EFFECT OF HRAD MATERIAL AND SIZE; SERUM CONCENRATION, RECIRCUIATION, AND TEMPERATURE;
CYCLIC FREQUENCY;AND LOAD MAGNITUDE ON HEAD/LINER TEMPERATURES INAN ANATOMICAL HIP WEAR
SIMULATOR

*+Sdehi, A., Anthony, M., and Saer, W., Smith& Nephew, Inc., 1450 Books Road, Memphis, TN 38116, 9013962121, 901399-6020 (fax),
albraham.skehi@smithnephew.com

Relevance to Musculog&eletd Conditions: UHMWPE wear can ontribute
to clinical failure in total hip athroplasy (THA). Accuate in vitro

assessment of theear behavior ofTHA materiats and desigrs requires
careful development andvalidation of hip simdator test procedures.

Intr oduction: One test mndition which has a gtentially significant effect
on UHMWPE wear during hip simuator testing is headliner interface
temperature (i.e., frictiond heating).! Lu et al.,2 usirg a biacal rocking hip

simuator, have measued 32 mm ©Cr head / UHMWRPE liner interface
temperatues  increase from 43°C to 96°C by increasirg cyclic frequency
from 1Hz to 2 Hz. Basd on suchresuts they cautoned investigators about
the potential for thermd artifacts. Bagdon et d.® however, usirg a
fundanentdly different simdator, have measued this inceas to be from

41°C to only 45°C. It is suspcted that machie- and nethod-related

variables explain this dispaty. In this stug, a simuator similar to that used

by Bragdon et a.® was usd to further the uncerstandimy of the mary facors
which affect thermd conditions at tle headliner interface. In additon to the
effect of head maerial and gclic frequency investigated by Lu et a.? this
study aso investigated the effects of serum concentration, recirculation,

serum temperature, load manitude, and tead size

Methods: CoCr, Al;Os, and ZrO, femoral heads of varous szes were
matcted with commercially availade UHMWPE liners ard Ti-6Al-4V shdlls
(S&N Reflection). All statbns of a 12staton anatmicdly oriented hip
simuator (AMTI, Watertown, MA) were used. With a“cold” start, it took 4-

6 hours for the system to reach tlermd equilibrium. Thermocouples were
placed in eachlubricant eservoir, in the lubricart afew millimeters adjaent
to the ba® of each femora head, and 0.13 mnielow each femora head
surfa@ (“interface”). A one-peak load curve* and thee independent motion

waveforms (flex-ek IE, @-ad)>® were apdied to each &st assmbly.

Hyclone[d bovine cdf serum (Logan, UT) with sodium azide and EDTA was
used asthe lubricant. nstant onditions induded: 1) lab emp. 22C, 2)
max. hydradic oil temp. 43C, 3) load/notion waveforms, 4 specimen

orientation, and % lubricantvolume (500 ml). Variable conditions included:

1) serum mncentration (100%, 50%, and 0%, Idited with deionized water),

2) seum recirallation (on vs. off),3) seum coolait tenperaure (37°C vs.

20°C), 4) cyclic frequency (0.5, 1.0, 1.5, and 2.61z), 5) load manitude
(peak load 1111 N, 2223 N, 3335N, and 4446N), 6) head maeérial (CoCr,

Al20s, andZr0Oy), and § head ske(22 mm, 28 mm, and 32 mm

Results: Peak interface temperatures with Al,O3z heads were laver than for
CoCr and @Cr headswere lower than ZrO, as shown in Figure 1. Also

shown is tre trend for decreasirg temperatures with increasirg head size

Interface temperatures increased only slightly with increasirg load, as sbwn
in Figure2. Therewas a nodest inaeae in interface temperature from water

to 50% serum to 100% serum. The increase in interface temperature from 1
Hz to 2 Hz was $ight, especially for CoCr heads, similar to the AMTI

simulator results of Bragdon et %l. These temperatures increased when
tenpergure control and seum redrculation were turned off Fig. 3) which

could patially explain the resuts of Lu et a.> Whenthe seum was cooled
(buk serum temperatue from 37.5C to 29°C) and ecirculated, interface
temperatures decreased notably.

Discussion: Bergmannet a.” have usd in vitro dat& to estimae that _in
vivo peak interface temperatures duing walking with 232 mm CoCr head are

roughly 44.5C. This extrapolation assured tha the interface temperature

was only 1°C higher than at the neck location. For compaahle conditions,
the present study measued peak interface temperatures  be 7°C higher than
at the neck location which extrapolates o 50.5°C at the interface. Relevant
basline conditions in this stug (Fig. 1) resuted in a peak interface
temperature of 41.2°C, well below this maxinum value. This approachmay
be used to estabish target temperatures which should not be exceeded during

simuator wear testing. The matrial dependent temperature effects resut

from combined therma and frictond paraneters. Sgcifically, Lu, et d.° has
noted that tre therma conductvity of ZrO; is 7% of Al,O3 and 16%of CoCr.

In additon the friction coefficients for Al,03 and @Cr are 35% and 63%,
respectively, greater than ZrO,,°. This swgests that tk effect of a lower

thermd conductvity is patially offset by a reduced friction coefficient for

ZrOy. This stug indicatd that nunerous machie- and nethod-dependent

test parameters have significant ineracting effects on the therma conditions

present during simuator wear testing. For this reaon, we recommend that
hip simdator investigators cnduct their own measuements aml not rely on

theresuts of others, even if test conditions apgar similar.
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