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A B S T R A C T   

Purpose: to evaluate the results of Delta ceramic-on-ceramic (CoC) for total-hip-arthroplasty (THA). 
Methods: 261 THA using Delta-CoC, retrospectively analyzed. A 36 mm head was used in 189 cases and a 32/ 
40 mm in the others. The series have been compared to a group of 89 THA with Forte-CoC. 
Results: The Harris-Hip-Score improved from 49.1 ± 14.3 to 92.0 ± 8.9 (P < 0.001). In the Delta group there were 
one ceramic fracture and 2 dislocations. Two hips underwent revision. There were one revision in the Forte group 
for instability and one squeaking hip. 
Conclusions: The new ceramic bearings provides a safe bearing for THA, with rare complications.   

1. Introduction 

Total hip arthroplasty (THA) is effective, reliable, and durable in 
relieving pain and improving function in patients with arthritis of the 
hip joint.1–3 However, despite an improvement in the wear properties of 
polyethylene,4–8 loosening remained a leading cause of failure in several 
large clinical series and worldwide registries.9–11 The generation of wear 
particles in active patients and the bio-reactivity of these particles after 
long term remained clinical concerns.11–13 With an increasing number of 
younger patients undergoing THA along with expected increases in 
longevity, there is a need for bearings used in THA to guarantee survi-
vorship beyond the second decade of service.14 Ceramic bearings have 
been used in THA over the past 3 decades because of some positive 
characteristics including 1) low wear, 2) wettability, and 3) low bio-
reactivity.15–18 Modern alumina on alumina (Forte) ceramic on ceramic 
(COC) THAs have demonstrated excellent survivorship with low rates of 
osteolysis and loosening even in the young and active patients.19–21 

However, the risk for fracture and squeaking remained substantial 
barriers to wide adoption.22–24 Alumina matrix composite (Delta) ce-
ramics are harder, more scratch and facture resistant compared to its 

Forte predecessor, but there is a lack of clinical data on whether these 
material improvements translate to improved clinical outcomes. 

Therefore, the purpose of this study is to evaluate 1) the 5 year 
clinical outcomes and survivorship in a group of patients under COC 
THA using Delta ceramics, 2) complications including fractures and 
squeaking, and 3) compare these results to patients with Forte COC THA. 

2. Materials and methods 

The medical records of 261 consecutive delta on delta ceramic THAs 
performed between 2007 and 2011 implanted in 256 patients have been 
retrospectively reviewed. There were 108 men (109 hips) and 148 
women (152 hips) with a mean age of 65.3 ± 11.9 years (range: 30–90). 
The preoperative diagnosis included primary hip osteoarthritis, hip 
dysplasia, osteonecrosis of the femoral head and other causes (Table 1). 
All hip replacements were performed using uncemented acetabular and 
femoral components. In 189 cases (72.4%) a 36 mm femoral head was 
used, while a smaller or larger head was used in the other hips as re-
ported in Table 1. Patients characteristics and the types of implanted 
devices are outlined in Table 1. Clinical outcomes were evaluated using 
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the Harris Hip Scores, while serial radiographs were assessed for 
component position, presence of osteolysis, development of progressive 
radiolucent lines and component loosening. Phone surveys were per-
formed for patients who could not return for physical follow up. All 
patient data and complications were recorded including wound 
drainage, thromboembolic events, infection, dislocations, squeaking, 
fracture, and revision surgeries. Finally, the results have been compared 
to a contemporaneous group of 89 patients with Forte COC THA per-
formed at another institution. 

2.1. Statistical analysis 

Descriptive statistics was used for all demographic data. Continuous 
variables were presented with average and standard deviation (SD). 
Categorical variables are presented as frequency and percentages. The 
post-operative means HHS were compared and percentage improvement 
was measured. To analyze differences between pre-operative and post- 
operatively scores or data, T -test was applied to normally distribute 
continuous outcomes, while Chi-square test was used for categorical 
outcomes. For all tests, a P value less than 0.05 was considered statis-
tically significant. All statistical analyses were performed using Micro-
soft Excel (Microsoft, Redmond WA). 

3. Results 

A total of 256 patients were involved in the study with an overall 
mean age of 65.3 ± 11.9 years (range: 30–90), for a total of 261 hips. 
Among these, 22 (8.6%) patients were untraceable while 24 patients 
(9.4%) died during the follow up. Consequently, 210 patients with an 
overall mean age of 63.1 ± 11.3 years (range: 30–85) were included in 
post-operative HHS evaluation, for a total of 213 hips (213 THAs). Of 
these, 108 patients (42.2%) were male and right hip was involved in 134 
(51.3%) patients. Final follow-up was 95.5 months (range 80–128 

months). 

3.1. Clinical outcomes 

Preoperatively, the mean Harris Hip score was 49.1 ± 14.3 points 
(range: 9–85). At last follow-up, the mean HHS was 92.0 ± 8.9 points 
(range: 36–100). There was significant improvement in every single 
component of HHS (P < 0.001). Most patients were satisfied and able to 
return to their pain-free daily activities. The detailed clinical results are 
reported in Table 2, while Table 3 reports the characteristics of the 
implants. 

3.2. Radiological outcomes 

Complete radiographic evaluation was performed on 170 of the 210 
patients. The average acetabular tilt angle (ATA) was 44.5◦ (95% 
IC:43.6◦–45.4◦). There were no osteolytic lesions in any hips. Non- 
progressive radiolucent lines were present in 44 acetabular and 23 
femoral components respectively (a case may have more than one line). 
At last follow up, two hips showed evidence of progressive acetabular 
radiolucency and required subsequent revision. There was no correla-
tion between component position and the presence of radiolucent lines 
or implant loosening (p > 0.05). 

3.3. Complications and reoperations 

The complications are outlined in Table 4. Overall, 36 patients (36 
hips) required reoperation or revision. The etiology for revision surgery 
included acetabular component loosening (n = 2), hip instability 
(n = 1), and a ceramic liner fracture which occurred 5 years after sur-
gery. A morphological-compositional characterization of the fracture 
surfaces of the sample was performed by means of field emission scan-
ning electron microscopy (Fig. 1 and Fig. 2). Another patient with 
instability did not require surgery after closed reduction. An additional 

Table 1 
Demographic data Reported values are mean, Standard Deviation/SD. 
N = number.   

Baseline Follow-up 

N◦ of patients 256 210 
N◦ of hip 261 213 
Age at surgery, mean ± SD 65.3 ± 11.9 63.1 ± 11.3 
Sex (%): 
Male 108 (42.2%) 93 (44.3%) 
Female 148 (57.8%) 117 (55.7%) 
Body Mass Index at surgery (BMI), mean ± SD 26.5 ± 4.0 26.5 ± 3.6 
Side (%): 
Right 134 (51.3%) 106 (49.8%) 
Left 127 (48.7%) 107 (50.2%) 
Diagnosis (%): 
Primary coxarthrosis 195 (74.4%)  
Congenital hip dysplasia 37 (14.2%)  
Idiopathic osteonecrosis of the femoral head 13 (5.0%)  
Post-traumatic coxarthrosis 8 (3.1%)  
Post-traumatic necrosis of the femoral head 2 (0.8%)  
Coxarthrosis in rheumatoid arthritis 1 (0.4%)  
Pseudoarthrosis 1 (0.4%)  
Coxa palna secondary to Perthes disease 1 (0.4%)  
Coxarthosis secondary to poliomyelitis 1 (0.4%)  
Coxarthosis secondary to arthrodesis 1 (0.4%)  
Coxarthosis secondary to osteotomy 1 (0.4%)   

Further surgery on the same leg   
Yes 36 (13.8%) – 
No 225 (86.2%) – 
Contralateral THA 
Yes 60 (23.4%) – 
No 196 (76.6%) – 
Hypometria 
Yes 116 (44.4%) – 
No 145 (55.6%) –  

Table 2 
Harris Hip Score Results (HHS). Reported values are mean, Standard Deviation/ 
SD.  

Harris Hip Score Results (HHS).  

PRE-OP. 
HHS 

POST-OP. 
HHS 

P 
VALUE 

IMPROVEMENT 
(%) 

Patients (n◦) 256 210 – – 
HHS (mean ± SD) 49.1 ± 14.3 92.0 ± 8.9 P < 0.001 87.37%  

Pain 15.7 ± 8.3 41.5 ± 4.0 P < 0.001  
Limp 6.3 ± 2.3 10.3 ± 1.6 P < 0.001  
Support 8.0 ± 4.0 10.2 ± 2.2 P < 0.001  
Distance walked 5.3 ± 2.3 10.4 ± 1.3 P < 0.001  
Sitting 3.5 ± 1.3 5.0 ± 0.2 P < 0.001  
Stairs 1.3 ± 0.8 2.7 ± 1.2 P < 0.001  
Put on shoes and 

socks 
1.8 ± 1.0 3.0 ± 1.0 P < 0.001  

Enter public 
transportation 

0.4 ± 0.5 0.8 ± 0.4 P < 0.001  

Absence of 
deformity 

4.0 ± 0.2 4.0 ± 0.0 P = 0.204  

Flexion 83.0 ± 20.4 102.9 ± 10.2 P < 0.001  
Abduction 20 ± 10.9 32.4 ± 7.8 P < 0.001  
Adduction 12.7 ± 8.2 18.7 ± 4.8 P < 0.001  
Internal rotation 5.1 ± 6.8 14.8 ± 6.9 P < 0.001  
External rotation 12.6 ± 10.2 19.2 ± 7.5 P < 0.001   

Results (points)   P < 0.001  
Poor (<70) 248 

(95.0%) 
7 (3.3%)   

Fair (70–80) 10 (3.8%) 9 (4.2%)   
Good (80–90) 3 (1.2%) 32 (15.0%)   
Excellent 

(90–100) 
0 (0%) 165 (77.5%)    
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patient required reoperation for severe heterotopic ossification, without 
implant removal. There were no cases of ball head fractures, squeaking, 
or femoral loosening. There were no infections requiring revision in this 
patient cohort. 

3.4. Delta COC versus forte COC THA 

Compared to a control group of patients with Forte COC THA per-
formed at another institution by one of the authors, there were no sig-
nificant differences in 2 and 5 years survivorships, revision rate or 
fractures. There was one revision in the Forte group for instability; also 
one case of audible squeaking has been detected (the patient was doing 
well with no pain and decided not to have revision surgery). There were 
no fractures in the Forte group. Results of Forte group are reported in 
Table 5. 

4. Discussion 

Improvements in ceramic materials aimed to reduce the historical 
complications such as ceramic component fractures and squeaking. 
Alumina matrix composite ceramics (Delta) are promising, nevertheless 
a lack of clinical data on whether the material improvements translate to 
improved clinical outcomes still remains. This study is one of the longest 

series about clinical performances of COC Delta in THA and focused on 
1) the 7 years clinical outcomes and survivorship 2) the complications 
including fractures and squeaking, and 3) the comparison with a series 
of patients with the previous generation of COC (Forte). 

This study has several limitations: first, the retrospective design 
makes it subject to the traditional limitations including recall selection, 
sampling and recall biases. However, the large sample size, relative long, 
and nearly complete clinical follow-up, provides a representative and 
accurate look at the clinical performance of these types of implants at 
medium term. Second, the comparative group was a group of Forte 
ceramic on ceramic patients performed at another institution in the 
United States (U.S). The decision to use this group to serve as a control 
can introduce selection bias to the study. However, during this time 
period, there was only one manufacturer with an FDA approved Delta on 
Delta hip implant in the U.S. As a result, most ceramic on ceramic THA 

Table 3 
Delta PF and Delta TT acetabular cup, Limacorporate (Ita); Jump system 
acetabular cup, Permedica (Ita); Trilogy cup, Zimmer (USA), EP-Fit acetabular 
cup, Smith & Nephews. The table reports the number of the implants that 
completed the follow-up and in parenthesis the number of the hips implanted.  

Implant/Head size 40 mm 36 mm 32 mm Total 

Delta PF 19 (23) 74 (89) 2 (3) 95 (115) 
Delta TT 11 (13) 49 (53) 1 (1) 61 (67) 
Jump system – 32 (44) 17 (26) 49 (70) 
Trilogy – 1 (1) 5 (6) 6 (7) 
EP-Fit – 2 (2) – 2 (2) 
Total 30 (36) 158 (189) 25 (36) 213 (261)  

Table 4 
Complications after surgery. Number and percentage.  

Complications 

Minor complications 

Skin blisters and disepithelization areas 31 (14.6%) 
Fever 15 (7.0%) 
Urinary infections 9 (4.2%) 
Hypotension and fall 8 (3.8%) 
Nausea/vomiting/heartburn 7 (3.3%) 
Hematoma 6 (2.8%) 
Oliguria 4 (1.9%) 
Oedema 4 (1.9%) 
Confusional state 4 (1.9%) 
Constipation 4 (1.9%) 
Hip pain 3 (1.4%) 
Abdominal pain 2 (0.9%) 
Paresthesia/dysesthesia 2 (0.9%) 
Diarrhea 1 (0.5%) 
Pharyngitis 1 (0.5%) 
Epididymitis 1 (0.5%) 
Angina pectoris 1 (0.5%) 
Atrial firillations 1 (0.5%) 

Major complications 

Joint dislocation 2(0.9%) 
Aseptic loosening 2(0.9%) 
Liner fracture 1 (0.5%) 
Deep vein thrombosis 1 (0.5%) 
Partial deficit of common peroneal nerve 1 (0.5%) 
Supraventricular tachycardia 1 (0.5%) 
Fever and shivering after transfusion 1 (0.5%)  

Fig. 1. Morphological-compositional characterization of the fracture surfaces 
of the samples performed by means of field emission scanning electron mi-
croscopy (FESEM, SUPRATM 40, Zeiss) equipped with energy dispersive X-ray 
spectroscopy (EDS), at the Department of Applied Sciences and Technology 
(Politecnico di Torino, Italy). FESEM image from the bigger of the two frag-
ments (magnification 235×). The clamping surfaces are evident. They devel-
oped due to the sliding of the material planes and appear as stratified beaches, 
witnessing the progress of the crack. There is no laminating trace (the dark lines 
are in fact caused by chrome plating). 

Fig. 2. FESEM image on the opposite side of the bigger of the two fragments 
(magnification 260×). The arrows indicate the fracture trigger. In ceramics the 
typical rupture mechanism is said to be brittle, as it is a fast, unstable and 
usually unstoppable process when triggered, unlike ductile rupture. 
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were Forte on Forte articulations. In order to provide a relevant clinical 
comparator, we felt that it was important to select a contemporaneous 
group of patients performed with similar techniques and implants. 
Finally, there was a disparity in the distribution of head sizes between 
the Delta group compared to the Forte group. Most of the patients in the 
Delta group had 36 mm heads compared to 32 mm heads in the Forte 
group. This may have influenced fracture rates, as larger diameter ball 
heads are less likely to fracture21; nevertheless, although some authors 
sustain the contrary25 and in this study we had no head fractures. Thus, 
our results can simply show clinical equivalency but not superiority in 
terms of fractures of Delta on Delta articulations compared to Forte on 
Forte hips. 

According to our result, Delta on Delta hip replacements are reliable 
and durable at mean follow up of more than 7 years, with a maximum of 
almost 12 years. These results are consistent with other published series 
of delta on delta THAs. Hamilton et al. reported a survivorship of 96.9% 
in a series of 345 delta C–O–C THAs at mean 5.3 year follow-up.26 

Similarly, Lim and colleagues analyzed 749 delta on delta hips and re-
ported a 98.6% survivorship at 6.5 years.27 Buttaro et al. also reported 
99.3% implant survivorship at 2–10 years following surgery.28 Kim et al. 
reported a high rate of survivorship without evidence of osteolysis or 
fracture of ceramic material in 277 patients (334 hips) 50 years or 
younger for a mean follow-up of 7.8 years (range, 6–9).29 Aoude et al. 
reported good results at six years for 133 consecutive THA with Delta 
ceramic for patient sunder 65 years age.30 Lim et al. report excellent 
survivorship for a selected series of patients with osteonecrosis of 
femoral head (44 patients, 53 hips) at 5 years f-u, although with an 
audible hip noise identified in 2 (4%) of the 53 hips.31 

However, the question remains: does the superior wear properties of 
ceramics translate into long term clinical superiority and longevity 
compared to ceramic on polyethylene articulations? Few randomized 
trials have evaluated this question.32–34 Atrey and colleagues reported 
comparable 15 year implant survivorship in a prospective randomized 
trial comparing these 2 articulations. However, osteolysis was more 
prevalent in the polyethylene group.32 Also Si et al. sustained that there 
are no clear evidence favoring the use of either a CoC or ceramic on 
polyethylene (CoP) bearing surfaces in primary THA.33 In a recent 
meta-analysis on five RCTs involving 897 patients with 974 hips Hu 
et al. aimed to compare ceramic-on-ceramic (COC) and 
metal-on-polyethylene (MOP) in terms of reliability and durability: 
despite more squeaking and intraoperative implant fracture, the find-
ings supported the use of COC bearing surface which had lower rates of 
revision, osteolysis and radiolucent line, aseptic loosening, and dislo-
cation compared with MOP.34 

Consequently, the superiority of ceramic on ceramic hip implants in 
terms of wear and survivorship are unlikely to be demonstrated prior to 

the second decade. Longer term studies and registry level information 
will hopefully continue to provide additional information to the clinical 
benefits of ceramic on ceramic hip replacements. 

Bearing complications were rare in this series of delta ceramic THAs. 
There was 1 case of ceramic liner fracture and no cases of squeaking or 
femoral ball head fractures. The fracture of this series occurred in a 
severe wrong positioning of the ceramic liner in the metal back, after 6 
years in a 81 years active man, according to the literature which cor-
relates orientation and fracture rate.35–37 While the rate of femoral head 
fractures have decreased with Delta ceramics compared to Forte,21 liner 
fractures continue to be rare but constant. Lee et al. reported one liner 
fracture (0.3%) in a series of 310 hips with no head fractures.38 Ham-
ilton and colleagues reported a 0.9% rate of liner fractures in their series 
with no femoral head fractures.26 Similarly, Howard et al. analyzed the 
National Joint Registry and found comparable rates of fractures between 
Delta and Forte ceramic liners [0.126% vs. 0112%].24 Most of these 
fractures occurred relatively early suggesting either incomplete seating 
of the liner or chipping of the liner intraoperatively. Improvements in 
instrumentation and surgical technique may further decrease the rate of 
ceramic liner fractures: for example one of these implants is provided 
with a polar 2–3 mm thickness cylinder which drives the ceramic liner to 
exactly fit into the metal back (Delta PF and Delta TT, Limacorporate). 
Second, no patients in this series reported squeaking. The rates of 
squeaking reported in the literature range from 0 to 33% depending on 
the definition of squeaking; however, the incidence of revision for 
squeaking is less than 1%.39,40 Lim et al. reported a 6.4% of patients with 
audible noise from their hips with 2.5% reporting squeaking.27 Hamil-
ton and colleagues had a 7.5% rate of patient reporting squeaking but 
only 1 (0.3%) could reproduce the acoustic phenomena in clinic.26 On 
the other side, a reduced squeaking with these new ceramic materials 
has been hypothesized41 and supported by our results. Therefore, 
bearing complications in terms of fractures and squeaking were not 
increased with a transition from pure alumina ceramics to alumina 
matrix composite THA. 

These results also confirm that alumina matrix composite bearings 
do not affect performance or reliability in THA implant compared to 
pure alumina components. Due to the relatively small sample and the 
rarity of adverse events, we could not demonstrate superiority of Delta 
ceramic THA compared to Forte ceramic THAs. While zirconia- 
toughened Delta ceramics is stronger compared to its predecessors, 
concerns about alumina matrix composites surrounds the potential for 
phase transformation leading to increased surface roughness and 
changes in mechanical properties. Elpers et al. demonstrated in 
retrieved femoral heads that zirconia phase transformation can occur 
with increasing time in vivo but did not find a direct correlation between 
phase transformation and surface roughness.42 However, Parkes and 
colleagues used simulator testing to 5 million cycles and found that 
monoclinic content increased compared to virgin femoral heads and 
surface roughness in the test samples were increased only in the worn 
areas.43 Fortunately, has not been any reports of sudden increase of 
catastrophic failures in at the national joint registry levels.24 Conse-
quently, Delta on Delta THA can be expected to function and perform 
similarly compared to Forte on Forte COC THA at short term. 

In conclusion, Delta on Delta ceramic THA performed well with low 
complications at medium-term follow up. There were no increased 
adverse events and similar functional outcomes compared to a 
contemporaneous group of patients undergoing THA using Forte on 
Forte articulations. 

Ethical standards 

The work has been conducted according to ethical standards and 
complies with the current laws of the country in which it was performed. 

Table 5 
Patients characteristics and clinical results of the control group Forte on Forte. 
HHS: Harris Hip Score. Reported values are mean, Standard Deviation/SD and 
range. Implants from this group were: Depuy (Duraloc/Summit) (Duraloc/Cor-
ail); Stryker (Trident/Secure Fit); Smith and Nephew (R3 cup/Synergy) 
(Reflection/Synergy) (Reflection/Anthology).  

No of patients 81(89 hips) - - 

Age, mean ± SD 61.2 ± 12.5 
(range 25–70) 

- - 

Sex (%):  - - 
Male 51 (63%)   
Female 30 (37%)   
Diameter of the head  - - 
28 mm 2   
32 mm 80   
36 mm 7    

PRE-OP. POST-OP. P VALUE  
HHS HHS  

HHS (mean ± SD) 44.5 ± 20.1 90.1 ± 15.0 P < 0.001  
range (25–80) range (77–100)   
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