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Excellent Outcomes with BIOLOX®delta in Revision: 
Don't Forget the Sleeve

Introduced to the market over 15 years ago, BIOLOX®delta ceramic hip implants have been 
widely used in primary total hip arthroplasty ever since. Their clinical performance is well 
documented in clinical studies and implant registries, with abundant evidence supporting  
their efficacy and safety. The collected data support the value of BIOLOX®delta as a reliable 
option in hip revision, too.

Researchers from the Rizzoli Orthopaedic Institute (Bologna, Italy) have recently analyzed  
the performance of BIOLOX®delta components in revision based on data from the regional 
Register of Orthopaedic Prosthetic Implantology (RIPO)1,2. In 2018, 98% of all hip, knee and 
shoulder arthroplasties performed in the Emilia-Romagna region were captured. The latest 
report (2000–2017) offers a documentation of 111,856 primary total hip replacements and  
of 16,432 hip revisions. Ceramic-on-Ceramic (CoC) was the bearing couple most commonly 
used in primary total hip arthroplasty (45.6%). In revision, 25.5% of the hip with a CoC bear-
ing. According to the registry, alumina composite ceramics and XLPE have become the pre-
ferred bearing materials for index surgery. The survival rate of all primary hip procedures at 17 
years is 89.1%3.
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Clinical Performance at Mid-term Follow-up

In one study1, the Rizzoli group analyzed RIPO data to evaluate the survival rate of 327 revision 
implants with BIOLOX®delta-on-BIOLOX®delta ceramic bearings (hereafter: Delta-on-Delta).  
The survival rate was 90.5% at 10 years (mean follow-up: 4.1 years). Twenty-three hips were 
re-revised and the reasons for failure were analyzed.

Recurrent dislocation was identified as the main reason for failure. Most of the re-revisions 
occurred within the first year after the original revision surgery. According to the authors,  
the prevalence of recurrent dislocations may be related to implant positioning or soft tissue 
quality / tension issues. Re-revisions for ceramic fracture or noise were not reported.

When compared to the control group with other bearing types, the researchers found a lower 
re-revision rate for implants with Delta-on-Delta. The ceramic composite bearings also showed 
a lower incidence of re-revision for aseptic and septic loosening. The authors concluded that 
revision procedures with Delta-on-Delta bearings show good and reliable clinical performance 
at mid-term follow-up.

These positive results are supported by a retrospective clinical study from Korea in 2018. Chang 
et al.4 evaluated the clinical and radiological outcomes of 47 patients (52 hips) treated with Delta-
on-Delta in revision surgery with all components exchanged. None of the components required  
a re-revision at a mean follow-up of 7.3 years. The study reported no ceramic fractures or noise.

These results correspond to the outcome in a small case series (18 hips, 16 patients) by the 
already mentioned Rizzoli group. In this clinical study, Castagnini et al.5 report very good  
clinical results of highly porous titanium cups with Delta-on-Delta bearings with an adapter- 
sleeved head.
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Sixteen patients with metal resurfacing cups were revised. They received isolated acetabular  
revision cups and a Delta-on-Delta bearings. All patients showed elevated metal ion concentra-
tions at the time of surgery. The clinical outcome of the revisions was evaluated at a minimum  
follow-up of 5 years. None of the 16 patients had to be re-revised, no patient was lost to  
follow-up. The metal-ion level in both blood and urine continually decreased after revision.

In an earlier study from 2016, Plummer et al.6 report similar results in a small cohort of 
patients at short term follow-up: ALTR patients revised with a sleeved ceramic head had sig-
nificantly decreased cobalt and chromium ion concentration in the blood compared to ALTR 
patients revised with a metal head. Based on these results, the authors suggested to retain a 
well-fixed femoral stem and to use sleeved ceramic heads in ALTR patients.

However, some surgeons raise concerns about the addition of a titanium sleeve between the 
stem and the ceramic head as potential trigger of fretting corrosion at the stem/sleeve interface.

Preuss et al.7 addressed this question and performed in-vitro fretting corrosion tests according 
to ASTM F1875. Titanium alloy, cobalt chrome and stainless steel stems were evaluated  
with a sleeved BIOLOX®OPTION head. The authors did not find “any sign of excessive surface  
deterioration or progressive degradation.” This was confirmed clinically by Eichler et al.8.  
The Canadian research group measured the cobalt, chrome and titanium ion levels in the  
whole blood of 36 primary THA patients treated with Delta-on-Delta with large-diameter 
(sleeved) heads (40mm–48mm) and a preassembled acetabular component. After 5-years  
follow-up, the ion levels were low and no significant changes were noticed over time. No  
signs of trunnionosis were detected.

An analysis of retrieved BIOLOX®OPTION sleeved heads at the Hospital of Special Surgery,  
New York, performed by Koch et al.9 also showed that BIOLOX®delta sleeved ceramic heads 
are safe in terms of fretting corrosion. An investigation of retrievals at Drexel University, Phila-
delphia (MacDonald et al.)10 also supports their use.
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To Sleeve or Not to Sleeve Is a Matter of Risk

The international orthopedic community still seems to be divided on the necessity of placing  
a sleeve on a used taper although the implant manufacturers recommend this expressively.

Placing a BIOLOX®delta head on a retained stem without an adapter is a matter of risk 
mitigation. Stay on the safe side by using a sleeved femoral head.

In an observational study based on RIPO data, Affatato et al.2 investigated the impact of adapter 
sleeves on re-revision rates of hip revision procedures with retained stems. Metal heads were 
mostly used without sleeves, about two thirds of the ceramic heads were implanted with sleeves.

In the remaining cases, the surgeons opted for a non-sleeved BIOLOX®delta head. The authors 
found that the use of adapter sleeves significantly reduced the rate of re-revisions when all 
head materials were included (98.4% vs. 95.2% survival rate). Since there were no fractures of 
non-sleeved BIOLOX®delta heads at mid-term follow-up, the authors concluded that the use  
of the sleeve may play a “negligible role” in this respect.

Kim et al.11 came to a similar conclusion. In a prospective clinical study, the Korean group 
implanted Delta-on-Delta bearings without using an adapter sleeve in 100 hip revisions. The 
revisions became necessary because of polyethylene wear and osteolysis with metal-on- poly-
ethylene bearings. The tapers of the retained stems showed minimal to mild corrosion. The 
damage status of the taper was evaluated by three surgeons using a magnifying lens. Based on 
this visual inspection, they opted for non-sleeved heads.

After a mean follow-up of 12.8 years, no ceramic fractures were detected. Based on these 
results, the authors concluded that the use of adapter sleeves on stem tapers remaining in situ 
is not necessary.

Stay on the Safe Side

Even if these studies seem to support this option, implant manufacturers and CeramTec 
expressly caution surgeons to consider this decision carefully as it contravenes the Instruc- 
tions for Use. The function of a sleeve is to recreate a pristine taper which is a prerequisite 
when engaging a new femoral ceramic head onto a slightly damaged stem taper.

The necessity of placing a sleeve has been recently addressed by Morlock's research group 
in Hamburg12. The authors demonstrated that small local metal elevations at the edge of a 
scratch or at a damaged surface area of the taper can potentially lead to early failure of non-
sleeved BIOLOX®delta ceramic heads despite their high fracture strength. Adapter sleeves 
allow an even distribution of contact stresses between stem taper and head, compensating 
local taper damage. Since local taper damage cannot be totally excluded by visual inspection, 
a sleeve should always be used on stem tapers remaining in situ in order to guarantee optimal 
conditions for BIOLOX®delta heads.
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