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Introduction

Periprosthetic joint infection (PJI) represents a devastating 
complication following total joint arthroplasty (TJA) for 
patients and surgeons alike. The incidence of PJI has been 
reported in 0.3–2.9% of patients following primary TJA 
procedures (1,2). The overall burden is expected to continue 

increase with an growing number of primary procedures 

being performed in our aging population (3). Two-stage 

revision remains the gold-standard for the treatment of PJI, 

with the primary goal of providing an infection-free and 

function joint for the patient.

While most surgeons have adopted the two-stage 
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exchange arthroplasty treatment of PJI to include surgical 
debridement, explantation, and antibiotics, there remains 
some debate over the reconstruction method utilized at 
the time of definitive replantation. Components exist that 
take advantage of both cemented and cementless fixation 
techniques; however, there is no consensus on which 
fixation method is superior. This has resulted in a wide 
variety of reconstruction techniques employed at the second 
stage and can make interpretation of treatment success 
very difficult with the degree of heterogeneity present. The 
actual reconstruction method used is often overlooked, and 
it is difficult to know the significance it plays in the overall 
management of PJI. Therefore, the primary objective of 
this review is to discuss the reconstruction methods used at 
the time of replantation and whether this has any clinical 
significance in the successful management of infection.

Cemented prosthesis

Historically, cement is the most prevalent method of 
primary fixation in arthroplasty procedures. Until the more 
recent introduction of highly porous metals and press fit 
technology, cement was the predominant means of implant 
fixation. Cemented fixation has numerous proven and 
accepted benefits that have also been adopted in revision 
surgery and infection management. 

First  and foremost,  cement is  beneficial  in the 
management of PJI as a local antibiotic delivery device. 
Once surgical debridement and implant resection is 
performed, high doses of antibiotics (often >4 g per 40 g 
bag of cement) are placed into temporary cement spacers 
to provide local delivery until replantation. However, 
medical and mechanical complications related to antibiotics 
cement have been reported at these higher levels (4). Many 
surgeons favor cemented fixation at the time of replantation 
to similarly allow for a local delivery of antibiotics at lower 
concentrations. Antibiotic supplementation of cement at 

concentrations less than 2 g per 40 g bag of cement allow 
for antibiotic delivery without significant detriment to 
the mechanical properties of the cement (5). This form of 
antibiotic delivery has been shown to be medically safe with 
no increased rate of systemic complications (6,7). 

Cement is also frequently employed in the revision 
setting to help manage bone loss that is often not present 
at the time of the index procedure. (8). After extensive 
debridement with resection of diseased and infected 
bone, and prior instrumentation of the canals, there are 
greater areas of bone loss specifically in the articular and 
metaphyseal regions that require extended fixation into the 
diaphysis based on the zonal concept of fixation depicted in 
Figure 1 (9).

Several patient physiologic characteristics favor 
cemented fixation (9-11). These include poor diaphyseal 
bone stock and large canal diameter, and in patients with 
canal geometry that does not allow for adequate press fit. 
The use of cement in patients with poor bone stock helps 
to mitigate risk of iatrogenic fracture, perforation or stem 
pain. While most modern implants have slotted or fluted 
stem designs, larger diameter stems are known to be a risk 
factor fracture or stem pain, and patients who have weaker, 
osteoporotic bone may still have a modulus mismatch at 
the transition between the tip of the stem and their native 
bone. Patients with profound bowing in either the coronal 
or sagittal plane may not be candidates for diaphyseal press-
fit stems that may perforate the cortex, even when using 
modern implants with a variety of stem offset options. 
This should be identified when templating on preoperative 
long leg alignment radiographs. Characteristics favoring 
cemented stem fixation are summarized in Table 1.

Cementless fixation

Cementless techniques have been increasingly adopted in 
primary hip and knee reconstruction; and as such, there has 
been increasing utilization in revision surgery and second 
stage reconstruction for PJI. In general, cementless fixation 
works by obtaining primary stability of the implants. Hoop 
stresses stabilize the implants enough to allow for early 
mobilization and weight bearing, while surface architecture 
allows for bony in-growth and on-growth for long term 
stability. Metaphyseal sleeves and cones can be added to 
increase fixation and fill bony voids. 

Cementless fixation has been widely adopted in 
revision hip surgery to include infection management. 
The significantly enhanced survivorship with acetabular 

Table 1 Patients characteristics favoring cemented stems for 
reimplantation after two-stage exchange arthroplasty

Revision total knee Revision total hip

Poor diaphyseal bone Poor diaphyseal bone

Large canal diameter Large canal diameter

Abnormal distal femoral or 
proximal tibial bow

Abnormal proximal femoral bow

Sclerotic bone Irradiated bone
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reconstruction has led to the use of cementless reconstruction 
even in patients with severe bone defects (12). Modular 
fluted tapered stems have also shown significantly improved 
survivorship when used in severe femoral bone defects 
with an intact diaphysis of less than 4 cm with the added 
benefit of increased flexibility to adjust length, offset and 
anteversion (13,14). Cementless fixation techniques in the 
knee are typically employed in a hybrid fashion, where 
cementless diaphyseal stems are utilized in conjunction 
with cemented articular fixation with or without the use of 
metaphyseal cones and sleeves.

Cementless fixation is preferred in patients with good 
diaphyseal bone stock and favorable osseous geometry  
(9-11). Patients with associated periprosthetic fracture also 
benefit from cementless fixation, as it allows the component 
to bypass the fracture site to achieve stability. Cementless 
fixation is also ideal in patients with sclerotic bone from 
pre-existing bone loss and instrumentation that would 
otherwise prohibit cement interdigitation. Patient factors 
favoring cementless stem fixation are summarized in Table 2.

Hip specific outcomes after reimplantation

In revision hip surgery, there has been more widespread 
adoption of cementless fixation with a concomitant increase 
in utilization for primary hip surgery. It is well established 
that uncemented acetabular devices have a long track record 
of achieving reliable ingrowth and providing long-term 
component fixation in both the primary and revision setting 
(15,16). In femoral component fixation, initial design 
techniques evolved as an extension from primary cemented 
THA. However, early mechanical failure of cemented 
femoral components in aseptic revision reported in 1980s 
lead the development of extensively porous-coated, mono-

A B

Figure 1 Concept of zonal fixation adapted from Morgan-Jones et al original description. Fixation zones are divided into articular (red), 
metaphyseal (green), and diaphyseal (blue) (9).

Table 2 Patients characteristics favoring cementless stems for 
reimplantation after two-stage exchange arthroplasty

Revision total knee Revision total hip

Normal quality diaphyseal 
bone

Normal quality diaphyseal bone

Normal canal geometry that 
allows press fit

Normal canal geometry

Periprosthetic fracture Periprosthetic proximal femoral 
fracture

Trochanteric osteotomy
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block, cementless revision femoral stems that allowed for 
stable fixation into intact bone (17-19). These designs 
evolved into cylindrical stems and modern modular, fluted 
tapered stems that have shown high success even in the 
setting of severe bone defects as is shown in Figure 2A. The 
flexibility and modularity afforded by these types of implant 
systems help to address weaknesses inherent in cemented 
stem design (13,20). It can be very challenging to restore 
length and offset with a deficient or absent metaphyseal 
region, even with modular build-up or restoration of 
the calcar region. This has led to a diminished role for 
cement in revision total hip arthroplasty, including during 
reimplantation.

Utilizing this strategy, several authors have reported 
low 2-year re-infection rates following two-stage exchange 
arthroplasty with cementless fixation at reimlpantation 
(21-23) .  A study by Romano e t  a l .  prospect ively 
followed a cohort of 19 patients with 20 infected total 
hip arthroplasties treated with two-stage revision and 
cementless reimplantation implants with only a single 
recurrent infection (23). Masri et al. retrospectively analyzed 
29 PJI patients treated with two-stage exchange arthroplasty 

with final cementless components and reported a 10.3% re-
infection rate. Of the 3 patients who got re-infected, one 
was able to be managed with intravenous antibiotic therapy 
alone, another was treated with irrigation and debridement 
followed by a course of antibiotics, and the third required 
resection arthroplasty (22). Kraay et al. evaluated 33 
patients treated for infected THA with two-stage revision 
utilizing cementless fixation at reimplantation and found no  
re-infections in the 28 patients who reached 2 year follow-
up (21).

Hybrid fixation, or cemented femoral components used 
with uncemented acetabular components similar to the 
construct shown in Figure 2B, may still play a role in select 
patients (24-27). Hybrid fixation in the aseptic revision 
setting has been shown to have 88–91% 10-year survival 
rate when used in patients who are older than 60 years of 
age, and those with lower baseline activity levels (24,26). 
Hybrid fixation may also have a role in select patients when 
one-stage revision is attempted for PJI treatment, in order 
to allow for more local delivery of antibiotics. This strategy 
should be reserved for patients with good local tissue, who 
are healthy hosts, and are known to be infected by low 

A B

Figure 2 Depiction of cementless fixation in revision total hip arthroplasty (A) and hybrid fixation with a cementless acetabular component 
and cemented femoral component (B).
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virulence organisms (28,29). Zahar et al. reported on 10-
year outcomes in 85 hip PJI patients treated with one-stage 
exchange arthroplasty with hybrid component fixation. 
They reported a 10-year infection-free survival of 94% 
with 75.9% surgery free survival (29). Ilchmann et al. also 
reported their outcomes of 39 PJI hips in 38 patients who 
underwent one-stage exchange arthroplasty utilizing hybrid 
fixation (30). They reported no persistent, recurrent or new 
infection at minimum of 2 years. 

Fully cemented fixation of the hip requires cementation 
of both the femoral and acetabular components. These 
reconstruction techniques have fallen out of favor with the 
widespread adoption of uncemented acetabular component 
fixation in revision total hip arthroplasty (15,16,31). 
Cementation does not provide biologic fixation, which 
increases the risk of long term mechanical failure. No 
series in literature exist that report on the outcomes of fully 
cemented component fixation at the time of reimplantation 

of infected THA.

Knee specific outcomes

There exists much greater heterogeneity and confusion 
regarding the management of knee reconstruction with 
regards to the use of cemented or cementless stems. 
The emergence of stem fixation in revision total knee 
arthroplasty has allowed for improved stability by off-
loading the metaphyseal region where augmentation may 
otherwise be necessary. It also allows for dispersed stresses 
by increasing the bone-implant surface (32,33). 

Unlike with hip replacement, the term “cementless” 
typically refers only to the choice of fixation strategy as it 
applies to the stems utilized in revision knee surgery. The 
method of fixation is not entirely cementless—surgeons 
who employ a “press-fit” or “cementless” technique are 
cementing the knee in a hybrid fashion where cement is 

Figure 3 Different types of fixation in revision total knee arthroplasty. Depiction of revision total knee arthroplasty fixation utilizing 
hybrid fixation (A), with cementless stem and cemented articular component, and cemented fixation (B). The final image demonstrates a 
reconstruction using a combination of a cemented femoral component and a hybrid tibial component (C).

A B C
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applied to the articular and metaphyseal portions of the 
bone, which is then supported by long diaphyseal engaging 
stems. This type of construct is depicted in Figure 3A. 
These stems do not have a porous coating or any in-
growth/on-growth potential. It is critical to engage at least 
4 cm of the diaphysis to prevent early failure with this 
reconstruction technique (34). 

On the other hand, cemented stems enable the stress 
imparted by bone loss to be distributed along the entire 
length of the construct and can also support reconstructions 
that may require higher levels of constraint, as depicted in 
Figure 3B,C (35,36). Concerns regarding the durability of 
cemented fixation in revision knee surgery remain the same 
as in primary surgery. These concerns are magnified in 
patients who have large and even catastrophic bone loss that 
would typically fail without some form of reconstruction 
technique in the metaphyseal zone with highly porous 
metaphyseal cones or sleeves.

Benefits of hybrid fixation include reduced surgical time 
and ease in removal if subsequent revision is required. The 
literature demonstrates that this reconstruction technique 
is equivalent to cemented reconstructions for mild to 
moderate bone loss (34,37,38). Furthermore, because 
long stems engage the diaphysis, the overall mechanical 
alignment is improved when compared to cemented 
reconstructions in patients who do not have an anatomic 
bow (9).

Cementless stems may have lower rates of loosening 
than cemented stems in the setting of PJI. Edwards et al. 
retrospectively compared 102 cemented to 126 cementless 
following two-stage exchange total knee arthroplasty (37), 
and found cementless stems had a lower rate of radiographic 
loosening (17% in the cementless group vs. 32% in the 
cemented group P=0.006) with no difference in re-infection 
between the two groups. In contrast, Wang et al. performed 
a meta-analysis of 17 studies comparing cemented versus 
cementless stems in aseptic revision total knee arthroplasty 
and found no difference in failure from aseptic loosening or 
infection (11).

Conclusions

Fixation methods for definitive reconstruction following 
PJI remains a complex topic. In the hip, cementless fixation 
of the femoral component appears to provide increased 
stability and longevity; however, cement or hybrid fixation 
with a cemented femoral stem and cementless acetabular 
cup may still provide comparable results in select patient 

populations. For the reimplantation of infected total knee 
arthroplasty after two-stage exchange, cemented articular 
components remains the main mode of fixation, while 
cemented stems use depends on patient bone morphology 
and implant constraint. Higher quality comparative studies 
will remain challenging given the inherent complexity and 
heterogeneity of reimplantation after PJI. The plan for 
definitive fixation of implants should be individualized to 
address each patient’s unique demographic characteristics 
and osseous structures at the time of reimplantation.
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