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ORIGINAL RESEARCH
PATIENT SAFETY

Reduction of Radiation Dose and Scanning TimeWhile
Preserving Diagnostic Yield: A Comparison of Battery-

Powered and Manual Bone Biopsy Systems
S. Kihira, C. Koo, A. Lee, A. Aggarwal, P. Pawha, and A. Doshi

ABSTRACT

BACKGROUND AND PURPOSE: There is scarcity of data on the comparative efficacy between bone biopsy drill systems across var-
ious types of bone lesions. Our aim was to investigate differences in diagnostic yield, scanning time, and radiation dose between
manual and battery-powered bone biopsy systems in CT-guided biopsies of lytic, sclerotic, and infectious bone lesions.

MATERIALS AND METHODS: This was a retrospective single-center institutional review board–approved study. A total of 585 CT-guided
core needle biopsies were performed at 1 institution from May 2010 to February 2019. Classification of bone lesions, location, bone bi-
opsy system, suspected origin of primary disease, final pathologic diagnosis, diagnostic yield, presence of crush artifacts, radiation dose,
and scanning times were collected. For the battery-powered system, OnControl was used. For the manual drill system, Bonopty, Osteo-
site, and Laurane drill systems were used. Comparisons in lytic and sclerotic lesions and suspected discitis/osteomyelitis were made using
the Fisher exact test. Subgroup analysis of the drill systems for scanning time and radiation dose was performed by 1-way ANOVA.

RESULTS: Our patient cohorts consisted of a total of 585 patients with 422 lytic, 110 sclerotic, and 53 suspected infectious lesions.
The mean age was 62 6 13 years with a male/female ratio of 305:280 for all lesions. The diagnostic yield was 85.5% (362/422) for
lytic, 82.7% (91/110) for sclerotic, 50.9% (27/53) for infectious lesions, and 82.1% (480/585) for all lesions. No statistical difference
was found when comparing diagnostic yields of powered drills with the manual systems for lytic, sclerotic, and infectious lesions.
However, in a subgroup analysis, radiation dose and scanning time were significantly lower for powered drill compared with manual
drill systems in lytic (P ¼ .001 for both) and sclerotic lesions (P ¼ .028 and P ¼ .012, respectively). No significant differences were
seen between the drill systems for suspected infectious lesions.

CONCLUSIONS: Our findings demonstrate that there was no statistically significant difference in diagnostic yield when comparing
battery-powered and manual bone biopsy systems for CT-guided bone biopsies; however, the use of the power drill system
resulted in significantly reduced scanning time and radiation dose in lytic and sclerotic lesions.

Image-guided percutaneous bone biopsies have become the pre-
ferred method of acquiring tissue biopsies from bone lesions.

The procedure is noninvasive and generally well-tolerated, with
lower complication rates compared with open biopsies.1-5 Bone
lesions can vary greatly in density and location, which can affect
the choice of biopsy equipment used. Drill systems can be catego-
rized into either manual or battery-powered systems. In a manual

drill system, a needle is manually rotated to reach the desired
depth of the lesion. Manual biopsy has been shown to have low
complication rates and good diagnostic yield, ranging from 66%
to 98%.3,5-7 In 2007, a reusable lithium battery–powered drill de-
vice, OnControl (Vidacare, Shavano Park, Texas), was approved
as an alternative without the need for a manual drill system. Prior
comparative studies of drill performance in high-density bone
lesions have shown that the battery-powered drill may offer
greater ease of use with higher diagnostic yield.8-10

However, there is scarcity of data when it comes to assessing
the comparative efficacy of these drill systems in lytic and sus-
pected infectious lesions. In lytic lesions, prior studies have
shown the diagnostic yield ranging from 70% to 96%;3,11,12 how-
ever, these studies have predominantly assessed the manual drill
systems. One prior study13 reported the diagnostic yield and
radiation dose for battery-powered drill systems, however, with-
out comparison with manual systems. No prior studies have
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compared the performance of battery-powered with manual
drill systems in lytic lesions. In sclerotic lesions, studies have
shown that the battery-powered drill system has higher diag-
nostic yield but with varying differences in procedural times
compared with the manual systems.5,14 In suspected discitis/
osteomyelitis, a prior small-scale study (n¼ 41)15 showed a
significantly shorter median duration of conscious sedation
with battery-powered systems compared with manual systems,
without significant differences in diagnostic yield.

In this study, we investigated differences in diagnostic yield,
scanning time, and radiation dose between manual and battery-
powered drill systems in 3 different lesion classes: lytic, sclerotic,
and suspected infectious lesions.

MATERIALS AND METHODS
Study Population
This was a single-center retrospective study, which was
approved by the local institutional review board, with a waiver
of informed consent. From May 2010 to February 2019, a total
of 1767 CT-guided bone biopsies were performed at our insti-
tution in a total of 1454 patients (difference accounting for
multiple biopsy cases in 313 patients). Patients were included
under the following circumstances: 1) They had pathology
reports, 2) had clear documentation and/or hub visualization
of the bone drill system, and 3) bone biopsy performed by the 2
fellowship-trained neuroradiologists (6 and 10 years of experi-
ence) and 2 fellowship-trained musculoskeletal radiologists (8
and 9 years of experience) chosen on the basis of the highest
number of cases at our institution, to reduce operator depend-
ence. These criteria yielded a cohort of 751 patients. Cases with
only fine-needle aspiration were excluded from the study. We
excluded 72 patients with lesions containing mixed lytic and scle-
rotic components because these lesions were qualitatively difficult
to categorize and the sample size was too small for analysis after
further subdivision into predominantly lytic, sclerotic, or

ambiguous. Our final cohort included
585 cases with 422 lytic, 110 sclerotic,
and 53 infectious lesions.

Procedure
All CT-guided spine biopsies were per-
formed on a 40-section CT scanner
(Somatom Definition AS; Siemens,
Erlangen, Germany) in the helical
mode. Patients all underwent a stand-
ard course for these biopsies similar to
that in a prior study.16 A Fast Find
Grid (Webb Medical, Philadelphia,
Pennsylvania) was placed over the
general biopsy site for localization. A
scout was obtained using a standard
biopsy protocol (initial scout at 120
kV[peak] and 60 mAs with subsequent
scans at 120 kVp and 220 mAs) for all
cases. Skin was prepped and draped in
normal sterile fashion. One percent lid-

ocaine was infiltrated into tissues for local and deep anesthesia. For
the battery-powered system, OnControl was used with a coaxial
13-ga biopsy needle. For the manual drill system, Bonopty
(AprioMed, Londonderry, New Hampshire), Osteo-site (Cook,
Bloomington, Indiana), and Madison (Laurane Medical;
Westbrook, Connecticut) drill systems were used with a coaxial bi-
opsy needle ranging from 11 to 14 ga. The biopsy needle was
advanced into the lesion with conventional CT guidance, and
images were obtained after each needle advancement (Fig 1). CT
fluoroscopy cases were not included in this study. Once the needle
was confirmed within the lesion, CT scans were obtained after
each biopsy pass. In each patient, 1 final postbiopsy scan was
obtained after the needle was removed to assess postprocedural
complications.

Data Collection
Classification of bone lesions, location, bone biopsy system, radia-
tion dose, and scanning times were collected from our PACS
reporting system. The attenuation of each sclerotic bone lesion and
adjacent normal trabecular bone was obtained and averaged over 3
consecutive slices by a senior radiology resident (A.L.) with the
requirement that the slices should be at least be 250 HU and twice
that of the adjacent normal trabecular bone. Suspected radiologic
disease, final pathology diagnosis, diagnostic yield, and the pres-
ence of crush artifacts were collected from the clinical notes and
pathology reports from our Electronic Medical Records system.
Diagnostic yield, the presence of crush artifacts, radiation dose,
and scanning time were collected independently and blinded to
the drill system used. Diagnostic yield was defined as the number
of diagnostic biopsies divided by the total number of biopsies. A bi-
opsy was considered diagnostic when a distinct pathologic diagno-
sis could be rendered from the surgical pathology, which explained
the lesion clinically and through imaging, as defined in multiple
past studies.3,5,16,17 Surgical pathology was the only source of diag-
nostic yield for infection, and microbiology results were not used
in this study. CT scanning time and radiation dose were assessed

FIG 1. Bone biopsy of lytic bone lesions with manual and battery-powered drills. A, A 74-year-
old man with multiple myeloma undergoing CT-guided biopsy of a right iliac lytic lesion with the
Osteo-site manual system. CT image shows placement of the needle into the right iliac lytic
lesion. B, A 58-year-old man with multiple myeloma undergoing CT-guided biopsy of a lytic L3
lesion with the OnControl battery-powered system. CT image shows placement of needle into
the L3 vertebral body.

2 Kihira � 2020 www.ajnr.org



from the radiology images, radiology reports, and clinical notes.
Scanning time was defined as the interval CT imaging time from
the first scout image to the final postbiopsy scan.

Statistical Analysis
The SPSS statistical package for Windows, Version 25 (IBM,
Armonk, New York) was used for statistical computations. A 1-
sided Fisher exact test was performed for comparison of diagnostic
yields among drill systems in lytic and sclerotic lesions and suspected
discitis/osteomyelitis. These were further subgrouped in a layered
analysis to assess whether there was a statistically significant differ-
ence in drill performance affected by sex, lesion location, and sus-
pected origin of the primary disease. Subgroup analysis of the drill
systems for radiation dose and procedural time was made by 1-way
ANOVA. A separate analysis was performed for sclerotic lesions to
assess the effect of density on diagnostic yield using 1-way ANOVA.

RESULTS
Clinical Characteristics of the Patient Population
Our patient cohorts consisted of 585 cases with 422 lytic, 110 scle-
rotic, and 53 suspected infectious lesions. There were 314 patients
in total with manual drill systems and 271 patients in total with
the powered drill system (Table 1). The mean age was 62 6 13
years with a median of 61 years with a male/female ratio of
305:280 for all lesions. Approximately 47.0% (275/585) of the
lesions were located in the vertebral column; 36.9% (216/585), in

the pelvic bones; and 8.4% (49/585), in the
long bones such as the humerus, femur, and
tibia. At the biopsy, 41.7% of bone lesions
were suspected of being primary bone
lesions. This predominantly included multi-
ple myeloma based on previous laboratory
work-up. Additional suspected origins of me-
tastasis included breast (10.4%), prostate
(3.8%), lung (2.9%), and bladder (1.7%).
Furthermore, 27% of lesions had no definite
site or suspicion of malignancy at the time of
biopsy. Subgroup analysis revealed no statisti-
cal difference (P , .05) among patients
between the drill systems when comparing
age, sex, suspected origin of primary disease,
and lesion location (Table 1).

The final pathologic diagnosis revealed
27.2% of cases with metastasis and 22.2% of
cases with primary bone malignancy (Fig 2).

Comparison of Drill Systems in Lytic
Lesions
A total of 422 lytic lesions included 241 cases
with manual drills and 181 cases with the
battery-power drill systems. No statistical dif-
ference was noted among the suspected ori-
gins of primary disease or lesion location
(P ¼ .063 and P ¼ .316, respectively) (On-
line Table 1). Diagnostic yields of the manual
and powered drill systems were 83.4% and
89.0%, respectively (Table 2). Crush artifacts

were present in 5% and 7.7% of manual and battery-powered
drills, respectively. No statistically significant difference in diag-
nostic yield or crush artifacts was noted between the drill sys-
tems. However, radiation dose and scanning time were
significantly lower for the battery-powered drill compared with
the manual drill (P ¼ .001 for both). The mean radiation doses
for the manual and powered drills were 845 mGy � cm2 and
657 mGy � cm2, respectively. The mean scanning time for
manual and powered drills was 42 and 35minutes, respectively.

Comparison of Drill Systems in Sclerotic Lesions
A total of 110 patients had sclerotic lesions, with 55 undergoing
manual drill biopsies and 55 undergoing battery-powered drill
biopsies. No statistical difference was noted among the suspected
origins of primary disease or lesion location (P ¼ .691 and
P ¼ .355) (On-line Table 2). The diagnostic yields of the manual
and powered drill systems were 76.4% and 89.1%, respectively,
and crush artifacts were present in 7.3% for both systems (Table
2). No statistically significant difference was noted among diag-
nostic yields or crush artifacts between the drill systems.
Radiation dose and scanning time were significantly lower for
the battery-powered drill compared with the manual drill (P ¼
.028 and P ¼ .012, respectively). The mean radiation doses were
1061 mGy � cm2 and 804 mGy � cm2, respectively. The mean
scanning times for manual and powered drills were 44 and
37minutes, respectively.

Table 1: Demographic characteristics of patients undergoing bone biopsiesa

Total Manual Battery-Powered P Value
No. 585 314 271
Age (mean 6 SD) 62 6 13 62 6 13 61 6 12 .541
Sex (M/F) 305:280 173:141 132:139 .135
Suspected origin of primary

disease
.103

Boneb 41.7 (244) 38.9 (122) 45 (122)
Prostate 3.8 (22) 4.5 (14) 3.0 (8)
Breast 10.4 (61) 11.5 (36) 9.2 (25)
Lung 2.9 (17) 4.8 (15) 0.7 (2)
Kidney 0.7 (4) 1.0 (3) 0.4 (1)
Systemicc 0.7 (4) 1.0 (3) 0.4 (1)
Liver 0.3 (2) 0.6 (2) 0 (0)
Bladder 1.7 (10) 1.6 (5) 1.8 (5)
Miscellaneousd 8.5 (50) 9.2 (29) 7.7 (21)
Unestablished/unknowne 27 (158) 24.8 (78) 29.5 (80)
Blood 2.2 (13) 2.2 (7) 2.2 (6)

Location of bone lesion .16
Vertebral column 47.0 (275) 45.2 (142) 49.1 (133)

Cervical 0.6 (4) 0.1 (4) 0 (0)
Thoracic 17.9 (105) 16.2 (51) 19.9 (54)
Lumbar 17.3 (101) 17.5 (55) 17.0 (46)
Sacral 11.1 (65) 10.2 (32) 12.2 (33)

Pelvis 36.9 (216) 39.5 (124) 33.9 (92)
Extremity 8.4 (49) 10.5 (33) 5.9 (16)
Miscellaneousf 0.5 (3) 0.6 (2) 0.4 (1)
Disc 7.2 (42) 4.1 (13) 10.7 (29)

a Values for frequency of suspected origin of primary disease and lesion location represent percentages
followed by total number of cases in parentheses.
b Primary bone lesions include suspected multiple myeloma from laboratory testing.
c Predominantly sarcoidosis.
d Includes thyroid, salivary gland, vulvar, tongue, melanoma, and anal cancers.
e Includes all cases without known malignancy or suspected primary bone lesion.
f Includes sternum, ribs, clavicle, scapula, calvaria, and tarsal bones.
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The mean density of sclerotic lesions was 663 HU, with a me-
dian density of 649 HU, ranging from 251 to 1412 HU (On-line
Table 2). Average densities of sclerotic lesions in the manual and
battery-powered system cohorts were 641 HU and 682 HU,
respectively, without a statistically significant difference. In a sub-
group analysis of biopsies, in manual drill systems, there was no
significant difference found in performance based on density in
sclerotic lesions. However, in the battery-powered drill system,
there was a significantly longer average scanning time for

sclerotic lesions of.700 HU compared
with sclerotic lesions below 700 HU
(P ¼ .026), with a scanning time of
41minutes compared with 35 minutes,
respectively (Table 3). Additionally,
there were higher crush artifacts with
sclerotic lesions of.700 HU compared
with lower density sclerotic lesions
(P ¼ .025), with crush artifacts present
in 20% (4/20) and 0% (0/28), respec-
tively. No statistically significant differ-
ence was noted for diagnostic yield or
radiation dose based on density in the
battery-powered drill system.

Comparison of Drill Systems in
Suspected Infectious Lesions
A total of 53 patients had suspected
discitis/osteomyelitis, with 18 manual
drill biopsies and 35 battery-powered
drill biopsies. No statistical difference
was noted among the lesion loca-
tions. Diagnostic yields of the man-
ual and powered drill systems were
50.0% and 51.4%, respectively, and
crush artifacts were present in 11.1%
and 0%, respectively (Table 2). No
statistically significant differences were
noted for diagnostic yield, crush arti-
facts, scanning time, or radiation dose
between the drill systems. On the final
pathology report, 34.0% were found to
have the diagnosis of discitis/osteomye-
litis (Fig 2).

DISCUSSION
In our study, we compared the differ-
ences in efficacy between manual and
battery-powered drill systems in vari-
ous lesion classes by assessing the
diagnostic yield, radiation dose, and
scanning time. To our knowledge, this
is the first combined, large-scale study
assessing comparative performances
of drill systems in various bone lesion
classes. In our study, we showed that
there was a significant decrease in
radiation dose and scanning time

when using a battery-powered drill compared with a manual
system in lytic and sclerotic bone lesions. Most interesting, there
were no statistically significant differences in diagnostic yield or
crush artifacts in any class of bone lesion, though the diagnostic
yield was generally higher with the use of a battery-powered
drill system.

Although there are few prior data on the comparative efficacy
of these drill systems in lytic and suspected infectious lesions,
Cohen et al5 reported a significantly higher diagnostic yield for

FIG 2. Breakdown of the final pathology diagnosis in various bone lesion classes: all bone lesions
(A), lytic lesions (B), sclerotic lesions (C), and suspected infectious lesions (D).

Table 2: Comparative performance of the drill systems in various lesion classificationsa

Diagnostic
Yield

Crush
Artifacts

Radiation Dose
(mGy 3 cm2)

Scanning
Time (min)

Lytic lesions
Manual 83.4 (201/241) 5 (12/241) 845 42
Battery-powered 89.0 (161/181) 7.7 (14/181) 657 35
P value .069 .168 .001b .001b

Sclerotic lesions
Manual 76.4 (42/55) 7.3 (4/55) 1061 44
Battery-powered 89.1 (49/55) 7.3 (4/55) 804 37
P value .064 1 .028b .012b

Infectious lesions
Manual 50.0 (9/18) 11.1 (2/18) 1113 46
Battery-powered 51.4 (18/35) 0 (0/35) 811 39
P value .576 .111 .155 .128

All lesions
Manual 80.3 (252/314) 5.7 (18/314) 900 43
Battery-powered 84.1 (228/271) 6.6 (18/271) 704 36
P value .538 .387 .001b .001b

a Percentage followed by the number of cases/total number of cases in parentheses for diagnostic yield and
crush artifacts. Mean values are listed for radiation dose and scanning time.
b Significant P value (P, .05).
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battery-powered systems compared with manual drill systems in
sclerotic lesions (P ¼ .047), with diagnostic yields of 73% and
55.9%, respectively. In our study, although diagnostic yield was
generally higher for the battery-powered drill system compared
with manual systems, with diagnostic yields of 89.1% and 76.4,
respectively, the difference was not statistically significant. Of
note, the diagnostic yield reported in our study for manual sys-
tems is in keeping with most prior studies reporting approxi-
mately 75%.18,19

The diagnostic yield of a bone biopsy has been shown, in the
past, to be inversely associated with the density of a bone
lesion.18,20,21 This finding is explained by increased trabecular
bone density associated with increased bone tissue stiffness and
lowered diagnostic yield.22 It was observed in our study because
the diagnostic yield was higher for lytic lesions compared with
sclerotic lesions, regardless of the bone biopsy system used. In
sclerotic lesions, we further observed that there was a decrease in
diagnostic yield, with higher density lesions of .700 HU. We
used the density cutoff of 700 HU in keeping with Chang et al23

reporting difficulty with biopsies of densely sclerotic lesions of
.700 HU and Chang et al14 demonstrating differences in diag-
nostic yield at this threshold. Although there was no statistically
significant difference in diagnostic yield at this threshold in our
study, most interesting, for the battery-powered drill system,
there was significantly shorter scanning time and a lower preva-
lence of crush artifacts for lower density sclerotic lesions.
Anecdotally, this outcome is likely due to the increased difficulty
in drilling into denser lesions; furthermore, increased crush arti-
facts have been shown to be associated with biopsies of higher
density lesions in the past.3,5

A multitude of factors can affect the diagnostic yield inde-
pendent of operator control. These include the histologic
architecture of the bone lesion, nonspecific pathology of the
biopsy specimen, and the presence of necrosis or crush arti-
facts, which can render the sample nondiagnostic. In our
study, we show that the choice of a bone biopsy system does
not significantly impact diagnostic yield, regardless of the
bone lesion classification; however, it can impact the radiation
dose and overall scanning time. Although many other factors
dictate the choice of a bone biopsy system not assessed in this
study, such as operator preference, availability, and cost,
understanding the difference in efficacy is clinically significant
and beneficial to patient care.

Of note, prior studies have shown
that location1,24 and primary origin of
disease20,25 of the bone lesions can
affect the diagnostic yield. For exam-
ple, Hau et al1 reported a lower diag-
nostic yield for vertebral lesions
compared with lesions in the pelvis or
extremity. Tsukushi et al25 showed
that there was a higher diagnostic yield
for metastatic bone lesions compared
with primary bone tumors. In our
study, these factors did not signifi-
cantly impact the comparative per-
formance between the bone biopsy

systems because there were no significant differences in the distri-
bution of lesion location or primary origin of disease between the
cohorts.

There are several limitations to our study. First, it was ret-
rospective. A prospective study would facilitate obtaining an
equivalent number of cases for each drill system. Furthermore,
because the patients were not randomized by drill systems, an
inherent bias in drill system selection by the operator cannot
be excluded. Additionally, although this study took place at a
single institution, the study spanned 9 years, and with techno-
logic advancements and software upgrades, there was likely a
progressive decrease in scanning time and radiation dose. This
factor would likely result in overestimating the actual reduc-
tion in scanning time and radiation dose for the battery-pow-
ered drill system, which was introduced 2 years after the start
of the study at our institution and was used increasingly more
frequently in recent years compared with the manual system.
However, neither scanner nor scanning parameters were
changed during the study.

Additionally, we acknowledge that there can be operator vari-
ability in drill performances. We attempted to reduce this by lim-
iting the study to cases performed by only 2 neuroradiologists
and 2 musculoskeletal radiologists. Limiting the operator number
also ensured that the drill was used in most cases, though not in
every case, which is a considerable limitation. Another limitation
is the incongruency between scanning time and procedural time.
Although scanning time was used as a surrogate for procedural
time in this study, we acknowledge that there is likely a delay in
the start of the procedure after the initial scan and between the
end of procedure and the postbiopsy scan. Finally, only 1 attend-
ing radiologist and pathologist determined lesion classification
and pathology diagnosis, respectively. We acknowledge that hav-
ing multiple readers would improve the accuracy and reliability
of this study.

CONCLUSIONS
We demonstrated that there was no statistically significant dif-
ference in diagnostic yield when comparing battery-powered
with manual bone biopsy systems for CT-guided bone biop-
sies. However, the use of the power drill system resulted in a
significantly reduced radiation dose and scanning time in lytic
and sclerotic lesions, without significant differences in sus-
pected infectious lesions.

Table 3: Comparative performance of drill systems in sclerotic lesions based on densitya

Density (HU)
Diagnostic

Yield
Crush

Artifacts
Radiation Dose
(mGy 3 cm2)

Scanning Time
(min)

Manual
250–700 88.5 (23/26) 3.8 (1/26) 1044 45.1
.700 85.7 (12/14) 2.1 (3/14) 1317 46.1
P value .583 .115 .3 .862

Battery-powered
250–700 89.3 (25/28) 0 (0/28) 889 34.6
.700 85 (17/20) 20 (4/20) 752 41
P value .562 .025b .38 .026b

a Percentage followed by number of cases/total number of cases in parentheses for diagnostic yield and crush
artifacts. Mean values are listed for radiation dose and scanning time.
b Significant P value (P, .05).
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