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Objective: The aim of this study was to compare the diagnostic performances of digital tomosynthesis (DTS) and conventional
radiography in detecting osteonecrosis of the femoral head (ONFH) using computed tomography (CT), as the reference
standard and evaluate the diagnostic reproducibility of DTS.

Materials and Methods: Forty-five patients (24 male and 21 female; age range, 25-77 years) with clinically suspected ONFH
underwent anteroposterior radiography, DTS, and CT. Two musculoskeletal radiologists independently evaluated the presence
and type of ONFH. The diagnostic performance of radiography and DTS in detecting the presence of ONFH and determining
the types of ONFH were evaluated. The interobserver and intraobserver reliabilities of each imaging modality were analyzed
using Cohen'’s kappa.

Results: DTS had higher sensitivity (89.4%-100% vs. 74.5%-76.6%) and specificity (97.3%-100% vs. 78.4%-83.8%) for
ONFH detection than radiography. DTS showed higher performance than radiography in identifying the subtypes of ONFH with
statistical significance in one reader (type 1, 100% vs. 30.8%, p = 0.004; type II, 97.1% vs. 73.5%, p = 0.008). The interobserver
agreement was excellent for DTS and moderate for radiography (kappa of 0.86 vs. 0.57, respectively). The intraobserver
agreement for DTS was higher than that of radiography (kappa of 0.96 vs. 0.69, respectively).

Conclusion: DTS showed higher diagnostic performance and reproducibility than radiography in detecting ONFH. DTS may be

used as a first-line diagnostic modality instead of radiography for patients suspected of having ONFH.
Keywords: Digital tomosynthesis; Osteonecrosis; Femoral head; Reproducibility; Agreement

INTRODUCTION

Osteonecrosis of the femoral head (ONFH) is relatively
common and primarily affects patients in the third to
fifth decades of life [1]. Ischemic death of the bone and
marrow cells is the end result of ONFH; however, its exact
pathogenesis is not fully understood [1,2]. Among the
various etiologies of ONFH, the most common causes are
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idiopathic origin, trauma, corticosteroid use, and alcoholism
[3]. ONFH is usually asymptomatic during the early stages,
and deep groin pain is the most common clinical symptom
in symptomatic patients. Early diagnosis is important
because treatment is based on the disease stage, and ONFH
often leads to femoral head collapse if left untreated [4,5].
In the absence of specific physical or laboratory findings
that allow a definitive diagnosis of ONFH, imaging is
essential.

Radiography is the initial imaging assessment performed
for patients with clinically suspected ONFH [2,3]. It is
the least expensive imaging modality, and it is widely
available. However, it is insensitive to early changes
in ONFH, which usually requires additional radiological
assessment. Multidetector computed tomography (CT) is
superior to radiography for detecting articular collapse of
the femoral head, its location, and combined secondary
degenerative joint disease [6,7]. Nevertheless, it is
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less sensitive than magnetic resonance imaging (MRI)

and has the disadvantage of radiation exposure. MRI is

the most sensitive and specific radiologic modality for
detecting ONFH [2,3,5,8,9]. However, considering the

cost of examination, prolonged acquisition time, limited
availability, and the difficulty performing it in patients with
claustrophobia, the usefulness of MRI as a reqular screening
test is restricted.

Digital tomosynthesis (DTS) is a recently developed
imaging modality that uses standard X-ray equipment with
digital flat panel detectors to create images from a series of
projection radiographs obtained at different angles [10-12].
It has been shown to be useful for imaging various body
parts, including the breast [13,14], chest [15], head and
neck [16], and musculoskeletal system [17-19].

Few studies have reported the potential role of DTS as
a tool for detecting ONFH. The aim of this study was to
compare the diagnostic performance of DTS in detecting
ONFH with that of conventional radiography using CT
as the reference standard and evaluate the diagnostic
reproducibility of DTS.

MATERIALS AND METHODS

Participants

This retrospective study was approved by our Institutional
Review Board, and the requirement for informed consent
was waived. A total of 45 patients (24 male and 21 female;
age range, 25-77 years) who underwent DTS, radiography,
and CT for the evaluation of ONFH between December 2012
and September 2018 were consecutively enrolled in this
study. All patients were older than 18 years, and they were
examined using the three techniques within a week.

Radiography

Digital radiographic examination (Discovery XR656; GE
Healthcare) was performed for each patient, including the
anteroposterior (AP) view of the pelvis and two lateral
views of the bilateral hip joints. This system can be used for
both conventional and DTS imaging. The tube voltage was
75 kV, and the variable tube current (mA) was adjusted by
automatic exposure control (AEC) depending on the patient.

Digital Tomosynthesis

Pelvic DTS was performed in an X-ray room with DTS
equipment (Discovery XR656 with VolumeRAD option; GE
Healthcare). Each DTS examination was performed with the

kjronline.org https://doi.org/10.3348/kjr.2021.0058

Korean Journal of Radiology

patient in a supine position on the table, and the source-
to-image distance was 100 cm for the central projection.
The examinations were performed using a tube voltage of
80 kV, a total filtration of 2.7 Al, and an anti-scatter grid
(grid ratio 10:1, strip density 70 lines/cm). The dose ratio
was 8:1. Low-dose projection images were obtained with a
minimum of 1.6 mA per projection. The scout image was an
AP pelvic projection image collected using the AEC.

During the DTS examination, the detector was fixed, and
the X-ray tube was moved using a continuous sweeping
motion along a straight line in the caudocranial direction.
With an angular movement between -20° and +20°, a mean
of 60 low-dose projection radiographs were obtained. The
reconstructions had a thickness of 2 mm. The scan duration
was approximately 11 seconds.

The registered dose-area product (DAP), field size, and
tube angle were obtained from the Digital Imaging and
Communications in Medicine header of each projection
radiograph. The effective doses were calculated for each
patient using the following formula: £ = Epse x DAP (mSv).
Evar is the conversion factor, which is 0.29 mSv/Gycm?,
and it was obtained from the Swedish Radiation Protection
Authority as described by Gothlin and Geijer [20].

CT Acquisition

Multidetector CT images were acquired with variable CT
scanners (Sensation 16; Siemens, SOMATOM Definition Flash;
Siemens, Brilliance 64; Philips). The acquisition parameters
were 120 kV and 100-483 mA, depending on the patient’s
body habitus. Axial 3-mm-thick sections were obtained to
reconstruct 3-mm thick coronal, sagittal, and axial sections.
Dual-energy CT (DECT) was performed using a Siemens
SOMATOM Definition Flash CT scanner for eight patients who
underwent internal fixation or a hip arthroplasty. For the
DECT protocol, tube voltages of 140 and 100 kV were used
with tube currents of 483 mA and 250 mA, respectively. The
dose-length product was assessed, and effective doses were
calculated using a « coefficient of 0.015 [21].

Image Analysis

Two musculoskeletal radiologists, both with more
than 10 years of experience, independently analyzed the
radiography, DTS, and CT images. Both readers were blinded
to the previous radiologic reports and clinical information.
The images were anonymized and randomized before the
interpretation. The interval between the image analyses for
each modality was at least 2 weeks to avoid recall bias.
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The presence or absence of ONFH was identified for each
femoral head using images from different modalities. If
ONFH was present, it was classified into two types: one
with a reactive interface showing linear sclerosis without
fracture or collapse (type I) and the other with a crescent
sign or collapse (type II). After a washout period of four
weeks, reader A interpreted the images from each modality
to allow the assessment of the intraobserver agreement.
Discrepancies related to CT interpretation were resolved by
consensus, which was reached four weeks after the second
imaging interpretation of reader A. If a pelvic MR image
obtained within one month from our hospital or another
hospital was available, it was also referred to when the
readers reached the final consensus.

Statistical Analysis

The sensitivity, specificity, positive and negative
predictive values, and accuracy for each reader and each
imaging technique for ONFH detection were calculated
using CT as the reference standard. The sensitivities,
specificities, and accuracies of the imaging modalities
were compared using McNemar’s test. The interobserver
and intraobserver agreements for each imaging method,
including the subtyping of the ONFH, were assessed using
Cohen’s kappa (k) test. The « values were interpreted as
follows: slight agreement, k < 0.20; fair agreement, k =
0.20-0.39; moderate agreement, k = 0.40-0.59; substantial

agreement, k = 0.60-0.79; or excellent agreement, x > 0.80.

All calculations were performed using IBM SPSS Statistics
for Windows (version 24.0; IBM Corp.), with a p value of <
0.05 indicating significance.

RESULTS

Forty-five consecutive patients (24 male, 21 female)
with a mean age + standard deviation (SD) of 52.1 + 14.9
years (range, 25-77 years) were included in the study
(Fig. 1). The patient demographics are provided in Table
1. Two patients underwent right bipolar hip arthroplasty
(BHA), one patient underwent right total hip replacement
arthroplasty (THRA), one patient underwent left BHA, and
one patient underwent left THRA. In one patient, only
images of the right femoral head were obtained. A total
of 42 right and left femoral heads were included in the
study. Twenty-nine patients had ONFH, including 11 with
unilateral ONFH (3 right and 8 left) and 18 with bilateral
ONFH. Of the 47 cases of ONFH, 13 were type I and 34 were
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type II. Pelvic MRI was performed in 10 patients within one
month, and MR images obtained from other hospitals were
available for five patients.

The sensitivity of DTS for ONFH detection was significantly

Patients underwent imaging for evaluation of ONFH (n = 45)

Right BHA (n = 2)

Right THRA (n = 1)

Left BHA (n = 1)

Left THRA (n = 1)

Left hip imaging unavailable
(n=1)

\ 4

A
Total 84 femoral heads were evaluated
Right (n = 42)
Left (n = 42)

Presence of ONFH (n = 47)
Unilateral, right (n = 3)
Unilateral, left (n = 8)
Bilateral (n = 18)

Type of ONFH (n = 47)
Type I (n =13)
Type II (n = 34)

Fig. 1. Flow diagram for patient inclusion and exclusion.
BHA = bipolar hemiarthroplasty, ONFH = osteonecrosis of the femoral
head, THRA = total hip replacement arthroplasty

Table 1. Patient Characteristics

Variables Data

Sex

Male 24 (53)

Female 21 (47)
Age, years 52.1 + 14.9
Etiology

Idiopathic 12

Rheumatoid arthritis 9

SLE 7

Trauma 7

Osteoarthritis 5

Alcoholism 3

Polymyositis 1

Systemic sclerosis 1
Presence of ONFH* 47 (56)

Unilateral 11

Right 3
Left

Bilateral 18
Type of ONFH*

Type I 13 (28)

Type II 34 (72)

*Data are number of patients or hips with the percentage in
parenthesis, except for age for which mean + standard deviation
is presented. ONFH = osteonecrosis of the femoral head, SLE =
systemic lupus erythematosus
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higher than that of radiography for both readers, as shown
in Table 2 (89.4%-100% vs. 74.5%-76.6%, respectively).
The specificity of DTS was also higher than that of
radiography, although the result was not statistically
significant for reader A (reader A: 97.3% vs. 83.8%, p =
0.063; reader B: 100% vs. 78.4%, p = 0.008). DTS had

a higher accuracy than radiography for both readers
(94.0%-98.8% vs. 76.8%-76.8%, respectively).

Table 3 shows the performances of radiography and DTS
in identifying the subtypes of ONFH (Figs. 2-4). For both
readers, the performance of DTS was higher than that
of radiography for both types I and II, with statistical
significance for reader A but not reader B.

The interobserver and intraobserver agreements by
modality and location are described in Tables 4 and 5,
respectively. The interobserver agreement was moderate
for radiography (right 0.56, left 0.57, and total 0.57) and

excellent for DTS (right 0.84, left 0.88, and total 0.86). The
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intraobserver agreement for radiography was lower than
that for DTS (total 0.69 vs. 0.96).

The radiation doses for radiography, DTS, and CT were
calculated for 14 patients. Among the 14 participants,
10 underwent standard pelvic bone CT, and the other four
underwent metal artifact reduction (MAR) CT due to the

Table 3. Performance of Radiography and DTS in Identifying
the Type of Osteonecrosis of the Femoral Head

Type I (%, n =13) Type II (%, n = 34)

Reader A
Radiography 30.8 (4/13) 73.5 (25/34)
DTS 100 (13/13) 97.1 (33/34)
p value 0.004 0.008
Reader B
Radiography 15.4 (2/13) 91.2 (31/34)
DTS 53.8 (7/13) 100 (34/34)
p value 0.125 0.25

DTS = digital tomosynthesis

Table 2. Diagnostic Performance of Radiography and DTS for Each Reader in Detecting Osteonecrosis of the Femoral Head

Reader A Reader B

Sensitivity  Specificity PPV NPV Accuracy  Sensitivity  Specificity PPV NPV Accuracy

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Radiography 76.6 83.8 85.7 73.8 79.8 74.5 78.4 81.4 70.7 76.2
(36/47) (31/37)  (36/42) (31/42)  (67/84) (35/47) (29/37)  (35/43) (29/41)  (64/84)

DTS 100 97.3 97.9 100 98.8 89.4 100 100 88.1 94.0
(47/47) (36/37) (47/48)  (36/36) (83/84) (42/47) (37/37) (42/42) (37/42)  (79/84)
p value < 0.001 0.063 <0.001 0.016 0.008 < 0.001

DTS = digital tomosynthesis, NPV = negative predictive value, PPV = positive predictive value

Fig. 2. A 62-year-old male with bilateral intramedullary nailing in the femurs.

A. Radiograph with the anteroposterior view shows a collapsed right femoral head and normal left femoral head. B. Digital tomosynthesis image
shows similar findings for the right femoral head and linear sclerosis involving the left femoral head without collapse (arrowheads). C. CT images
also show linear sclerosis at the left femoral head (arrowheads), suggesting type I osteonecrosis of the femoral head (Association Research
Circulation Osseous stage II) at the left femoral head. D. CT images taken two years later show a progression of osteonecrosis at the left femoral
head (black arrowheads) with a subchondral fracture (white arrowheads).
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Fig. 3. A 62-year-old male with osteonecrosis involving both femoral heads.

A. Radiograph shows type II ONFH on the right femoral head and a normal left femoral head. B. Digital tomosynthesis images show linear
sclerosis at the left femoral head (arrowheads). Supplementary Video clip is available. C. CT images also show linear sclerosis at the left femoral
head without collapse (arrowheads). D. T2-weighted fat suppressed MR images show the T2 double-line sign at the left femoral head, confirming
type I ONFH (Association Research Circulation Osseous stage II). Type II ONFH is also observed at the right femoral head. ONFH = osteonecrosis
of the femoral head

Fig. 4. A 36-year-old male with left groin pain.

A. Radiograph shows normal right and left femoral heads. B. Digital tomosynthesis images show subtle linear line at the right and left femoral
heads (arrowheads). C. CT images show linear sclerosis involving both femoral heads without a subchondral fracture or collapse (arrowheads).

D. T2-weighted MR images show a serpentine dark signal intensity line at both femoral heads, confirming type I osteonecrosis of the femoral head.

presence of a prosthetic device. For 10 patients without a 1.45 + 0.57 mSy, and 14.87 + 0.34 mSv, respectively.
prosthetic device, the mean effective doses + SDs of the

radiography, DTS, and CT were 1.35 + 0.45 mSy, 1.38 + DISCUSSION
0.93 mSy, and 6.36 + 2.94 mSy, respectively. For the four
patients with prosthetic devices, the mean effective doses + DTS is widely used in various imaging fields owing to its

SDs for radiography, DTS and MAR CT were 1.45 + 0.21 mSv,  high in-plane resolution. For musculoskeletal studies, DTS
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Table 4. Interobserver Agreement for Radiography and DTS
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Table 5. Intraobserver Agreement for Radiography and DTS

Modality and Location Interobserver Agreement

Modality and Location Intraobserver Agreement

Radiography
Right 0.56 (0.35-0.77)
Left 0.57 (0.38-0.77)

Total 0.57 (0.42-0.71)
DTS
Right 0.84 (0.69-0.99)

Left 0.88 (0.75-1.00)
Total 0.86 (0.76-0.96)

Radiography
Right 0.60 (0.40-0.79)
Left 0.78 (0.62-0.93)

Total 0.69 (0.56-0.81)
DTS
Right 0.96 (0.89-1.00)

Left 0.96 (0.88-1.00)
Total 0.96 (0.91-1.00)

Values are Cohen’s kappa with 95% confidence interval in
parentheses. DTS = digital tomosynthesis

is useful for analyzing high-contrast structures such as the
bones [12]. DTS is superior to radiography for visualizing
superimposed anatomical structures because multiple
images from various angles are taken while the X-ray tube
is swept within a specified range [17,22]. DTS is also
beneficial for evaluating regions of interest that contain
metallic implements [23].

In our study, DTS was superior to radiography for
diagnosing ONFH when using CT as the reference standard.
Concordance between the readers was better for DTS than
for radiography, and the intraobserver agreement was also
higher for DTS than radiography. Ottenin et al. [17] reported
that DTS was superior to radiography for detecting fractures
in patients with acute wrist trauma and showed a higher
sensitivity than radiography; its specificity was comparable
to that of radiography regardless of the involvement of
the wrist bone. The interobserver kappa value in their
study was higher for DTS than for radiography (0.66-0.69
vs. 0.54-0.59). Song et al. [24] evaluated the association
of acromiohumeral distance detected with DTS with
rotator cuff tears. They reported excellent interobserver
and intraobserver agreements of DTS for assessing the
acromiohumeral distance (ICC = 0.947-0.983, 0.975-0.987)
and the diagnostic reproducibility of DTS.

Currently, the most commonly used systems for the
classification of ONFH include those by Ficat and Arlet [25],
Steinberg et al. [26], and Association Research Circulation
Osseous (ARCO) [27]. We divided the participants with
ONFH into type I and type II groups, and they had
prevalence of 28% and 72%, respectively. In our study, type
IT ONFH was advanced, corresponding to Ficat and Arlet
stage IIB-1V, Steinberg stage III-VI, or ARCO stage ITI-IV.
For both readers, DTS had a higher sensitivity in diagnosing
type I and type II ONFH than radiography, with statistical
significance for one reader.

kjronline.org https://doi.org/10.3348/kjr.2021.0058

Values are Cohen’s kappa with 95% confidence interval in
parentheses. DTS = digital tomosynthesis

The diagnosis of type I ONFH based on radiography may
have been more challenging because it represents an earlier
stage of ONFH with only subtle changes such as osteoporosis
or cystic changes. On the other hand, DTS provides a set of
section planes from multiple projections obtained at various
angles, allowing a more sensitive detection of changes that
can be missed by radiography taken from a single plane.
ONFH is a progressive disease that results in the collapse of
the femoral head and destruction of the hip joint. Since it
typically affects middle-aged patients who want to maintain
high activity levels, it is appropriate to avoid or delay joint
replacement as much as possible. Therefore, conservative
treatment or reconstruction methods that preserve the
femoral head are favored during the precollapse stage,
while hip joint replacement surgery is performed in patients
with advanced stages and collapsed femoral heads [28].

As shown in our study, DTS can detect minor radiological
changes, which can help in the early diagnosis of ONFH and
prevent patients from undergoing invasive procedures due
to delayed diagnosis.

Regarding the radiation dose, the effective dose for DTS
was comparable to that of radiography (AP pelvis and two
lateral views of bilateral hip) and much less than that of
CT (radiography vs. DTS vs. CT: 1.35 mSv vs. 1.38 mSv vs.
6.37 mSv). In a study by Koyama et al. [29], the effective
dose for DTS in the anthropometric phantom hip joint
was 0.82 mSv, approximately ten times higher than that
of radiography (0.08 mSv). However, they only included
the hip AP view radiograph in the calculation; in practice,
additional views of the joint are taken depending on the
clinical need. Gothlin and Geijer [20] studied hip prosthetic
loosening; the effective dose for radiography (AP pelvis and
hip cross-lateral view) was 1.1 mSy, and that for DTS was 0.9
mSv. Shim et al. [30] evaluated patients with sacroiliitis
and reported that the effective dose for radiography (pelvis
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and two oblique AP images of bilateral SI joints) was 0.32
mSv and that for DTS was 0.4 mSv.

We used CT as a reference standard for the diagnosis of
ONFH, and we acknowledge the limitation of our study in
that regard. MRI is the best modality for diagnosing ONFH
and has high sensitivity and specificity. However, the high
cost and limited availability of MRI equipment restrict its
utility as a routine screening tool. In addition, when we
reviewed images of 15 patients who underwent pelvic MRI,
there was no difference between the results of MRI and
CT related to the presence or type of ONFH. Nevertheless,
future studies using MRI or bone scintigraphy as reference
standards are warranted.

In conclusion, DTS showed higher diagnostic performance
and reproducibility than radiography in detecting ONFH.
DTS may be used as a first-line diagnostic tool instead of
radiography for patients suspected of having ONFH.

Supplement

The Supplement is available with this article at
https://doi.org/10.3348/kjr.2021.0058.

Supplementary Movie Legends

Movie 1. DTS images of the patient are shown in Figure 3.
Note the sclerotic line on the left femoral head.
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