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Abstract
Objective—Orthopedic injury and intracranial hemorrhage are commonly encountered in
emergency radiology, and accurate and timely diagnosis is important. The purpose of this study was
to determine whether the diagnostic accuracy of handheld computing devices is comparable to that
of monitors that might be used in emergency teleconsultation.

Materials and Methods—Two handheld devices, a Dell Axim personal digital assistant (PDA)
and an Apple iPod Touch device, were studied. The diagnostic efficacy of each device was tested
against that of secondary-class monitors (primary class being clinical workstation display) for each
of two image types—posteroanterior wrist radiographs and slices from CT of the brain—yielding
four separate observer performance studies. Participants read a bank of 30 wrist or brain images
searching for a specific abnormality (distal radial fracture, fresh intracranial bleed) and rated their
confidence in their decisions. A total of 168 readings by examining radiologists of the American
Board of Radiology were gathered, and the results were subjected to receiver operating characteristics
analysis.

Results—In the PDA - CT brain study, the scores from PDA readings were significantly higher
than those from the monitor readings for all observers (p≤0.01) and for radiologists who were not
neuroradiology specialists (p≤0.05). No statistically significant differences were noted for the wrist
images or in the iPod Touch studies, although some comparisons approached significance.

Conclusion—Handheld devices show promise in the field of emergency teleconsultation for
detection of basic orthopaedic injuries and intracranial haemorrhage, although further investigation
is warranted.

INTRODUCTION
Hand-held devices such as smartphones, MP3 players and personal digital assistants (PDAs)
are increasingly prevalent in modern society. The usefulness of these hand-held devices in the
medical setting is evident, with 46% of attendings and trainees (1) and 45% of radiologists
using a PDA (2). Internet and e-mail access, provision of database and spreadsheet software,
word processing facilities, storage of medical textbooks, collation of research data and
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scheduling of daily activities all contribute to the value of this device to the modern-day
clinician (1,2).

Whilst the ability of hand-held devices to offer significant benefit to the daily routine of any
modern-day clinician refs (3-5) is not under debate, their ability to accurately display medical
images is currently disputed and has not been extensively researched. Although text and low-
resolution graphics are easily displayed with current hand-held technologies, it is unclear
whether they can provide sufficient image quality to allow primary diagnoses or secondary
consultation. Small screen size, low inherent display resolution, low contrast ratio, poor
connectivity, slow data transfer rates, security issues and minimal inherent memory provision
have been cited as limitations for display of radiological images on a PDA and concern has
been expressed over radiologist acceptance (3). Nonetheless, technological developments are
being introduced to improve their clinical potential: latest software allows DICOM and JPEG
images to be retrieved (6,7); efficient wireless transmission protocols eases the transmission
and retrieval of medical data on display devices, using Bluetooth (8) for local transmission or
high-bandwidth networks such as code division multiple access (CDMA) for longer distances
(9); latest hardware has improved spatial and contrast resolution, processing speeds and
memory size (10). Several authors have outlined the potential usefulness of handheld devices
for emergency computerised tomography (CT) images (11-13), renal colic (14) intracranial
haemorrhages (15), appendicular skeletal trauma (Chew NS et al., presented at the 2008 annual
meeting of the Radiological Society of North America) and dental images (16). However these
studies have rarely been supported with diagnostic assessments using large groups of expert
radiologists.

In this work investigating the clinical efficacy of handheld devices for radiological image
display, two different display varieties were tested. The first of these was a Dell Axim PDA
and the other an Apple iPod Touch. Dell is an established provider of hand-held technologies.
The iPod Touch and iPhone are two of the newest hand held technologies and were launched
by Apple (Cupertino, California) in September 2007. These Apple devices provide very similar
functions, the greatest difference being that the iPhone has cellular telephone capabilities. They
feature identical displays and so conclusions about the display of medical images on the iPod
Touch should equally apply to the iPhone. Interestingly, despite the paucity of research into
its clinical value, two sessions at the recent annual meeting of the Radiological Society of North
America were dedicated to medical imaging and the iPhone entitled “Teleradiology on iPhone:
a Survey of Imaging Viewers. Radiological Society of North America web site” and “The
Mobile Radiologist: Using iPhone to Connect, Collaborate, and Work” (annual meeting of the
Radiological Society of North America, 2008). As handheld technologies evolve and they are
increasingly adopted into the clinical arena, it is important that clinicians are aware of their
capabilities and limitations and manufacturers are informed of the potential need for further
development. Therefore, this study sought to determine whether handheld computing devices
could provide diagnostic accuracy comparable to that of secondary display monitors which
might be used in the emergency teleconsultation setting for some common radiological tasks.

MATERIALS AND METHODS
Overview

The goal of this work was to establish whether two hand-held devices, a Dell Axim PDA and
an iPod Touch, could offer diagnostic efficacy comparable with secondary class liquid crystal
display (LCD) monitors. These monitors were investigated as they represent the type of display
which might be available remote from a primary clinical site and so might be used in similar
clinical circumstances as a hand-held viewer. The experimental studies were carried out at the
American Board of Radiology examinations in Louisville, Kentucky where examining
clinicians volunteered their time to the studies. Each of the two devices was tested for both
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digitised plain film wrist images and CT brain images. For each image type, 30 images, of
which 15 displayed a specific abnormality (fresh intracranial bleed and distal radial fracture
in the CT brain and wrist studies respectively) and 15 did not, were presented to each observer.
Observers searched the images for these lesions and rated each image using a 6 point scale,
with a higher score representing a greater confidence that a lesion was present. Receiver
operating characteristic (ROC) analysis was used to test for statistical differences. Institutional
approval was provided for the use of all images.

Equipment
PDAs—Two Dell PDAs, a Dell Axim 50v and Dell Axim x51V with equal display
specifications and outward appearance, were used in the study. Maximum, minimum, and 50%
grey level luminances were measured and values for the two PDAs were within 10% of each
other. Specifications are shown in Table 1. ClearVue software supplied with the PDAs was
used to view the images, however zooming, panning and windowing were not possible.

iPod Touch—Two identical Apple iPod Touch hand-held display devices were used
(Cupertino, Ca). Maximum and minimum luminances for both iPod Touches were within 5%
of each other and all specifications are shown in Table 1. Images were viewed on the iPod
Touch using the Apple Photo Album software and whilst zooming and panning were allowed
it was not possible to window the images.

There was no provision to calibrate the handheld devices to the Digital Imaging and
Communication in Medicine Greyscale Standard Display Function (DICOM GSDF) (17),
however as shown above these were shown to be working in a standardised and consistent way,
adhering to the specifications shown in Table 1.

Monitors—The hand-held devices in each study were compared to 1024 × 1280 standard
LCD monitors (VG810B, Viewsonic, Walnut, CA) which complied with the AAPM TG18
recommendations for secondary reporting monitors (18) and provided spatial and contrast
specifications that exceeded the brain and wrist native image spatial resolution. These were
calibrated to the DICOM GSDF (17) using Verilum software and luminance pod (IMAGE
Smiths Inc., Germantown, MD) and a calibrated photometer (Model No. 07-621, Nuclear
Associates, Hicksville, NY). The specifications are summarised in Table 1.

Images
A bank of axial CT scans of the brain was collected and thirty single slices were selected for
the study. Single slices were utilised due to the absence of appropriate viewing software for
the PDA to facilitate comfortable scrolling through the images. Of the 30 slices chosen, 15
showed evidence of a fresh intracranial haemorrhage and the rest did not. For each slice the
original matrix size was cropped to 640 × 480 pixels to allow cranial anatomy to be displayed
at full resolution on the PDA. For each slice the original matrix size was cropped to 640 × 480
pixels to allow cranial anatomy to be displayed at full resolution on the PDA. The resolution
of the iPod Touch did not allow the images to be displayed in their entirety at any one time,
however zooming and panning were permitted and so the images could be viewed at full
resolution.

For the wrist image assessments, an existing bank of 30 postero-anterior images, of which 15
demonstrated distal radial fractures and 15 were normal, were digitised using a charged coupled
device monochrome camera (Hitachi Denshi; Jugesheim) with a 18-108/2.5 zoom lens (Sony;
NY). The camera was connected to a Sprynt imaging framestore (Synoptics; Cambridge, UK)
operating within the program, PC-Image 2.1 running on a Pentium 4 processor (Intel, Swindon,
UK). Each image was digitised at 16 bits per pixel and was cropped to include only the relevant
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anatomy. This resulted in images having varying spatial resolutions, so to standardise
resolution, all wrist images were placed on a black background of 480 × 640 pixels -equal to
the display resolution of the PDAs. This ensured that they would display at full resolution and
without magnification on the PDAs. As with the CT brain images, zooming and panning were
allowed with the iPod Touch thus permitting the images to be viewed at full resolution. Ground
truth gold standard for the images were established by specialists in CT (n=3) and musculo-
skeletal (n=2) imaging (none of whom participated in the study proper) using the original
modality images, radiological reports and other clinical data not available to the assessors of
the images.

The CT and wrist images were provided with permission by two hospital sites. For both sets
of images, approximately one third of abnormal images contained subtle lesions, a third
contained obvious lesions, and the rest were intermediate in difficulty level. Truth was
established by radiological report and opinion of an expert lecturer.

Software
Images displayed on the monitor were viewed using custom designed viewing software,
Lesionnaire (John Ryan, University College Dublin;
http://www.ucd.ie/diagnosticimaging/html/johnryan) which allowed the radiologist to rate the
images using a confidence scale of 1-6, where 1 indicates certainty that the image contains no
abnormality and 6 indicates certainty that an abnormality is present (Figure 1). The trapezoidal
area under the ROC curve (AUC), number of true positives, true negatives, false positives and
false negatives for each observer are calculated and displayed immediately after the observer
completes his or her readings. Output files containing the observer’s responses and timing data
are also automatically generated, including a file compatible with ROCKIT analysis software
(Charles Metz, University of Chicago; http://xray.bsd.uchicago.edu/krl/index.htm).

As it is not presently possible to run Lesionnaire on a PDA or an iPod Touch, observers could
not record their responses on this device, therefore the hand-held images were interpreted on
the hand-held device but observers recorded their rating on a “map” displayed on a monitor
(Figure 2). Since using the full quality image as the map on the monitor would defeat the
purpose of evaluating hand-held image quality, these map images had reduced contrast so that
the minimum to maximum luminance ratio was no greater than 10% of the original, and 50%
noise added so that only gross anatomic structure was discernable and details of abnormalities
were obscured. Both the full quality images used for the monitor observations and the maps
were displayed at full spatial resolution and without magnification and windowing, zooming
and panning were not permitted.

Observers
Because the number of images was relatively low, due to time constraints, the number of
participating radiologists was maximised. In total 49 observers participated in the PDA study
and 35 in the iPod Touch study. All were examining radiologists with the American Board of
Radiology (ABR) and although all participating radiologists were experts in their own field,
the term “non-specialist” is used here to describe a radiologist examining an image not related
to their own speciality, for example, a GI specialist examining a wrist image. The breakdown
of observers for each image type may be seen in Table 2. Mean post ABR-certification
experience across all radiologists was over 20 years.

A tutorial on how to use the handheld devices was provided to observers. Support was available
at all times if observers were unsure or had difficulty using either hardware or software. The
abnormalities to be considered were specified (brain: fresh intracranial haemorrhage; wrist:
distal fracture of radius) prior to the commencement of each reading. No time restriction was
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imposed; however, observers were prompted in a pop-up after 30 seconds to make their
decision. A standard counterbalanced method was employed in order to minimise memory
effects (19) and ambient lighting was constant throughout the studies at 40 lux, in line with a
previous publication (20).

Statistical Analysis
Overall observer performance for each modality, observer and image type was assessed using
conventional ROC statistical methods. The Dorfman-Berbaum-Metz (DBM) method of ROC
analysis was employed and the trapezoidal area under the curve (AUC) was utilised (21-27).
DBM analyses were carried out in two conditions -treating both readers and cases as random,
and treating readers as random and cases as fixed. Results were considered statistically
significant at p≤0.05. DBM software is available from the websites of the Medical Image
Perception Laboratory, Department of Radiology, University of Iowa
(http://perception.radiology.uiowa.edu) and the Kurt Rossmann Laboratories for Radiologic
Image Research, University of Chicago (http://xray.bsd.uchicago.edu/krl/).

RESULTS
PDA Study

The DBM analyses showed some groups performing significantly better with the PDA than
with the monitor (Table 3) in the CT Brain reading task. The entire group of observers who
assessed the CT Brain images demonstrated improved performance with both readers and cases
treated as random and with cases fixed, while nonspecialist group showed significantly higher
AUCs only when cases were treated as fixed. The neuroradiologists did not achieve statistically
significantly higher results with the PDAs, although the p values for both DBM comparisons
approached significance.

There were no significant differences for the comparisons of the wrist images.

iPod Touch Study
The ROC analyses for the iPod Touch comparison with the secondary display did not
demonstrate any significant inter-modality differences for either the CT or wrist image data.
Results from this analysis are shown in Table 4 and mean figure of merit values and p-values
are indicated.

DISCUSSION
This study explores the value of two different hand-held devices for reporting two relatively
common emergency situations - fresh intracranial bleed and fractured distal radius. If hand-
held devices can be demonstrated to be an efficient reporting tool, the value to both the clinician
of not having to be on a specific site to provide an opinion and to the patient where the
immediacy of reports is enhanced is clear. The results of these studies indicate that both the
PDA and the iPod Touch may indeed be adequate for the display of some radiological images,
equalling the performance of secondary class LCD monitors for two image types and even
surpassing them for certain observer and image types in some analyses.

The ROC results did not demonstrate statistically significant differences between the iPod
Touch and the secondary display monitor for either image type. Some statistically significant
differences were found between the PDAs and monitors for the brain images. Both the group
as a whole and the non-specialist observers demonstrated significantly better performance on
the PDAs than the monitors for the CT brain images when cases were treated as fixed, and this
result holds for the entire observer group with cases treated as random.
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The performance of the hand-held devices was similar to that of the monitor to within the 95%
CIs shown in Tables 1 and 2. The comparable performance of the PDAs, despite the
substantially lower display specifications for maximum luminance and contrast ratio than the
monitors, raises questions about which physical properties of images are most influential in
radiological perception and interpretation. The relationship between physical descriptors and
clinical image diagnoses has been debated in the past and is summarised by Tapiovaara in
STUK–A219 (30), with available evidence for (29,30) and against (31,32) strong correlations
between physical and clinical data. The current results demonstrate the importance of including
clinical image assessment when evaluating new technologies, so that visibility of
pathologically important details against a typically heterogeneous background can be fully
assessed along with the impact on observer perception and response.

The image area on the handheld devices (for non-zoomed images), due to physical screen
dimensions, was smaller than the monitor. Whilst might initially be thought to limit the
functionality of portable devices, this feature may actually offer some explanation for the hand-
held devices’ performance in this work. Previous workers (33) have considered the issue of
physical image size and performance with radiological images (34) and showed that a majority
of radiologists achieved higher AUC values for smaller, compared with larger, images and
suggested that this may be due to a greater portion of the image being represented over the
high-resolution foveal and para-foveal vision at a single time. Seltzer et al. (35) suggest that
limitations do apply to small, densely packed images (such as very large numbers of CT slices
printed on film sheets), but that allowing magnification and variable viewing distance can
compensate for these to a great extent. It is difficult to say whether a greater fovea-image ratio
or the ability to vary viewing distance explains the findings of this study entirely, but further
investigation of the impact of image display size on lesion detection is warranted.

Overall, the results of this study suggest that hand-held devices show promise as tools in
radiological reporting. However we must be clear as to the limitation and restrictions of the
current work. A study with more cases is desirable to decrease the width of the CIs and allow
more definitive conclusions, but due to practical constraints this was not possible in this study.
This work only considered secondary displays and no conclusions can be made about the
performance of hand-held devices compared with primary workstations. Also, common post-
processing tools such as windowing and zooming are not currently built into the Lesionnaire
software and whilst this limitation of the software is currently being addressed, for the present
work image manipulation was unavailable to the observer except for zoom and pan functions
on the iPod Touch. This may have limited the performance of the secondary displays in
particular as viewing and windowing facilities would commonly be available where a standard
computer and monitor are used. In addition, for the CT images, only a single slice was
demonstrated for each image assessment, so important image data that would normally be
present on adjacent sections were not accessible. Nevertheless, this study has demonstrated
that important clinical information about a patient condition can be made available to clinicians
by displaying radiological images on hand-held devices and this finding extends their potential
beyond current applications such as teaching residents (4,5) and organising clinical
commitments (3).

In summary, the results suggest that the hand-held devices investigated in this study may yield
results comparable to secondary class monitors for reporting of fresh intracranial bleeds on CT
images or fractured wrists on radiographs and so may be of value within radiology, particularly
for teleconsultation and emergency procedures. However, further research is required and a
precautionary approach is advised at this stage. The importance of both physical and clinical
evaluation of new technologies or radiological procedures is highlighted.
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Fig 1.
CT brain image and decision confidence scale displayed in Lesionnaire viewing software
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Fig 2.
CT brain image with added noise and reduced contrast as displayed on the monitor for PDA-
based readings. The image was used only to record observers’ ratings and locations marked as
suspicious
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Table 1

Comparison of PDA, iPod Touch and monitor display specifications

PDA iPod Touch Monitor

Maximum Luminance* 100 cdm-2 420 cdm-2 300 cdm-2

Minimum Luminance* 4 cdm-2 2 cdm-2 1 cdm-2

Contrast Ratio* 25:1 210:1 300:1

Display Resolution 480 × 640 pixels 480 × 320 pixels 1024 × 1280 pixels

Screen Type Transflective TFT with LED Backlight LCD LCD

Interaction Method Stylus Touch Mouse

Screen Size 3.7” 3.5” 18.1”

*
At settings used in this study
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Table 2

Observer distribution. Specialists for the brain and wrist images were neuroradiologists and musculo-skeletal
(MSK) radiologists respectively

PDA Study iPod Touch Study

CT Brain Wrist CT Brain Wrist

Specialists 15 12 11 12

Non-specialists 8 14 4 8

Total 23 26 15 20

AJR Am J Roentgenol. Author manuscript; available in PMC 2011 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Toomey et al. Page 13

Ta
bl

e 
3

D
B

M
 a

na
ly

si
s o

f t
he

 d
at

a 
fr

om
 th

e 
PD

A
 st

ud
ie

s

O
bs

er
ve

r 
G

ro
up

M
ea

n 
A

U
C

 P
D

A
M

ea
n 

A
U

C
 M

on
ito

r
M

ea
n 

A
U

C
 P

D
A

 –
 M

on
ito

r
F-

st
at

is
tic

p 
va

lu
e

C
T 

A
ll

0.
89

4
0.

85
5

0.
03

9

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.8
18

, 0
.9

70
)

(0
.7

69
, 0

.9
41

)
(0

.0
07

, 0
.0

72
)

5.
87

0.
01

9 
*

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.8
65

, 0
.9

23
)

(0
.8

17
, 0

.8
94

)
(0

.0
12

, 0
.0

67
)

8.
76

0.
00

7 
*

C
T 

B
ra

in
 S

pe
ci

al
is

ts
0.

90
8

0.
87

1
0.

03
7

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.8
40

, 0
.9

76
)

(0
.7

83
, 0

.9
58

)
(-

0.
00

2,
 0

.0
77

)
4.

15
0.

06
1

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.8
78

, 0
.9

37
)

(0
.8

19
, 0

.9
22

)
(-

0.
00

2,
 0

.0
77

)
4.

15
0.

06
1

C
T 

B
ra

in
 N

on
-s

pe
ci

al
is

ts
0.

86
9

0.
82

6
0.

04
3

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.7
58

, 0
.9

79
)

(0
.7

20
, 0

.9
32

)
(-

0.
01

1,
 0

.0
96

)
2.

61
0.

11
6

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.7
96

, 0
.9

41
)

(0
.7

61
, 0

.8
91

)
(0

.0
00

, 0
.0

85
)

5.
71

0.
04

8 
*

W
ris

t A
ll

0.
95

4
0.

94
2

0.
01

2

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.9
20

, 0
.9

89
)

(0
.9

07
, 0

.9
77

)
(-

0.
01

3,
 0

.0
38

)
0.

96
0.

33

Re
ad

er
s R

an
do

m
 C

as
es

 F
ix

ed
,

(0
.9

32
, 0

.9
76

)
(0

.9
19

, 0
.9

65
)

(-
0.

00
7,

 0
.0

31
)

1.
81

0.
19

W
ris

t S
pe

ci
al

is
ts

0.
97

8
0.

97
5

0.
00

3

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.9
55

, 1
.0

00
)

(0
.9

58
, 0

.9
91

)
(-

0.
02

2,
 0

.0
28

)
0.

06
0.

80
8

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
,

(0
.9

61
, 0

.9
94

)
(0

.9
60

, 0
.9

90
)

(-
0.

02
0,

 0
.0

26
)

0.
08

0.
78

2

W
ris

t N
on

-s
pe

ci
al

is
ts

0.
93

4
0.

91
4

0.
02

0

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.8
77

, 0
.9

91
)

(0
.8

62
, 0

.9
65

)
(-

0.
01

7,
 0

.0
58

)
1.

22
0.

27
8

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.8
96

, 0
.9

72
)

(0
.8

77
, 0

.9
51

)
(-

0.
01

1,
 0

.0
52

)
1.

97
0.

18
4

N
ot

e:
 F

ig
ur

es
 a

re
 c

or
re

ct
 to

 th
re

e 
de

ci
m

al
 p

la
ce

s. 
St

at
is

tic
al

ly
 si

gn
ifi

ca
nt

 re
su

lts
 a

re
 m

ar
ke

d 
w

ith
 a

n 
as

te
ris

k.
 D

at
a 

in
 p

ar
en

th
es

es
 a

re
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

s

AJR Am J Roentgenol. Author manuscript; available in PMC 2011 February 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Toomey et al. Page 14

Ta
bl

e 
4

D
B

M
 a

na
ly

si
s o

f t
he

 d
at

a 
fr

om
 th

e 
iP

od
 T

ou
ch

 st
ud

ie
s

O
bs

er
ve

r 
G

ro
up

M
ea

n 
A

U
C

 iP
od

 T
ou

ch
M

ea
n 

A
U

C
 M

on
ito

r
M

ea
n 

A
U

C
 P

D
A

 - 
M

on
ito

r
F-

st
at

is
tic

p 
va

lu
e

C
T 

A
ll

0.
87

3
0.

87
2

0.
00

2

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.7
92

, 0
.9

55
)

(0
.7

92
, 0

.9
52

)
(-

0.
02

3,
 0

.0
26

)
0.

03
0.

86
9

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.8
37

, 0
.9

10
)

(0
.8

44
, 0

.8
99

)
(-

0.
02

3,
 0

.0
26

)
0.

03
0.

86
8

C
T 

B
ra

in
 S

pe
ci

al
is

ts
0.

87
2

0.
87

4
-0

.0
02

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.7
81

, 0
.9

63
)

(0
.7

86
, 0

.9
61

)
(-

0.
03

5,
 0

.0
32

)
0.

01
0.

91
6

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.8
20

, 0
.9

23
)

(0
.8

36
, 0

.9
11

)
(-

0.
03

5,
 0

.0
32

)
0.

01
0.

91
6

C
T 

B
ra

in
 N

on
-s

pe
ci

al
is

ts
0.

87
8

0.
86

6
0.

01
2

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.8
12

, 0
.9

44
)

(0
.7

74
, 0

.9
58

)
(-

0.
03

1,
 0

.0
54

)
0.

35
0.

56
3

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.8
40

, 0
.9

16
)

(0
.8

21
, 0

.9
11

)
(-

0.
03

2,
 0

.0
56

)
0.

71
0.

46

W
ris

t A
ll

0.
94

8
0.

92
4

0.
02

3

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.9
19

, 0
.9

76
)

(0
.8

73
, 0

.9
76

)
(-

0.
00

8,
 0

.0
55

)
2.

19
0.

14
5

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.9
23

, 0
.9

72
)

(0
.8

86
, 0

.9
63

)
(-

0.
00

3,
 0

.0
50

)
3.

52
0.

07
6

W
ris

t S
pe

ci
al

is
ts

0.
93

9
0.

91
7

0.
02

3

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.8
99

, 0
.9

80
)

(0
.8

45
, 0

.9
89

)
(-

0.
02

1,
 0

.0
66

)
1.

30
0.

27
9

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.9
02

, 0
.9

77
)

(0
.8

52
, 0

.9
82

)
(-

0.
02

1,
 0

.0
66

)
1.

30
0.

27
9

W
ris

t N
on

-s
pe

ci
al

is
ts

0.
96

0.
93

6
0.

02
4

Re
ad

er
s &

 C
as

es
 R

an
do

m
(0

.9
26

, 0
.9

94
)

(0
.8

89
, 0

.9
82

)
(-

0.
01

4,
 0

.0
63

)
1.

67
0.

20
3

Re
ad

er
s R

an
do

m
, C

as
es

 F
ix

ed
(0

.9
27

, 0
.9

93
)

(0
.9

05
, 0

.9
67

)
(-

0.
00

3,
 0

.0
52

)
4.

43
0.

07
3

N
ot

e:
 F

ig
ur

es
 a

re
 g

iv
en

 c
or

re
ct

 to
 th

re
e 

de
ci

m
al

 p
la

ce
s. 

D
at

a 
in

 p
ar

en
th

es
es

 a
re

 9
5%

 c
on

fid
en

ce
 in

te
rv

al
s

AJR Am J Roentgenol. Author manuscript; available in PMC 2011 February 1.


