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Abstract 
Background: The SCORE total knee arthroplasty (Amplitude, France) has a deep trochlear groove 
designed to reduce polyethylene wear, risk of loosening, and patellofemoral complications. In 2014, the 
AOANJRR reported a higher revision rate when implanted cementless compared to cemented. The aim 
of the study was to forensically examine retrieved SCORE TKA’s and determine failure modes. 
Methods: Retrieval analysis was performed at the Centre of Implant Technology and Retrieval Analysis 
(Royal Perth Hospital). 27 SCORE primary total knee implants from 26 patients requiring revision were 
forensically analysed for failure mode. Macroscopic examination and quantitative assessment of tissue 
ingrowth was combined with clinical record findings and radiographic analysis. Statistical analysis was 
performed. 
Results: On average the patients were relatively young (mean age 65.5 years) and obese (mean 
BMI=32.5) with almost equal numbers of male and females and a mean short time of service (2.4 years). 
The majority of the implants were cementless and without patella resurfacing. Secondary analysis of 
patient demographics found no difference in age, BMI, gender and activity levels between the patients 
with loose femoral components and the population as a whole. Radiological analysis revealed an overall 
satisfactory alignment using the Knee Society TKA Roentgenographic Evaluation and Scoring System. 
Although six uncemented femoral components (22%) were found grossly loose at time of revision, only 
one was identified pre-operatively from plain x-rays. Macroscopic analysis confirmed coating 
delamination and deposition of fine metallic debris on tissue attached to components. Polyethylene 
inserts had a degree of wear greater than expected with embedded metal debris. Histomorphometric 
analysis revealed poor bony ingrowth on both uncemented femoral and tibial components.  
Conclusions: Retrieval analysis revealed a higher than expected rate of cementless femoral loosening in 
SCORE TKAs. Clinically, surgeons should be aware of patients with this implant presenting with pain 
that femoral loosening cannot be excluded as a diagnosis by imaging. 

 
Keywords: Arthroplasty, knee, retrieval analysis 

 

1. Introduction  

Primary total knee arthroplasty (TKA) is a common operation with over 55,000 cases in the 
last year in Australia and over 600,000 cases in the United States. Due to an aging population, 
this number is expected to increase almost four times by 2030. TKA has an overall low failure 
rate when the primary diagnosis is osteoarthritis, with the Australian Orthopaedic Association 
Joint Replacement Registry (AOANJRR) reporting a revision rate of 5.3% at 10 years. Despite 
this, patellofemoral complications remain a major issue encountered post-operatively, with 
patellofemoral pain accounting for 10.4% of all revisions. These complications are usually 
caused by a combination of surgical (e.g. implant positioning, soft tissue balancing, patellar 
resurfacing) and implant factors (e.g. trochlear depth, sagittal curvature, and patella component 
design). Various patellofemoral systems exist in the current market, however there is evidence 
to suggest that a number of these models exhibit characteristics of trochlear dysplasia. In 
general, newer TKA designs have more anatomic trochlear geometries than earlier models.  
The SCORE TKA (Amplitude, France) was designed with a deep trochlear groove in an 
attempt to recreate normal anatomy and reduce patellofemoral complications. This device has 
a rotating tibial plateau and uses a specific computer-assisted navigation system. Cemented 
and cementless options are available as well as the option for patellofemoral resurfacing. In the 

cementless version, the implant has a dual-coating of plasma-sprayed titanium (80m) and 

hydroxyapatite (80m).  
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In 2014, the AOANJRR reported a higher than expected 

revision rates in SCORE TKAs when used without patellar 

resurfacing, however the exact mechanism of failure was not 

apparent. A survey of the literature revealed a limited number 

of studies looking at long-term performance and post-

marketing surveillance of this implant. As such, the aim of 

this study was to forensically analyse retrieved SCORE TKAs 

and determine failure modes. 

 

2. Materials and methods 

2.1 Patient Demographics 

This research has been approved by the Ethical Committees 

of the authors’ affiliated institutions. Routine retrieval 

analysis of all arthroplasty implants in Western Australia is 

performed at the Centre for Implant Technology Retrieval 

Analysis (CITRA). From the retrieval collection of 11,800 

devices in our collection, 27 SCORE knees were identified 

and analysed. The retrievals were collected from 5 different 

institutions and the revision surgeries were performed by 11 

surgeons. The retrieval forms supplied at the time of revision 

included clinical information (age, sex, weight, and activity 

levels), causes of failure and observation at the time of 

surgery. Additional clinical notes were gathered from the 

surgeon retrospectively. In particular, the documented 

indications for revision and possible contributory factors were 

noted. Intra-operative observations were also collated from 

operative reports, noting findings including the fixation of 

femoral and tibial components to bone, gross loosening, 

metallosis, bone resorption, and scar tissue formation. 

Implants were described as loose if they were pulled out 

without significant force. A summary of the patient 

demographics and clinical data is presented in Table 1. 

 
Table 1: Summary of patient demographics including reasons for 

removal and observations at retrieval 
 

Demographics 

Time in situ (years) 2.39 ± 1.7 

Age (years) 65.6 ± 8.8 

F : M ratio 1 : 1 

BMI 32.5 ± 7 

High activity levels 48% 

Fixation Method 

Cementless 20 

Cemented 6 

Hybrid 1 

Patella resurfacing 6 

Reasons For Removal (% value) 

Pain 56 

Joint instability 37 

Loosening 37 

Infection 15 

Stiffness 7 

Osteolysis 7 

Observations At Removal (% value) 

Loose femoral 26 

Loose tibial 22 

Loose patella 7 

Scar tissue/Granulation 44 

Metallosis/Debris 30 

Bone resorption 22 

Infection 11 

 

Statistical analysis was performed to look for differences in 

age, gender, BMI and activity levels between the patients with 

femoral loosening and the population as a whole (2-tailed, 

unpaired t-test) as shown in Table 2. 

Table 2: Basis statistic on Patient demographics: t-test 
 

Statistical Analysis of Patient Demographics (t-test) 

Age p = 0.552 

BMI p = 0.276 

Gender p = 0.279 

High activity p = 0.804 

 

2.2 Radiographic findings 

TKA position was assessed from antero-posterior and lateral 

knee radiographs. Plain radiographs taken post primary 

arthroplasty were analysed according to the Knee Society 

Roentgenographic Evaluation System (-angle formed 

medially by the mechanical axis of femur and bicondylar axis, 

-angle formed by the line tangent to the medial tibial plateau 

and the mechanical axis of tibia, -angle on the lateral view 

between the supratrochlear cortex and the prosthetic trochlea, 

and -angle between the line tangent to the posterior edge of 

the tibial plateau and the axis of the tibia). In patients with 

multiple radiographs the earliest post-operative film was used. 

In addition, radiographs, CT scans and bone scans performed 

pre-revision surgery were reviewed for signs of loosening 

based on the Radiologist’s report. 

 

2.3 Retrieval Analysis 

Retrieved femoral and tibial components were inspected and 

photographed upon arrival then analysed using a 

stereomicroscope (M80, Leica, Germany). Any particular 

features were photographed using the M80 stereomicroscope. 

Wear on the polyethylene inserts was described following the 

wear mechanisms (pitting, scratching, burnishing, embedded 

debris, abrasion, delamination and plastic deformation) 

proposed by Hood and colleagues. 

 

2.4 Histomorphometry 

Histomorphometric analysis was performed to evaluate tissue 

ongrowth to femoral and tibial cementless components. The 

total area of bone, fibrous and total tissue ongrowth on 

femoral and tibial components was measured and calculated 

using digitised images and image analysis software 

(Magnification, Orbicule, USA). The calculation of tissue 

ongrowth on the tibial tray was performed using an 

orthogonal view of each component while for the femoral 

component three images were taken for anterior, posterior and 

distal regions. 

 

3. Results 

3.1 Patient Demographics 

27 SCORE TKAs were retrieved from 26 patients (13 men 

and 13 women) with an average implantation time of 2.4 

years. The mean age was 65.6 years with a mean weight of 

94.9kg. The mean BMI was 32.5. The method of fixation 

included 20 cementless implants, four cemented, and three 

hybrids (cemented tibial and uncemented femoral 

component). Six patients had patella resurfacing (four 

cementless and two cemented). Activity levels documented by 

the revising surgeon were noted as ‘high’ in 48%. When 

additional analysis of demographics comparing the patients 

with observed loose components and the study group as a 

whole (Table 2), there was no significant difference in age 

(p=0.552), gender (p=0.279), BMI (p=0.276) or activity levels 

(p=0.804).  

The most significant observation at removal was seven (26%) 

loose femoral components, of which six were cementless. 

Two of these cases had infection that may have contributed to 

loosening. Loose tibial components were noted in six (22%) 
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cases of which five were cementless. Loose patella 

components were found in two (9%) components. 

 

3.2 Radiographic findings 

All 27 SCORE TKAs were analysed for radiological position 

from x-rays taken in the immediate post-operative period. 

Using the Knee Society Roentgenographic Evaluation 

System, it was found that all the implants were well 

positioned. The average -angle was 94.8, the -angle was 

87.4, -angle was 3.01, and -angle was 87.6 (Table 3). 

Examination of radiological imaging performed in the work-

up for revision arthroplasty revealed that 26 of the 27 SCORE 

TKAs had x-rays. Of these 26 x-rays, only one was reported 

as having a radiolucent line indicative of prosthetic loosening 

(patient no. 2). Ten patients had CT scans, and of these only 

one was reported as having a loose tibial component (patient 

no. 5). Ten patients had technetium bone scans, and these 

revealed two loose femoral and two loose tibial components 

(patient’s no. 1, 2, 16, 17). Demonstrated below is an x-ray of 

patient no. 10, who had an x-ray reporting no signs of 

loosening however was found to be grossly loose on retrieval 

(Figure 1). 

 
Table 3: Radiographic analysis of x-rays post primary arthroplasty 

 

Radiographic Parameters 

-angle 94.9 ± 3.5 

-angle 87.3 ± 2.2 

-angle 3.29 ± 2.7 

-angle 87.6 ± 1.8 

Insall-Salvati ratio 1.04 ± 0.1 

 

 
 

Fig 1: Prior to revising this SCORE TKA at 2.7 years in this 71-

year-old female patient (patient no. 10), x-ray was reported without 

evidence of prosthetic loosening. On retrieval, the femoral 

component was noted to be grossly loose. 

 

3.3 Retrieval Analysis  

The examination of all the components revealed common 

features that differed in the degree of the degradation (from 

minimal to extensive). Femoral components showed deep 

longitudinal scratches on the bearing surfaces (Figure 2a). 

Tibial components had concentric scratches on the bearing 

surface (Figure 2b). Peeling or delamination of the cementless 

coating on cementless explants was also a common feature on 

a number of implants (Figure 2c) resulting in the generation

of numerous particles seen within attached tissue of nine 

(39.1%) explants, a potential source for third body wear 

(Figure 2d). 

Wear of the polyethylene insert was assessed as per the seven 

wear categories described by Hood and colleagues. The 

superior bearing surface on the majority of the sample showed 

longitudinal scratching. Wear on the inferior surface consisted 

of concentric scratching on the posterior surfaced expected in 

a mobile bearing prosthesis. Both bearing surfaces showed 

embedded metal debris (Figure 2e) and severe pitting wear on 

cemented components likely from bone cement particles 

(Figure 2f).  

 

 
 

Fig 2: Common features found on retrieval samples in the study 

group. (a) Extensive scratching on femoral component (b) 

Concentric scratches on the bearing on bearing surface of tibia trays, 

typical of mobile bearing (c) Delamination of the cementless femoral 

coating in an implant revised after 10 months in situ (d) Multiple fine 

metallic particles on tissue attached to cementless femoral 

component (e) Fine metallic particles embedded in the polyethylene 

insert (f) Severe pitting and concentric scratches on posterior bearing 

surface of PE insert. 

 

3.4 Histomorphometry 

Histomorphometric analysis was performed on twelve (12) 

cementless SCORE TKAs that revealed minimal tissue 

apposition to both femoral and tibia components (Figure 3). 

The amount and type of tissue attached to both components is 

very similar and in most cases there is mostly bone not 

fibrous tissue.  
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Fig 3: Average tissue ingrowth of femoral and tibial components 

 

4. Discussion 

The AOANJRR reports a total of 3982 SCORE TKAs 

implanted in Australia, comprised of 731 cemented, 2034 

cementless, and 1217 hybrid implants. The cumulative 

revision rate at 5 years for each combination is 2.4% 

(cemented), 7.6% (cementless) and 5.4% (hybrid). This is 

compared to a cumulative 5-year revision rate of 3.5% for all 

TKA implants, and 4.2% for all minimally stabilised primary 

cementless TKAs for osteoarthritis. In 2014 the SCORE TKA 

was recognised by the AOANJRR as having a higher than 

expected rate of revision when implanted without patellar 

resurfacing. At the time it was also noted that SCORE TKAs 

with cementless fixation had a higher revision rate than 

cemented implants. This was acknowledged by the Australian 

Therapeutic Goods Association in their 2015 report. More 

recently, the AOANJRR have reported a cumulative revision 

rate at 10 years of 12.9% for the SCORE TKA when used 

cementless.  

The patients in this series had typical characteristics of those 

undergoing joint replacement, although were noted to have an 

average BMI of 32.5. Obesity has been shown to increase risk 

of mechanical failure and aseptic tibial loosening when BMI 

is above 35, hence our cohort should not have been at higher 

risk for this failure mechanism.  

Radiological analysis found implant position to unlikely be a 

factor contributing to failure in this series, and subsequent 

analysis of radiography prior to revision found that 

component loosening was not consistently detected prior to 

revision. Only one patient of the patients with a loose 

cementless femoral component had a radiolucent line seen on 

x-ray. This is important as x-ray is generally one of the first 

line investigations used to evaluate TKAs post-operatively. 

Other investigations such as SPECT/CT have been shown to 

have superior sensitivity and specificity to diagnose prosthesis 

loosening and hence may need to be considered in addition to 

x-ray. To our knowledge there are no studies reporting on 

loose femoral components not detected on x-rays. 

The most significant observation at removal was six cases of 

loose cementless femoral components. This was an 

unexpectedly high number for the number of cases in our 

series and it was poorly detected with radiographic imaging. 

Only one patient in this series had a radiolucent line on x-ray 

indicating component loosening, and moreover loosening was 

not consistently seen with CT or technetium bone scan. 

Aseptic loosening is the failure of the bond between an 

implant and bone in the absence of infection. It can be the 

result of inadequate fixation, mechanical failure over time, or 

the loss of biological fixation from particle-induced 

Osteolysis. The AOANJRR reports that aseptic loosening 

accounts for 25% of all primary TKA revisions. The 

Norwegian Arthroplasty register found that tibial implant 

loosening accounts for around 17% of primary TKA revision, 

compared to less than 5% for femoral loosening. Importantly, 

we observed 22% of cementless femoral and 19% of tibial 

loosening in our cohort. The findings from our series differ 

from the two largest series of SCORE TKAs, both authored 

by the creators of the device. In these studies, Chatain 

(n=447) and Ouanezar (n=138) reported no cases of aseptic 

loosening. The only study reporting poor results of the 

SCORE TKA by Akakpo and colleagues found a high rate of 

revision of 19 SCORE TKAs, and suggested that unique 

trochlear design puts high loads on the patella implant with 

protrusion of the trochlear and this may contribute to failure. 

Another new knee implant with a similarly designed deep 

trochlear groove is the HLS Noetos (Gloucestershire, UK), 

which has also been identified by the AOANJRR as having a 

higher than expected revision rate of 13.7% at 10 years. To 

our knowledge there are no other primary TKAs with a 

similarly designed deep trochlear groove. A longstanding 

successful cementless TKAs is the LCS (Depuy) mobile 

bearing TKA with 5-year revision rates of 4%. Despite the 

theoretical advantages of mobile bearing TKAs, recent 

systematic reviews have not proven superiority to fixed 

bearing TKAs. The AOANJRR reports a cumulative revision 

rate of 4.5% at 5 years for all rotating mobile bearing primary 

TKAs, compared with 3.3% for fixed bearings.  
Histomorphometric analysis in our series revealed overall low 
levels of tissue ingrowth. The exact reason behind the cases of 
poor biological fixation is unclear to us, especially given the 
generalised success of all other cementless TKAs. The 
cementless SCORE TKA is coated with plasma-sprayed 
titanium and hydroxyapatite, similar to other cementless TKA 
designs. Our findings of coating delamination suggest that 
suboptimal coating characteristics may be contributing to the 
higher than expected rate of loosening and revision of 
cementless Score knees. This could either involve the bonding 
of the titanium coating to the cobalt chromium base material 
or the bonding of the titanium coating to bone. Given that 
generally bone was observed on the affected coating it is 
suggested that the adhesive strength at the coating-substrate 
interface may be of concern, and this also supports the 
radiological findings of a lack of bone lucency. Further 
studies are needed to further characterise the 
Titanium/Hydroxyapatite coating. Other unique patient 
factors including biological and mechanical may have also 
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played a role in bone ingrowth. The limitations of this study 
include the retrospective nature of the study and small number 
of patients. 
 

5. Conclusion 
Forensic examination of 27 retrieved Score TKA indicates 
that a higher than expected rate of loose cementless femoral 
components related to coating characteristics that was poorly 
detected with radiographic imaging and associated with poor 
tissue ingrowth. We advise an awareness that patients with the 
SCORE total knee arthroplasty are unable to have femoral 
loosening excluded as a diagnosis by imaging. 
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