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ORIGINAL ARTICLE

Reliability of semiquantitative assessment of osteophytes and
subchondral cysts on tomosynthesis images by radiologists with

different levels of expertise

Daichi Hayashi, Li Xu, Jeffrey Gusenburg, Frank W. Roemer, David . Hunter, Ling Li, Ali Guermazi

PURPOSE

We aimed to assess reliability of the evaluation of osteophytes
and subchondral cysts on tomosynthesis images when read
by radiologists with different levels of expertise.

MATERIALS AND METHODS

Forty subjects aged >40 years had both knees evaluated us-
ing tomosynthesis. Images were read by an “experienced”
reader (musculoskeletal radiologist with prior experience)
and an “inexperienced” reader (radiology resident with no
prior experience). Readers graded osteophytes from 0 to 3
and noted the presence/absence of subchondral cysts in four
locations of the tibiofemoral joint. Twenty knees were ran-
domly selected and re-read. Inter- and intrareader reliabili-
ties were calculated using overall exact percent agreement
and weighted  statistics. Diagnostic performance of the two
readers was compared against magnetic resonance imaging
readings by an expert reader (professor of musculoskeletal
radiology).

RESULTS

The experienced reader showed substantial intrareader re-
liability for graded reading of osteophytes (90%, k=0.93),
osteophyte detection (95%, k=0.86) and cyst detection
(95%, «=0.83). The inexperienced reader showed perfect
intrareader reliability for cyst detection (100%, k=1.00) but
intrareader reliability for graded reading (75%, k=0.79) and
detection (80%, k=0.61) of osteophytes was lower than the
experienced reader. Inter-reader reliability was 61% (k=0.72)
for graded osteophyte reading, 91% (k=0.82) for osteophyte
detection, and 88% (k=0.66) for cyst detection. Diagnostic
performance of the experienced reader was higher than the
inexperienced reader regarding osteophyte detection (sen-
sitivity range 0.74-0.95 vs. 0.54-0.75 for all locations) but
diagnostic performance was similar for subchondral cysts.

CONCLUSION

Tomosynthesis offers excellent intrareader reliability regard-
less of the reader experience, but experience is important for
detection of osteophytes.
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omosynthesis is a digital X-ray imaging technique that allows

acquisition of tomographic information (1). In the literature, its

use has been reported for imaging of lungs (1-4), breast (5-7),
and head and neck region (8-10); for visualization of kidneys through
intravenous pyelogram (11); for localization of an endorectal balloon
for prostate image-guided radiation therapy (12); and for evaluation of
aortic arch calcification (13), and bone and joint pathologies (14-21).
While its clinical use has become common in chest and breast imaging,
its clinical application in arthritis imaging is scarcely documented in the
literature (14, 15, 22).

In a recent study, we reported that tomosynthesis had higher sen-
sitivity for detection of osteophytes and subchondral cysts compared
to conventional radiography, using magnetic resonance imaging (MRI)
findings as the reference standard (15). In that study, the readings were
performed by a single expert musculoskeletal radiologist, and the in-
trareader reliability for this reader was reported as excellent (weighted
k=1.00 for osteophytes and 0.86 for subchondral cysts). Although it is
known that reader experience is important for high reliability in radio-
graphic assessment of knee osteoarthritis (23), it is not known wheth-
er excellent reliability can be achieved when tomosynthesis images are
read by radiologists with different levels of experience.

Tomosynthesis is a potentially useful tool in osteoarthritis research
and might be used more frequently in the future because of its advan-
tages over radiography. For its use to become more widespread, how-
ever, we need to understand whether reader experience affects the re-
liability of scoring osteoarthritis features on tomosynthesis, as it does
with conventional radiography. It is possible that tomosynthesis can
provide high reliability even with inexperienced readers because of the
tomographic nature of the acquired images.

The aim of this study was to determine the intrareader and inter-read-
er reliability for semiquantitative scoring of osteophytes and subchon-
dral cyst detection using tomosynthesis, when read by radiologists with
different levels of experience.

Materials and methods
Recruitment of study participants

Forty subjects over the age of 40 were recruited for this study. They
were all patients, with or without knee pain or knee osteoarthritis, at the
rheumatology outpatient clinic at our institution between July 2009 and
November 2009. Demographic information included height, weight,
age, gender, and race. Exclusion criteria were a history of rheumatoid ar-
thritis, gout, systemic lupus erythematosus, Paget disease, other inflam-
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matory knee disorders, or major knee
trauma and/or surgery, or any contra-
indication for MRI including the use
of cardiac pacemaker and claustropho-
bia. Written informed consent was ob-
tained from all participants. The local
institutional review board approved
the study protocol.

Conceptualization of the present
study took place after the completion
and publication of our previously pub-
lished study (15). While that study
analyzed the diagnostic performance
of tomosynthesis compared to MRI
as the reference, reader experience
and reliability of readings was not in
the focus and would have been far be-
yond the scope of the manuscript. As
tomosynthesis might potentially offer
advantages over radiography, such as
improved reliability due to superior vi-
sualization of osteoarthritis features, it
appeared worthwhile designing an ad-
ditional study. Although the same da-
tabase was used for the two studies, the
aim of the present study is distinctly
different from our previous study.

Acquisition of tomosynthesis images

All 40 participants had both knees
(total 80 knees) imaged using the Vol-
umeRAD™ imaging apparatus (GE
Healthcare, Milwaukee, Wisconsin,
USA) in a weight-bearing fixed-flexion
position with the aid of the SynaFlex-
er™ positioning frame (CCBR-Synarc,
Newark, New Jersey, USA) (24, 25). Thir-
ty-nine reconstructed coronal section
tomosynthesis images were acquired
with a nominal section thickness of 1
mm without any overlap. All images
were acquired at 70 kVp and 1.21 mAs,
as described previously (15). The mean
total radiation dose per patient was
0.16 mGy. The mean effective dose was
estimated to be 0.0076 mSv using the
method described by Sabol (26).

Interpretation of tomosynthesis images
The tibiofemoral joint of the knee
was subdivided into four locations
(Fig. 1): lateral femur, medial femur,
lateral tibia, and medial tibia. All imag-
es were read by two readers. In each of
these locations, marginal osteophytes
were semiquantitatively scored accord-
ing to the Osteoarthritis Research Soci-
ety International (OARSI) atlas: grade
0, absent; grade 1, small; grade 2, me-
dium; grade 3, large (27). In addition,

the graded readings were then dichoto-
mized into either “present” (grade >0)
or “absent” (grade 0) to enable calcula-
tion of reliability for both graded and
dichotomous outcomes. The presence
(score 1) or absence (score 0) of sub-
chondral cysts in each location were
also noted. Semiquantitative scoring
for the cysts was not performed be-
cause the OARSI atlas does not include
subchondral cysts.

The first (“experienced”) reader is a
board-certified musculoskeletal radiol-
ogist (L.X.) with five years of clinical
experience as well as one-year research
fellowship in musculoskeletal radiolo-
gy which included training and vali-
dation for radiologic semiquantitative
scoring of osteoarthritis features using
the OARSI atlas (27), and intensive in-
volvement in osteoarthritis research
studies as a reader of radiologic images.
The second (“inexperienced”) reader
was a first-year resident (J.G.) in diag-
nostic radiology with no prior research
or clinical experience in musculoskele-
tal radiology.

These two readers received training
lasting for approximately three hours
for interpretation of tomosynthesis
images by a professor of musculoskel-
etal radiology (A.G.), who is an expert
at radiologic semiquantitative scoring
of osteoarthritis features with 13 years
of experience. During the training ses-
sion, the trainees received guidance
by the trainer, on a one-to-one basis,
on how to use the OARSI atlas grading
scheme for the osteophytes and how
to identify subchondral cysts on tomo-
synthesis images. Trainees then read
10 tomosynthesis images of the knee,
graded osteophytes and noted the
presence of subchondral cysts with reg-
ular reference to the atlas images, and
had the opportunity to give their own
answers. The trainer reviewed their an-
swers and corrected them as necessary,
and provided guidance about possible
pitfalls of interpretation. Such training
and validation were carried out since
both trainees had no prior experience
reading tomosynthesis images and it
was deemed necessary for the trainees

Figure 1. Tomosynthesis image of a right knee showing the four locations of the tibiofemoral
joint: LF, lateral femur; LT, lateral tibia; MF, medial femur; MT, medial tibia.
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Figure 2. Tomosynthesis images (anterior to posterior from left to right) show the right knee of a
56-year-old woman. The experienced reader detected a grade 2 osteophyte in the lateral femur
(white arrow) and a grade 1 osteophyte in the lateral tibia (gray arrow). The inexperienced reader
also detected the femoral grade 2 osteophyte, but failed to detect the smaller lesion.

to be able to read the tomosynthesis
images in a standardized manner so
that the results of their readings can
be meaningfully analyzed statistical-
ly to assess diagnostic performance/
reliability of tomosynthesis. Both the
experienced reader and the inexperi-
enced reader completed the first read-
ing of all images within two weeks of
completing training. To test intraread-
er reliability, two readers performed a
second reading of 20 randomly select-
ed knees more than a month after the
first reading.

To characterize the study partici-
pants, the expert reader read all tomo-
synthesis images using the Kellgren
and Lawrence (KL) grading scale. KL
grade =2 was defined as radiograph-
ic knee osteoarthritis (15). All images
were read using commercially available
digital imaging software (eFilm Work-
station, version 3.0.0; Merge Health-
care, Milwaukee, Wisconsin, USA). All
readers were allowed to adjust window
width and level, and to use the pan
and zoom functions.

MRI acquisition and interpretation

Both knees of all subjects were im-
aged using a 3 Tesla system (Intera;
Philips Medical Systems, Andover,
Massachusetts, USA). For the purpose
of this study, we used the coronal pro-
ton density-weighted fat-suppressed se-
quence with the following parameters:
repetition time 9000 ms, echo time 10

ms, one signal acquired, 2.5 mm sec-
tion thickness, 2.5 mm interval, echo
train length of eight, 256x256 matrix,
and 140 mm field of view).

The expert reader (A.G.) read MR
images and recorded the dichotomous
outcome (presence or absence) of mar-
ginal osteophytes and subchondral
cysts using the coronal images, based
on the same anatomical subdivision
as the radiographic reading (Fig. 1) to
make the readings comparable. Further
details have been described previously
(15). The expert reader’s MRI readings
were used as the reference standard
against which to compare the diag-
nostic performance of the other two
readers.

Statistical analysis

Inter- and intrareader reliabilities
were assessed by means of the over-
all exact percentage agreement and
weighted kappa (x), interpreted as: <0,
less than chance agreement; 0.01-0.20,
slight agreement; 0.21-0.40, fair agree-
ment; 0.41-0.60, moderate agreement;
0.61-0.80, substantial agreement;
0.81-0.99, almost perfect agreement;
1.00, perfect agreement (28). Tomo-
synthesis readings by the experienced
and inexperienced readers were com-
pared against the expert’s MRI reading,
which was considered as the reference
standard, to assess the diagnostic per-
formance (i.e., sensitivity, specificity,
and accuracy) of these two readers. All

statistical calculations were performed
with SAS software (version 9.1 for Win-
dows; SAS Institute, Cary, North Caro-
lina, USA).

Results

The mean age of all subjects was
57%10.8 years. Ten subjects (25%) were
men, 35 (88%) were white, and 31
(78%) had a body mass index of =25
kg/m?. Twenty-six knees (33%) were
KL grade O, nine knees (11%) were
grade 1, 16 knees (20%) were grade
2, 22 knees (28%) were grade 3, seven
knees (9%) were grade 4, and 45 knees
(87%) were grade =2 (i.e., had radio-
graphic knee osteoarthritis).

Agreement between the experienced
and inexperienced reader for osteo-
phyte assessment on tomosynthesis
images is presented in Table 1. Of 320
observations (80 knees, 4 locations in
each knee), two readers gave the same
grading in 199 observations. Overall,
the inexperienced reader had a tenden-
cy to assign lower grades in regard to
osteophyte size compared to the expe-
rienced reader. In terms of reliability,
the experienced reader demonstrated
“almost perfect” to “perfect” intraread-
er agreement for osteophytes and sub-
chondral cysts (Table 2). The inexpe-
rienced reader had perfect intrareader
agreement for subchondral cysts and
substantial agreement for osteophytes
(Table 2). Inter-reader agreement be-
tween the experienced and the inexpe-
rienced readers was substantial for grad-
ed osteophytes reading and detection
of cysts and almost perfect for detection
of osteophytes (Table 2, Fig. 2).

On MRI, the expert reader detect-
ed 171 osteophytes. The experienced
reader missed 33 of 171 (19%) osteo-
phytes detected by the expert on MRI,
while the inexperienced reader missed
54 of 171 MRI-detected osteophytes
(32%) (Table 3). Sensitivity of osteo-
phyte detection was 0.74-0.95 for the
experienced reader and 0.54-0.75 for
the inexperienced reader, for all loca-
tions of both knees. On MRI, the ex-
pert reader detected 51 subchondral
cysts. On tomosynthesis images, the
experienced reader detected 28 lesions
and the inexperienced reader detected
37 lesions. However, the experienced
and inexperienced readers missed 30 of
51 cysts (59%) and 26 of 51 cysts (51%)
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detected by the expert on MRI, respec-
tively (Table 4). Both readers showed
variable and same range of sensitivity
(0.14-1.00) for the detection of sub-
chondral cysts on all locations of both
knees.

Discussion

The purpose of this study was to de-
termine the reliability of tomosynthe-
sis-based assessment of osteophytes
and subchondral cysts. Overall, intra-
reader agreement was “almost perfect”
to “perfect” for both types of lesions in
both experienced and inexperienced
readers, except for the dichotomous
reading of osteophytes by the inexpe-
rienced reader (which was “substan-
tial”). For both lesions, inter-reader
reliability between the two readers was
“substantial” to “almost perfect” for
both types of lesions.

Few publications have reported the
use of tomosynthesis for in vivo im-
aging of skeletal pathologies (14-21).
Some are simple case collections (16,
18, 19, 21); one is a scientific study but
with no reported reliability assessment

(20). Only three studies have reported
reliability of tomosynthesis for assess-
ment of skeletal pathology. Canella et
al. (14) reported the use of tomosyn-
thesis for evaluation of bone erosions
in hand rheumatoid arthritis. They
reported excellent intrareader reliabil-
ity (intraclass correlation coefficient
[ICC]=0.99) for an expert reader (17
years of experience in radiologic assess-
ment of arthritis) and equally excel-
lent inter-reader reliability (ICC=0.96)
among three readers (other two readers
having three and eight years of expe-
rience). Although they did not report
intrareader reliability for these two
readers, almost perfect inter-reader reli-
ability implies that all readers were suf-
ficiently “experienced”. In our study,
the “experienced” reader had one year
of relevant reading experience, and
the “inexperienced” reader had no
prior experience. Although our study
cannot be directly compared with the
Canella et al. (14) study since our focus
is completely different (pathological
features of the knee rather than the
hand), both studies reported excellent

Table 1. Agreement of osteophyte scoring based on the OARSI grading between the
experienced reader and the inexperienced reader

Grades by the

Grades by the inexperienced reader

experienced reader 0 1 2 3 Total
0 142 4 6 1 153
1 31 12 5 1 49
2 10 16 12 2 40
3 10 5 30 33 78
Total 193 37 53 37 320

Eighty knees were observed at four locations (lateral femur, medial femur, lateral tibia, medial tibia) per
knee, totaling 320 observations per reader. One score was assigned for each location. In case of a single
osteophyte in a location, the score is based on that osteophyte. In case of multiple osteophytes in a
location, only the score of the largest osteophyte was recorded.

intrareader reliability. In a study by Xia
et al. (17), two “skilled” radiologists
showed excellent inter-reader reliabil-
ity (xk=0.91) for imaging assessment of
subtle skeletal trauma (e.g., fractures of
the bones in the limbs, nose, and pel-
vis) using tomosynthesis. However, the
authors did not report years of experi-
ence or the type of imaging assessment
the readers had. We have previously
reported excellent intrareader reliabil-
ity of tomosynthesis-based evaluation
of osteophytes and subchondral cysts
by an expert reader (15).

Because tomosynthesis offers images
simulating “coronal slices” of the knee
without the overlapping of normal
bony contour seen on convention-
al anteroposterior or posteroanterior
radiographs, marginal osteophytes
should be clearly demonstrated, as
previously reported (15). Although
excellent inter-reader agreement was
demonstrated for both graded reading
and detection of osteophytes between
the experienced and the inexperienced
readers, the inexperienced reader did
miss a large number of small (grade
1) osteophytes detected by the experi-
enced reader. Using the MRI readings
by the expert reader as a reference stan-
dard, the experienced reader demon-
strated overall better sensitivity than
the inexperienced reader for detection
of osteophytes, indicating the inexpe-
rienced reader was missing the lesions
that should have been detected, rather
than the experienced reader over-read-
ing the lesions that should not have
been recorded as lesions. Also, when
stratifying the knees according to KL
grades, both readers had lower sensitiv-
ity for detection of osteophytes in low-
er KL grades but the experienced read-
er showed higher sensitivity than the

Table 2. Intrareader reliability of the experienced and inexperienced readers for semiquantitative scoring of osteophytes and

detection of subchondral cysts

Intrareader Intrareader
Inter-reader (experienced) (inexperienced)
Osteophytes (graded) % agreement 61% 90% 75%
weighted k [95%Cl] 0.72 [0.64-0.80] 0.93 [0.83-1.00] 0.79 [0.61-0.96]
Osteophytes (dichotomous) % agreement 91% 95% 80%
weighted k [95%Cl] 0.82 [0.69-0.94] 0.86 [0.59-1.00] 0.61 [0.30-0.93]
Subchondral cysts (dichotomous) % agreement 88% 95% 100%

weighted k [95%Cl]

0.66 [0.46-0.85]

0.83 [0.50-1.00]

1.00 [1.00-1.00]

Cl, confidence interval.
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Table 3. Diagnostic performance of the experienced and inexperienced readers for the
detection of osteophytes using MRI reading by the expert reader as the reference standard

Frequency
(n=40)

Sensitivity

Specificity

Accuracy

Experienced reader LF

MEF

LT

MT

Inexperienced reader LF

MF

LT

MT

r =2 - x©x - X - "X - " - =

~ - =

23 (58)
23 (58)
20 (50)
16 (40)
23 (58)
18 (45)
21 (53)
23 (58)
14 (35)
16 (40)
16 (40)
14 (35)
18 (45)
17 (43)
17 (43)
15 (38)

0.83 (20/24)
0.88 (21/24)
0.90 (19/21)
0.89 (16/18)
0.82 (18/22)
0.74 (17/23)
0.90 (18/20)
0.95 (18/19)
0.54 (13/24)
0.67 (16/24)
0.71 (15/21)
0.72 (13/18)
0.68 (15/22)
0.74 (17/23)
0.75 (15/20)
0.68 (13/19)

0.81 (13/16)
0.88 (14/16)
0.95 (18/19)
1.00 (22/22)
0.72 (13/18)
0.94 (16/17)
0.85 (17/20)
0.76 (16/21)
0.94 (15/16)
1.00 (16/16)
0.95 (18/19)
0.95 (21/22)
0.83 (15/18)
1.00 (17/17)
0.90 (18/20)
0.90 (19/21)

0.83 (33/40)
0.88 (35/40)
0.93 (37/40)
0.95 (38/40)
0.78 (31/40)
0.83 (33/40)
0.87 (35/40)
0.85 (34/40)
0.70 (28/40)
0.80 (32/40)
0.83 (33/40)
0.85 (34/40)
0.75 (30/40)
0.85 (34/40)
0.83 (33/40)
0.80 (32/40)

Frequency is given as n (%).

LE lateral femur; L, left; R, right; MFE medial femur; LT, lateral tibia; MT, medial tibia.

Table 4. Diagnostic performance of the experienced and inexperienced readers for the detection
of subchondral cysts using MRI reading by the expert reader as the reference standard

Frequency
(n=40) Sensitivity Specificity Accuracy

Experienced reader LF L 1) 0.14 (1/7) 1.00 (33/33) 0.85 (34/40)
R 4(10) 0.33 (2/6) 0.94 (32/34) 0.85 (34/40)

MF L 3(8) 0.43(3/7)  1.00(33/33) 0.90 (36/40)

R 4 (10) 0.50 (2/4) 0.94 (34/36) 0.90 (36/40)

LT L 4(10) 0.38 (3/8) 0.97 (31/32) 0.85 (34/40)

R 4(10) 1.00 (2/2) 0.95 (36/38) 0.95 (38/40)

MT L 4(10) 0.44 (4/9) 1.00 (31/31) 0.88 (35/40)

R 4 (10) 0.50 (4/8) 1.00 (32/32) 0.90 (36/40)

Inexperienced reader LF L 103) 0.14 (1/7) 1.00 (33/33) 0.85 (34/40)
R 3(8) 0.33 (2/6) 0.97 (33/34) 0.88 (35/40)

MF L 4 (10) 0.57 (4/7) 1.00 (33/33) 0.93 (37/40)

R 2(5) 0.25 (1/4) 0.97 (35/36) 0.90 (36/40)

LT L 6 (15) 0.63 (5/8) 0.97 (31/32)  0.90 (36/40)

R 7 (18) 1.00 (2/2) 0.87 (33/38) 0.88 (35/40)

MT L 6 (15) 0.56 (5/9) 0.97 (30/31) 0.88 (35/40)

R 8 (20) 0.63 (5/8) 0.91 (29/32) 0.85 (34/40)

Frequency is given as n (%).

LE lateral femur; L, left; R, right; MFE medial femur; LT, lateral tibia; MT, medial tibia.

inexperienced reader in all KL grades
(i.e., 45% vs. 0% at KL grade 1, 87%
vs. 57% at KL grade 2, 95% vs. 82% at
KL grade 3, 91% vs. 87% at KL grade
4). Thus, failure of recognizing some
of the small osteophytes as lesions,
despite their depiction in the tomo-
synthesis image, seems to be a major
factor affecting the inter-reader agree-
ment. Detection of small osteophytes
is important in osteoarthritis research
studies because the presence of osteo-
phytes defines the diagnosis of radio-
graphic osteoarthritis (29). Missing
small osteophytes could affect clinical
studies in which participants are select-
ed on the presence or absence of radio-
graphic osteoarthritis. Screening imag-
es at the recruitment stage, therefore,
should be read by experienced readers
who have received training and valida-
tion of reading skills to avoid misclas-
sification of subjects. Also, detection
of small osteophytes on tomosynthesis
images would be clinically important
if they are predictive of subsequent
development of symptomatic osteoar-
thritis. Determining whether they are
in fact predictive will require longitu-
dinal studies using tomosynthesis.

Both experienced and inexperienced
readers showed a wide range of sensi-
tivity (0.14-1.00) for detection of sub-
chondral cysts in various locations of
the knee joint. However, specificity
as well as intrareader agreement was
excellent for both readers. In particu-
lar, the inexperienced reader achieved
perfect intrareader agreement, which is
due to the fact that this reader consis-
tently failed to detect lesions on both
readings. Despite the tomographic
nature of tomosynthesis, detection of
subchondral cysts still seems to be dif-
ficult regardless of reader experience.
This may be due to an inherent lim-
itation of tomosynthesis as an imaging
modality for depiction of subchondral
cyst compared to MRI.

A limitation of the present study is
the low frequency of subchondral cysts
in our study sample (3%-15% in all lo-
cations). Both experienced and inexpe-
rienced readers had a notable amount
of disagreement for detection of sub-
chondral cysts (Fig. 3). However, the
frequency of the lesion was so low that
all three readers reliably recorded the
absence of the lesion on most knees.
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Figure 3. Left knee of a 64-year-old woman. This case was read twice for the purpose of
intrareader reliability evaluation. Tomosynthesis images (anterior to posterior from left to right)
reveal small subchondral cysts in the medial femur (short black arrows) and a large subchondral
cyst in the medial tibia (long black arrow). The experienced reader detected all lesions on the

first and second readings, while the inexperienced reader missed the large cyst in the tibia (fong
black arrows) on both readings. Despite the discrepancy in the readings between the two readers,
each reader demonstrated consistent readings, contributing to overall almost perfect intrareader

agreement for subchondral cysts evaluation.

Overall, all readers had almost perfect
intrareader agreement, but inter-reader
agreement was not as good. The fact
that only 57% of subjects had radio-
graphic knee osteoarthritis is likely to
have contributed to the low frequency
of the cysts. Including more patients
with confirmed radiographic knee
osteoarthritis (KL grade 2 or above)
presumably would have increased the
number of lesions available for detec-
tion and strengthened the analysis of
reliability.

Using conventional radiography, in-
trareader reliability for assessment of
knee osteoarthritis features has been
reported to be lower for less experi-
enced readers in general, even after
receiving intensive training, compared
to a more experienced reader (23). The
same trend was observed in the pres-
ent study for the tomosynthesis assess-
ment of osteophytes, but not for sub-
chondral cysts.

The technique of tomosynthesis has
limitations compared to conventional
radiography. Firstly, patients are ex-

posed to slightly higher dose of radi-
ation during tomosynthesis imaging.
The mean total radiation dose per pa-
tient was 0.038 mGy for knee radiogra-
phy and 0.16 mGy for tomosynthesis
of the knee (15). The mean effective
dose was 0.0018 mSv for radiography
and 0.0076 mSv for tomosynthesis (15,
26). Secondly, time taken to review the
acquired images takes longer for tomo-
synthesis since there are multiple im-
ages per patient to read. Lastly, clinical
significance of the use of tomosynthe-
sis in imaging of knee osteoarthritis re-
mains unclear at present.

In conclusion, tomosynthesis en-
ables radiologists with different levels
of expertise to evaluate osteophytes
and subchondral cysts with excellent
intrareader reliability regardless of ex-
perience, so long as the reader is ade-
quately trained. Experience, however,
still seems to be a significant factor
for accurate detection of osteophytes,
since readers with less experience have
less sensitivity compared to the expert
reader.
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