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Background: Hip endoprosthesis is one option for the treatment of displaced femoral neck fractures

and avascular necrosis of the femoral head. Few reports are available describing acetabular cartilage

metabolism after endoprosthesis surgery of the hip. The purpose of this study was to compare the bio-

logical effects on cartilage between cobalt-chrome (Co-Cr) and alumina ceramic heads wherein the carti-

lage articulates directly.

Methods: We used the acetabular cartilage from six hips of three immature crossbred pigs to examine

the effects on cytokines, the amount of hyaluronic acid (HA), and cartilage mRNA expression of ce-

ramic head and Co-Cr head endoprosthesis. Mechanical loading of materials of Co-Cr and ceramic

heads was performed on the acetabular cartilage in culture media as an organ culture model. Thereaf-

ter, protein levels of cytokines (MMP-1, 3, TNF-alpha (α), Interleukin (IL)-1 alpha (α), and IL-1 beta (β))

and the amount of HA were measured from the culture media. Cartilage RNA extraction was per-

formed, and quantitative reverse transcriptase-polymerase chain reaction was performed with primer

sets for type I, II, and III collagens; aggrecan; MMP-1, 3, 13; TNF-α; and IL-1 α, IL-1 β.

Results: Protein level of IL-1 β and amount of HA in the Co-Cr group were significantly higher than

those of the Ceramic group. Type II collagen mRNA expression in the Ceramic group was significantly

higher than in the Co-Cr group. IL-1 β mRNA expression was significantly higher in the Co-Cr group

than in the Ceramic group.

Conclusions: The present study showed that ceramic bipolar produces smaller adverse effects on carti-

lage cells compared to Co-Cr bipolar. These results could have significant implications for implant us-

age not only in hip joints, but also in other joints, including the shoulder, talus and radial head.

(J Nippon Med Sch 2018; 85: 309―314)
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Introduction

Hip endoprosthesis is one option often employed for the

treatment of displaced fractures of the femoral neck and

avascular necrosis of the femoral head in Asian coun-

tries1,2. A Cobalt-Chrome (Co-Cr) head is used quite often

for the hip endoprosthesis. Pain or discomfort is fre-

quently reported after this surgery with Co-Cr3. This may

be caused by the effect of metal on cartilage metabolism.

There are some reports that long-term results of hip en-

doprosthesis implantation using metal, including Co-Cr,

have not been satisfactory. For example, Posada et al4 re-

ported that prolonged exposure to Co-Cr wear debris re-

leased from a resurfacing hip implant induces lympho-

cyte proliferation, suggesting that activation of resting

lymphocytes may have occurred. Shah et al5 reported

that Co-Cr exposure affects osteoblast function and im-

pairs the mineralization of the prosthesis surface. Fur-

thermore, acetabular erosion was reported to occur due
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to the metal outer head postoperatively6―9.

It has been reported that alumina and zirconia ceramic

is bioinert. Ishida et al developed an original alumina ce-

ramic bipolar hip prosthesis and reported that the sur-

face of the ceramic head was less rough than that of a

metal head, and that the change of the shape of the ce-

ramic head over time was smaller inside the human

body1. In past reports, there have been some studies de-

scribing the long-term results of Co-Cr versus ceramic

heads in total hip arthroplasty10―12. However, there have

been few reports related to acetabular cartilage metabo-

lism after hip endoprosthesis replacement.

The purpose of our present study was to compare the

biological effects on cartilage between Co-Cr and alu-

mina ceramic heads in direct articulation with cartilage.

Specifically, we compared the effects on acetabular carti-

lage metabolism between the alumina ceramic head en-

doprosthesis and that of the Co-Cr head in an organ cul-

ture model, concerning the protein level of inflammatory

cytokines (Matrix metalloproteinase (MMP)-1, MMP-3,

Tumor necrosis factor (TNF)-α, Interleukin (IL)-1 alpha

(α), and IL-1 beta (β)), amount of hyaluronic acid (HA) in

culture media, and cartilage mRNA expression (type I

collagen, type II collagen, type III collagen, aggrecan,

MMP-1, MMP-3, MMP-13, TNF-α, IL-1 α, and IL-1 β).

The hypothesis of this study was that ceramic heads

have a smaller adverse effect on cartilage metabolism

than Co-Cr. Moreover, if confirmed, this would have sig-

nificant implications for implant usage, not only in hip

joints, but also in other joints including the shoulder, ta-

lus and radial head.

Materials and Methods

Animals

For the present study, we used three healthy immature

crossbred pigs (Duroc and Landrace×Yorkshire). The av-

erage weight of the animals was 36+/−3.6 kg. The ani-

mals were killed using an overdose intravenous injection

of 1 mEq/mL potassium chloride solution under deep

anesthesia with 3% isoflurane inhalation. Just after death,

the acetabula of both hip joints were retrieved from each

pig and all soft tissues were removed. Thus, the total

number of the acetabula was six. The average acetabu-

lum diameter was 26.3+/−0.6 mm. This animal experi-

ment was performed at Okayama University, according

to the animal use protocol reviewed by the Animal Use

and Care Committee, Okayama University (approval

number: OKU 2013436).

Loading Protocols

Mechanical loading was performed two hours after

death. A compression and rotational stress was applied

to the acetabula using an Instron MTS testing machine

(MTS systems, MN, USA). Each acetabulum was fixed to

the mount of the MTS machine using bone cement. We

used 26 mm diameter femoral heads of Co-Cr (Naka-

shima Medical, Okayama, Japan) and alumina ceramic

(CeramTec, Plochingen, Germany). The load cell was con-

nected to the femoral head and was set up with the

acetabulum in the culture medium. The culture medium

included Dulbecco’s Modified Eagle Medium (DMEM)

(Thermo Fisher Scientific Inc. Waltham, MA, USA) with

10% Fetal Bovine Serum (FBS) (Biowest, Nuaillé, France),

1% Penicillin, and ascorbic acid. The culture media was

placed in a water bath of 37 degrees Celsius in order to

simulate body temperature during the treatment (Fig. 1).

Ten thousand cycles of compression and rotation to carti-

lage was applied at 1 Hz. The axial compression was

controlled by force, and rotation was controlled by the

rotating angle (1,500 N to 150 N of compression and 12

degrees of rotation) (Fig. 2). The applied axial load of

1,500 N corresponds to 5 times the pig’s body weight. It

is assumed that 1,500 N is the maximum load during

trotting. The right acetabulum was loaded with a Co-Cr

head, and the left acetabulum was loaded with a ceramic

head for each pig, respectively.

Analysis of Protein Levels

The culture medium was retrieved from the water bath

and stored frozen until analysis. Analysis of protein lev-

els of inflammatory-related cytokines (MMP-1, MMP-3,

TNF-α, IL-1 α, and IL-1 β) was outsourced to a clinical

laboratory testing company (SRL, Tokyo, Japan). We

measured HA concentrations in culture media using a

hyaluronan assay kit from Seikagaku Corporation (To-

kyo, Japan). The samples of acetabulum after the me-

chanical loading were retrieved and stored at −70 de-

grees Celsius until RNA analysis.

RNA Isolation and Relative Quantitative RT-PCR

Cartilage RNA extraction was performed according to

a previously reported method13. Total RNA was quanti-

fied fluorometrically using the SYBRⓇ Green Reagent

(Molecular Probes; Eugene, OR, USA). Quantitative re-

verse transcriptase-polymerase chain reaction (RT-PCR)

was performed with specific primer sets for type I colla-

gen, type II collagen, type III collagen, aggrecan, MMP-1,

MMP-3, MMP-13, TNF-α, IL-1 α, and IL-1 β.

The acetabular cartilage was shaved off with a graver.

Thereafter, the cartilage was powdered according to pre-
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Fig.　1　Photograph of the apparatus for loading treatment

Fig.　2　Loading protocols

Fig.　3　Quantitative mRNA expression of each gene. 

mRNA expression of the Ceramic group was writ-

ten as a comparison value based on the value of 

the Co-Cr group.

*: p<0.05

viously reported methods14―16. Total RNA of the cartilage

was extracted with TRIzol and was refined by a buffer

solution and centrifuge. After the extraction, 2 μg of total

RNA was reverse transcribed into cDNA using the High

Capacity RNA-to-cDNA Kit (Thermo Fisher Scientific,

Waltham, MA). Aliquots (2.0 μL of 20 μL total volume) of

the resulting cDNA were amplified in a total volume of

20 μL containing Taqman Fast Advanced Master Mix and

each primer by 40 cycles with a genetic amplification ma-

chine (Thermo Fisher Scientific, Waltham, MA). Experi-

mental conditions were determined to be in the linear

range for both the PCR amplification and the image

analysis system. Integrated density values for the genes

in question were normalized using the corresponding

GAPDH value for a quantitative assessment. The infor-

mation for each primer set is detailed in Table 1.

Statistical Analysis

Statistical analysis was performed using STATWING

(www.statwing.com). Statistical comparisons were carried

out using Welch’s t-tests with a significant threshold

equal to p<0.05. Data are represented as means +/− stan-

dard deviation (SD).

Results

The protein level from culture media of the Co-Cr group

in MMP-1, MMP-3, TNF-α, IL1 α and IL1 β were 1.0+/−

1.0, 16.3+/−10.6, 0.5+/−0.1, 3.9+/−0.1, and 155+/−25.2

pg/mL, respectively. The protein levels of the Ceramic

group were 1.0+/−1.0, 10.0+/−0.1, 0.5+/−0.1, 3.9+/−0.1,

and 86.3+/−9.6 pg/mL, respectively. The results showed

that the IL-1 β protein level was significantly higher for

Co-Cr than that for ceramic (p<0.05). The MMP-3 protein

level also was higher from Co-Cr than from ceramic,

however, the difference was not statistically significant.

There were no significant differences in MMP-1, IL-1 α,

and TNF-α protein levels from culture media between

the Co-Cr and Ceramic groups (Table 2).

HA of the Co-Cr group was 337+/−38.4 mg/mL. That

of the Ceramic group was 257+/−11.1 mg/mL. HA from

the Co-Cr group was significantly higher than that from

the Ceramic group (p<0.05).

One μg of total RNA was converted to cDNA by RT

from each sample. Integrated density values of GAPDH

in the linear PCR range (40 cycles) of the two groups

were the same as integrated density units. There were no

significant differences in GAPDH band density between

the two groups.

Figure 3 shows the mRNA expression value of the Ce-

ramic group normalized to the value of the Co-Cr group.

Expression of type II collagen mRNA was three times

higher in the Ceramic group than in the Co-Cr group. IL-

1 β mRNA expression in the Ceramic group was one

third of that in the Co-Cr group. There were no signifi-

cant differences in type I collagen, type III collagen, ag-
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Table　1　PCR primer ID number and source used in this study

Gene Entrez gene ID Transcript accession #
Location on NCBI 
genome assembly

Collagen I 397571 AF201723.1 26417141

Collagen II 397323 AF201724.1 81533221

Collagen III 100152001 NM_001243297.1; FS680880.1; AK235399.1 NA

Aggrecan 397255 NM_001164652.1; AF314813.1 59457249

TNF-α 397086 NM_214022.1; EU682384.1; X57321.1; JF831365.1; M29079.1 27551378

IL-1α 397094 NM_214029.1; M86730.1; X52731.1 45456913

IL-1β 397122 NM_214055.1 NA

MMP-1 397320 NM_001166229.1; AK231224.1; EU722905.1; X54724.1 37363918

MMP-3 396769 AB044413.1 37399963

MMP-13 397346 AF069643.1 37500581

GAPDH 396823 NM_001206359.1 NA

MMP-3, Matrix metalloproteinase-3; IL-1 α, Interleukin-1 alpha; IL-1 β, Interleukin-1 beta; TNF, Tumor necrosis fac-

tor; MMP-1, Matrix metalloproteinase-1

Table　2　The protein level and amount of hyaluronic acid from culture media in each group

MMP-1 
(pg/mL)

MMP-3 
(pg/mL)

TNF-α 
(pg/mL)

IL-1α 
(pg/mL)

IL-1β 
(pg/mL)

HA 
(mg/mL)

Co-Cr 1.0+/–0.1 16.3+/–10.6 0.5+/–0.1 3.9+/–0.1 155+/–25.2 337+/–38.4

Ceramic 1.0+/–0.1 10.0+/–0.1 0.5+/–0.1 3.9+/–0.1 *86.3+/–9.6 *257+/–11.1

Mean+/– SD; Co-Cr, Cobalt Chrome group; Ceramic, Ceramic group; MMP-1, Matrix metalloprotein-

ase-1; MMP-3, Matrix metalloproteinase-3; TNF-α, Tumor necrosis factor alpha; IL-1α, Interleukin-1 

alpha; IL-1β, Interleukin-1 beta; HA, hyaluronic acid

*: p<0.05

grecan, IL-1 α, MMP-1, MMP-3, MMP-13, nor TNF-α
mRNA levels between the two groups.

Discussion

In the present study, we applied compressive / rotational

loads to cartilage using two different materials, Co-Cr

and alumina-based ceramic, under the same conditions.

It was shown that the Co-Cr induced a higher protein

level and mRNA expression in IL-1 β, as well as a higher

level of HA in the culture medium. Furthermore, mRNA

expression of type II collagen was significantly lower in

the Co-Cr group.

To our knowledge, this is the first report to compare

the biological effects on cartilage between Co-Cr and alu-

mina ceramic heads in direct articulation with cartilage.

Furthermore, we consider that the present study is valu-

able because we showed not only mRNA expression but

also protein levels of inflammatory cytokines. We did not

measure the protein levels of collagen and aggrecan be-

cause it is assumed that extra cellular matrix turnover is

very slow to detect the differences during the present ex-

perimental period.

IL-1 β plays an important role to activate osteoclasts,

lymphocytes, and monocytes. It has been reported that

bipolar prosthesis may cause osteolysis, i.e., stem loosen-

ing by polyethylene debris, among other factors17―19. Fur-

thermore, acetabular erosion has occurred by metal outer

heads postoperatively3,6―8,20. The release of metal ions and

debris can result in biological reactions such as osteolysis

and acetabular erosion21. In addition to these previous re-

ports, the present study showed that cartilage cells ex-

pressed IL-1 β in the early postoperative period. This

may indicate that not only wear particles of polyethyl-

ene, but also direct stimulation of the Co-Cr head against

cartilage will be destructive to the hip joint surface and

subchondral bone.

Type II collagen is the main component of joint carti-

lage. If the chondrocytes do not repair matrix macro-

molecular abnormalities, the tissue will deteriorate.

When the cells cannot restore the matrix, excessive loads

become exerted on the chondrocytes, and the tissue will

deteriorate. The present study showed that cartilage cells

expressed less type II collagen mRNA expression in the

Co-Cr group. This result also indicates a detrimental ef-

fect of Co-Cr heads to joint cartilage.

HA bonds non-covalently with aggrecan and link pro-
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tein. This supramacromolecular complex plays an impor-

tant role in maintaining cartilage function. HA release

from cartilage increases with the progression of osteoar-

thritis22―24. The present study showed that culture medium

from the Co-Cr group contained a higher amount of HA,

thus the cartilage was more damaged by the Co-Cr head.

This is in accordance with the results of Muller et al,

who reported that the frictional coefficient of ceramic

against fresh cadaveric acetabulum was lower compared

to metal25.

Limitations of the present study are the small sample

size and no evaluation of synovial tissue metabolism.

The synovial membrane is more susceptible to inflamma-

tory cytokines compared to cartilage tissue. It is assumed

that the detrimental effect of Co-Cr to the hip joint will

be more accelerated. The toxicity of Co and Cr ions is al-

ready known. However, we cannot comment on the in-

fluence because the concentration of metal ions was not

measured.

In conclusion, the ceramic bipolar head had only a

small detrimental effect on cartilage cell metabolism,

while larger damage was seen for Co-Cr heads. Thus, the

application of a ceramic bipolar might reduce Co-Cr

bipolar-related complications.
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