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Abstract

Background Orthopedic procedures often require removing bone or pathological tissue, with traditional meth-

ods involving instruments like curettes and rongeurs. However, these methods can be time-consuming and lead

to increased blood loss. To mitigate these side effects, vacuum-assisted tools have been developed to aid in tissue
removal. These devices enable surgeons to suction tissue without discarding it, potentially improving outcomes

in conditions such as osteomyelitis or tumor removal while enabling collection of the material for downstream appli-
cations. Despite limited research, vacuum-assisted devices show promise beyond bone marrow harvesting. This study
assesses infection and clearance rates, estimated blood loss, and total procedure time associated with the use of vac-
uum-assisted tissue removal, with a goal to understand if these devices can be used for tissue removal across a variety
of pathologic conditions.

Methods A retrospective cohort study was conducted on patients undergoing orthopedic procedures with the Avi-
tus® Bone Harvester repurposed from its original design from December 1, 2021, to July 1, 2023. Procedures were
categorized into oncology, and debridement for infection cases. Infection cases were further categorized into those
secondary to trauma and those involving primary infections (osteomyelitis and periprosthetic joint infection). Clini-
cal variables, including demographics, intraoperative details, complications, and follow-up, were reviewed. Statistical
analysis included descriptive statistics computed with R Studio.

Results The study included 44 patients, with debridement for infection cases being the most common (primary
infection: 45.5%; infection secondary to trauma: 18.1%), followed by oncology cases (36.4%). In all oncology cases,
a definitive diagnosis was established using the device, and no post-operative infections were reported. The
infection clearance rate was 85.0% for primary infection cases and 50.0% for cases of infection following trauma.
Across the entire cohort, the average blood loss was 314.52 mL (sd: 486.74), and the average total procedure time
was 160.93 min (sd: 91.07). The overall reoperation rate was 47.7%, with an unplanned reoperation rate of 11.4%.

Conclusion The vacuum-assisted bone harvester was effectively utilized in a wide range of debridement and curet-
tage procedures across diverse orthopedic surgeries. In oncology cases, the device enabled effective tissue removal
with comparable recurrence rates, demonstrating its potential to minimize contamination while preserving tissue
for accurate diagnoses. Additionally, a high rate of osteomyelitis eradication was observed in debridement for pri-
mary infection cases (85%). Despite the relatively high reoperation rate of 47.7%, it is crucial to interpret this figure
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within the context of the varied reasons for reoperation. Many of these reoperations were planned as part of a staged
approach to treatment or were unrelated to the device's performance. It is crucial to acknowledge that isolating
the device's contribution to these results can be difficult. The utilization of the device should be guided by considera-

tions of cost-effectiveness and patient-specific risk factors.

Keywords Vacuum-assisted bone harvester, Orthopedic surgery, Debridement, Infection, Oncology

Introduction

Removing bone or removing pathological tissue from
within the bone is a common component of various
orthopedic procedures across different subspecialities [1,
2]. Debridement and oncological cases require the pro-
gressive removal of diseased tissues while procedures
such as arthroplasties require the removal of specific por-
tions of bone and cartilage to allow sufficient room for
the implants [1, 3]. Currently, instruments like a curette,
rongeur, or an operating room suction, are commonly
used for the removal of tissue or lesions within the bone
[4, 5]. Although these methods are widely used, they
can be time-intensive, resulting in increased blood loss,
increased procedure time, and contamination of adjacent
soft tissues as the instruments are repeatedly inserted
into and withdrawn from the bone [5, 6]. Local recur-
rence of tumors after these traditional methods remains
a challenge in oncology cases, possibly due to the need
to insert and remove an instrument (such as a curette)
repeatedly [7].

To aid in the removal of bone marrow from within the
inner cortex of the bone, vacuum-assisted tools have
been developed for orthopedic surgery [8]. Studies have
previously demonstrated the benefits of utilizing a vac-
uum-assisted bone harvester for autologous bone graft
and marrow harvesting in ankle arthrodesis, reducing
operative time and blood loss compared to traditional
methods [9]. These devices allow surgeons to suction
tissue without discarding it, eliminating the need for
repeated instrument removals. This controlled suction
capability makes the device suitable for tissue debride-
ment in conditions like osteomyelitis or tumor removal
as they may be more efficient than traditional methods.
However, challenges include the potential for increased
blood loss due to suction-induced disruption of blood
vessels, technical complexities requiring specialized
training, and equipment-related risks.

Despite the potential uses of vacuum-assisted bone
harvesters, there is limited research on the use of these
devices in orthopedic procedures beyond bone marrow
or graft harvesting. Several case reports have explored
the use of a vacuum-assisted device in trauma and
debridement scenarios [10—-13]. Potential benefits have
suggested that the device can decrease the risk of con-
tamination of healthy tissue as well as aid in surgical

efficiency. However, these studies suffer from limitations
such as inadequate sample size and the absence of gen-
eralizability in their outcomes. Additionally, they have
noted the possibility of tissue trauma due to the suctional
capabilities of the device.

Infection remains a significant concern in orthopedic
surgery [14, 15]. A recent meta-analysis examining rein-
fection rate after revision surgery for infected TKA and
THA found an infection rate of 13.7-19.0% and 6.9-9.9%
for two-stage knee and hip procedures [15]. Correspond-
ingly, eradication of infection continues to be a challenge
in orthopedic surgery. Given the critical importance of
both treating and preventing infections as well as debrid-
ing diseased tissue in orthopedic surgery, further study
of vacuum-assisted devices is essential to better inform
clinicians and researchers. The purpose of this study was
to assess the outcomes of a cohort with diverse uses and
explore the different ways to utilize a vacuum-assisted
bone harvester in orthopedic surgeries. This study aimed
to determine the infection and clearance rates, blood
loss, and total procedure time associated with the use of
vacuum-assisted bone harvester in oncological and infec-
tious cases during orthopedic surgery. The findings con-
tribute to understanding whether vacuum-assisted bone
harvester can be effectively used for tissue removal in
these pathological conditions. Findings may inform new
surgical techniques and approaches.

Methods

Study design

This was a retrospective cohort study of patients who
underwent an orthopedic procedure at our institution
using the Avitus® Bone Harvester (Zimmer Biomet, War-
saw, IN) from December 1st, 2021, and July 1st, 2023
(Fig. 1). Patients were identified as using the Avitus®
Bone Harvester using the Duke Enterprise Data Unified
Content Explorer (DEDUCE), and operative notes were
crossed referenced during manual chart review to cor-
roborate the use of the device [16]. Institutional Review
Board (IRB) approval was obtained prior to the start of
the study (Pro00113599). Manual chart review of the
patient charts was done by trained personnel (research
assistants and clinical research coordinators) listed on the
approved protocol. The extracted data was then verified
by fellowship-trained orthopedic surgeons. To preserve
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Fig. 1 The Avitus® Bone Harvester. The device is made up of a curette attached to a handle that can be linked up to standard operating room
suction. The handle contains a suction trap that allows it to store debrided tissue

patient privacy, all data was stored on Duke University’s
Protected Analytics Computing Environment (PACE).
A total of 48 cases using the Avitus® Bone Harvester
were identified during the study period. Four cases were
excluded as they utilized the device for its original pur-
pose of autologous bone graft and marrow, resulting in a
final cohort of 44 patients. In the final cohort, the Avitus®
Bone Harvester was repurposed from its original bone
and marrow harvesting indication for another function.
Since March 1st, 2021, the Avitus® Bone Harvester has
been approved for indications including to debride and
capture infected, necrotic or diseased cancellous bone.
Orthopedic procedures were classified based on CPT
code as oncology or debridement for infection cases.
Infection cases were further categorized into those sec-
ondary to trauma and those involving primary infections
(osteomyelitis and periprosthetic joint infection).

Outcomes measures

Several key outcome measures were assessed in this
study, including postoperative outcomes such as infec-
tion rates, infection clearance(specifically in debridement
for infection cases), persistent pain, unplanned reop-
eration rates, as well as intraoperative measures such as
estimated blood loss (EBL) and operative time [17-20].
Given reported recurrence rates for osteomyelitis as high
as 20% to 30%, achieving a persistent infection rate below
30% was considered successful in this study [21, 22].

Clinical variables
A retrospective chart review of medical records was
performed to obtain various patient characteristics and

demographic data including age, race, gender, smok-
ing status, and diabetes status. Intraoperative data such
as EBL and operative time was recorded from operative
notes. EBL was calculated by measuring the volume of
fluid collected in the suction canister and subtracting
the volume of fluid used for irrigation. Around 500 mL
of EBL is considered safe in elective orthopedic surgeries
and that number remains higher for emergent procedures
following traumatic injuries where bleeding may not be
controlled [23, 24]. Operative time was determined by
measuring the duration from skin incision to closure. The
presence of intraoperative complications was noted. The
need for any reoperation related to the index surgery was
recorded and the time to surgery was noted as well. In
oncology cases, post operative outcomes such as local
tumor recurrence and metastasis were recorded. The uti-
lization and type of adjuvant therapy were also recorded
for any oncology cases. Persistent pain was defined as
postoperative pain existing beyond 24 weeks and was
recorded.

The device was used to debride tissue once adequate
dissection to the tissue of interest was achieved. The
decision of when or whether to use the device was at the
discretion of the attending surgeon, who evaluated the
diseased tissue.

Vacuum-assisted bone harvester

The Avitus® Bone Harvester is a manually-powered sur-
gical device originally crafted for extracting autologous
bone and marrow grafts in orthopedic procedures [8]
(Fig. 2). It is coupled with a pilot hole creator with an
anchor tip (Avitus® Pilot Hole Creator) to bore a small
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Fig. 2 The tip of the vacuum-assisted bone harvester can be directed to the corticotomy site, enabling the surgeon to suction the lesion
while preserving the specimen in the back handle. The device's back handle facilitates the safe storage and easy retrieval of the specimen for sterile
transport to pathology

circular cortical bone window (Fig. 3). The device has a
sharp curette-like tip connected to the harvester, featur-
ing a suctional component linkable to standard operating
room suction. The back end of the harvester serves as a
suction trap with a storage compartment for extracted
tissue. The device is available in two shaft diameters:
8 mm and 6 mm and is paired with pilot hole diameters
of 11 mm and 8 mm, respectively.

Statistical analysis

Descriptive statistics were computed following standard
procedures, encompassing measures such as the mean,
standard deviation (SD), and frequency. Mean and SD
were chosen to be reported after discussion with the
team to allow for an easier comparison with the wider lit-
erature. All statistical analyses were conducted in R (ver-
sion 3.1; The R Foundation, Vienna, Austria).

Results

Patient characteristics

The study included 44 patients with a mean age of
53.66£18.34 years and an average follow up time of
1.29 years (range: 0.72 — 2.62 years) (Table 1). The cohort
contained 22 male and 22 female patients. There were 4
current smokers (9.1%), 15 previous smokers (34.1%) and
25 patients who never smoked (56.8%). Preoperatively,
there were 19 patients (43.2%) who had a diagnosis of
diabetes.

The most common type of surgical case in which the
device was used was for debridement of infection cases
(n=28; 63.6%), followed by oncology cases (n=16;
36.4%) (Table 2). Cases of debridement of infection were
broken down into primary cases following osteomyeli-
tis or periprosthetic joint infection (n=20; 45.5%) and
following trauma cases (n=8; 18.2%). The most com-
mon problem experienced by patients in the cohort was
persistent pain (n=38; 18.2%), followed by persistent
infection (n=7; 15.9%). Persistent pain was exclusively
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observed in oncology and primary infection cases. In
oncology cases, pain occurred at the incision site, while
in primary infection cases, pain was attributed to chronic
osteomyelitis that could not be resolved. All cases of per-
sistent infection were attributed to preexisting infections
and not the device.

After their original index surgery in which the device
was used, 21 patients (47.7%) ultimately required a reop-
eration related to their original surgery. Out of the 21
reoperations, 16 (76.2%) were planned as secondary sur-
geries before the original index surgery, while 5 (23.8%)
occurred after the original surgery was intended to be
the only procedure. Distinguishing between planned and
unplanned surgeries is important as infection and trauma
cases are often planned to be multistage procedures.
Planned surgeries were most common in primary infec-
tion cases (n=7), followed by infection following trauma
cases (n=5), which required a series of planned surger-
ies. For patients who underwent a reoperation, the aver-
age time to reoperation was 118.35 (sd: 128.51) days.

In the overall cohort, the average blood loss reported in
cases using the device was 314.52 (sd: 486.74) mL, while
the average total procedure time was 160.93 (sd: 91.07)
minutes. One patient suffered an intraoperative compli-
cation unrelated to the use of the device.

Oncology cases

There were 16 oncology cases in the cohort (Table 3).
The average follow-up for the oncology cases was 1.27
(range: 0.72 — 2.62) years. In general, there were two
broad oncologic applications of the device: 1) Biopsy
and intralesional removal of benign-aggressive tumors;
and 2) Biopsy and intralesional removal of solid
tumors that had metastasized to bone. The device was
never used for the treatment of nonmetastatic primary
bone tumors (as intralesional treatment would be con-
traindicated). There were 5 patients with bone metas-
tases who had received preoperative chemotherapy
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Fig. 3 Intraoperative fluoroscopic images demonstrating the use

of the device. A A pilot hole creator with an anchor tip (Avitus® Pilot
Hole Creator) is used to create a circular cortical bone window. B The
tip of the vacuum-assisted device is guided to the corticotomy site. C
The device is inserted to allow for the aspiration of the intramedullary
contents

Page 5 of 13

Table 1 Patient characteristics and demographics

Factor Study Cohort (n=44)
Gender, n 22 males, 22 females
Age, y (sd) 53.66 (18.34)
Smoking, n (%)

Current Smoker 4(9.1)

Never a Smoker 25 (56.8)

Previous Smoker 15 (34.1)
Diabetes Status

Yes 19 (43.2)

No 25(56.8
Race, n (%)

White 25(56.8)

Black 13 (29.6)

Asian 2(4.6)

Other 4(9.1)
Follow up, y (sd) 1.29(047)

n Number, sd Standard deviation, y Years

Table 2 Indications and operative outcomes

Study Cohort (n=44)

Indications, n (%)
Infection
Primary Infection
Infection following Trauma
Oncology
Outcomes

Total Procedure Blood Loss, mL(sd)

Total Procedure Time, mins (sd)
Qutcome, n (%)
Infection
Primary Infection Cases
Infection following Trauma Cases
Oncology Cases
Persistent Pain
Primary Infection Cases
Infection following Trauma Cases
Oncology Cases
Reoperation, n (%)
Primary Infection Cases
Infection following Trauma Cases
Oncology Cases
Time to Reoperation, days (sd)

28 (63.6)
20 (45.5)
8(18.2)

16 (36.4)

314.52 (486.74)
160.93 (91.07)
17 (38.6)
7(15.9)

3

(18.2)

O O N o O N

21 (47.7)

N 00 N

118.35(128.51)

n Number, sd Standard deviation, mins minutes, m/ Milliliters

prior to undergoing the procedure using the device.
In all 16 cases, pathology was able to render a defini-
tive diagnosis after receiving the biopsy sample from
the vacuum-assisted device. The three most common
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Table 4 Outcomes from infection cases

Breakdown Oncology Cases (n=16)
Benign-aggressive tumor 9(56.3)
Metastatic bone tumors 7 (43.8)
Outcomes
Total Procedure Blood Loss, mL (sd) 153.75 (200.52)
Total Procedure Time, min (sd) 149.63 (60.87)
Complications, n (%)
Persistent Pain 6(37.5)
Infection 0(0.0)
Reoperation, n (%) 6 (37.5)
Time to Reoperation, days(sd) 23833 (161.91)

n Number, sd Standard deviation, mins Minutes, m/ Milliliters

neoplasms diagnosed were giant cell tumor (n=4;
25.0%), multiple myeloma (n=2; 12.5%), and Ewing
Sarcoma (n=2; 12.5%). One case of local recurrence
(n=1, 25.0%) occurred after an operation to remove
a giant cell tumor. The patient required an additional
surgery and at the most recent follow up, there was
radiographic concern for additional recurrence of dis-
ease. There were 7 cases (43.8%) of metastatic carci-
noma within the cohort, which included metastases
from a primary lung cancer and a papillary thyroid
carcinoma.

The most common problem encountered following
the oncology cases was persistent pain beyond 24 weeks
affecting 37.5% (n=6) of the patients. Ultimately, there
were 5 (n=37.5%) cases that required a reoperation,
which included additional excisions and prophylactic
nailing. Three of the cases (60.0%) were planned reop-
erations with one prophylactic nailing. The prophylac-
tic nailing case was planned before the start of the case
to deal with the patient’s persistent hip pain in context
of their known metastases to the bone. The device was
used to obtain a specimen, which was used to confirm
a diagnosis of metastatic carcinoma with squamous fea-
tures. Two cases (40.0%) were unplanned additional
procedures, including one for a local giant cell tumor
recurrence and one for a pathological fracture at a sec-
ond location distinct from the original surgical site. There
were no cases of infection in the oncology cases.

Infection Cases

The most common type of procedure in which the
device was used in was in patients with known or sus-
pected infection (n=28) (Table 4). These cases were
further broken down into primary infection (osteomy-
elitis and periprosthetic joint infection) (#=20) and
infection following trauma cases (n=8) (Table 4).

Outcomes Primary Infection following
Infection Cases Trauma Cases
(n=20) (n=8)

Total Procedure Blood Loss, 4424 (644.86) 316.67 (306.05)

mL (sd)

Total Procedure Time, min (sd)  154.50 (78.97) 199.63 (154.80)

Persistent Infection, n (%) 3(15.0) 4(50.0)

Persistent Pain, n (%) 2(10.0) 0(0.0)

Reoperation, n (%) 8 (40.0) 7 (87.5)

Time to Reoperation, days(sd) ~ 102.40 (97.74) 3829 (45.57)

n Number, sd Standard deviation, mins Minutes, m/ Milliliters

Primary infection cases

The device was used in 20 cases of primary infection.
These included 13 cases of periprosthetic joint infec-
tion with 6 TKA (30.0%%) and 7 THA (45.0%%) as well
as 7 cases (45.0%%) of osteomyelitis. Patients experienc-
ing periprosthetic joint infections typically underwent a
2-stage revision to treat the infection with explantation
of the implant and placement of an antibiotic spacer. In
these patients, the bone harvester was used to debride
the inner cortex once the implant was removed.

The most common outcome was clearance of the pri-
mary infection (n=17; 85%). Three cases experienced
persistent infection (15.0%). These original cases were
debridement surgeries for osteomyelitis with a dirty-
infected classification [25]. There was persistent pain
experienced by two patients (10.0%), which was attrib-
uted to their persistent infection. Reoperation was com-
mon in these patients (#=28; 40.0%) as several opted to
undergo reimplantation of their implants while others
required additional debridement surgeries for persis-
tent infection. Out of the cases requiring reoperation,
7 (87.5%) of them were planned before the index sur-
gery for additional debridement and reimplantation.
One case (12.5%) was an unplanned debridement due to
persistent infection following the original debridement
for osteomyelitis. This instance is reported for trans-
parency purposes, with no conclusions drawn regard-
ing the effectiveness of the device based on this single
case, as attributing unplanned debridement solely to the
device use may not be appropriate given the underlying
osteomyelitis.

Infection following trauma cases

Within the infection cohort, there were 8 cases of infec-
tion following trauma cases. In all 8 cases, the device was
used to debride infected tissue after a traumatic event or
fracture. There were 4 cases (50.0%) that involved upper
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extremity fractures and 4 cases (50.0%) that involved
lower extremity fractures. During the operation, the
average blood loss recorded was 316.67 mL (sd: 306.05)
and the average total procedure time recorded was
199.63 min (sd: 154.80).

Infection was successfully cleared in 50.0% of patients
(n=4), while the remaining 50.0% (n=4) experienced
persistent infection. In all cases of persistent infection,
the device was used for tissue removal in cases with a
contaminated classification [25]. None of the infections
were attributed to the device as they were pre-existing.
Correspondingly, the clearance of infection was compa-
rable to rates demonstrated in the literature (Table 5).
There were 7 patients (87.5%) who eventually required
a reoperation related to their original surgery which
included operations to address persistent infection and
additional fixation. Of the 7 reoperations, 5 (71.4%) were
initially intended as a series of planned procedures, while
2 (28.6%) necessitated additional, unplanned surgeries.

Discussion

Our study indicates that a vacuum-assisted bone harvest-
ing device may be used in multiple types of orthopedic
surgeries across different subspecialties. The vacuum-
assisted device was most commonly used in debridement
cases for infection (45.5%) followed by oncology cases
for tumor removal and biopsy (36.4%). The wide range
of procedures suggests that a vacuum-assisted bone har-
vesting device has a variety of application beyond bone
and marrow harvesting. The device presents several the-
oretical advantages. However, further research is needed
to see if they have any tangible benefits.

The device may offer some advantages, particularly in
cases where infected or diseased tissues require removal.
A noteworthy feature is its ability to collect disease tissue
within the handle, facilitating both the effective removal
of the targeted tissue from healthy surroundings and its
extraction from the surgical field. Vacuum-assisted bone
harvesters may theoretically minimize the risk of con-
tamination to other parts of the surgical field, including
non-affected tissues, enhancing the overall surgical pre-
cision and mitigating potential complications associated
with tissue removal [34]. This is supported by the com-
parable rates of osteomyelitis clearance and tumor reoc-
currence demonstrated in the study. However, additional
studies are needed to explore the full impact of the device
design on outcomes. Additionally, the device enables
surgeons to perform multiple collections of tissue with-
out the need for repeated removal and reinsertion of the
device. This feature is particularly useful in oncology,
where repeated introduction and removal of a device can
disseminate tumor cells within the operative field. These
features can additionally help make tissue debridement
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more efficient which can possibly reduce surgical time
compared to traditional curettage techniques.

There was a comparable local reoccurrence rate (1/4;
25.0%) after tumor removal observed in our cohort com-
pared to traditional intralesional methods at a similar
follow-up although the numbers in this study are too
small to make a meaningful comparison [35-37]. Tradi-
tional intralesional curettage methods continue to have
issues with local reoccurrence despite advancements in
adjuvant therapies and surgical techniques [38, 39]. Uti-
lizing the vacuum-assisted device offers several advan-
tages over traditional methods for intralesional curettage,
which may contribute to the low rate seen in this series.
A theoretical advantage of this device is its ability to
simultaneously remove and scrape, which improves the
speed of the procedure. Compared to traditional curet-
tage, where the removal of tissue requires the instrument
to be removed and cleaned before re-insertion into the
bone, this device remains inside the lesion for continuous
evacuation of tissue. This may be significant, as repeated
introduction and removal of an instrument could spread
tumor cells through the surrounding tissue and contrib-
ute to the high local recurrence rates observed in lesions
treated with curettage. Additionally, the device’s sharp
curette end enables bone scraping while providing suc-
tion, preventing tissue from being inadvertently forced
deeper into the bone. The suction ability of the device
theoretically can allow it to be more effective at extract-
ing a higher quantity of tumor cells, all while preserving
a similar incision site. However, future research is needed
to quantify those differences. Conditions prone to local
recurrence, like giant cell tumor, could benefit from a
suction device that captures more tumor cells, as thor-
ough tumor removal is paramount to minimize the risk
of local recurrence [40, 41]. The device’s back handle pre-
vents contamination of the surgical table with tumor cells
while containing them for histological evaluation. In our
study, the collected specimens were able to be used to
establish a diagnosis with minimal artifact.

Lesions within the bone remain a challenge because the
bone marrow is a highly vascularized tissue, and exten-
sive or prolonged disruption of the tissue may lead to
excessive bleeding [42]. Utilizing a traditional curette for
the removal of vascularized tissue, such as a tumor can
cause more bleeding [43]. Aiba et al. examined treating
simple bone cysts using endoscopic curettage as a mini-
mally invasive measure and found advantages with less
bleeding [44]. Similarly, using a vacuum-assisted bone
harvester may represent another minimally-invasive
measure to reduce the risk of operative blood loss. First,
while traditional curettage requires creation of a generous
window to visualize retrieval of the tissue being removed,
the Avitus® device can be inserted through a relatively
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small circular window (11 mm or 8 mm) because eve-
rything is being collected into a closed-capture suction
system. A circular osteotomy induces less stress on the
cortex compared to a square osteotomy [45]. Our oncol-
ogy cases reported the lowest intraoperative blood loss in
our cohort, despite the fact that curettage of bone tumors
is usually associated by significant hemorrhage.

Conversely, it is important to acknowledge that
because the vacuum-assisted bone harvester includes
suction, there is a theoretical concern about increased
blood loss due to continuous disruption of delicate blood
vessels during tissue removal and the negative pres-
sure effects on tissue integrity [46]. However, it is worth
noting that suction is also integral to traditional tissue
debridement procedures for managing fluids and debris
[7]. The unique design of the vacuum-assisted bone har-
vester allows for uninterrupted suction throughout the
procedure, eliminating the need for frequent instrument
changes for separate suctioning processes. This opera-
tional efficiency aims to minimize procedural interrup-
tions, potentially reducing overall blood loss. Moreover,
the controlled suction of the vacuum-assisted bone
harvester facilitates precise tissue removal, potentially
mitigating bleeding compared to manual debridement
methods that involve more mechanical manipulation and
pressure on tissues.

The reinfection rate within our cohort of peripros-
thetic joint infection was comparable to that in the pre-
vious literature, which suggests that this device performs
equivalently in this setting of debridement for peripros-
thetic joint infection. The benefits of safely removing the
infected tissue may not be as significant in these cases
because the surgical field is already contaminated with
microbial infection [47]. However, single stage debride-
ment alone for osteomyelitis has a reoccurrence rate
above 40% [48-50]. Our series demonstrated an 85.0%
rate of infection clearance for patients experiencing pri-
mary infection which is comparable to techniques that
utilize multi-stage debridement (Table 5). However, it is
important to note that literature contained heterogenous
study designs that made it challenge to compare rates.
Due to the current study design, it is challenging to attrib-
ute the rate of debridement cases solely to the device.
However, there may be a benefit as the device allows dis-
eased tissue to be removed while minimizing contami-
nation of adjacent tissue that can occur with repeated
insertion and removal. This can reduce operative time
which has previously been linked to an increased infec-
tion risk [51-53]. Additionally, the device may be ben-
eficial in cases where there is increase surgical site soft
tissue to minimize iatrogenic tissue trauma [52, 54]. With
equivalent reported reinfection rates in periprosthetic
joint infection, the vacuum-assisted bone harvester can
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theoretically reduce the risk of leaving behind infected
tissue. The curette tip may allow for the removal of tissue
and may have a potential benefit of being able to debride
more tissue than traditional methods.

Although there was a higher rate of persistent infec-
tion in trauma cases compared to the rest of the cohort,
we demonstrate equivocal infection clearance rates to
traditional methods [55-57]. The higher rate of infec-
tion in trauma cases compared to the entire cohort could
be attributed to several factors. First, the trauma cases
in which patients experienced post operative infection
were already contaminated. The high-energy nature of
these injuries often leads to significant contamination of
both bone and soft tissue, increasing infection risks [57,
58]. Moreover, the trauma cases sampled in our cohort
were relatively high acuity, with multiple fractures simul-
taneously, which can increase the risk of postoperative
infection [59]. The presence of these multiple traumatic
sites exposes each area to the environment, potentially
contaminating the surgical site despite preoperative pre-
cautions [60, 61]. Though these postoperative infections
were unlikely to be caused by the device, we deemed it
important to report them. The device was found to be
non-inferior compared to other methods and offered the
benefit of ease of use.

This study has several implications for research and
clinical practice. Although utilizing the device may be
beneficial, it is necessary to consider the cost of the using
such a device. Considering patient-specific risk factors
and their ability to pay can help orthopedic surgeons
navigate the cost-effectiveness of using new devices for
patients [62, 63]. Patients who may be at higher risk of
bleeding may benefit from utilizing a vacuum-assisted
bone harvester for tissue removal. The device could be
considered as an additional precaution in patients with
an elevated risk of infection [64]. Patients may experi-
ence greater advantages when employing the device in
oncology cases as opposed to infection cases. In oncology
cases, there is a great deal of emphasis placed on mini-
mizing contamination of the surgical field [47]. In scenar-
ios of infection, where such contamination may already
be present or inevitable, the utility of a device is primarily
based on efficacy and ease of use [65].

To establish a conceptual framework for the use of vac-
uum-assisted bone harvesters in tissue debridement for
oncology and infectious diseases, we acknowledge sev-
eral key factors that contribute to successful outcomes.
These factors include the disease’s pathology, the opera-
tor’s skills, the surgical doctor’s skills, the preparedness of
the surgical team, and the quality of the vacuum-assisted
bone harvester’s tool [65, 66]. In our study, we chose out-
come measures such as infection rates, persistent pain,
reoperation frequency, time to reoperation, and other
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complications to provide a comprehensive overview of
the procedure’s impact on patient outcomes. Comparable
infection rates and reduced persistent pain suggest good
postoperative recovery, while a low number of unplanned
reoperations indicate the initial procedure’s success and
durability. These indirect measures, though not exhaus-
tive, offer valuable insights into the overall effectiveness
of vacuum-assisted bone harvesters in achieving desired
surgical results. Additionally, we recognize that factors
related to blood loss, procedure time, pain, infection,
and reoperation are crucial in the contexts of oncology
and infectious diseases [17, 18]. While our study did not
include direct measures such as the quality and quantity
of harvested tissues, future research should incorporate
these metrics to provide a more detailed evaluation of
vacuum-assisted bone harvesters’ effectiveness.

There are several limitations that exist for this study.
First, this study is retrospective and descriptive in
nature. While it would have been valuable to compare
the infection rate associated with the traditional method
of tissue harvesting to that of vacuum-assisted tissue
removal, we did not have a comparable control cohort
for patients undergoing similar orthopedic procedures
without using a vacuum-assisted device. Incorporating
such a cohort would have been challenging due to the
variability in surgical techniques, patient conditions, and
types of procedures performed. These differences could
introduce confounding factors that would make direct
comparisons difficult. Our study focused on evaluating
the use of vacuum-assisted tissue removal across vari-
ous pathological conditions without a direct compari-
son to traditional methods. This approach allowed us to
lay the groundwork for understanding the device’s per-
formance and potential benefits. Thus, future studies
should include prospective analyses with suitable control
cohorts to make stronger conclusions about the benefits
of utilizing this device. By building on this foundational
work, subsequent research can provide more compre-
hensive insights and help clinicians and surgeons make
informed decisions regarding tissue removal techniques.
Another limitation of our study was the lack of available
patient-reported outcomes, particularly in cases involv-
ing trauma where such data were not routinely collected.
Patient-reported outcomes provide valuable insights
into postoperative pain, functional recovery, and quality
of life, which are essential for comprehensive outcome
assessment. The absence of these data limits our ability
to fully capture patient perspectives and experiences fol-
lowing surgical interventions, highlighting the need for
future studies to incorporate these measures to enrich
our understanding of surgical outcomes.

While we used operative time as an outcome meas-
ure in this study, a more accurate assessment would
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focus solely on debridement time. However, due to the
retrospective study’s design, we did not have the abil-
ity to measure debridement time. Future studies should
incorporate this specific metric for more precise evalu-
ations of utilizing the device. Another limitation exists
because the study encompasses a variety of orthopedic
procedures, including oncology, trauma, and infec-
tion cases. The heterogeneity in procedures makes it
challenging to isolate specific factors contributing to
observed outcomes. The range of procedures, however,
allows the study to examine the versatile nature of the
device and provides important groundwork for future
studies.

Conclusion

The use of a vacuum-assisted bone harvester offers sev-
eral advantages in debridement surgeries, providing
a rapid and efficient method for tissue removal while
minimizing contamination of adjacent tissues. The study
found that in cases using the device, there was an over-
all infection clearance rate of 85% for primary infection
cases and 50% for trauma-related infections. The aver-
age blood loss was 314.52 mL, and the total procedure
time averaged 160.93 min. Despite the relatively high
reoperation rate of 47.7%, it is crucial to interpret this
figure within the context of the varied reasons for reop-
eration. Many of these reoperations were planned as part
of a staged approach to treatment or were unrelated to
the device’s performance. This study highlights the use
of the device in various orthopedic procedures, includ-
ing complex oncologic resections and reconstructions.
The device achieves thorough curettage by combining
a suction mechanism and sharp curette tip. The suction
efficiently removes material, while the sharp tip enables
precise scraping and removal, minimizing residual tissue.
This dual functionality enhances the device’s effective-
ness compared to traditional methods. Further research
into its applications and integration into standard sur-
gical practices could validate its utility and expand its
adoption in clinical settings.
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