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Lesion segmentation involves outlining the contour of an
abnormality on an image to distinguish boundaries
between normal and abnormal tissue and is essential to
track malignant and benign disease in medical imaging
for clinical, research, and treatment purposes. A laser
optical mouse and a graphics tablet were used by
radiologists to segment 12 simulated reference lesions
per subject in two groups (one group comprised three
lesion morphologies in two sizes, one for each input
device for each device two sets of six, composed of
three morphologies in two sizes each). Time for
segmentation was recorded. Subjects completed an
opinion survey following segmentation. Error in contour
segmentation was calculated using root mean square
error. Error in area of segmentation was calculated
compared to the reference lesion. 11 radiologists seg-
mented a total of 132 simulated lesions. Overall error in
contour segmentation was less with the graphics tablet
than with the mouse (PG0.0001). Error in area of
segmentation was not significantly different between
the tablet and the mouse (P=0.62). Time for segmen-
tation was less with the tablet than the mouse (P=
0.011). All subjects preferred the graphics tablet for
future segmentation (P=0.011) and felt subjectively
that the tablet was faster, easier, and more accurate
(P=0.0005). For purposes in which accuracy in contour
of lesion segmentation is of the greater importance, the
graphics tablet is superior to the mouse in accuracy with
a small speed benefit. For purposes in which accuracy of
area of lesion segmentation is of greater importance, the
graphics tablet and mouse are equally accurate.
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INTRODUCTION

L esion segmentation involves outlining the
contour of an abnormality on an image to

distinguish boundaries between normal and abnor-

mal tissue. Segmentation of lesion volume (or area
on 2D images slices) is essential to track malignant
and benign disease in medical imaging for clinical,
research, and treatment purposes.
Clinically, large trials such as the ACRIN

National Lung Screening Trial as well as individual
clinical cases currently rely on accurate and
repeatable methods of lesion measurement and
segmentation.1–5 Automated tumor segmentation
for radiation therapy can improve treatment plan-
ning accuracy6 and highly localized radiotherapies,
such as proton beam,7 require accurate pre-
treatment targeting.8,9

For research, segmentation can be used for
objective comparison of new imaging sequences
and modalities or for the creation of automated
segmentation tools.10–13 The validation of auto-
mated segmentation tools commonly relies on
testing for lesion contour and size against manual
segmentation.14–19 Manual lesion segmentation,
however, may vary in accuracy, depending on the
input method used for measurement. To our
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knowledge, nearly all clinical and research users
use the mouse as the input device for manual
lesion segmentation.
The QWERTY keyboard and mouse are the de

facto standard configuration in computer input
devices. Although these work well for standard
user interface interactions, many graphic designers
have chosen to replace or augment these devices
with graphics tablets that more closely mimic
conventional pen and paper. Applications that
require manual lesion segmentation bear similar-
ities to the tasks of graphic designers, chiefly a
need for finer motor control. Most people perform-
ing segmentation, however, still rely mainly on the
mouse interface. The mouse interface can be
variably accurate and used with either finer finger
and wrist movements or larger arm and wrist
movements; whereas, the accuracy of pen strokes
is typically limited to fine movements such as
wrist flexion.
To our knowledge, at the time of the writing of

this manuscript, there has been a single published
medical study comparing the accuracy of the
computer mouse with alternative input devices
including the graphics tablet and touch-sensitive
screen.20

We hypothesize that the pen-and-tablet interface
should be empirically and subjectively at least as
accurate, easy, and fast as an optical mouse for
lesion segmentation in regards to both lesion
contour and size.

MATERIALS AND METHODS

This is an IRB-approved prospective study com-
paring two different computer input devices for
manual segmentation of simulated lesions, including
a post-experiment survey of all participants.
Simulated reference lesions were created and then

combined into one set of two groups of six images.
One group comprised of three lesion morphologies
in two sizes, one for each input device (Fig. 1).
Lesion contours were created to simulate clinical
lesions, including ovoid, lobulated, and spiculated
forms. To account for differences in lesion size/
zooming, three lesion shapes were resized 50% in
each dimension using bicubic interpolation to create
a second group of three smaller size lesions. Each
image contained only a single lesion with high-
contrast, black-on-white backgrounds, and hard
edges to minimize the cognitive task and time
required to identify the lesion and its borders.
A wireless, 800 dpi, laser mouse (Logitech

International S.A.; Switzerland) using the default
software driver (Microsoft Corporation, version
5.1.2600.5512) was set to default movement
parameters including variable gain/acceleration.
The batteries were used for less than 1 week
during the experiment to minimize performance
degradation from battery exhaustion, and the same
non-reflective mouse surface was used for all
subjects. The graphics tablet (Wacom Corporation;
Japan) was also set to default parameters within

Fig 1. Three lesion shapes (left) were used as templates to create high-contrast, hard-edged images in two sizes each. Study participants
segmented one set of six images with the mouse and the other set of six images with the graphics tablet.
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the driver software (Wacom Corporation, version
6.00-5) and matched the aspect ratio of the view-
ing screen. Subjects were encouraged to position
both devices and display for their comfort.
Radiologists performed manual lesion segmen-

tation with each input device for each group of six
images (12 lesion segmentations per subject) using
commercially available image editing software
(Adobe Systems, USA). Simulated lesions and
segmentation device order were randomized for
each subject. Participants were allowed a single
image on which to practice segmentation up to two
times with each input device prior to segmenting
each experimental set. Segmentation time was
recorded manually for each individual lesion by a
single observer throughout the study.
To evaluate error in contour of segmented

lesions, undersegmented and oversegmented areas
were combined to assess the mis-sampled area.
Undersegmented areas were defined as areas of
reference lesion that was not included in manual
segmentation (false exclusion). Oversegmented
areas were defined as areas of segmented lesion
that did not correlate to the reference lesion (false
inclusion). The segmented lesions were subtracted
from the reference lesion to obtain areas of
undersegmentation; the reference lesion was then
subtracted from the segmented lesion to obtain the
area of oversegmentation. The root mean square
error was then calculated from the undersegmented
and oversegmented areas. Statistical differences
were compared with a Wilcoxon test.
To evaluate error in area of segmented lesions,

total area of segmentation was recorded for each
lesion and the difference in area from the reference
lesion was calculated. These differences were
compared with a Wilcoxon test.
After segmentation of both lesion sets, each

individual completed a force-choice survey between

the graphics tablet and mouse for perceived ease,
speed, and accuracy of segmentation; and device
preference for segmenting lesions in the future.
Statistical differences in preferences were compared
with a binomial test. Subject demographics were
recorded during the survey including number of
years of experience with a mouse or tablet.

RESULTS

Eleven radiologists (nine male, two female) partici-
pated in the study, segmenting a total of 132 lesions.
Average lesion area was 16,041 pixels with

large lesions averaging 22,203 pixels, and small
lesions averaging 5,508 pixels. Ovoid lesions
averaged 12,562 pixels, lobulated lesions 18,569
pixels, and spiculated lesions 10,437 pixels.
Contour segmentation with the tablet was more

accurate than with a mouse (Table 1) with average
RMS error of 690 (standard deviation of 530,
overall RMS of 4.3% of average lesion area)
versus 992 (standard deviation of 1,033, overall
RMS of 6.2% of average lesion area, an increase
of 44% in error; PG0.0001). For the large lesions,
the tablet demonstrated significantly less error
(RMS error of 1,003, standard deviation of 617,
overall RMS of 4.5% of large lesion area)
compared to the mouse (RMS error of 1,489,
standard deviation of 1,288, overall RMS of 6.7%
of average large lesion area, corresponding to a
48% increase in error; PG0.0001). For small
lesions, the tablet also demonstrated significantly
less error (RMS error of 377, standard deviation of
246, overall RMS of 6.8% of small lesion area)
compared to the mouse (RMS error of 496,
standard deviation of 390, overall RMS of 9.0%
of small lesion area, corresponding to a 32%
increase in error; P=0.0121). Of the 11 partic-

Table 1. Root Mean Square Error in Contour Error as a Percent of Reference Lesion Area

Contour segmentation error between graphics tablet and mouse

Lesion set Tablet Mouse Increase from tablet P

All lesions 4.3% 6.2% 44% G0.0001
Large lesions 4.5% 6.7% 48% G0.0001
Small lesions 6.8% 9.0% 32% 0.0121
Ovoid lesions 2.9% 4.6% 59% 0.0008
Lobulated lesions 3.8% 5.1% 33% 0.0127
Spiculated lesions 9.3% 14% 46% 0.0156

There is significantly greater contour error with a mouse across all lesions and lesion subgroups
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ipants, ten (91%) were more accurate with the
tablet compared to one (9%) with the mouse.
When lesions were subgrouped into ovoid, lobu-

lated, and spiculated morphologies, the tablet again
demonstrated less contour error than the mouse,
except with the lobulated lesions. For lobulated
lesions, the tablet demonstrated significantly less
error (P=0.0127). Tablet error (RMS of 714, stand-
ard deviation of 498, overall RMS 3.8% of lobulated
lesion area) compared to the mouse (RMS of 950,
standard deviation of 898, overall RMS of 5.1% of
lobulated lesion area, corresponding to 33% increase
in error of 33%). With ovoid lesions, the tablet
demonstrated significantly less error (RMS of 364,
standard deviation of 294, overall RMS 2.9% of
ovoid lesion area) compared to the mouse (RMS of
580, standard deviation of 574, overall RMS 4.6% of
ovoid lesion area, corresponding to a 59% increase in
error; P=0.0008). With spiculated lesions, the tablet
demonstrated significantly less error (RMS of 975,
standard deviation of 682, overall 9.3% of spiculated
lesion area) compared to the mouse (RMS of 1,424,
standard deviation of 1,431, overall 13.6% of
spiculated lesion area corresponding to a 46%
increase in error; P=0.0156).
Error in pixel area of segmentation with the

tablet and mouse was not significantly different
(Table 2). Across all lesions, the tablet demon-
strated a mean error in area of 678 pixels (4.9% of
lesion area and standard deviation of 920 pixels)
compared to 617 pixels (4.5% of lesion area and a
standard deviation of 1,119 pixels) for the mouse
(P=0.6194). For large lesions, the tablet demon-
strated a mean error in area of 1,052 pixels (4.7%
of lesion area and standard deviation of 1,114
pixels) compared to 954 pixels for the mouse
(4.3% of lesion area and standard deviation of
1,402 pixels; P=0.4658). For small lesions, the

tablet demonstrated a mean error in area of 318
pixels (5.8% of lesion area and standard deviation
of 458 pixels) compared to 322 pixels for the
mouse (5.8% of lesion area and standard deviation
of 628 pixels; P=0.8442). For ovoid lesions, the
tablet demonstrated a mean error in area of 364
pixels (2.9% of lesion area and standard deviation
of 555 pixels), compared to −17 pixels for the
mouse (−0.1% of lesion area and standard devia-
tion of 998 pixels; P=0.2479). For lobulated
lesions, the tablet demonstrated a mean error in
area of 362 pixels (1.9% of lesion area and
standard deviation of 875 pixels) compared to
499 pixels for the mouse (2.7% of lesion area and
standard deviation of 593 pixels; P=0.8486). For
spiculated lesions, the tablet demonstrated a mean
error in area of 1,309 pixels (12.5% of lesion area
and standard deviation of 958 pixels) compared to
1,421 pixels for the mouse (13.6% of lesion area
and standard deviation of 1,184 pixels; P=0.8382).
Of the 11 participants, seven were more overall
more accurate with the tablet (64%) than with the
four with the mouse (36%).
Overall lesion segmentation time was statisti-

cally significantly less with the tablet, averaging
27 s versus 29 s with the mouse (P=0.031, R2=
0.96). For the small lesions, the tablet (23 s) was
significantly faster than the mouse (25 s; P=
0.011). There was no significant difference
between the tablet and mouse when other subsets
were analyzed. For the large lesions, there was no
significant difference between the tablet (32 s) and
mouse (34 s; P=0.24). There was no difference in
segmentation time for ovoid lesions between the
tablet (15 s) and mouse (16 S; P=0.41), for
lobulated lesions between the tablet (24 s) and
mouse (27 s; P=0.22), or for spiculated lesions
(42 s) versus (45 s) (P=0.13).
All radiologists reported more experience using

a mouse than a tablet, with 100% having 95 years
of mouse experience. Only three subjects (27%)
had previously used a graphics tablet, two (18%)
reported up to 1 year of experience, and one (9%)
reported 3–5 years of experience.
Nine (82%) reported the perception that seg-

mentation with tablet was faster, while one (9%)
perceived the mouse to be faster, and one (9%)
abstained from the question (P=0.011).
All (100%) participants reported segmentation

with a mouse to be more difficult as well as less
accurate. All (100%) participants also reported a

Table 2. Pixel Area Error as a Percent of Reference Lesion Pixel
Area

Pixel area segmentation error between graphics tablet and mouse

Lesion set Tablet Mouse P

All lesions 4.9% 4.5% 0.619
Large 4.7% 4.3% 0.466
Small 5.8% 5.8% 0.844
Ovoid 2.9% −0.1% 0.248
Lobulated 1.9% 2.7% 0.849
Spiculated 13% 14% 0.838

There is no significant difference in pixel area error between the
graphics tablet and mouse
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preference for using a graphic tablet in the future
when segmenting lesions (P=0.0005).

DISCUSSION

A significant decrease in contour error was seen
when manually segmenting lesions with a graphics
tablet compared with the same task performed with
a mouse, but no significant difference in pixel area
error. Despite a general lack of experience with a
graphics tablet, there was a small, but statistically
significant decrease in time to segment lesions
between the graphics tablet and mouse. All
operators reported the graphics tablet to be
subjectively more accurate and easier, and all
preferred the tablet for future task performance.
This suggests that with the same amount or
decreased time expenditure, lesions can be seg-
mented more accurately in contour or equally
accurately in area with less effort than with a
mouse, a finding that could have significant
implications for research or clinical work involv-
ing large numbers of lesions. These results mirror
findings in the computing literature that the
tablet input device is more accurate for precision
movements.21,22

While the contour segmentation error as a
percentage of total lesion area was relatively small,
ranging from an average of 5–14% for the mouse
and 2.9–9% for the tablet, this was for a single
image in 2D space. Actual pathology occurs in 3D
space and accurate assessment of lesion volume
would require segmenting a stack of 2D images
and adding the areas to calculate 3D volume. Even
these small errors accumulated over a stack of
images can potentially result in significant cumu-
lative error. In clinical trials where relatively small
differences are expected of treatment efficacy,
even these small amounts of error can have
potentially large effects on study data and results.
For highly targeted radiotherapeutic treatments,
small errors in targeting can result in under-
treatment of a lesion or damage to non-pathologic
structures adjacent to the intended target.
When error in the total area of segmentation was

compared, there was no statistically significant
difference between the graphics tablet and the
mouse. For purposes in which total lesion size is
the subject of interest over lesion contour, such as
in clinical evaluation of lesion size for treatment

response or dosing of medication, the mouse and
tablet can be considered equivalent.
The perceived increased ease of lesion segmen-

tation may magnify differences between the mouse
and graphics tablet when large volumes of lesions
are segmented within and across patients. One set
of investigators have found that a pen tablet
system creates less overall muscular load than a
mouse,23 while another found improved produc-
tivity in general cursor control.24 Operator fatigue
and frustration with the input method during
segmentation can lead to less accurate segmentation
when the task is performed repeatedly. If segmenta-
tion with the tablet is truly easier, the graphics tablet
could potentially decrease the amount of and effects
of fatigue. This could result in creating more accurate
datasets with large numbers of segmented lesions
against which to evaluate automated methods of
segmentation and new imaging sequences or modal-
ities as they are developed.
We speculate that additional experience with the

tablet beyond that held by the participants in this
study might increase the speed of lesion segmen-
tation but only minimally affect accuracy—an area
that remains for future evaluation.

LIMITATIONS

Manual timing of lesion segmentation time
introduces the possibility that the differences in
segmentation time were at least partially, if not,
wholly related to variability in relying on a human
observer. As a single human observer performed
timing measurements for all data points, variability
was limited to that single observer instead of
across multiple observers. Another study found
that the tablet is faster than the mouse for accurate
clinical contouring.25

The study design was not conducive to a
meaningful analysis of intra-observer variability,
as no participant performed the same task more
than once. Any analysis of intraobserver variability
would therefore be confounded by additional
factors, such as size and/or shape of the segmented
lesion, and the device used. This design was
chosen to limit the total time required by the
participants.
Study participants were not allowed to correct

their lesion segmentations post hoc. In clinical use,
radiologists have the opportunity to correct their
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lesions segmentations regardless of the input
device used, but the frequency and total amount
of correction are not known. An input device
which introduces greater error would also increase
the time and labor burden of correcting the
segmentation potentially decreasing the incentive
for error correction. This could lead to the creation
of segmented data sets with greater total error.
Our generalizability to true clinical images and

lesion segmentation is currently unknown, but is a
potential area for future investigation. Lesions seen
in clinical imaging studies can be less conspicuous
and may have less well-defined margins. This can
complicate the cognitive task of defining a lesion’s
presence and borders, but we expect that this
would affect the use of both the graphics tablet and
mouse equally.
Two of our subjects expressed a dislike for the

specific mouse and mouse-surface used in this study.
The mouse and surface chosen, however, were
popularly available, commercial products with con-
ventional designs, which are expected to be similar to
the default devices provided for clinical use. It is
unknown whether this is related to the specific
devices or related to a preference of different driver
settings. In this study, default settings were chosen,
as these were felt to be the most commonly used in
clinical workstations. The effect of the specific
mouse, mouse surface, and driver settings may be a
topic for future investigation.

CONCLUSION

The choice of input device for manual lesion
segmentation was found to significantly affect
accuracy of segmentation of lesion contour, but not
total lesion size. These findings suggest that for
specific purposes in which lesion contour is of
greater importance, such as in comparing different
imaging sequences and modalities or for targeting
highly selective radiotherapy, there is significantly
greater error with a mouse than with a graphics tablet
at a slight speed penalty. In purposes in which total
lesion size is of greater importance, the mouse and
tablet are equally accurate for lesion segmentation.
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