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Abstract Medical images are essential in modern traumatology
and orthopedic surgery. Access to images is often cumbersome
due to a limited number of workstations. Moreover, due to the
tremendous increase of data, the time to review or to communi-
cate images has also become limited. One approach to overcome
these problems is to make use of modern mobile devices, like
tablet computers, to facilitate image access and associated
workflows. Ten orthopedic surgeons were equipped with an
Apple iPad mini 2 and specialized viewing software for medical
images. The surgeons were able to send images from a worksta-
tion onto the tablets or to search for patient images directly. The
software enabled the physicians to share images, annotated key
slices, andmessages instantlywith their colleagues. The surgeons
carried the tablets within or in the periphery of the hospital. The
participants evaluated the software by means of daily question-
naires. Data was collected for a period of 9 months. Nearly 25
images were viewed in total by the surgeons per day. The tablet
viewer was used for accessing approximately 30% of these
images. On average, the surgeons were asked 1.7 times per day

by a colleague for a second opinion. They used the tablets in
approximately 29% of these cases. Furthermore, the mean time
for accessing images was significantly lower using mobile soft-
ware compared to conventional methods. Tablet computers can
play a vital role for image access and communication in the daily
routine of an orthopedic surgeon. Mobile image access is an
important aspect for surgeons, especially in larger facilities, to
facilitate and accelerate the clinical workflows.
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Introduction

Background

Digital radiological images are an essential tool in modern
orthopedic surgery. They provide pre-operative planning, and
intra-operative and post-operative control.While X-Ray images
remain themost commonly used technique, tomographic image
techniques, like computed tomography (CT) or magnetic
resonance imaging (MRI), have become the gold-standard
diagnostic for certain diseases.

Due to technical advancements of CT and MR imaging, ac-
quisition times shortened and accuracy increased. Consequently,
the amount of data being generated has also increased tremen-
dously, while the number of medical professionals analyzing
those images has remained the same or only slightly increased
[1]. Nearly all EU Member States for which data are available
showed a remarkable increase between 2008 and 2013 in the
number of CT and MRI exams relative to the size of their pop-
ulation [2]. For the USA, the number of MR exams more than
doubled between 2000 and 2013—the number of CT exams
increased by 31% between 2004 and 2013 [3].
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Having said that it is known that a second or more opinions
on medical images increases the accuracy of the diagnosis for
various diseases (e.g., in neuroradiology [4], for breast cancer
diagnosis [5] or for reassessment of cervical spine CTs [6]),
the disparity between the number of professionals and the
amount of data has become a major challenge with respect
to accurate and efficient reporting. Due to the sheer number
of images and the lack of adequate tools, the time for
reviewing radiological images has become less—not just
for diagnostic reporting, but also for surgical preparation, for
example. Moreover, the images are seldom shared with
colleagues or other experts for a second opinion.

Evaluating new technologies to start coping with these
problems is therefore a logical next step. Thanks to the digi-
talization of radiological images and technical advancements,
modern smartphones and tablets are becoming increasingly
important in clinical workflows in general and for managing
medical image data in particular. In contrast to handhelds 10
or 15 years ago, modern mobile devices incorporate enough
computing resources to work with high-resolution image data
while providing high mobility.

It was an early finding that mobile devices may have a
positive impact on efficiency and quality of care in the ortho-
pedic field. For instance, Ricci et al. stated that Bthese systems
also improve the comfort level of consulting orthopedic sur-
geons and potentially limit the risk of litigation for incorrect
diagnosis^ [7]. The evolution of mobile devices for clinical
settings seems to be especially interesting for surgeons when
considering various recent publications [8–10]. As a specific
example which underlines the demand for mobile devices,
Stahl et al. found that Bevaluating […] CT scans transmitted
to a smartphone is a readily accessible, simple, and inexpen-
sive method^ [11]. Although the topic is still in the focus of
debates on data privacy and regulatory considerations, even
the popular BWhatsApp^ messenger was investigated by or-
thopedic surgeons as an Bintradepartmental communication
tool^ [12]. However, the process and implementation of mo-
bile techniques have just started and the real positive effects
have scarcely been investigated.

Rationale

We expect mobile devices or tablets combined with special-
ized software to be a valuable tool to increase the efficiency of
reading, interpreting, and communicating radiological images.
We further expect that this is especially true for orthopedic
surgeons or surgeons in general, since mobility plays a far
more important role in their daily routine than for radiologists,
for example.

There are numerous publications that mainly deal with the
diagnostic quality on mobile devices and their comparability
with the findings on a regular workstation (e.g., [13, 14]). The
majority of these publications conclude that there is no major

difference in the accuracy of reading while interaction with
images could bemore time-consuming on amobile device. De
Maio et al. summarized this with the conclusion Bthe diagnos-
tic performance of interpreting MR images on a handheld
mobile […] is similar to that of a conventional radiology
workstation, however, requires a longer viewing time.^

We are, however, not aware of a study that has tried to
evaluate tablets for image review and communication and
their effects to workflow efficiency in the daily routine of
surgeons. To answer these questions, we planned and conduct-
ed a study named BOrtho Mobile.^ The study was approved
by the local ethics committee in 2015. Results are presented in
this article.

Material and Methods

Study Description

The BOrtho Mobile^ was a prospective single-center study
initiated at the end of 2015. A total of ten orthopedic surgeons
took part. Data was collected for a period of 9 months. There
were in total of six residents and four senior physicians.

The physicians were given an Apple iPad Mini 2 device,
which has a suitable size and shape to be kept in the clinician’s
white coat. The mini device assured both the permanent avail-
ability and a screen that is reasonably large enough for image
reviewing. The term permanent availability refers to the fact
that the tablet could be carried around, which is a decisive
argument for employing tablet computers in a clinical setting.
We did not expect tablets to be faster in terms of computing
power or network connectivity (compared to conventional
workstations), but the mobility of these devices guarantees
immediate access everywhere. The study center is a supra-
regional trauma hospital and has several associated facilities
next to the main buildings, such as a rehabilitation center, an
outpatient clinic, and a research and conference area nearby. It
is not unusual that the physicians visit those buildings more
than once per day. Wi-Fi access was available in the main
buildings of the hospital and these surrounding structures,
but complete coverage in every location could not be guaran-
teed. Thus, the selection of appropriate software was impor-
tant. Please refer to the next section for a detailed description
of the software and its integration.

The physicians received an initial training for the software
and were then provided with the iPad devices. They were
asked to use the device and the software according to their
own needs and willingness so that there was no prior influ-
ence. The usage behavior was recorded by filling out daily
online questionnaires. The online questionnaires were also
installed as an BApp^ on the iPads for facilitating the process
of data entry. The questionnaires were usually filled and col-
lected at the end of the day. The questionnaire and the
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semantics of its questions were also presented during the ini-
tial participant training.

Please note that it was not possible to simply record the
usage frequency using DICOM server logs. The physicians
usually downloaded studies containingmultiple series (or they
were sent automatically before the ward round) out of which
not all were necessary to review for, e.g., a second opinion.
Thus, a software heuristic would have been needed that could
tell whether single series were opened. This was not possible,
in particular not for the existing workstation software.

Viewer Software

The choice of an appropriate software was important for
conducting this study. While different vendors offer mobile ex-
tensions to their PACS (Picture Archiving and Communication
System), it was of particular interest to have an offline-capable
software which further incorporated means to exchange mes-
sages. We were able to utilize a mobile-only application called
BmRay^ [15]. The software is specifically designed for image
display and analysis on mobile devices (cf. Fig. 1) and is inde-
pendent of the underlying PACS. Data exchange and interoper-
ability are realized using the DICOM standard (Digital Imaging
and Communications in Medicine).

As shown in Fig. 2, the software is divided into two com-
ponents. The client application (the BApp^) enables image
viewing on a tablet or smartphone. The application server,
which takes the image data from the PACS, encrypts and
compresses the images before distributing these to the mobile
clients. An important aspect of the software is that the appli-
cation does not require a permanent connection. Encrypted
data is being downloaded and stored on the device temporar-
ily. Due to this and by using individual logins, data privacy,
and security was assured at all times.

Apart from the image viewing functionality, the software
has a communication platform that enables the sharing of
images or key slices with annotations and for a quick commu-
nication by means of text and audio messaging.

This functionality is pretty similar to popular messenger
applications except that sharing in this context means the shar-
ing of radiological images, fixed viewing settings, or single
key slices. The application was configured to have different
ways of receiving data from the PACS: On the one hand, the
physicians had the possibility to directly push image data from
their workstations or even from amodality onto the tablets. On
the other hand, it was also possible to search the PACS directly
specifying different parameters. Moreover, an automated task
served all patient image data of the last 24 h every morning
before the ward round in the respective station.

Lastly, another important consideration was regulatory
conformity of the software for an approval by the ethics com-
mittee. The software is a CE-certified medical device, so we
were able to use it without further efforts.

Comparison of Workflows

To give the reader a better understanding on how workflows
were changed by the introduction of the tablets and which
parts were subject to this investigation, the following diagram
depicts the different possibilities.

The standard workflow A (Fig. 3) for providing a
second opinion usually contains the following steps: A
colleague is informed via phone to review a specific
case (1). The called physician will then try to locate a
workstation (if he is not already in the office) and to
query the archive for the specific exam using the pa-
tient’s identification that was given to him verbally (2).
As a side note and as an example for the difficulties of
this workflow, the participating physicians reported that
accessing images can take up to 10 min and more for
locating an available workstation, potentially start it up,
log on to the system, enter the patient’s data to search
the dataset within the PACS (which can also be prone
to errors) and to open the dataset on the workstation.
The result of the review is normally also communicated
back via phone (3).

Workflow B is the appropriate workflow when utilizing
tablets as suggested in this manuscript. A physician who
is sitting in front of a workstation and who conducts a
reading is in need of a second opinion. He can then
push studies or single series directly onto the tablet of
a colleague who will be informed by a system notifica-
tion telling him that new data is available (1). The
dataset is automatically downloaded by the software so
that a click on the notification brings up the ready-to-
use image dataset. Results and other information are
usually also communicated back via phone call.

In workflow C, the participants utilize solely their tablets
and the software to exchange images, text, and/or audio mes-
sages concerning a specific case. Although phone calls
remained the preferred way to contact someone directly, the
messaging component enabled for an asynchronous exchange
of a second opinion between the physicians.

Variables, Outcome Measures, Data Sources, and Bias

The daily questionnaire contained 14 questions, 12 of which
represent countable measures that were analyzed in this study.
Two questions could be answered with yes/no and gave the
possibility of a free text entry. Please note that the term
Bimage^ does not refer to a complete study, but to a DICOM
series, i.e., either a single X-Ray image or, for tomographic
datasets, multiple slices. The physicians were instructed to use
this term in this way, meaning as this was the common under-
standing of a radiological Bimage.^ The list of questions is
shown in Table 1.
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Questions 1–7 pertain to the general question of usage fre-
quency, which was collected to evaluate the system in general.
Questions 8 and 9 were asked for gathering information on the
participants’ second opinion behavior.

Questions 10 and 11 are related to the efficiency of image
access, which in turn relates to the study’s principal question
as to whether tablets can accelerate the process of image
retrieval. These questions created comparable variables be-
tween the two methods investigated in this study (tablet vs.

traditional workstations), which was the prerequisite for a sta-
tistical test procedure. It is important to mention that the par-
ticipants were instructed to estimate the complete time needed
to access an image—starting from the initial request to do so
until it was opened on the tablet or on a PC, respectively. We
therefore had the intention to account for the daily routine of
orthopedic surgeons in which the physician usually does not
sit in front of a PC (see section BComparison of Workflows,^
workflow A).

Fig. 1 The medical image viewer
used in this study runs on an
Apple iPad device
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Fig. 2 Integration setup of the BmRay^ software within the hospital:
DICOM images can be sent from a workstation or the modality,
whereas the PACS can be queried directly. The tablets receive these

images, and the user can share parts of the images (key slices), text, and
audio messages with other users of the software. Communication is
managed by the application server

Fig. 3 The Btraditional^
workflow for second opinions (a)
compared to the new possibilities
when using tablets and
specialized software (b, c)
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The last three questions were gathered to record information
on qualitative aspects of the tablet usage, i.e., technical problems
and location of usage. A high interobserver variability was ex-
pected due to personal preferences. Valueswere therefore expect-
ed to be biased by this personal and subjective estimation.

Participant Selection

The selection of the physicians was made with the require-
ment of creating a heterogeneous group. The participant group
of this study was nearly equally split in Bexperienced^ senior
physicians and Bless-experienced^ residents. However, there
was only one woman in the study group. The work time spent
in the field of traumatology and orthopedics ranged from less
than 6 months to over 20 years. All participants had been
using mobile devices in their private environment. None of
them were inexperienced or had not used mobile devices be-
fore. Differing amounts of questionnaires were received from
the participants: Six of the physicians returned between one
and five questionnaires. The remaining four physicians filled
out between 11 and 47 daily questionnaires in the course of
this study (for detailed numbers please refer to Electronic
Supplementary Material 1).

Statistical Analysis, Study Size, and Statistical Software

Survey participation of physicians and questionnaire results
was first analyzed descriptively. The mean of all outcome
variables of interest was estimated by linear random effects
(i.e., variance components) models, and the mean difference
in the duration to image access between standard PC
and tablet was estimated by a linear mixed-effects model.
For both corresponding 95%-Wald confidence intervals were

computed. The individual physician was included as a random
intercept to account for multiple observations per physician.
Since graphical inspection did not suggest that time trends in
outcomes existed and the number of observations per physi-
cian varied, no conclusive results on time trends could be
expected and they were not considered in the models. If the
confidence intervals excluded zero, estimates were considered
as statistically significant. However, the study was exploratory
in design and no adjustment for multiplicity was performed.
Therefore, the results can only be interpreted descriptively.
The collected data were complete, and thus, no methods to
deal with missingness were applied. The analyses were per-
formed in the R language and environment for statistical com-
puting (R version 3.3.1).

Results

A total of 117 daily questionnaires were recorded. The esti-
mated mean values of the answers after applying statistical
analysis are listed in Table 2.

Usage Statistics The applied linear random effects model es-
timated a mean of 17 radiological images (X-ray 59%, CT
21%,MRI 20%) viewed per day using a standard PC, whereas
the personal tablet was used to view 7.1 images per day on
average (X-ray 62%, CT 20%, MRI 18%). This sums up to a
mean overall value of nearly 25 images per day, i.e., the mo-
bile software was used for accessing almost 30% of the im-
ages. Besides that, the surgeons used their tablet computers for
bedside demonstration approximately 1.1 times per day.

Table 1 Shows all questions of
the daily issued questionnaire No. Question

1 How often did you review X-ray images on a standard PC?

2 …X-ray images on your tablet?

3 …CT images on a standard PC?

4 …CT images on your tablet?

5 …MR images on a standard PC?

6 …MR images on your tablet?

7 How often did you use your tablet to show images to a patient?

8 How often have you been contacted for a second opinion today?

9 How often did you use your tablet for image retrieval and providing a second opinion?

10 How long did it take on average until image viewing was possible on a standard PC (in minutes)?

11 How long did it take on average until image viewing was possible on your tablet (in minutes)?

12 How often was it necessary to review images on a larger screen for better visibility?

13 Have you been unable to use your tablet due to technical reasons (e.g., Wi-Fi problems, software errors, or
similar)? If yes please describe the problem(s).

14 Did you use your tablet in other places than the ambulance or the ward? If yes please state where.
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Second Opinions In total, the participants were asked 425
times by a colleague to review a patient dataset in the course
of the study. After applying the random linear effects model, the
estimated mean value for the frequency of second opinion in-
quiries was 1.7 times per day. In roughly 29% of these cases,
the tablet was used to access images and give a second opinion.

Acceleration of Image Access The participants were asked to
estimate the average time for accessing images using a con-
ventional PC and tablet computer, respectively. The estimated
mean time for opening a specific patient image was 2.2 min
for a regular PC and about 1 min when using the tablet. The
mean difference in the duration to image access between the
two methods was estimated by a linear mixed-effects model to
be 1.1 min, i.e., the time to access images was estimated as
being reduced when mobile image access through a tablet
computer was used.

Other Relevant Findings

Images only needed to be reviewed on a stationary PC for a
better visibility in just 0.2% of the cases. The participants re-
ported several times that issues with the Wi-Fi connection were
annoying. Besides on the ward or in the emergency room, the

tablets were also used in the ambulatory, externa rehabilitation
facility, the personal office, or in the operating theater.

Discussion

Background and Rationale

Radiological images are crucial for diagnosis and treatment in
orthopedic and trauma surgery. Image data available for a
single patient can, however, become overwhelming for physi-
cians. New tools to facilitate image access, reading, and com-
munication are vitally important, especially in the field of
traumatology and orthopedics where image interpretation is
just one part of the work.

The BOrtho Mobile^ study targeted this specific challenge
by investigating the benefits and drawbacks of modern tablet
computers and special software for accessing and communi-
cating images within a supra-regional trauma center. To
our knowledge, no investigation has been published that
attempted to analyze the benefits of mobile software tools on
a quantitative basis and over a longer period of time. This
study was therefore initiated to measure different parameters
on a daily basis in order to explore the potential of this
new technique.

Table 2 Statistical results of the
survey on tablet usage for image
review and communication

No. Question Estimated mean

[95% CI]

1 How often did you review X-ray images on a standard PC? 10.1 [5.8; 14.4]

2 … X-ray images on your tablet? 4.4 [0.8; 8.1]

3 … CT images on a standard PC? 3.5 [2.6; 4.4]

4 … CT images on your tablet? 1.5 [0.5; 2.5]

5 … MR images on a standard PC? 3.5 [2.3; 4.7]

6 … MR images on your tablet? 1.3 [0.4; 2.2]

7 How often did you use your tablet to show images to a patient? 1.1 [0.4; 1.9]

8 How often have you been contacted for a second opinion today? 1.7 [0; 3.4]

9 How often did you use your tablet for image retrieval and providing a second
opinion?

0.5 [0; 1.0]

Images in total viewed on your standard PC 17.1 [11.4;
22.8]

Images in total viewed on tablet 7.1 [1.7; 12.5]

10 How long did it take on average until image viewing was possible on a standard PC
(in minutes)?

2.2 [1.1; 3.3]
mins

11 How long did it take on average until image viewing was possible on your tablet (in
minutes)?

1.0 [0.6; 1.4]
mins

Time difference for accessing an image between PC and tablet (mean) 1.1 [0.8; 1.4]
mins

12 How often was it necessary to review images on a larger screen for better visibility? 0.2 [0; 0.5]
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Limitations

This study had several limitations and some of these were
unavoidable. First of all, the study design was limited. It was
inherently not possible to have separate Btreatment^ and
Bcontrol^ groups. Using tablet computers was only possible
in conjunction with the existing infrastructure. They cannot be
treated as a complete replacement, and this was not the inten-
tion of this investigation. Thus, there was no comparison be-
tween two independent procedures.

Second, the data presented in this study was collected using
questionnaires. Questions asking for an estimation of an
amount or a specific time are from their nature expected to
be biased. Some of the participants invested more, some of
them less time in filling out questionnaires. However, ques-
tionnaires were the only means to receive the data needed for
to answer the fundamental questions of the study.

Last, the study was conducted at a single site. Specific
peculiarities of the trauma center may have played a role.
Although a multi-center study is always preferable from a
statistical viewpoint, there is no major argument why the
choice of the study location should have had an extraordinary
influence on the results.

About Overall Usage and Acceptance

On average, the participating in this study needed to access
about 25 images per day and almost 30% of these were
accessed using the personal tablet. Nearly one out of three
images viewed, reviewed, or communicated via the mobile
software demonstrated its added value as felt and expressed
by the participants. This total number gives a good overall
judgment on the acceptance and the benefits of this new ap-
proach and met our expectations. This is in accordance with
recent literature that even indicates a favorable Buser
experience^ for mobile image viewers [16]. Boission et al.
even suggested that Bhandheld devices could be a substitute
for computer screens for teleconsultation by physicians work-
ing in emergency settings^ [10].

The ratio of image types viewed on a standard PC and the
tablets is nearly the same (approx. 60% of the images were x-
rayed, 20% for CT, andMRI each), i.e., there is no indicator that
a certain image type is favored for viewing on a mobile device.
This is also in agreement with a large systematic review for
radiological interpretation of images displayed on tablet com-
puters [17], which indicated that mobile image viewing gives
appropriate diagnostic results for these kinds of modalities.

Another encouraging result is the number of images
discussed or shown to the patient (estimated mean, 1.1 per
day). Although this aspect is rather subordinated finding, the
participants emphasized the benefits of showing images to the
patient with a tablet. It should be borne in mind that there was
no systematic approach to interview the patients on this

finding. A publication from 2014 revealed patients mostly
reported that using tablets as a bedside information tool had
no impact on their engagement [18]. We did not obtain data
during our study that confirms or refutes this prior finding.

The participating physicians provided a varying number of
questionnaires. This fact was statistically respected by apply-
ing a linear random effects model. However, it should be
clearly stated that multiple questionnaires of the same person
cannot be treated as an independent observation.

About the Influence of Mobile Image Access
on the Workflow for Providing a Second Opinion

On average, the participating surgeons were asked 1.7 times per
day by a colleague to review a patient dataset for a second opin-
ion. They used themobile software for this in approx. 29% of the
cases. This is also a positive statement concerning the usage of
mobile devices, although a better result was expected.

The software used in this study ([15]) incorporates a com-
munication module similar to that in popular messenger ap-
plications but with a focus on radiological images. So besides
just messaging, the software allows annotated key images or
whole series to be shared through a secure channel (cf. section
BComparison of Workflows,^ workflow C). Bearing in mind
that BWhatsApp^ was already a subject of investigation [12],
we expected more usage of this functionality throughout the
course of our study. However, only a few participants used it
to ask for a second opinion. We therefore have no indication
that the second opinion workflow is improved by using tablet
computers and appropriate software. This could be because
making a phone call is simply quicker. Although a collabora-
tive communication platform is a non-blocking approach for
information exchange, the fact that it is an entirely new
workflow might be why our study participants neglected to
use it.

The communication capabilities of a mobile image viewer
may be more beneficial as soon as the software is implement-
ed center-wide so that an inter-department communication is
possible. The same applies to connecting referring physicians
to the platform. More and specialized training on this func-
tionality could also be beneficial.

About Workflow Acceleration

The estimation of access times probably has the greatest bias
of all factors measured. It is difficult to estimate how long it
took on average to access a certain dataset from the PACS
using one means or the other. It is therefore also valid to say
that this result is biased. Nevertheless, the numbers confirm
the expectation that a mobile device can provide quicker ac-
cess to clinical data and that this is also true for complex data
like radiological images. The difference of 1.1 min is statisti-
cally significant.
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To our knowledge, no other publication has attempted to
capture the time parameter when comparing mobile applica-
tions to their desktop PC counterparts, although this is espe-
cially useful in emergency medicine. Surprisingly, even
publications dealing with the usage of mobile devices for
on-call emergency readings [14, 19], mainly discuss the as-
sessment quality and do not provide findings on workflow
acceleration even though this should be considered as a major
improvement.

Other Relevant Findings

Images only needed to be reviewed on bigger screens for more
clarity or visibility in just 0.2% of the cases. This in accor-
dance with the literature in which the major part of the studies
proves the comparability of image reading on stationary PCs
and mobile devices [10, 13, 14]. Stable and center-wideWi-Fi
access continues to be an obstacle when implementing mobile
solutions.

We further asked the participants if they used the
software outside the ward or the ambulance. The trauma
center that hosted this study has several external facili-
ties the physicians may need to visit, sometimes multi-
ple times a day. There is, e.g., a rehabilitation center, an
outpatient clinic, and a research and conference area. As
reported in the questionnaires, the physicians also made
use of their tablets in this Bperiphery^ and this was
reported to be especially useful. Using mobile devices
within larger institutions, like trauma centers or univer-
sity hospitals, has more advantages than in smaller-sized
facilities. The benefits of being mobile are especially
important for orthopedic surgeons who are more fre-
quently requested to move to different places within
the hospital.

There are, of course, other mobile PACS viewers that could
have been used. However, the selection of the software was
crucial for the study because the impact of mobile technology
is strongly tied to the software used and not just that a hand-
held device is used. This is why we described the application
used in detail. We have chosen the software for the following
reasons that other software solutions could not fully provide:
First, the application can be used offline, i.e., images can be
viewed without being connected to a network (access to the
hospital Wi-Fi or a mobile network was not available every-
where). Second, the software enabled the streaming of images,
which is especially important for large tomographic datasets.
Third, it has a communication module, which allows images
to be shared directly with a colleague so that he does not have
to search for the images himself. The latter two points are
important arguments for a quick accessibility of images.
Nevertheless, we are convinced that some of the findings of
this study could also have been discovered using other appli-
cations in the field.

Conclusions

The study presented in this paper was initiated to evaluate
tablet computers and specialized software for image review
and communication in the daily routine of orthopedic sur-
geons. Therefore, ten orthopedic surgeons documented the
usage of this software on a daily basis.

A central finding of this study is that the mobile software
was used in 30% of the cases when images were needed. This
is a good indicator that tablets can be a valuable tool in the
daily routine of a surgeon. There was also no indication that
image viewing on a mobile device is less preferred or is lower
in display quality compared to the normal stationary devices,
this finding in accordance with the literature. Besides image
reviewing, the participants of the study clearly emphasized the
added value of using a personal tablet for image viewing when
talking to the patient. The software was also judged as being
useful for second opinions and as being quicker when images
needed to be accessed.

Future research should investigate the effect of this new
tool on a larger user base. With a limitation of only ten con-
current users, the possibilities to assess the positive effects of
this collaborative technology were limited. We therefore in-
tend to extend the implementation to more departments and
external physicians—e.g., to external, abdominal surgeons
that provide on-call services for the trauma center on a regular
basis. Moreover, future investigations should also incorporate
a review of how the age and the sex of the orthopedists influ-
ence the general acceptance for mobile devices.

To conclude, we see a high potential for mobile technology
in the field of trauma surgery and orthopedics. Clinical ortho-
pedic workflows and daily work of orthopedic surgeons will
definitely benefit from these developments in terms of conve-
nience, speed of decision making, and efficiency.
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