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Personalized Cement Spacer Manufacturing 
Using Computer Assisted Design for the 
Treatment of Osteoarticular Infections
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Background: Infection is the most feared complication in every aspect of bone surgery. Antibiotic impregnated cement spacers and cement 
beads are widely used since 1972 for treating prosthetic infection. The delivery of a high concentration of antibiotics in a localized area is 
thought to be safer than systemic administration of intravenous antibiotics in such doses.
Materials and methods: Our clinic has more than 10 years of experience in using preformed and manufactured spacers, mostly hand made. 
A new method developed by us puts the designing in the preoperative planning phase. Antibiotics are chosen based on the antibiogramm the 
cement is chemically “configured”. 3D design based on the previous implant or on the bony structure is done; negative molds are manufac-
tured with CNC mill the manufacturing kit is sterilized with ethylene oxide. Intraoperatively the spacer is molded and implanted. 
Results and Conclusions: We consider that our method meets almost all the conditions proposed by us. Problems were found with the 
inconsistent mechanical behavior. More studies are required regarding the mechanical properties of the bone cement in function of antibiotic 
concentrations and preparation methods.
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Introduction
Infection is the most feared complication in every aspect of 
bone surgery. The treatment involves immeasurable physi-
cal and psychological suffering of the patient and can pose 
a considerable financial burden for both the patient and 
the institution. 

The first surgical step after diagnosing a deep infection 
is a thorough debridement which involves soft tissue and 
bone, any metallic implant is removed. The problems aris-
ing after this step: what to do with the tissue loss / re-
maining cavity, how to achieve mechanical stability, how 
to achieve a high enough focal antiseptic concentration? 
External fixators, casting, continuous irrigation provide so-
lu1tions for the problems but are very uncomfortable the 
patient and demanding for the healthcare staff.

Antibiotic impregnated cement spacers and cement 
beads are widely used since 1972 for treating prosthetic in-
fection. The delivery of a high concentration of antibiotics 
in a localized area is thought to be safer than systemic ad-
ministration of intravenous antibiotics in such doses. The 
increased resistance of microorganisms especially staphylo-
coccus aureus make the premixed antibiotic bone cement 
less effective and/or demands for toxic dose of systemic 
administration.

Nowadays spacers are used for treating not only pros-
thetic infection but also treating other osseous infections. 
They provide a high local antibiotic concentration, cer-
tain mechanical stabilization, prevent the soft tissue re-
traction and conserve the anatomical layers so that the 

revision surgery approach doesn’t require such extensive 
approach.

Materials and methods
Our clinic has more than 10 years of experience in using 
and manufacturing spacers. A suitable antibiotic spacer for 
our need has to meet the following conditions:

 –  has to contain an antibiotic which is effective against 
the isolated bacterial strain in conformation with the 
antibiogramm;

 – has to maintain effective concentration till the revisi-
on surgery occurs (sometimes 10 months);

 – has to be anatomically accurate;
 – has to be mechanically stable for non-weight bearing 
conditions;

 – the intraoperative part of the manufacturing process 
has to be easy and fast to perform;

 – has to be available within 24–48 hours;
 – has to be cheap.

There are two main types of spacers: preformed and cus-
tom made. There are a wide variety of prefabricated spacer 
systems commercially available. Main advantages of these: 
they are ready made, mechanically superior, structurally 
and chemically constant. Disadvantages are: not anatomi-
cally suitable in all cases, the isolated bacterial strain is re-
sistant to the antibiotic in the spacer and specific antibiotic 
content would take too long to order and manufacture, 
they are unjustifiably expensive. 

Custom made spacers are the hand made and intra-
operative molded spacers. We have experience with both 
of the methods they meet almost all conditions although 
handmade spacers need “artistic” skills and precious intra-
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operative time to manufacture they are mechanically less 
stable, anatomically less perfect. So the “best fit” option for 
our purposes would be the custom made, molded spacers.

We divide the manufacturing in two parts: extra and 
intraoperative. The extraoperative part coincides with the 
preoperative planning: we choose the antibiotic agent 
based on the antibiogramm, we perform a CT scan for ob-
taining anatomical data. 

At our clinic we use the following antibiotics to mix 
with the cement: Gentamycin, Cefuroxime, and Vanco-
mycin based on the antibiogramm, Cefuroxime and Gen-
tamycin mixture if the antibiogramm cannot be performed 
(emergency intervention). The maximum concentration 
used would be 1/5 so 8 g of antibiotics/40 g of cement 
for the cements Surgical Simplex and Cemfix. Above the 

mentioned concentrations the cement won’t set. However 
multiple studies suggest that using the maximum concen-
tration would considerably weaken the maximum com-
pressive strength of the cement so we used concentrations 
of max 1/10 [1,2,3,4].

On the CT slices we have selected the boundaries of 
the previous implant or the medullary canal of the bone. 
We have selected the outer and inner boundaries for the 
bones in the problematic segment. We have smoothed the 
boundaries, and performed a 3D surface reconstruction 
with 0.02 mm precision with our own algorithm. We have 
closed the surfaces to volumes. We have built our spacers 
based on the previous implant or on the remaining bony 
substrate where that was impossible because the extensive 
bone loss or other reasons. We have harmonized the spacer 
design with the patient’s anatomy. After the design was 
ready metal reinforcement from K wires, Ender type elastic 

Fig. 1. Difference between handmade and molded spacer

Fig. 3. Spacer for correcting bone loss

Fig. 2. Evolution from CT to 3D reconstruction

Fig. 5. Virtual and physical mold side by side Fig. 6. Molding kit

Fig. 4. Design phases of articular spacer
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nails or Kutscher centromedullary rods was added to the 
design. 

A 3D Finite Element Analysis was performed for testing 
the expected mechanical strength of the spacer. The nega-
tive mold of the spacer was designed and saved in.stl file 
format. The physical mold was manufactured with the use 
of a CNC mill and sterilized in ethylene oxide.

The intraoperative phase takes up the thorough debride-
ment removal of the metal implants, the assembly of the 
mold system with reinforcements and preparation of the 
antibiotic cement, molding with a commercial silicone 
gun, remodeling of the casted spacer with rongeur and im-
planting.

Results
The antibiotic cement spacer molded with our method 
meets almost all the conditions proposed by us: contains 
strain specific antibiotic agent/agents which can be selected 
from the available antibiotics based on the antibiogramm, 
is anatomically accurate easy fast and cheap to manufac-
ture. Some reservations are due to the cement-antibiotic 
mixture preparation: if we want to match the minimum 
inhibitory concentrations specified on the antibiogramm 
for certain strains for the time between the operations 
which could be up to 10 months – it would require doses 
of antibiotics which would destabilize the polymerization 
(the cement would not set) or influences the mechanical 
properties of the spacer which would turn out friable and 
eventually break.

Discussion
Are spacers built with our technique just as good as the 
expensive preformed [5] ones? It depends. They are much 
cheaper, the antibiotics can be personalized [6], and they 

are anatomically more accurate since they are individual-
ized they can be designed to replace bone segments not 
just prostheses [7]. Mechanically they are unforeseeable, 
presenting more complications as breakage because of air 
bubbles and fragile cement [8,9,10] (Fig. 8 Complications 
due to air bubbles). The same problems have been found 
by D’Angelo et al. Also as stated by Barrack et al. molded 
spacers can have a less bulky endoskeleton thus more an-
tibiotic volume [11,1]. Most likely the high concentration 
of antibiotics changes the mechanical properties of the ce-
ment [12,13]. As compared to intraoperative handmade 
spacers this method is far superior because it takes no skill 
from the surgeon to manufacture and saves precious op-
eration time by putting the design problems in the preop-
erative planning phase. Also because we have the tool of 
FEA for testing mechanical complications should be less. 
The air bubbles and preparing imperfections are far less to 
be expected. Comparing pricewise our method to the oth-
ers: an original pre - molded spacer cost 6 to 10 times as 
much as with our method, the other molding techniques 
[14,15,16,17] we have read about for spacer personaliza-
tion are almost as expensive as the preformed one and they 
take considerably more time to manufacture, the cheapest 
spacers will always be the handmade one but not by far, 
and with the above described limitations.

Conclusions
We consider that our method meets almost all the condi-
tions proposed by us. Problems were found with the in-
consistent mechanical behavior. More studies are required 
regarding the mechanical properties of the bone cement 
in function of antibiotic concentrations and preparation 
methods
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