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ABSTRACT
A signiﬁcant number of bone marrow biopsies are
performed annually. Outcomes of patient pain and
sample size of biopsy are important issues as perception
of patient pain is underestimated by clinicians and
sample size assists in accurate diagnosis. Manual
extraction of marrow biopsy is the main method used.
Recently a powered system has been introduced. The
objectives of this systematic review and meta-analysis
were to determine if the powered system reduces patient
pain and improves sample capture. A PubMed and
Cochrane search for randomised controlled trials was
undertaken comparing the powered system with manual
methods. Risk of bias assessment and meta-analysis of
outcomes using appropriate statistical methods were
performed. Five randomised controlled trials were
identiﬁed. Patient pain (measured via visual analogue
scale (VAS)—100 point scale) was signiﬁcantly reduced
using the powered system: mean difference=−6.57;
95% CI −12.93 to −0.22; p=0.04. The relative
reduction in pain was 17%–25% with the powered
system. Sample biopsy size (length in mm) was also
signiﬁcantly increased with the powered system: mean
difference=3.65 mm; 95%; CI 1.61 mm to 5.68 mm;
p=0.0005. The relative increase in sample size was 33%
with the powered system. Operator ease of use (as
measured via VAS) and adverse events were similar.
Despite limited operator experience, patients experienced
less pain and sample sizes were increased without an
increase in adverse events with the powered system. The
powered system may offer an option in obtaining
samples from patients whose pain is compromised by
disease and may reduce redos.
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While bone marrow biopsy is a relatively common
(600 000 US procedures)1–3 and straightforward
procedure, there are issues associated with it,
namely, patient morbidity (eg, haemorrhage,
patient pain); adequacy of trephine length (and
volume of biopsy sample); and ease of use for the
clinician performing the procedure. It has been
demonstrated in several trials that the greater the
length (in millimetre) of the biopsy sample, the
greater the likelihood of lesions being detected.4 5
It has also been cited in the literature that inadequate specimen size/amount requires a repeat procedure6–9 Further, as it relates to the issue of
patient pain, many clinicians do not recognise its
severity and incidence.10 Last, the duration of a
bone marrow biopsy procedure has been identiﬁed
as the sole independent predictive factor for a
patient’s pain intensity.10

Bone marrow biopsy sampling technologies have
until recently mainly consisted of a manual method.
This method is most commonly carried out on the
posterior superior iliac spine with a patient in the
right or left lateral position. Local anaesthesia is provided via inﬁltrating an adequate area of the periosteum. Commonly a skin excision (with a lancet) is
made prior to inserting the biopsy needle. With
manual methods, once the needle contacts the bone,
it is advanced by slowly rotating clockwise and
counterclockwise until the cortical bone is penetrated and the marrow cavity is entered. Ideally the
length of the biopsy specimen from an adult should
measure at least 20 mm in length.8
Recently, a new battery-powered bone marrow
biopsy system was developed (OnControl Vidacare
Corporation, Shavano Park, Texas, USA) and
cleared by the US Food and Drug Administration
(510[K] clearance number K072045). The
OnControl system uses a battery-powered drill to
insert the marrow needle into the iliac bone of
adult haematology patients.
Several randomised controlled trials (RCTs) have
been undertaken comparing the use of the powered
bone marrow biopsy system with manual methods.
However, the results from these studies have been
equivocal. Further, the RCTs performed to date
have been done on a relatively small number of
patients. By combining like outcomes from multiple
studies, a more deﬁnitive conclusion might be
made on the utility of a powered bone marrow
biopsy system.
The objective of this systematic review and
meta-analysis is to determine whether the powered
bone marrow biopsy system does provide for signiﬁcantly different/improved outcomes on the endpoints of pain and sample size.

MATERIALS AND METHODS
RCTs comparing the powered system with manual
biopsy methods were included. Participants included
both patients with disorders of the blood and bone
marrow. Patients were to never have had a previous
bone marrow biopsy or other type of biopsies.
The outcome measures of importance that were
evaluated were:
▸ Pain as measured via a visual analogue scale
(VAS), either a 10 point or 100 point scale
▸ Bone marrow length (in mm) or volume (in mm3)
▸ Complications or adverse events (as deﬁned by
the trial)
▸ Length of time for the procedure (which as per
above has been deﬁned as an independent predictor of pain).10
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The search method used can be found in online supplementary
appendix 1.

Data collection and analysis
Data collection and analysis used a data collection form identiﬁed in online supplementary appendix 2. Data collection was
ﬁrst collected and analysed by one of the authors ( JV). It was
further adjudicated by the second author (MM) independently.
Any disagreements were discussed between the two authors and
a ﬁnal agreement on including/excluding a trial was made by
consensus.

Assessment of risk of bias in included studies
The risk of bias for each of the studies was reported and is summarised in the risk of bias ﬁgure and in online supplementary
appendix 3.
Two review authors independently assessed each included
study for assessing risk of bias.11 A risk of bias table was completed for each eligible study. An assessment of risk of bias using
a ‘risk of bias summary ﬁgure’ was compiled. This display of
internal validity indicates the weight the reader may give the
results of each study.

Statistics
Statistical analysis was performed using the statistical package
that accompanies Cochrane Review Manager V.5.1.11 For continuous data (eg, pain scores, time of procedure, length of trephine), we used the mean difference (inverse variance, random
or ﬁxed effects model) if outcomes were measured in the same
way between trials. The results of binary outcomes (ie, complication or not) were presented as risk ratios (Mantel-Haenszel,
random or ﬁxed effects model) with corresponding 95% CIs.
Attempts were made to contact authors of included studies in
order to obtain any missing data and/or to clarify biases. If data
remained missing, we left it as missing and did not attempt to
impute values. We assumed the data to be missing at random
and therefore no bias would be introduced.
If trials could be combined, assessment of statistical heterogeneity was made using the I2 statistic in order to determine
appropriateness for meta-analysis. If the I2 statistic was at or
below 60%, the heterogeneity was considered moderate and
meta-analysis was deemed appropriate. If the value was greater
than 60%, sensitivity analyses were undertaken in an attempt to
identify which studies were most likely causing the problem and
are reviewed in the Discussion section. As well, in examining
small size studies and heterogeneity, a comparison of ﬁxed and
random effects models was employed. If the estimates were
similar, it would be concluded that any small-study effects
would have little effect on the intervention effect estimate.11
Funnel plots were used to assess reporting bias for those
studies combined for meta-analysis purposes. In the absence of
bias, the funnel plot should approximate a symmetrical
(inverted) funnel.11 If bias exists, an asymmetrical appearance of
the funnel plot would exist.11 Each outcome was reported separately. Furthermore, an assessment was made of publication
bias (including a review of unpublished studies), location bias
(types of journals) and language bias.

Figure 1

PRISMA ﬂow diagram.

Included studies
Eight studies were included for further evaluation.12–19 Of these
eight, two were excluded13 18 as they were abstracts of follow
on published manuscripts. One additional study was excluded as
it was an interim analysis of a single arm validation study.12

Risk of bias in included studies
The main risks of bias: blinding of operators was not possible
between the two methods. Further, biases existed related to the
experience levels of the operators between the two methods—
with minimal to no experience with the powered system and signiﬁcantly more expertise with the manual method (see ﬁgure 2
for risk of bias summary of trials; see online supplementary
appendix 3 for additional details of each study). All funnel plots
demonstrated symmetry.

Effects of interventions
In combining the ﬁve trials on the outcome of overall pain, as
measured by the patient via the VAS, there was a signiﬁcant difference in the pain score, favouring less pain with the powered
bone marrow system: mean difference=−6.57; 95% CI −12.93
to −0.22; p=0.04; I2=25% (ﬁgure 3) (inverse variance,
random effects model). On a relative basis, this represents an
approximate 17% reduction in overall pain over the average
VAS score for manual biopsy of 39. Further, three trials could
be combined14 16 19 on the outcome of pain upon needle insertion. A lessening of pain was observed with the powered bone
marrow system: mean difference=−7.87; 95% CI −15.77 to
0.44; p=0.05; I2=23% (ﬁgure 4) (inverse variance, random
effects model). On a relative basis, this represents an approximate 24% reduction in needle insertion pain over the average
VAS score for manual biopsy of 33.5. Last, procedure time (in
seconds)14 16 19 was signiﬁcantly less with the powered system:

RESULTS
Results of the search
The PRISMA ﬂow diagram (ﬁgure 1) shows the results of the
search.
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mean difference=−85.35 s; 95% CI −145.14 s to −25.56 s;
p=0.005; I2=89% (ﬁgure not shown) (inverse variance,
random effects model).
Sample biopsy length as measured in millimetres (mm) in all
ﬁve studies was found to be signiﬁcantly larger with the
powered system: mean difference=3.65 mm; 95%; CI 1.61 mm
to 5.68 mm; p=0.0005; although heterogeneity was moderately
high at I2=62% (ﬁgure 5) (inverse variance, random effects
model). On a relative basis, this represents an approximate 33%
increase in the trephine length over the weighted average mean
length for manual biopsy of 10.97 mm. As well, in the two
trials14 19 that measured the overall volume in mm3, sample size
was found to be signiﬁcantly larger with the powered system:
mean difference=18.26 mm3; 95%; CI 13.26 mm3 to
23.26 mm3; p<0.00001; I2=0% (ﬁgure not shown) (inverse
variance, random effects model).
As it relates to adverse events (as deﬁned in the trial, ie,
haematoma, extended pain, skin ensnared on shaft of needle),
there was no statistically signiﬁcant difference: risk ratio=3.56;
95% CI 0.59 to 21.42; p=0.17; I2=0% (Mantel-Haenszel,
random effects model) (ﬁgure not shown).
Last, as it relates to operator satisfaction, there was no statistically signiﬁcant difference between the two methods in the
two trials that measured this via a VAS:14 19 mean difference=1.41; 95%; CI −0.75 to 3.56; p=0.20; although heterogeneity was high at I2=95% (ﬁgure not shown).

DISCUSSION
Despite very limited experience (eg, <5 uses) by the majority of
the operators using the powered bone marrow biopsy system
involved in the randomised trials (compared with more extensive experience with manual biopsy methods), it was found that
patients experienced signiﬁcantly less overall pain and operators
were able to obtain signiﬁcantly larger sample sizes with the
powered bone marrow biopsy system. Additionally, there was no
difference in adverse outcomes between the two methods
employed ( powered vs manual). These results may speak of an
ease of use issue measured in several of the trials (albeit differently) favouring the powered method.
The issue of pain reduction in patients undergoing bone
marrow biopsy has been studied extensively in the literature and
appears to be one of more important issues with bone marrow
biopsy procedures,10 20–22 which show that clinicians

underestimate the level of pain patients experience.10 22 A technology such as the powered system appears to assist in lowering
the levels of pain experienced by patients and may help with
this perception mismatch. When examined on a relative basis,
this represents a 17%–24% reduction in pain when using the
powered system, which could represent the difference between
no pain and mild discomfort or mild discomfort and abject
pain. This pain reduction may be especially helpful in patients
whose pain threshold may be compromised due to disease states
such as cancer and the associated treatments they undergo.
Additionally, the signiﬁcantly shorter time to perform the procedure, favouring the powered system, may aid in a reduction of
pain.
The amount of bone marrow obtained is also important in
helping pathologists accurately assess for the presence/absence
of disease. It has been found in several studies that the larger
the sample size, the greater the likelihood of accurately identifying lesions.4 5 Larger sample sizes have improved the ‘positivity’
of diagnosis by upwards of 13%–15%.5 6 Further, the informative value of a bone marrow biopsy in detecting discrete
marrow lesions is enhanced in a longer sample size due to the
fact that it provides a large amount of marrow tissue for histological evaluation and more likely a sample from the innermost
part of the bone marrow where abnormalities might be
present.23 Again the powered system demonstrates that a signiﬁcantly larger sample is obtained versus manual methods. As
identiﬁed in the results section, the relative increase in sample
trephine length of 33% with the powered system could be the
difference in not having to repeat a biopsy and/or in accurately
diagnosing a disease state. Last, the improved amount of sample
capture with the powered system may reduce the need for
repeat procedures as noted above.
Ease of use issues is also important for those performing the
bone marrow biopsy. While not mentioned in the peer reviewed
literature, performing manual biopsy procedures on a regular
basis can result in operator problems such as carpal tunnel syndrome and wrist sprains, especially in patients with hard
bones.24 Perhaps the powered system might alleviate this issue.

Heterogeneity issues
Two of the comparisons resulted in high heterogeneity between
the studies: time in seconds for the procedure and sample
length (in mm). Regarding the time in seconds meta-analysis,

Figure 4 Forest plot visual analogue scale pain needle insertion.
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the 2011 Miller16 trial was excluded from the analysis with the
heterogeneity statistic reduced to 0% (with ﬁndings signiﬁcant
at the p<0.00001 level). Regarding the sample length size
meta-analysis, the 2013 Bucher15 study was excluded and the
heterogeneity statistic reduced to 31% (with ﬁndings signiﬁcant
at the p<0.00001 level). The ﬁndings from both Miller et al16
and Bucher et al15 while favouring the powered system were not
as different in their magnitude as the other studies that were
included. Further, additional analyses related to each, that is,
pain (measured via a VAS) (with time in seconds of the procedure an independent predictor of pain) and volume of sample
(measured in mm3, also related to sample length) demonstrated
a signiﬁcant difference, favouring the powered system. Based on
these additional ﬁndings, it was assumed that the ﬁndings of
increased sample length and time in seconds for the powered
procedure were statistically different and the ﬁndings
homogeneous.
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PostScript

Correction
J Voigt, M Mosier. A powered bone marrow biopsy system versus manual methods: a systematic
review and meta-analysis of randomised trials. J Clin Pathol 2013;66:9 792–796. Figure 5 in this
paper was incorrect. It depicted adverse events identiﬁed and did not represent the overall
trephine length analysis. The correct Figure 5 is shown below.
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Appendix 1: Search methods for identification of studies

A PubMed search was performed on January 20, 2013 to identify English language
RCTs. Search terms used were:

(((("random allocation"[MeSH Terms] OR ("random"[All Fields] AND "allocation"[All
Fields]) OR "random allocation"[All Fields] OR "randomized"[All Fields]) AND
("clinical trials as topic"[MeSH Terms] OR ("clinical"[All Fields] AND "trials"[All
Fields] AND "topic"[All Fields]) OR "clinical trials as topic"[All Fields] OR "trial"[All
Fields])) AND ("power (psychology)"[MeSH Terms] OR ("power"[All Fields] AND
"(psychology)"[All Fields]) OR "power (psychology)"[All Fields] OR "powered"[All
Fields])) AND ("bone and bones"[MeSH Terms] OR ("bone"[All Fields] AND
"bones"[All Fields]) OR "bone and bones"[All Fields] OR "bone"[All Fields])) AND
("bone marrow"[MeSH Terms] OR ("bone"[All Fields] AND "marrow"[All Fields]) OR
"bone marrow"[All Fields] OR "marrow"[All Fields])) AND ("pathology"[Subheading]
OR "pathology"[All Fields] OR "biopsy"[All Fields] OR "biopsy"[MeSH Terms]).

A Cochrane CENTRAL search of randomized controlled trials was performed on January
26, 2013. Search terms used were: powered bone marrow biopsy.

As well, the following technology assessment organizations websites were searched on
January 24, 2013 using the search terms bone marrow biopsy:

•

Agency Health Research and Quality (AHRQ)

•

Blue Cross Blue Shield Technology Assessment

•

California Technology Assessment Forum (CTAF)

•

Canadian Agency for Drugs and Technology in Health (CADTH)

•

National Institute for Health and Clinical Excellence (NICE)

Secondly, hand searches of the reference sections of RCTs identified were also
undertaken.

Thirdly, the manufacturer of the powered biopsy system, Vidacare, was contacted on
1/27/13 to determine if there were other non-published RCTs on the use of the powered
system.

Supplemental Materials:

Appendix 1: Data collection form
Name of person/reviewer extracting data:
Author of article:
Title:
Source (e.g. Journal title):
Date of study:
Study location (geographical):
Inclusion/exclusion criteria (list of patient inclusion and exclusion criteria)
Inclusion:
Exclusion:
Sample size:
number in each arm of trial
a priori power calculation?

YES NO

NOT STATED

trial powered adequately?
Patient baseline characteristics:
age range:
gender:
medical condition(s):
TRIAL DESIGN DETAILS:
single centre/multicenter trial?
Study type

1

randomized controlled trial/matched control/unmatched concurrent control/historic control:
Allocation
was it random?

YES NO

NOT STATED

YES NO

NOT STATED

method of randomization:
was it concealed?
Intervention details
care setting:
treatment group(s):
control(s):
co-interventions:
who delivered intervention?
was the provider performing the procedure blinded? YES NO
was the patient blinded?

YES NO

NOT STATED

NOT STATED

Outcome measures
what were they?
methods of assessing outcome measures:
blind assessment?

YES NO

when were they measured?
validity of assessment:
length of follow-up:
Analysis:
description of analysis employed:
statistical methods:
2

NOT STATED

comparisons made:
intention to treat analysis?
subgroups considered?
exploration of heterogeneity?
Results:
Missing data:
length of follow up:
withdrawals/drop outs - are proportion and characteristics of participants lost to follow up
comparable for the study groups at the end of the trial? (Assessment of attrition bias)
reasons for withdrawal:
Number lost to follow up:

(Other outcomes measured) – identify _________________________________:
Intervention arm (1):
Intervention (or control) arm (2):
Intervention arm (if more than 2 intervention arms are included in the trial):
Intervention are (if more than 2 intervention arms are included in the trial):
Were all outcomes identified in methods section reported on in the results section? (selective
reporting) YES
NO
Conclusions:
Implications (e.g. for practice):
Other comments:
Methodological quality of study:
comparability of intervention:
baseline comparability:
3

Appendix 2: Characteristics of studies and bias assessments:

Characteristics of included studies
Berenson 2011
Methods

Multicenter randomized controlled trial

Participants

Patients requiring bone marrow biopsy for assessment of
disease such as lymphoma, leukemia, and multiple
myeloma; average age of participants: manual =
66.4±13.4 years; powered = 66.2±14.7

Interventions

OnControl powered bone marrow biopsy system (n=52)
versus manual bone marrow biopsy needle (n=50)

Outcomes

Procedure time in seconds
Pain at end of procedure as measured via visual analog
scale (VAS); scale used 0-10; with higher scores indicating
greater pain. Pain also assessed at one day and 7 days
post procedure.
Device complications and adverse events recorded
Size of bone marrow sample: Measured in length (mm)
and in volume (mm3)
Operator satisfaction (0-10 VAS)

Notes

Informed consent obtained
Operators skilled in manual method but had limited
experience with the powered bone marrow biopsy system
(i.e. 3-5 prior uses of powered system).
One adverse patient event with powered system:
Patient's skin became wrapped around shaft of the
rotating needle.

4

Berenson 2011 Risk of bias table
Bias

Authors' judgment

Support for judgment

Random sequence generation (selection
bias)

Unclear risk

Sent email to lead author Berenson
on 1/24/13 seeking clarification of
this. Did not hear back.

Allocation concealment (selection bias)

Unclear risk

Sent email to lead author Berenson
on 1/24/13 seeking clarification of
this. Did not hear back.

Blinding of participants and personnel
(performance bias)

High risk

Clinicians and patients knew which
biopsy system was being used by and
on them.

Blinding of outcome assessment
(detection bias)

High risk

Clinicians who were evaluating VAS
and patients who reported on it (via
VAS) were not blinded to the type of
biopsy method

Incomplete outcome data (attrition bias)

Low risk

All patients enrolled in the study
were reported on.

Selective reporting (reporting bias)

Low risk

All outcomes were reported on as
listed in the methods section.

Other bias

High risk

All authors of trial received research
grant funds from the sponsor of the
study, Vidacare Corporation
(manufacturer of the powered bone
marrow biopsy system), for their
participation in the trial.

5

Bucher 2013
Methods

Prospective single center non-blinded randomized trial

Participants

Patients in need of a biopsy to assess for disease state:
lymphoblastic leukemia, acute myelogenous leukemia,
chronic myelogenous leukemia, myelodysplastic
syndrome, non-Hodgkin’s lymphoma

Interventions

Powered (n=26) versus manual biopsy (n=24)

Outcomes

Size of biopsy sample (in mm length)
Patient pain as measured via VAS scale 0-10; with 10
being maximal pain. Pain measured immediately after the
procedure (T1); 15 minutes after the procedure was
completed (T2) and 3-5 days post procedure (T3)
Procedure time in seconds: measured from time of skin
contact of needle until biopsy sample was ejected from
the needle.

Notes

Study performed in Germany
Informed consent obtained
Minimal training on the powered device was performed
prior to initiation of the trial (3 procedures)
Two patients reported painful hematomas at 3-5 day
follow up in the powered group (adverse event)
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Bucher 2013 Risk of bias table
Bias

Authors' judgment

Support for judgment

Random sequence generation (selection
bias)

Low risk

Differentially colored, labeled, and
numbered envelopes containing
sheets labeled with "manual" or
"powered" were put into envelopes
in a random fashion prior to initiation
of the study. After informed consent
was obtained, the operator picked
the next envelope.

Allocation concealment (selection bias)

Low risk

Directly after opening the envelope,
the procedure identified in the
envelope was performed

Blinding of participants and personnel
(performance bias)

High risk

Neither patients nor clinicians were
blinded to the procedure.

Blinding of outcome assessment
(detection bias)

Low risk

Pathologist unaware of the biopsy
method used evaluated the size of
the sample.

Incomplete outcome data (attrition bias)

Low risk

Fifty (50) out of 58 patients screened
were randomized

Selective reporting (reporting bias)

High risk

Adverse events were reported on in
results section but were not defined
as an endpoint in the methods
section.

Other bias

High risk

Hematologists had significant
experience in the manual method
(>200 biopsies) and only 3 biopsies
with the powered system.
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Miller 2011
Methods

Single center randomized controlled trial - bilateral
biopsies on each healthy subject were performed with the
order in which either powered or manual system used
and the side which was biopsied first randomized.

Participants

Twenty six (26) healthy adult volunteers

Interventions

Powered bone marrow biopsy (n=24) and manual biopsy
(n=24)

Outcomes

Procedure time in seconds measured
Pain intensity measured via visual analog scale (VAS) - 100
point scale (0-100) with higher scores indicating more
pain. Pain measured at the following points: needle
insertion, biopsy acquisition, needle removal and overall.
Size of bone marrow sample: Measured in length (mm)
and in volume (mm3)
Complications and adverse events: Complications
included: breakage (failure) of the needle set, inability to
remove the stylet, skin winding on the needle set, inability
to penetrate the distal cortex, and injury to the operator.
Insertion failure, or failure to obtain an adequate quality
or quantity of core biopsy sample are not considered
complications. Adverse events included: An adverse event
(AE) was any unfavorable medical occurrence affecting a
clinical investigation subject, which did not necessarily
have a casual relationship with the treatment or
procedure.
An AE was therefore any unfavorable and unintended sign
(including an abnormal laboratory finding), symptom, or
disease associated with the use of the study devices,
whether or not it is considered related to the devices.

Notes

Informed consent obtained
Operators (one in private practice and one academic
hematologist/oncologist) were experienced in both
methods - powered and manual.
One adverse event/complication was reported on in the
paper. However, the method of biopsy used was not
identified. In 1/25/13 correspondence with the author it
was stated: "The patient who experienced the adverse
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event of intense and extended pain (4 weeks) complained
about the right side biopsy site, which was performed
using the OnControl system. The patient described the
pain as radiating down her leg, from the biopsy site, and
complained of difficulty with lying on her back. The
patient reported she could “feel everything” during the
biopsy procedure on that side suggesting the site may not
have been adequately anesthetized."

Miller 2011 Risk of bias table
Bias

Authors' judgment

Support for judgment

Random sequence generation (selection
bias)

Low risk

Randomization was performed using
sequentially numbered opaque
sealed envelopes. Following
consenting procedures, and once it
has been determined that the
subject meets the inclusion/exclusion
criteria, the next sequentially
numbered envelope was opened to
determine which device (Manual or
Powered) would be used for the first
of the bilateral procedures and on
which side the devices would used.
Envelopes were used in sequence
each time a patient was enrolled in
the study.

Allocation concealment (selection bias)

Low risk

Procedure was performed
immediately upon randomization

Blinding of participants and personnel
(performance bias)

Low risk

Patients were blinded to the type of
procedure being performed: To
minimize the noise caused by the
powered device, and to decrease the
potential for the noise to compromise
the blinding of procedure order, noise
cancelling headphones were placed
on the subjects during the procedure.
Additionally a powered device was
activated during the manual
procedure as well.
Clinicians performing the procedure
were not blinded to the biopsy
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method used.
Blinding of outcome assessment
(detection bias)

Low risk

VAS score as reported on by
participant (using VAS scale) was
blinded. Pathologists measuring and
grading the bone marrow trephine
were blinded to the treatment arm.

Incomplete outcome data (attrition bias)

Low risk

Two patients out of the 26 enrolled
were excluded due to: one with
improper anesthetization and one
due to obesity (needle length not
long enough to penetrate bone).
Thus there were 24 enrolled

Selective reporting (reporting bias)

Low risk

All outcomes were reported on.

Other bias

High risk

Several of the authors were
employees of the manufacturer of
the powered bone marrow biopsy
system. Several of the authors
accepted research grant funds from
the manufacturer of the powered
system.
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Reed 2011
Methods

Single center randomized controlled trial

Participants

Patients requiring a bone marrow biopsy having various
forms of cancer including: lymphoma, acute myeloid
leukemia, metastatic carcinoma, and myeloma

Interventions

Use of powered bone marrow biopsy system versus
manual biopsy

Outcomes

Size of bone marrow biopsy sample (length in mm)
Procedure time in seconds
Adverse events (not defined in study). Per phone
conversation with Dr. Reed on 1/31/13, there was no
definition of adverse events on the report forms as well.
Adverse events were subjective in nature.
Pain as measured by patient using a visual analog scale
(VAS): 0-10 with 10 being worst pain possible.
Procedure ease difficulty (0-10 VAS)

Notes

Informed consent
US trial of hematologists in training
Rather than having patients randomized to either
powered or manual bone marrow biopsy procedures,
hematologists were randomized to the treatment groups.
No adverse events were observed.
Fellows/operators were put through a training program
for the powered system and had 1-2 live cases with it.
Most operators had significantly more
training/experience with the manual system.

11

Reed 2011 Risk of bias table
Bias

Authors' judgment

Support for judgment

Random sequence generation (selection
bias)

Low risk

Sent email to lead author, Reed LJ on
1/24/13 seeking clarification in this.
Phone conversation with Dr. Reed on
1/31/13, the randomization scheme
from the principal investigator (Reed)
was kept confidential with the
operators until the treatment
started. This randomization scheme
entailed using the last digit of the
operators/fellows pager number with
odd numbers allocated to the
powered system and even to manual.

Allocation concealment (selection bias)

Low risk

Sent email to lead author, Reed LJ on
1/24/13 seeking clarification in this.
Phone conversation with Dr. Reed on
1/31/13, once the operator was
randomized, the procedure was
immediately initiated.

Blinding of participants and personnel
(performance bias)

High risk

Clinicians and patients were not
blinded to treatment arms

Blinding of outcome assessment
(detection bias)

Low risk

Pathologists were blinded to the
treatment arm in assessing sample
size.

Incomplete outcome data (attrition bias)

Low risk

All patients and specimens were
reported on in the results section

Selective reporting (reporting bias)

Low risk

All outcomes listed in the methods
section were reported on in the
results section

Other bias

High risk

Several of the operators had greater
prior experience with the manual
method than others and greater
prior experience with manual
method versus powered method.
Additionally, per conversation with
the lead author on 1/31/13, an
unrestricted grant was provided by
Vidacare. As well, manufacturer
reviewed and provided input into
manuscript prior to submission.
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Swords 2011
Methods

Multicenter randomized controlled trial

Participants

Patients requiring a bone marrow biopsy in order to
determine disease state. Forty (40)% of patients were
lymphoma.

Interventions

Powered bone marrow biopsy (n=25) versus manual
methods (n=25)

Outcomes

Time in seconds to perform the procedure = time from
contact of needle to skin to sample retrieval.
Patient pain recorded on a visual analogue scale (VAS) of
0-10; with 10 being the worst possible pain.
Adverse events (not defined in trial)
Operator satisfaction score (0-10 VAS)

Notes

Trial carried out in the US and Europe
Informed consent obtained
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Swords 2011 Risk of bias table
Bias

Authors' judgment

Support for judgment

Random sequence generation (selection
bias)

Low risk

Per email from Dr. Brenner
(coauthor) on 1/24/13: Envelopes
containing the randomization were
prepared by the sponsor. The IDS
pharmacy opened the envelopes to
determine the patient assignment,
and then provided the device
assigned.

Allocation concealment (selection bias)

Low risk

Per email from Dr. Brenner
(coauthor) on 1/24/13:The patient
was not aware of which device they
were assigned, and the physician
immediately was aware prior to
procedure.

Blinding of participants and personnel
(performance bias)

High risk

Neither clinicians performing the
procedure nor patients entered into
the trial were blinded to the
treatment arms

Blinding of outcome assessment
(detection bias)

High risk

Pathologic analysis of biopsy samples
was blinded. However, pain scores
were not

Incomplete outcome data (attrition bias)

Low risk

All patients were reported on

Selective reporting (reporting bias)

Low risk

All outcomes as listed in the methods
section were reported on in the
results section

Other bias

High risk

Study was supported by funds from
Vidacare Corporation, manufacturer
of the OnControl, powered bone
marrow biopsy system.
There was no prior training on the
use of OnControl in live patients.
Training was performed on
anatomically correct mannequins.
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