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T-lymphocytes are not necessary for particulate 
polyethylene-induced macrophage recruitment 
Histologic studies of the rat tibia 

Stuart Goodmanfi2, Jian-Sheng Wang', Donald Regula3 and Per Aspenberg' 

Immunological processes involving T-lymphocytes 
have been implicated in the mechanisms of aseptic 
loosening of joint endoprostheses. We report the his- 
tological reaction of bone to phagocytosable parti- 
cles of high-density polyethylene (HDPE) in normal 
and T-cell deficient rats. A bolus of 3 x 10' polyethy- 
lene particles averaging 4.7 pm in size, mixed in 0.1 
mL of sodium hyaluronate, was injected into the right 
proximal tibia of 10 normal and 10 T-cell deficient 
(nude) Rowett rats from the same litter. The left con- 
trol side was injected with sodium hyaluronate alone. 
The animals were killed after 6 weeks. Transverse 

paraffin-embedded sections stained with hematox- 
ylin and eosin were made of the implant area. 

On the control side, there was normal bone mar- 
row without evidence of foreign body reaction. On 
the HDPE side, in both normal and T-cell deficient 
rats, macrophages were found to surround and 
engulf the particles, with no differences in the histo- 
logical reactions. W e  conclude that T-lymphocytes 
are not necessary for the recruitment of macro- 
phages to sites in which phagocytosable particles of 
HDPE have been implanted. 
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The tissue surrounding loose cemented and cementless 
arthroplasty components is a pseudomembrane con- 
taining macrophages, foreign body giant cells and 
lymphocytes in a fibrous stroma (Bullough 1973, Wil- 
lert and Semlitsch 1977, Mirra et al. 1982, Goldring et 
al. 1983). Particulate polymeric and metallic debris are 
also frequent findings. Whether immunological pro- 
cesses participate in this response is controversial. 
Santavirta et al. (1991, 1992) provided no histological 
evidence of activation of the immune system when 
examining the tissue interface surrounding revised 
uncemented acetabular cups. However, Lalor et al. 
( 1990, 199 I ,  1992) implicated the presence of a Type 
IV, delayed hypersensitivity reaction to titanium 
debris in the tissues surrounding failed titanium alloy 
components in humans. Goodman et al. (1992) noted 
the presence of both macrophages and T-lymphocytes 
at the interface between cemented and cementless, 
loose and well-fixed hip and knee components under- 
going revision. Furthermore, these cells expressed the 
mRNA sequences for cytokines and growth factors 
that can modulate the growth, proliferation, and diffe- 
rentiation of cells in  the immune system and the mon- 
ocyte/macrophage system, as well as mediate the 

remodeling of bone and other mesenchymal tissues 
(Huie et al. 1993). 

Particles of polyethylene, similar to wear debris 
produced from arthroplasty components, have been 
shown to produce a foreign body and chronic inflam- 
matory response when implanted in animals (Good- 
man et al. 1988, 1990, Howie et al. 1988). Whether T- 
lymphocytes are necessary for the recruitment of for- 
eign body cells to the site of implantation of polyethy- 
lene debris is unknown. In this study we attempt to 
answer this question by implanting small phagocytos- 
able polyethylene particles in  normal and T-cell defi- 
cient rats. 

Material and methods 

Polyethylene particles 
The generation of particles of ultra-high n~olecular 
weight polyethylene (UHMWPE), the material cur- 
rently used for endoprostheses, is difficult. Recently 
this was accomplished by using an attrition technique, 
yielding fractions of different densities and with crys- 
talline and amorphous phases (Leigh et al 1992). 
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Figure 1. Normal rat specimen. The medullary cavity contains 
marrow cells and bone. The positively birefringent polyethylene 
particles are surrounded and engulfed by macrophages. HE, 
x200. 

These UHMWPE particles have not yet been fully 
characterized, and are not for general distribution to 
orthopedic researchers. We obtained small phagocy- 
tosable particles of high-density polyethylene (HDPE) 
(Shamrock Technologies. Newark, NJ, U.S.A.); this 
material is similar to UHMWPE, but is slightly more 
dense and has a lower molecular weight. The particles 
were produced by a proprietary technique, and were 
reported to be 100 percent pure and highly crystalline 
with a specific gravity of 0.95. The particles were 
globular shaped and averaged 4.7 f 2.1 pn (mean f 
standard deviation), using scanning electron micros- 
COPY. 

Surgery 
10 normal rats and 10 T-cell deficient (nude) Rowett 
rats, 6 weeks of age were used in the study. Each 
group of rats was bred at the Wallenberg Laboratories 
in Lund and derived from the same litters. After induc- 
tion of general anesthesia, both limbs were shaved and 
painted with a chlorhexidene solution. All the animals 
underwent the same procedure. A 0.6-mm needle and 
a 1-mL syringe were used to aspirate approximately 
0.1 mL of marrow contents by percutaneously pene- 
trating the medial cortex of the proximal tibia immedi- 
ately below the growth plate. Thereafter, 0.1 mL of 
1 % sodium hyaluronate (Healon, Kabi Pharmacia, 
Uppsala, Sweden) was injected into the left control 
tibia and on the contralateral right side, 0.1 mL of 
Healon containing 3 x lo7 particles of HDPE were 
injected. 6 weeks later, the rats were killed by a barbit- 
urate overdose. The proximal tibias were isolated, 
decalcified in Parengy’s solution, embedded in paraf- 
fin, and multiple, 6 p, transverse sections were cut 
and stained with hematoxylin and eosin. These sec- 
tions were examined with a light microscope, using 
both transmitted and polarized light. 

Figure 2. T-cell deficient (nude) rat specimen. Note that macro- 
phages are seen in a relation to the positively birefringent poly- 
ethylene particles similar to that in the normal rats. HE, x200. 

3 of the normal rats died immediately post-opera- 
tively due to an anesthetic overdose. 2 of the T-cell 
deficient rats died 4 weeks postoperatively. 2 of the 
normal rats were therefore killed at this time for com- 
parison. The remaining animals survived without com- 
plications. 

Results 

The tibias from the rats that died immediately postop- 
eratively demonstrated localized implantation sites in 
the proximal tibia, with minimal leakage in the sur- 
rounding tissues. The control side contained localized 
areas that stained light pink and were devoid of cells, 
consistent with sodium hyaluronate, intermingled with 
normal appearing marrow cells. The right side con- 
tained positively birefringent HDPE particles inter- 
mingled with normal marrow cells. No acute or 
chronic inflammatory or foreign body reactions were 
identified. 

After 4 and 6 weeks, the control tibias contained 
normal marrow cells with a few small localized zones 
of fibrinous-like, pink staining material. These areas 
were surrounded by normal marrow cells. HDPE- 
implanted tibias contained positively birefringent par- 
ticles surrounded and engulfed by numerous macro- 
phages (Figure I). Normal marrow constituents were 
contained in the surrounding bone cavity. 

The T-cell deficient rat tibias implanted with Hea- 
lon or HDPE particles were indistinguishable from 
their counterparts in the normal rats (Figures 2 and 3). 
Lymphocytes were present in the surrounding marrow. 
Specifically, the macrophage reaction seen in areas 
containing HDPE particles in the nude rats was similar 
to the reaction seen in the normal rats. 
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Figure 3. T-cell deficient (nude) rat specimen. The cytoplasm of 
macrophages surrounds the positively birefringent polyethylene 
particles, which indent and deform the nuclei. HE, ~1000. 

Discussion 

This study has shown that T-lymphocytes are not nec- 
essary for the recruitment and accumulation of macro- 
phages and foreign body giant cells and subsequent 
phagocytosis of HDPE particles in the rat. Jeranik et  
al. (1993) have recently provided evidence that T- and 
B-lymphocytes as well as N K  cells (activated killer 
cells) are not necessary for macrophage accumulation 
to an area implanted with polymethylmethacrylate par- 
ticles. Our study was performed before their study was 
reported and confirms that macrophages are not 
dependent on T-lymphocytes for their initial recruit- 
ment to the implantation of particles of HDPE. 

Are T-lymphocytes important to the process of 
aseptic loosening? Previous studies by our group using 
immunohistochemistry and in situ hybridization have 
noted greater numbers of total T-lymphocytes, cyto- 
toxic/suppressor T-lymphocytes and helper T-lympho- 
cytes, as well as macrophages surrounding loose, 
cemented arthroplasties with osteolysis, than from 
those without osteolysis (Huie et al. 1993). Further- 
more, the levels of IL-6, TGW,  TNF, and PDGF were 
greater in the membranes from the former compared to 
the latter group. It is well established that lymphokines 
play a critical role in modulating the release of inflam- 
matory mediators from macrophages that are asso- 
ciated with the resorption of bone (Unanue and Allen 
1987, Johnston 1988, Renz et al. 1989). In this respect, 
other factors may be important, including patient char- 
acteristics, the nature of the materials used in the 
arthroplasty, the exposure time to these materials, and 
whether interfacial motion was present. Studies by 
Lalor et al. (1990, 1991, 1992) have suggested that at 
least some of these factors are important when consid- 
ering orthopedic implants. 
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