA phone. Imagesniitted through MMS can be interpreted with a de@f rather
informative accuracy, but diagnostic accuracy aatrbe excluded a priori. The quality of the imagesuwnostly screen
size and resolution dependent. The smaller scrieginidhes resolution and quality of images. Mediozges
evaluated on personal computers allowed gettinghiel and diagnostically sufficient image resolnti§hort
transmission time confirmed by our study for imaggaasmission create valuable tool for emergen@gies evaluation
sufficient to prompt surgical or conservative maragnt of the injured patient. Reponen et al. [&pprted a 1.5
minutes required for single image transmission timethe interpretation time of a complete CT wagraximately 40
minutes. In future no complicated computer hardvaarsoftware should be necessary. An attractivedtaegnostics
solution utilizing MMS transfer is the simple e-tne¢nding. The MMS image transfer is simple anakjusmall
objects were seen more clearly e.g. CT scans irpagson to conventional X rays while seen on PDAmh We have
found some difficulties to assess pictures witthhigntrast between elements resulting in blurriindne object edges
and averaging of neighboring structures that weasplayed in form of large rectangles in grayscale?®A phone.

PDA phone radiology telemedicine allows high qyatitedical care and information to be delivered
irrespective of geographic location. Several stuti@e shown benefits in remote emergency and &ramamagement
[9, 21, 27]. Utilizing telemedicine in everydayrgtial practice meets some obstacles as technolqasnses, necessity
of gaining a new skills in operating modern devioesoftware. Employing PDA phones as tools fogredicine,
already used by many physicians in their everyliflayt may be possible to overcome these obstdéle$5].

Internet mobile system for MMS transmission bribgsefits delivering good enough quality of medical
images immediately [2]. MMS enhances early decismaking as the PDA phone handset can be carrig¢keon
orthopedic trauma surgeon at all times.

Fast teleconsultation system in politrauma muselmero tolerance for failure [2, 4]. Yaghmai et[a#]
described successfully a simple technique for tréssion of a complete set of cranial computed taayoigy (CT)
images to a commercially available wireless persdiggtal assistant (PDA) for remote teleradiolagynsultation. They
retrieved, decompressed, and reviewed using PDieeillular phone capability with commercially aadile software a
complete set of images from the head CT of a trapati@nt with subdural hematoma. Images were cagtitom a
picture archiving and communication system (PAQ®) mansmitted wirelessly as an e-mail attachnieime. time for
entire procedure of complete CT image set captrapsmission and a remote radiologist’s wirelesaRbnsultation
was shorter than 12 minutes [24].

In a few of the multi-media consults with the cutreystem a redirection occurred to MMS server.tTha
provoked the receiving delay probably due to a lenobwith GPRS bandwidth transmission. This prob$ould

improve in the near future utilizing UMTS protocMessage transmission security is an issue of bigtencern, as in
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all telemedicine applications. However, data onrtebile handsets can be secured by password postebtit
encryption may protect transmission. For safetgoaa personal data of the patient should be rath@mimized for the
MMS teleconsultation. Maintaining patient data seégyparticularly in a wireless environment is estsal. For the
safety reasons coding the attached image filesendving patient information from all images maygdme necessary
procedure that may elongate the time to final dpson. Coded images must stay recognizable foctresultant not
only for referring physician.

Another concern is mobile virus potential epidemildse first mobile phone virus capable of replicgtvia
MMS messages has been discovered. It targets SyrBleides 60 phones. Its ability to propagate vidtiedia
Messaging Service messages (MMS) worries some Bxpanrtunately, most of the PDA phones operaté/ardows
Mobile. Although mobile viruses are not currentlgegious threat, some experts predict that thel@noks on the rise
and may become more widespread in the future. @endes to help protect the data on mobile destoauld be
followed. Programs and content should be downloadextcepted only from a trusted source. The dexiggpped
with Bluetooth should remain turned off or set tmsdiscoverable mode when not used.

Yaghmai et al. [24] in their article presentedrae technique that allows rapid transmission obmplete
head CT for consultation with a radiologist anditn@ neurosurgeon at any remote location that Hadazcetelephone
service. They were able to transmit a complete I@Ehély compressed to smaller in size .pdb file fatrto prompt the
file transmission. That form of compression alldagransmit and review an entire set of imageskarthe previously
reported studies in which only selected imagegraresmitted [24, 26]. The consultant may be sétdan a different
country or continent and far from a landline butstretay within cellular network environment.

In the present study, we also show that these isaggy be displayed rapidly and with the accuratdityu
anywhere with mobile network. Presented techniqag tiherefore be utilized in a remote location fealaation and

triage of traumatized patients. The rapid imagesmgission may differ dependently on clinical sgjtin

4.1 CONCLUSIONS

We have demonstrated the feasibility of using PDAne in accessing digital medical images. Devices
equipped with digital cameras for image and vidaptare can be used as an efficient tool facilitatapid diagnosis in
politrauma patients. MMS images with limited sided allowed receiving informative, but not alwdyfly diagnostic
teleconsultation. No discrepancies were found wimnparing treatment recommendations based on tieifdABges to
those based on images on PACS. The image deliailiied by its resolution and display intensitytie mobile display,
although PDA phone device can provide fast delivdriynages such that radiologists can preview iredggfore they
have access to an image workstation. The systaedtasour pilot study is particularly importanttime case of urgent
consultation and clinicians can review reportedgesathrough mobile phone display. It could be df&dor referring
clinicians to obtain relevant images and accompangliagnostic reports. Using the PDA phones tratadalogists

and trauma surgeons achieve enhanced and rapissaocenages that facilitates care of trauma ptstien
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