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Antibiotic-loaded acrylic cement beads have a large surface area and excellent sustained-release prop-
erties. However, there are some difficulty manufacturing reasonably sized beads and their careful
handling. We developed a self-made cement bead maker using a mold of a sphere with a diameter of 8
and 10 mm with a 2-mm-diameter connecting hole. With this instrument, approximately 32 beads can
be made from 40 g of bone cement. We clinically applied this technique to 11 cases of periprosthetic joint
infection. There was no recurrence of infection noted. The advantages of this device were that it was
possible to adjust the combination of antimicrobial agents and that the shape was uniform and easy to
handle during surgery.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Treatment of infections, especially after arthroplasty, is difficult.
Antibiotic-loaded acrylic cement can be used to deliver antimi-
crobial agents locally to the source of infection for a prolonged
period. Its efficacy was first reported by Buchholz and Engelbrecht
in 1970 [1]; since then, the experimental and clinical data have
been validated, and it is still one of the standard treatments for
periprosthetic joint infection. There are two main forms of bone
cement currently used in the treatment of periprosthetic joint
infection: spacers and beads, these are used according to the re-
quirements. Cement beads have a large surface area and excellent
sustained-release properties, and their small volume allows them
to be placed in small spaces. However, there are some problems,
such as the difficulty manufacturing reasonably sized beads and
their careful handling. In some countries, cement beads containing
antimicrobial agents are sold as ready-made products（Septopal;
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Merck, Darmstadt, Germany); however, these are not approved in
Japan and therefore cannot be used. In this surgical technique
report, we developed a new device for making cement beads and
attempted its clinical application. In this article, we describe our
results and discuss future prospects.

Surgical technique

We developed a cement bead maker (Pearl Maker) in collabo-
ration with Iso Medical Systems Inc., Tokyo, Japan. The machine
consists of a resin mold, a core rod, and a clamp (Fig. 1). The mold is
shaped like a spherewith a diameter of 10mm, and each sphere has
a 2-mm-diameter connecting hole. First, both molds were coated
with bone cement without clamping, after which the core rod was
placed in the center hole of one mold. In this state, the molds were
clamped together. This method resulted in a 10-mm-diameter
spherical cement bead with a 2-mm hole in the center (Fig. 1). After
the surface was trimmedwith a luer, the beads were connected to a
necklace with a thread or soft steel wire. We used the thick and
strong No. 5 ETHIBOND (Johnson & Johnson, New Brunswick, NJ)
because it is easier to handle. What strengthens this method is
waiting for the bone cement to set sufficiently before removing the
clamp and the core rod. The curing time of the beads depends on
the type of bone cement, the type and content of the antimicrobial
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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agent, and the room temperature of the operating room, but it is
not very different from the curing time of ordinary cement. The
beads are trimmed and threaded, and it takes about 10 minutes for
one surgen to make 32 beads at a time. Once the device is set, we
can let go and allow the cement to cure completely before starting
the next operation. If we work by hand, we have to make beads at a
time until it sets. The irreplaceable advantage of this system is that
we can start the next operation at our own time.

In previous experiments, 0.8 g of cement was required per 10-
mm-diameter spherical cement bead. At a 10% concentration of
antibiotics, each bead would contain about 0.1 g of antibiotic. The
initial product was able to make 16 beads at a time, 8 � 2 rows, in
one bead maker. Using two sets of these, it was possible to make at
least 32 beads with 40 g of cement. To produce a large amount of
bone cement without wasting it, we created an 8 � 4 bead maker
and an 8-mm diameter to facilitate the application of bone cement
(Fig. 1). The beads can be placed in narrow spaces, such as the
medullary cavity. In combination with the conventional beads
having a diameter of 10 mm, these beads can be filled densely into
the dead space and can easily function as a spacer.

The product was launched in October 2014 and has been used
for the treatment of periprosthetic joint infections after arthro-
plasty, including hemiarthroplasty and other infections. Eleven
cases of periprosthetic joint infection after arthroplasty, that were
amenable to follow-up for at least 6 months after the final surgery,
were included in the study (Table 1). The age, sex, laterality, follow-
up period, initial arthroplasty-caused infection, causal bacteria, and
used antibiotics powder were as described in Table 1. The choice of
antimicrobial agent was based on the susceptibility of the patient in
cases where the causative organism was detected and on the
experience and preference of the surgeon in the other cases. The
viscosity of the bone cement used was medium (Endurance; Depuy
Synthes). The concentration of the antimicrobial agents was
adjusted depending on the case so that the total weight of the
Figure 1. Cement beads maker (Pearl Maker). (a) Unassembled devices that consist of a mol
diameter. (c) A picture showing assembly with cement, pressing the mold between the clam
diameter with 2-mm internal hole. (f) Assembled beads with suture.
antimicrobial agents was approximately 5% to 10% of the polymer of
the bone cement. The surgeon had the right to decide on the type
and amount.

During surgery, the infectious lesion was thoroughly dissected,
and spacer molds (StageOne Knee Spacer Molds 60 mm; Zimmer
Biomet, Warsaw, IN) were placed in combination with a commer-
cially available spacer mold, in all but one case (case 3), after total
knee arthroplasty. In two cases involving the hip (cases 2 and 6),
hemispherical spacers were inserted into the acetabulum and used
in combination with the beads. The bone marrow cavity was filled
with cement beads as much as possible, and the surgery was
completed. As a postoperative treatment, the patient was unloaded
with non-weight-bearing in principle because of the possibility of
damage to the inserted beads and spacers.

The average waiting period before the second-stage surgery
was 85 days (range, 28e184 days) (Table 1; Figs. 2-5). Two cases
(cases 4 and 7) had spacer mold dislocation, which was replaced
in the course of the waiting period for the two-stage surgery.
There were no cases of bead-specific adverse events. In all 11
cases, the beads were removed without any damage to the beads
themselves, and the threads were not broken. The beads are
radiopaque, and postoperative radiographs showed that they had
been completely removed. In addition, there were no abnormal-
ities in blood tests that might have been caused by the implan-
tation of cement-containing antimicrobial agents. Comparing the
duration of implantation in the first and second halves, the
average durationwas 138 days in the first five cases and 40 days in
the sixth and the subsequent cases. As a bipartite operation, a
revision was performed in eight patients. In particular, all four
cases after knee arthroplasty were revised. In one case after
hemiarthroplasty and one case after total hip arthroplasty, the
spacer and bead were removed, and resection arthroplasty was
performed instead of revision in consideration of age, comorbid-
ity, and activities of daily living (ADLs). No bacteria were detected
d, core rod, and clamp. (b) Mold size options. Molds of 8 � 4 rows of 8-mm and 10-mm
ps. (d) Opened after hardening (prototype mold). (e) Finished spherical bead of 10-mm



Table 1
Case list.

# Age Sex Follow-up
(mo)

Side Initial arthroplasty Comorbidity Causal bacteria Antibiotics (g/cement
40 g)

Mold
use

Waiting
period
(d)

Two-stage
surgery

1 77 M 8a R Total knee
arthroplasty

Renal cell cancer Staphylococcus
epidermidis

AMK (1.6), TEIC (1.6) Yes 141 Revision

2 71 F 36a L Hemiarthroplasty Bladder cancer, osteomyelitis
pubis

Negative AMK (1.5), VCM (1) Yes 106 Removal

3 68 M 73 R Total knee
arthroplasty

Hypertension Staphylococcus
epidermidis

AMK (1), VCM (2),
TEIC (1)

Yes 106 Revision

4 76 F 67 L Total knee
arthroplasty

Hypertension Negative AMK (2), TEIC (2) Yes 154b Revision

5 80 M 54 R Total knee
arthroplasty

Cholecystitis MRSA AMK (2), TEIC (1.1) No 184 Revision

6 70 F 38 L Total hip
arthroplasty

Hypertension, hyperuricaemia Negative AMK (1.5), VCM (1.5) Yes 30 Revision

7 81 F 27 L Total hip
arthroplasty

Hypertension a-Streptococcus AMK (1.6), VCM (2) No 60b Removal

8 77 F 17 R Hemiarthroplasty Hypertension, dyslipidemia Staphylococcus
epidermidis

AMK (2), VCM (1) No 38 Revision

9 75 F 17 L Total elbow
arthroplasty

Rheumatoid arthritis MSSA AMK (4) No 43 Revision

10 66 M 13 L Total hip
arthroplasty

Hepatitis C Staphylococcus
epidermidis

AMK (1.2), VCM (2) No 40 Revision

11 57 M 8 L Total hip
arthroplasty

Hyperuricaemia MRSE AMK (1.2), VCM (2) No 28 Revision

AMK, amikacin; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive Staphylococcus aureus; MRSE, methicillin-resistant Staphylococcus epidermidis;
TEIC, teicoplanin;VCM, vancomycin.

a Death in progress.
b Replacement in progress.
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in any of the specimens collected intraoperatively during the two-
stage surgery. There were no cases of recurrence of local infection
after cement bead implantation, including after the two-stage
surgery. Two patients with malignant tumor (cases 1 and 2)
died of cancer, but there was no recurrence of infection before
their deaths.

Informed consent was obtained from all patients, who approved
the use and publication of their data. This retrospective study was
approved by our institution’s ethics review board.
Figure 2. Case 3: a 73-year-old man, infected loosening after right knee joint revision surger
arthroplasty. (b) After insertion of a combination of beads and handmade spacers. (c) After
Discussion

Arthroplasty is an important procedure used by orthopedic
surgeons to dramatically improve the ADL and quatity of life of
patients with arthropathy. However, once an infection occurs, it is
difficult to treat and significantly reduces the patient’s ADL and
quatity of life. Early diagnosis and treatment are fundamental for
the effective treatment of periprosthetic joint infection. It is
necessary to remove the implant and thoroughly debride the
y. (a) At the time of the initial examination, loosening of the implant after revision knee
two-stage surgery.



Figure 3. Case 9: a 77-year-old woman with chronic infection after hemiarthroplasty in migration of the bipolar femoral head into the pelvis. (a) At the time of our initial ex-
amination, the bipolar head had migrated into the pelvis, and the leg was shortened. (b) A fracture occurred at the time of stem removal, and a wire ring was added for bead
insertion. (c) Acetabular reconstruction with allogeneic bone grafting and femoral revision with a proximal femoral endoprosthesis.
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infected and necrotic bone and soft tissue. From the viewpoint of
drug delivery systems, it is important to keep the antimicrobial
agent at a concentration higher than the minimum inhibitory
concentration for a prolonged period. Therefore, it is important to
apply topical antimicrobial agents. This is why antibiotic-loaded
acrylic cement is an ideal treatment method for infected lesions
with poor local migration of antimicrobial agents.

The efficacy of antibiotic-loaded acrylic cement was first re-
ported in 1970 by Buchholz and Engelbrecht in Germany [1].
Various studies have shown that it could increase the local con-
centration of antimicrobial agents and could be administered for a
prolonged period with fewer side effects than systemic adminis-
tration [2-5]. In Germany, a commercial gentamicin-containing
cement (Refobacin-Palacos; Heraeus, Hanau, Germany) was used
in the 1970s for patients with osteomyelitis and other diseases.
However, simply implanting antibiotic-loaded acrylic cement did
not improve clinical outcomes because of insufficient dissolution
and sustained release. Therefore, Klemm used hand-made cement
beads to increase the surface area and achieved good results [6].
Figure 4. Case 10: a 75-year-old female, infected loosening after left elbow arthroplasty. (a)
medullary cavity. (c) Revision surgery with internal fixation was performed.
Recently, treatment targets have been expanded to include osteo-
myelitis, postarthroplasty infections, and diabetic foot infections
[7-11]. In the past, antibiotic-loaded acrylic cement has been pro-
duced in a variety of ways, such as by stringing together spherical
beads using nonabsorbable thread or soft steel wire or bywrapping
them around the steel wire. Gentamicin-containing cement beads
(Septopal, Merck, Darmstadt, Germany) are commercially available
in some countries, but they are not approved for use in Japan. Even
in countries where they are approved, they are expensive and pose
a problem in terms of the medical economy [10,12,13].

One of the advantages of this self-made cement bead maker is
that the combination of antimicrobial agents can be adjusted. It has
been reported that mixing two antimicrobial agents increases the
elution rate of each because of their interaction [14]. In terms of size
and shape, hand-made devices can be difficult to insert and remove
from closed spaces, such as the bone marrow cavity, owing to their
uneven size. Therefore, it is advantageous to use beads that are
small, uniform in size, and spherical in shape. In addition, the beads
themselves have holes, which allow them to be threaded onto a
Preoperatively, findings of implant loosening. (b) Cement beads were inserted into the



Figure 5. Case 11: a 66-year-old man with dislocation of the left acetabular component due to infectious loosening. (a) Preoperatively, the acetabular component was displaced and
showed bone loss in the upper part of the acetabular. (b) An 8-mm-diameter bead was inserted into the large dead space in the proximal femur and acetabulum. (c) Acetabular
reconstruction was performed with allogeneic bone grafting for the bone defect.
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thread to be used as a necklace. This allows the number of beads to
be adjusted according to the size of the space, and it also allows for
a high degree of flexibility in the positioning of the beads during
surgery. It should also be noted that the pores increase the surface
area, which is advantageous for the dissolution and sustained
release of the antimicrobial agents. Furthermore, the use of 8-mm-
diameter molds makes it possible to place the device in narrow
spaces such as the spinal cavity. In combination with conventional
beads of 10-mm diameter, the beads can be filled more tightly in
the dead space, and their function as spacers is easier to obtain.

The duration of implantation was longer than 4 months, partly
because of the use of cement molds and spacers in the early cases
and partly by the soft-tissue recovery. No optimal time has been
established for the waiting period before the two-stage surgery,
and the surgery should be performed when the treating medical
team feels that the infection is under control [15]. Therefore,
considering the limitation of the sustained release period of anti-
microbial agents, we changed our policy and made it moving onto
the two-stage surgery as soon as possible after the infection was
controlled based on the clinical symptoms and blood test results. As
a result, the average implantation period after the sixth case was
reduced to 40 days, which is less than one-third of the previous
period. In the present study, no disadvantages of shortening the
implantation period were found, and we plan to further clarify this
by investigating more cases in the future. In addition, this series
was all used for chronic infections. Althoughwe have no experience
in the early postoperative stage of acute infection, we would like to
try to apply it to acute periprosthetic joint infection.

A similar product to our device has been reported [16], which
seems to be based on the Septopal chain (Merck, Darmstadt, Ger-
many) described previously. It is similar to our device in that
antimicrobial agents can be freely selected, but because the beads
themselves are fixed to the thread, there is no freedom to adjust the
number and placement of beads as described previously. It has not
been commercialized, and the details are unknown. Calcium sulfate
as a resorbable slow-drug-release carrier instead of bone cement is
also available (STIMULAN; Biocomposites, Wilmington, NC). How-
ever, this is also not available in Japan. It is true that such a product
is very attractive because it does not require removal. Although
there are concerns about the strength of the product, we have no
experience with it, but we think it is a very attractive tool.

The limitation of this surgical technique report is that it focused
on showing the method using the bead maker and its clinical re-
sults, and not the efficacy of this method against the infection.
Another issue was that the waiting period before the two-stage
surgery differed between the first and second halves of the cases,
and there was no uniformity in the type and use of antimicrobial
agents. In addition, the follow-up period is still inadequate in some
cases, and long-term follow-up is required in the future.
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