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Double-Layered Antibiotic-Loaded Cement Spacer for Hip Infection: A
Report of Two Cases

Akira Yuasa', Hiroki Kobayashi’

Learning Point of the Article:
A double-layered antibiotic-loaded cement spacer may provide both effective infection control and mechanical stability during two-stage
reconstruction for hip infections.

Introduction: Septic arthritis of the hip and periprosthetic joint infection (PJI) are serious conditions that can cause joint destruction and
severe functional impairment. In cases with advanced joint destruction or implant-related infection, two-stage reconstruction using an
antibiotic-loaded cement spacer is widely performed. However, conventional polymethylmethacrylate (PMMA) spacers have limitations,
including a short duration of antibiotic release and potential antibiotic inactivation caused by polymerization heat. A double-layered antibiotic-
loaded cement spacer consisting of an antibiotic-loaded calcium phosphate paste core covered with PMMA cement has been developed to
combine sustained antibiotic release with mechanical stability.

Case Report: We report two infected hip cases treated using this novel spacer: One patient with PJI following hemiarthroplasty and one patient
with septic arthritis of the hip. In both patients, extensive debridement and implantation of a double-layered antibiotic-loaded cement spacer
were performed as the first stage of treatment. Inflammatory markers improved promptly after surgery, and no mechanical complications,
including spacer fracture or dislocation, occurred during the interval period. Second-stage total hip arthroplasty was successfully performed in
both cases. At the final follow-up, both patients were ambulatory without evidence of recurrent infection.

Conclusion: A double-layered antibiotic-loaded cement spacer may provide both effective infection control and mechanical stability during
two-stage reconstruction for hip infections. This technique may represent a useful treatment option for the management of septic arthritis of the
hipand PJL.

Keywords: Double-layered antibiotic-loaded cement spacer, periprosthetic joint infection, septic arthritis of the hip, calcium phosphate, drug
delivery system.

Introduction

Septic arthritis of the hip and periprosthetic joint infection (PJI)
are infections that can result in joint destruction and severe
functional impairment, and early diagnosis and appropriate
treatment are essential [1,2]. In cases in which infection cannot
be controlled by conservative treatment or in which advanced
joint destruction is present, surgical treatment based on

irrigation and debridement is required. In particular, for PJI, two-
stage reconstruction, consisting of debridement of the infected
tissue and implant removal, followed by temporary placement of
an antibiotic-loaded spacer and subsequent reimplantation, is
widely performed as the standard treatment strategy [ 3,4,5].

Antibiotic-loaded bone cement spacers have the advantage of
delivering high concentrations of antibiotics locally; however, it
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Figure 1: Double-layered antibiotic-loaded cement spacer consisting of an
antibiotic-loaded calcium phosphate paste core covered with
polymethylmethacrylate cement.

has been reported that antibiotic release is concentrated in the
early post-operative period and subsequently decreases rapidly
[6,7]. In addition, the possibility of antibiotic inactivation due
to the exothermic reaction during polymerization has also been
pointed out [6]. In recent years, antibiotic-loaded calcium
phosphate materials have attracted attention as drug delivery
systems (DDS). These materials do not generate substantial
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heat during setting and have the advantage of sustained
antibiotic release [8,9]. However, because of their insufficient
mechanical strength, their use alone in weight-bearing joints is
limited. To overcome these limitations, a double-layered
antibiotic-loaded cement spacer has been reported, consisting
of an antibiotic-loaded calcium phosphate bone paste core
covered with an outer layer of bone cement (Fig. 1) [10]. We
report two cases in which this spacer was used for the treatment
of one patient with PJI and one patient with septic arthritis of
the hip, both of whom achieved satisfactory infection control.

Case Report
Casel

A 70-year-old woman presented with right hip pain. She had no
remarkable medical history and no history of diabetes mellitus
orimmunosuppressive therapy. Nine years before presentation,
she underwent bipolar hemiarthroplasty for a right femoral
neck fracture at another hospital. Three years before
presentation, she developed right hip pain while working on a
farm. Because elevated inflammatory markers recurred
repeatedly, infection was suspected, and intermittent antibiotic
treatment was administered at the previous hospital. In March
of year X, her pain worsened, and she was referred to our
departmentin April of the same year with suspected PJI.

At the initial visit, she had a limp and experienced pain during
movement. Radiographs demonstrated a radiolucent area
around the femoral stem in the femoral shaft, as well as
osteolysis around the greater
trochanter (Fig. 2a). Laboratory
examination revealed a white blood
cell count of 5,000/uL and a C-
reactive protein (CRP) level of 0.4
mg/dL, showing no elevation of
inflammatory markers. Joint fluid
culture was negative. However, the
aspirated fluid was purulent, and
glucose analysis showed a value of <§
mg/dL, strongly suggesting infection.
Magnetic resonance imaging (MRI)
demonstrated findings suggestive of
abscess formation around the right hip
joint (Fig.3).

Based on these findings, the patient
was diagnosed with PJI. Because the

C

infection had a chronic course, abscess

Figure 2: (a) Radiographs obtained at the initial visit. A radiolucent area is observed, and osteolysis is also formation was present on imaging
present around the greater trochanter. (b) Post-operative radiograph showing implantation of the double- studies, and the causative organism

layered antibiotic-loaded cement spacer within the hip joint. The bone defect around the greater trochanter
was filled with hydroxyapatite paste. (c) Radiograph obtained after revision total hip arthroplasty.

could not be identified due to negative
culture results, one-stage
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Case?2

A 68-year-old man presented with left hip pain. His
medical history included psoriasis vulgaris, tinea
pedis, and onychomycosis. In mid-October of year
X, he fell from a bed and developed left hip pain.
Because the pain gradually worsened, he visited a
previous hospital and was referred to our
department with a suspected subchondral
insufficiency fracture of the femoral head.

At presentation, he was unable to walk because of
pain. Plain radiographs demonstrated collapse of the
left femoral head (Fig. 4a). MRI revealed joint

Figure 3: Magnetic resonance imaging obtained at the initial visit. A high-signal intensityarea offi;cion in the left hip joint (Fig. 5)‘ Laboratory

distinct from metal artifact is observed around the right hip joint (arrowhead), suggesting

abscess formation.

reconstruction was considered high risk, and a two-stage
reconstruction strategy was selected.

In June of year X, implant removal, irrigation, and debridement
were performed under general anesthesia, and a double-layered
antibiotic-loaded cement spacer was fabricated and implanted
(Fig. 2b). The spacer consisted of an antibiotic-loaded calcium
phosphate bone paste core covered with bone cement, with
multiple communicating holes connecting the inner core to the
external environment. Weight-bearing ambulation with crutch
assistance was permitted immediately after surgery.

Because the patient had a cefazolin allergy, clindamycin (2,400
mg/day) was initiated on the day of surgery. Rifampicin (450
mg/day) and levofloxacin (500
mg/day) were added on post-
operative day 1. Clindamycin was
discontinued on post-operative day
9, and CRP normalized on post-
operative day 16. On post-operative
day 39, the antibiotic regimen was
changed to minocycline (200
mg/day) and levofloxacin (500
mg/day).

After infection was considered to be
controlled, revision total hip
arthroplasty was performed 3
months after the initial surgery (Fig.
2c). Antibiotic therapy was
discontinued 4 months after
reimplantation. At the final follow-
up, 1 year and S months after surgery, a
the patient was able to walk
independently, and no recurrence of
infection was observed.

examination showed a white blood cell count of
6,600/uL and a CRP level of 3.0 mg/dL, indicating
mild elevation of inflammatory markers. Culture of aspirated
joint fluid yielded Staphylococcus hominis subsp. Hominis, and
septicarthritis of the hip was diagnosed.

Because severe skin lesions associated with tinea pedis were
present and primary total hip arthroplasty was considered to
carry a high risk of implant-related infection, a two-stage
reconstruction strategy was selected.

After admission, irrigation, debridement, and implantation of a
double-layered antibiotic-loaded cement spacer were
performed (Fig. 4b). Cefazolin (6 g/day) was administered
until post-operative day 8, after which minocycline (200
mg/day) and trimethoprim-sulfamethoxazole (2 tablets/day)

b C

Figure 4: (a) Radiograph obtained at the initial visit showing collapse of the left femoral head and an acetabular
bone defect. (b) Post-operative radiograph showing implantation of the double-layered antibiotic-loaded
cement spacer within the hip joint. (c) Post-operative radiograph showing implantation of the double-layered

antibiotic-loaded cement spacer within the hip joint.
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Figure S: Magnetic resonance imaging obtained at the initial visit
demonstrating collapse of the femoral head and fluid collection around the
hipjoint (arrowhead).

were administered. Inflammatory markers normalized on post-
operative day 33.

Total hip arthroplasty was performed 4 months after the initial
surgery (Fig. 4c). At the final follow-up, 1 year after surgery, the
patient was able to walk independently, and no recurrence of
infection was observed.

Discussion

Septic arthritis and PJI are among the most challenging
infectious conditions encountered in orthopedic surgery.
These severe diseases can cause rapid destruction of articular
cartilage and bone, leading to irreversible functional
impairment within a short period of time [ 1,2]. The hip joint, in
particular, is a deep-seated joint in which diagnosis is often
delayed, and extensive bone loss and soft-tissue damage are
frequently present at the time infection is identified.
Furthermore, in PJI, eradication of infection becomes
extremely difficult because of bacterial adherence to implant
surfaces and subsequent biofilm formation [2,11]. In addition
to these factors, treatment outcomes are greatly influenced by
patient-related factors, such as age, underlying diseases, and
immune status, as well as by the virulence of the causative
organism. Consequently, these conditions are associated with
high recurrence rates and are recognized as refractory diseases
that often require multiple surgical interventions [12,13].
Therefore, multidisciplinary treatment consisting of surgical
debridement, implant management, systemic antibiotic
therapy, andlocal antibiotic strategies is essential.

One of the most important factors contributing to the

refractory nature of PJI is bacterial biofilm formation. After
adhering to the implant surface, bacteria produce a matrix
composed of extracellular polymeric substances and proliferate
as microcolonies. Within this structure, bacterial metabolic
activity is reduced, and susceptibility to antimicrobial agents is
markedly decreased compared with planktonic bacteria [2,12].
Inaddition, extracellular polymeric substances actas a barrier to
antibiotic penetration and serve as a defense mechanism against
host immune responses [12]. Furthermore, alterations in gene
expression within biofilms induce antimicrobial resistance-
related mechanisms, and dormant cells known as persister cells
have been reported to contribute to chronic infection and
recurrence [12,13].

Given these pathological characteristics, complete eradication
of biofilm-associated bacteria s difficult to achieve with a single
course or short-term administration of antibiotics alone.
Therefore, maintaining a high local concentration of
antimicrobial agents over a prolonged period is crucial for
infection control. However, antibiotic release from
conventional polymethylmethacrylate (PMMA) spacers
reaches a peak during the early post-operative period and then
declines rapidly, which may be insufficient to provide a
sustained antimicrobial environment against biofilm-
associated infections [6,7]. This limitation may contribute to
persistent infection and recurrence following conventional
treatment.

Considering the characteristics of biofilm-related infections,
the importance of local drug delivery systems capable of
providing high and sustained concentrations of antimicrobial
agents at the site of infection has gained increasing attention. In
addition to delivering antibiotic concentrations that are
difficult to achieve through systemic administration, local DDS
can minimize systemic toxicity while providing potent local
antimicrobial effects [9,14,15]. Moreover, by filling the dead
space created after debridement while simultaneously releasing
antimicrobial agents, local DDS can contribute to both
infection control and tissue reconstruction [ 15,16].

At present, PMMA bone cement remains the most widely used
local DDS carrier. However, antibiotic release from PMMA is
largely dependent on an initial burst release during the early
post-operative period, which limits its ability to maintain
effective antibiotic concentrations over an extended period
[6,7]. In contrast, bioabsorbable materials such as calcium
sulfate and calcium phosphate have recently attracted attention
as local DDS carriers because their porous structures allow
relatively sustained antibiotic release [8,9,15]. Calcium
phosphate, in particular, offers excellent biocompatibility and
does not generate substantial heat during the setting process.
On the other hand, these materials possess limited mechanical
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strength and may fail mechanically when used alone in weight-
bearing joints such as the hip. Furthermore, calcium sulfate has
been associated with complications including persistent wound
drainage and hypercalcemia due to its rapid resorption [9].

Thus, an ideal local DDS should provide both sustained
antibiotic release and mechanical support; however,
conventional materials have been unable to adequately satisfy
both requirements simultaneously. To address this issue, Ikeda
etal. reported a double-layered antibiotic-loaded cement spacer
that combines the sustained-release properties of calcium
phosphate with the mechanical stability of PMMA. In addition,
the spacer is designed with communicating holes that facilitate
the continuous release of antibiotics from the inner core [10].
In vitro studies have demonstrated improved durability of
antibiotic release as well as enhanced mechanical properties
with this design [10]. Therefore, this structure appears to
represent a rational local DDS strategy for the management of
biofilm-associated infections.

In the present cases, inflammatory markers improved promptly
after spacer implantation, and second-stage reconstruction was
successfully performed without mechanical complications
such as spacer fracture or dislocation during the interval period.
These clinical outcomes are consistent with previously
reported results of two-stage reconstruction procedures [3,4]
and suggest that the spacer functioned effectively in terms of
both infection control and mechanical stability. Achieving both
infection control and structural stability during the spacer

period is a major challenge in the treatment of hip joint
infections, and the clinical significance of this technique may
therefore be considerable.

Several limitations of this report should be acknowledged. First,
only two cases were included, and caution is required when
generalizing the findings. Second, antibiotic selection and the
timing of reconstruction were determined individually for each
patient, making it difficult to clearly evaluate the independent
effect of the spacer itself. Finally, long-term reinfection rates and
functional outcomes have not yet been sufficiently assessed.
Further accumulation of cases and additional investigation will
therefore be necessary.

Conclusion

We experienced two cases treated with a double-layered
antibiotic-loaded cement spacer, including one case of PJI and
one case of septic arthritis of the hip. This technique may
provide both effective infection control and mechanical
stability and may represent a useful treatment option for two-
stage total hip reconstruction.

Clinical Message

In hip infections requiring two-stage reconstruction, a double-
layered antibiotic-loaded cement spacer may overcome the
limitations of conventional PMMA spacers by combining prolonged
antibiotic release with adequate mechanical strength.
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