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Abstract
Aims Metal-on-Metal (MoM) implants have been widely used since the early years of total hip arthroplasty (THA) development. 
Several clinical trials have shown promising outcomes compared with other implants. However, long-term clinical assessments 
are lacking. The aim of this prospective cohort study was to compare functional outcome scores and revision rates between MoM 
and non-MoM THA at the long-term follow-up.

Materials and Methods A cohort of 67 patients (67 hips) who underwent a primary THA with MoM and non-MoM from 2008 
to 2010 was enrolled the study. At the patient’s clinic visit after at least 8 years of the surgery, we collected the required data to 
estimate the Harris Hip Score (HHS). 

Results A total of 60 patients (MoM=22, non-MoM=38) were included in the final analysis. At the average follow-up time of 
10.8 years, two of twenty-two MoM patients require revision surgery, while none of the non-MoM patients requires revision 
(P=0.071). The survival rates of MoM implants were similar to non-MoM implants (P=0.955). The mean HHS was significantly 
higher for non-MoM implants (91.66±9.08) compared to the MoM implants (81.64±20.05, P=0.036). 

Conclusion HHS of MoM implants was lower than non-MoM implants at the long-term follow-up, neither of the Range of 
Motion (ROM) and absence of deformity. In addition, the revision rate in the MoM group was higher than the non-MoM group. 
Long-term follow-up is essential to evaluate the safety and functional outcome of the implants and optimize the care of patients 
with MoM implants. 
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Introduction
Total Hip Arthroplasty (THA) is one of the effective methods 

to relieve pain and improve patients’ quality of life [1]. More than 
one million THA are performed each year worldwide and it is 
anticipated to double within the next decade because of the aging 
population [2]. Multiple studies report the excellent subjective 
outcome scores and survivorship of implants [3,4]. However, with 
an increasing life expectancy and younger age of primary surgery, 
the revision surgery rate of THA is increasing [5]. The survivorship 
time and revision risk of the implants are critical to the THA. 

Metal-on-Metal (MoM) implants have been used in 1930s. 
It was quickly accepted and widely used in young people for its 
advantages of better joint stability and mobility [6,7]. However, 
MoM implants are known to produce metallic particles, which 
can lead to local and systemic adverse reactions [8]. Hip implants 
with highly cross-linked polyethylene liners and ceramic bearings 
have become the modern implants of choice. These implants like 
Ceramics-on-Ceramics (CoC), Ceramics-on-Polyethylene (CoP), 
and Metal-on-Polyethylene (MoP) have been introduced with 
features of lower wear rate and less osteolysis [9]. The long-term 
clinical effect, especially mobility and implants survival rate, is 
the key to measure the success of the THA. To date, there have 
been several studies comparing the outcomes of all the different 
types of hip implants, respectively. Most studies conducted during 
a short periods follow up (1-2 years). There is a lack of long-term 
data evaluating the clinical efficacy between MoM and non-MoM. 

In order to assess the long term clinical efficacy of the MoM 
and non-MoM implants, we evaluated two groups of patients. One 
group was implanted with large-diameter head MoM implants for 
THA. Other implants, including MoP, CoC, and CoP were used in 
other patients at the same time. This prospective cohort trial aimed 
to determine whether MoM implants are associated with better 
mobility but higher revision rates when compared to other hip 
bearings, specifically in the South China population. The primary 
outcome measure of this follow-up study was the Harris Hip Score 
(HHS) and its categories. The secondary outcome was the survival 
of implants.

Materials and Methods
Study Design

This is a prospective cohort study comparing two 

different types of implants during primary THA. The study was 
registered with the Chinese Clinical Trial Registry [http://www.
chictr.org.cn/index.aspx], and the trial registration number is 
ChiCTR2100042019. The study ethical approval was granted by 
the Institutional Review Board of Guangdong Provincial People’s 
Hospital and was performed in strict accordance with the ethical 
standards stipulated in the 1964 Declaration of Helsinki and its 
later amendments. All patients were informed of the nature of the 
investigational study and provided informed consent. The study 
was financially supported by institutional funds only. All authors 
declare that they have no conflict of interest. The sample size was 
determined based on the study by Wierd P. Zijlstra et al. for the 
HHS comparing between MoM and MoP [10]. We determined that 
at least 15 patients per group were necessary to detect a difference 
by using the Wilcoxon-Mann-Whitney test with a bilateral α of 
0.044 and a power of 80%. We included a minimum of 22 patients 
in each group to compensate for the patients lost to follow-up.

Participants

We recruited eligible patients from those who underwent 
a primary THA under the Center of Orthopedic Surgery from 
January 2008 to December 2010. Plain radiographs of the bilateral 
hips in the anteroposterior and Magnetic Resonance Imaging 
(MRI) were performed in all patients before the surgery. The 
inclusion criteria were as follows: 1) patients with ages ≥18 years; 
2) patients from South China; 3) patients who underwent primary 
THA for the reason of Osteoarthritis (OA), low-energy mechanism 
Femoral Neck Fracture (FNF), Avascular Necrosis of Femoral 
Head (ANFH) and other reasons such as Developmental Dysplasia 
of the Hip (DDH).

The exclusion criteria were as follows: 1) dysfunction 
of renal or liver, surgical site infection; 2) pathological fracture 
or osteoporosis; 3) previous joint replacement or prosthesis 
implantation, revision surgery; 4) treatment with systemic 
corticosteroids for more than 3 months in the last year before 
surgery; and 5) refusal to participate in the study. After application 
of the inclusion and exclusion criteria, written consent was 
obtained and the primary study cohort was allocated to the MoM 
group or non-MoM group.

Surgical Techniques

All operations were performed by 2 senior orthopedic 
surgeons using a standard posterior approach. All THAs consisted 
of the same non-cemented titanium stem with a modular titanium 
neck. All patients with a non-MoM THA had a titanium acetabular 
cup and one of the following head and liner combinations: a 
metal head on a polyethylene liner (MoP), a ceramic head on a 
Ceramic Liner (CoC), or a ceramic head on a polyethylene liner 
(CoP). Patients in the MoM group had CoCr heads and acetabular 
cups (Corin, England). Antibiotic prophylaxis and thrombosis 
prophylaxis (foot pumps and anti-embolism stockings with 
additional chemical agents for higher risk cases) were similar for 
both groups. Post-operative rehabilitation was similar for both 
groups (walk with crutches on the second day).
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Outcome Assessment

Preoperatively, we collected the baseline characteristics, 
including age, gender, Body Mass Index (BMI), surgical site, and 
etiologies of surgery. After the operation, we collected the surgery 
data such as the requirements of blood transfusion and Length of 
Stay (LOS). Follow-up was conducted by telephone and mail. At a 
clinic visit at least 8 years after index surgery, a trained evaluator, 
blinded to the patient’s THA bearing type, collected the required 
data for the estimation of the HHS. The total score is 100, in 
which 90 ~ 100 is excellent, 80 ~ 89 is good, 70 ~ 79 is fair, and 
＜70 indicates dysfunction. Besides, the HHS provides a single 
functional score based on the following four domains: 1) degree of 
pain; 2) patient’s hip function, including the degree of lameness, 
walking assistance, walking distance, walking upstairs, wearing 
socks, tying shoes, sitting in a chair, and enter public transportation; 
3) ROM, including the scores of flexion, abduction, external 
and internal rotation in extension, and adduction; 4) absence of 
deformity. Patients who had a revision surgery did not assess the 
HHS. During the whole trial, the nurse, surgeon, and assistant 
did not participate in the patient follow-up and data collection 
analysis. The patients and the data evaluator were blinded to the 
whole process. The doctors in charge of surgery and the nurses in 
intraoperative management were not blinded to the treatment but 
did not participate in any outcome evaluation.

Statistical Analysis

SPSS 20.0 statistical software (Chicago, IL, USA) was used 
for analysis. Normally distributed data such as age, BMI, length of 

hospital stay, Harris hip score, and follow-up time were presented 
as mean ± standard deviations (x±s). Comparisons were evaluated 
by Student’s t-tests or its non-parametric variant (Mann-Whitney 
U-test). ANOVA analysis of variance was used to compare the 
mean of multiple independent samples. Categorical data like 
causes and gender were described using count and percentages 
ratio between the two groups. Kaplan-Meier plots estimated the 
survival of implants in the two groups for up to 10 years. A level of 
significance was set at P=0.05 for all statistical tests. 

Results
Demographic and Baseline Characteristics

A total of 84 patients (86 hips) were screened for eligibility. 
Among the 84 patients, 11 patients (13 hips) were not meeting 
including criteria, 3 patients (3 hips) declined participation, and 3 
patients (3 hips) lost contact, 67 patients (67 hips) were recruited. 
Given patients who had revision surgery or dead did not assess the 
HHS, we enrolled 22 and 38 patients starting MoM THA and non-
MoM THA, respectively. (Figure 1) The mean age at surgery was 
60.38±14.83 years and the mean BMI was 22.21±3.39 kg/m2. The 
mean follow-up time was 10.83±0.68 years. (Table 1) The MoM 
group included 9 cases of ANFH, 5 cases of FNF, 3 cases of OA, 
and 5 cases of other causes such as DDH. Non-MoM included 20 
cases of ANFH, 7 cases of FNF, 5 cases of OA, and 6 cases of other 
causes such as ankylosing spondylitis. There were no significant 
differences in gender, age, BMI, etiologies, surgical site, and blood 
transfusion requirements between the two groups.

MoM (n=22) Non-MoM (n=38) P-value

Number of hips (%) 22 (36.7%) 38 (63.3%)

Sex (%) 0.171

Male 7 (31.8%) 19 (50.0%)

Female 15 (68.2%) 19 (50.0%)

Age, years 57.05±15.24 62.32±14.43 0.187

BMI, kg/m2 22.48±3.20 22.06±3.53 0.647

Etiologies (%) 0.827

*ANFH 9 (40.9%) 20 (52.6%)

*FNF 5 (22.7%) 7 (18.4%)

*OA 3 (13.6%) 5 (13.2%)

Others 5 (22.7%) 6 (15.8%)

Site (%) 0.511

Left 10 (45.5%) 23 (60.5%)

Right 10 (45.5%) 13 (34.2%)
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Bilateral 2 (9.1%) 2 (5.3%)

*LOS, days 16.27±4.53 17.55±6.54 0.421

Blood transfusion (%) 0.064

Need 11 (50%) 10 (26.3%)

Without 11 (50%) 28 (73.7%)

Follow up time (years) 11.30±0.61 10.55±0.55 0.001

*ANFH: Avascular Necrosis of Femoral Head; *FNF: Femoral Neck Fracture; *OA: Osteoarthritis; *LOS: Length of Stay

Table 1: Demographic and baseline date of included patients.

Figure 1: Flowchart of the present study.

Function Assessment 

At the latest follow-up, the HHS of the MoM group was (81.64±20.05) and the non-MoM group was (91.66±9.08), and the 
difference has statistically significant (P=0.036) (Table 2). The pain scores of the MoM group and non-MoM group were 37.09±9.15 and 
40.42±5.64, respectively, with no statistically significant difference (P=0.133). The functional scores of the MoM group and non-MoM 
group were 37.77±10.96 and 42.76±5.06, respectively, with no statistically significant differences (P=0.054). The mean scores of ROM 
and absence of deformity in the MoM cohort were 3.68 and 4.76, compared with 3.09, 3.74 in the non-MoM cohort, respectively, with 
statistically significant differences (P = 0.000, P=0.007). 50.0% of MoM patients (n = 11) had the excellent score (HHS＞90) while 
68.4% of non-MoM patients (n=26) achieved the same score level. The difference has statistically significant (P=0.049).
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MoM (n=22) Non-MoM (n=38) P-value

Harris hip score 81.64±20.05 91.66±9.08 0.036

Pain 37.09±9.15 40.42±5.64 0.133

Function 37.77±10.96 42.76±5.06 0.054

Range of motion 3.68±1.71 4.76±0.49 0.000

Absence of deformity 3.09±0.97 3.74±0.45 0.007

Degree of HHS (%) 0.049

Excellent 11 (50.0%) 26 (68.4%)

Good 3 (13.6%) 9 (23.7%)

General 4 (18.2%) 2 (5.3%)

Bad 4 (18.2%) 1 (2.6%)

Revision rates (%) 7.69 (2/26) 0 (0/41) 0.071

Mortality (%) 7.69 (2/26) 7.32 (3/41) 0.955

Table 2: Function outcomes and mortality at 10-year follow-up.

Implants Survival Analysis

The Kaplan-Meier plot of implants shows that the 10-year survival rate of the MoM group is lower than that of the non-MoM 
group (Figure 2). The all-cause mortality was 7.69% (2/26) in the MoM group and 7.32% (3/41) in the non-MoM group, with no 
statistically significant difference (P=0.955) (Table 2). In the MoM group, one patient had a revision of both the cup and stem due to 
aseptic loosening. Another patient in that group had a cup and stem revision due to Periprosthetic Joint Infection (PJI) postoperatively. 
The 10-year revision rate of MoM group was 7.69% (2/26). There was no revision patient in the non-MoM group, with no statistically 
significant difference in the revision rates of two groups (P=0.071). For one of the patients, left THA was performed using metal on 
metal at her 46 years of age (Figure 3A). After eleven years of the THA surgery, the patient developed pain in the left leg when climbing 
and descending stairs. Intraoperative findings (Figure 4A,B) showed the metallosis or necrotic tissue around the metal implant. No gross 
evidence of corrosion or wear was noted in the extracted implants (Figure 4C,D). After revision, the hip pain disappeared and joint 
function was restored. Initial post-operative anterior-posterior pelvic radiograph illustrates the components of the implant well-aligned 
and well seated (Figure 3B). 
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Figure 2: Kaplan-Meier implants survival curve.

Figure 3: (a) An anteroposterior pelvic radiograph showing left primary total hip arthroplasty (an acetabular cup of size 56 mm and a 
femoral stem metal ball head with a metal liner (Corin, England). (b) An anteroposterior pelvic radiograph following left revision total 
hip arthroplasty. A big-sized cup (54 mm) was installed deep and internalized with an inclination of 45° and anteversion of 10°. The 
ceramic liner（Link, Germany）with a 36-mm diameter ball head was used during the revision surgery to obtain the accurate leg length 
correction and soft tissue tension for dislocation prevention.
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Figure 4: Surgical findings. (a) Metal-related local adverse reactions (i.e., adverse reactions to metal debris, ARMD) in patients with 
MoM hip revision. (b) Metallosis or necrotic tissue from the joint. (c) There are no visible signs of metallic corrosion of the head and 
lining. (d) There is no visible signs of osseointegration of the prosthesis with the bone (bone ingrowth).

Discussion
THA is now the preferred treatment for the end-stage hip 

disease, and the proportion of young patients over total patients 
undergoing THA is increasing. Various studies have provided 
pairwise comparisons of different implant combinations, 
respectively [11-14]. Which prosthesis has better clinical outcome 
and survival rate, has been a matter of debate for a long time. 
Although the previous studies report that MoM THAs may have 
notable adverse outcomes, limited literature is available on the 
functional outcomes and survival rates between MoM and non-
MoM at long-term follow-up, especially in the South China 
population. This information can be used to generate more specific 
guidelines for the way that these patients are cared. The long-
term reduction in pain and improvement in function are the top 
expectations from the patients undergoing the THA. As Söderman 
et al. reported, HHS showed high validity and reliability as the Short 
Form 36 (SF-36) and Western Ontario and McMaster University 
Osteoarthritis Index (WOMAC) [15]. It provides a quantifiable 
measure for hip functionality. Thus, we used HHS to evaluate the 
clinical outcome of THA in this study. Mean HHS in our study 

was 81.64(SD±20.05) in the MoM trial and 91.66(SD±9.08) in 
the non-MoM trial. The difference between the two trials was 
statistically significant (P=0.036), which suggests that non-MoM 
provides patients with better functional outcomes at long-term 
follow-up. This is different from the results of the meta-analysis 
by José A López-López et al, which reported no evidence that any 
implant combination provides a better outcome on the HHS [16]. 
However, the median follow-up period of the studies they included 
was 24.5 months while the mean follow-up of our study is 131.72 
months. It seems that a longer duration of follow-up is warranted to 
determine whether the functionality vastly differs between MoM 
and non-MoM. Given the HHS in the MoM group was about 10 
points lower than that in the non-MoM, there may be an indication 
to closely follow-up MoM patients. 

The pain and function of hips reported by patients are now 
recognized as key outcomes of hip replacement, these outcomes 
are inevitably associated with the ROM and absence of deformity. 
It is well known that the use of larger MoM bearings providing 
an increasing range of movement and better restoration of gait 
while reducing the dislocation rate of the joint [17]. As larger 
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MoM bearings have shown good short-term outcomes in the 
range of movement, one might expect these results to translate to 
long-term follow-up. However, our results did not appear so. The 
higher score in the function domain reflected the increased level of 
function. In the present study, the non-MoM trial had statistically 
significant better function at long-term follow-up compared with 
the MoM trial. Similarly the score of the absence of deformity 
was also remarkably better. Several studies have confirmed that 
the revision rate of large-diameter head MoM implants after THA 
is significantly increased [18,19]. However, there are relatively 
few studies on large-diameter head MoM implants in China. 
Randomized controlled trials overcome the limitation of patient 
selection but often lack long-term follow-up. In the current 
study, two patients of MoM had suffered revision surgery while 
there were no revision patients in the non-MoM trial. Given the 
limited patient numbers, the difference did not reach significance. 
However, this difference is solid and clinically notable. Hutt et al. 
showed that the increased concentration of metal ions after MoM 
THA reduced the amount of bone around the implants, which 
would eventually lead to osteolysis and prosthesis loosening [20]. 
Besides, José A López-López et al. in the systematic review found 
that the MoM and cemented implant increased the risk of revision 
surgery at 2-10 years after primary THA [16]. A look at the reasons 
for revision showed that one of two revision THAs in our study 
was associated with aseptic loosening, which may be related to the 
above reasons. In addition, it is reported that the average failure 
rates are 13.6% for MoM THA at seven years [21], which is higher 
than the rate found in our study (7.69%, 2/26). Considering the 
difference in the study population, it is believed that the more 
conservative activities of Chinese. 

Our prospective cohort study had an average follow-up 
of 10.8 years, which is quite long compared with other studies 
and is strength of our study. To our knowledge, few prospective 
cohort studies are comparing MoM with non-MoM with such a 
long follow-up. There were some limitations in our study. Three 
patients had lost to follow-up as a consequence of a long period 
of follow-up after the index surgery. A withdrawal bias may affect 
the final results. In addition, given patient wishes and regional 
constraints, we neither fellow up patients each year nor used 
advanced imaging such as MRI, Computed Tomography (CT), or 
ultrasonography to establish or eliminate the presence of possible 
pseudotumors in our study. We did not perform a competing risk 
analysis. Competing risks such as death influence implant survival 
calculated according to Kaplan–Meier. Patients who died cannot 
be revised, and thus the risk of revision may be underestimated 
with long follow-up times and relatively high mortality. However, 
since the mean age and death rate was similar in the 2 investigated 
groups, we may over-estimate general implant survival, but there 
is little reason to believe that a bias between groups would have 
been introduced.

Conclusion
This study showed that the MoM implants does not show 

a significant advantage over non-MoM implants with respect 

of HHS, mobility and absence of deformity in the South China 
population at the long-term follow-up. In the light of our results, 
it is prudent to closely care the patients that have already received 
a MoM THA, especially in the long-term. An even longer period 
follow-up of observational studies reporting the function of 
different implants is paramount. 
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