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Summary. Clinical studies have shown that second- réalisée par bourrage traditionnel au doigt et par in-
generation femoral cementing techniques at total hipsertion au pistolet. La porosité des enveloppes en ci-
replacement result in a superior fixation of the femo-ment a été quantifée par I'analyse d'image informa-
ral stem. In an effort to determine what benefits fur-tisées. La technique de bourrage au doigt provoque
ther developments in cementing techniques wouldles ponches d’air plus importantes causant I'appari-
provide, we compared the morphology of the cemention de larges pores dans la substance de I'enveloppe
mantles produced by traditional finger-packing and en ciment, la technique d’insertion au pistolet ne pro-
gun-insertion techniques. The porosity of the cementoque aucune formation de pores individuals équiva-
mantles was quantified using computerised imagdents d’'un diametre supérieur a 3 mm. La porosité
analysis. The finger-packing technique caused largenoyenne des enveloppes en ciment insérées au doigt
air inclusions that resulted in large pores in the sub-atteint 8.3%, celle des enveloppes insérées au pistolet
stance of the cement mantle, whereas the cement-gwelevant a 1.7%. L'emploi d’'un pistolet & ciment a
technique did not result in any individual pore with réduit de maniére considérable la porosité des envel-
an equivalent diameter greater than 3 mm. The meaippes fémorales en cimeii®=0.02). Il est probable
porosity of cement mantles prepared using the fingerque ce phénomeéne explique l'accroissement de la
insertion technique was 8.3%, whereas the mean posurvie des prothéses femorales insérées a l'aide des
rosity in gun-prepared mantles was 1.7%. The use ofechniques de deuxieme génération. On ne s’attend
a cement gun significantly reduced the porosity ofpas a ce qu’un accroissement supplémentaire de la
femoral cement mantle$£0.02). Reduction of de- réduction de la porosité de I'enveloppe en ciment
fects in the substance of the cement mantle may aaboutisse a une amélioration clinique aussi radicale
count for the increased survival of femoral prosthesesu niveau de la fixation des prothéses.

inserted when second-generation techniques were
used. Further reduction of the porosity of the cement

mantle could not be expected to produce as dramatic

a clinical improvement in prosthesis fixation. Introduction

Résumé.Les études clinique ont montré que la pra- Mechanical failure of the cement mantle is one of a
tique des techniques de cimentation fémorale de deiumber of factors implicated in the loosening of ce-
uxieme génération au niveau du remplacement totainented femoral components of total hip arthropla-
de la hanche aboutissent une meilleure fixation de lssties. Carlsson [2] pointed out that deficiencies in
tige fémorale. Afin de déterminer quels seraient legshe technique of inserting polymethylmetacrylate
avantages préséntes par de nouveaux progres dans (PMMA) bone cement into the femur may result in
domaine de ces techniques de cimentation, nous avdailure of fixation. Charnley [3] initially described a
compare la morphologie des enveloppes en cimenechnique of packing cement into the femoral medul-
lary canal using two fingers. Subsequently, “second
Reprint requests tod. Rice, Department of Orthopaedic Sur- g€neration femoral cementing techniques” were de-
gery, Cappagh Orthopaedic Hospital, Finglas, Dublin 11,Scribed that involved the use of an intramedullary
Ireland; e-mail jjrice@iol.i» plug [11] and the anterograde insertion of PMMA
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with a cement gun [5]. Clinicalvedence has shan
that this tetinique is associed with impoved long-
term fixation of the Emowal component [1, 10]. Since
then, vays to futher impove the stength of the ce
ment mantle hae been pposed using \acuum mix
ing [16] and centfugation [13]. The issue of wether
these deelopments thiainvolve an incease in oper
tion time and rpense will impove the posthesis
suwival is a méer for debae [15]. In an #empt to
adopt a sensib policy on femoal cementingthe au
thors examined the mahology of cement mantles
produced ly fingerpaking and gun-ins¢ion ted-
niques in a laoratory model.

Materials and methods

The model of agamed and plggd human ximal fenur
consisted of aydindrical nylon tube 10 cm long and 2 cm in
diameter There was a saw on-off cap a the distal endindi-
vidual mixes of Simplg AKZ (Howmedica Intenaional)
bone cement wre used dér the &peiiment. This cement \&s
mixed in a glass bal with a metal spala & room tempea
ture for 1 min. The cement w&s allaved to cue for a futher 3
min to facilitate ease of handling andaw then intnduced into
the model €murs using one of ta tedniques.

Finger pa&ing of cement s caried out in the manner
descibed ty Chanley [3]. This was atieved by holding the
bolus of PMMA @ainst the open end of theg/lon tube and
pading it in by pushing an intsducing fnger into the lumen
of the tube six times per specimen. Rgtade gun injection of
cement vas abieved by rolling a cement bolus into an loimg
shae to load it into a cement gun ins@dowmedica Intena
tional) and injecting the cement into the modaidir using a
cement gun. fie cement spius to wha was equired to fll
the model émurs was olled into a sphecal shae in the mix
ing bowl and lept as a contl specimen.

Two types of specimensese pioduced br eatr cementing
technique Ten cement ylinders were produced or ead of
these telniques Wy filling the model &murs with bone cement
and allaving it cure.

Twenty futher model énurs had PMMA similaly intro-
duced befre a steel model of @&fmorl stem vas inseted in
to the cementilfed tube All specimens wre alloved to cue
ovemight in a vater bah a 35°C. The cued cement as then
extracted fom the rylon tubes using a mbanical pess, and
the femoml stems wre removed using a mallet and pumc
The bone cement specimens and aulatnere sectioned along
a longtudinal diameter using a bemcsav. The cut surices
were polished in a standafashion using a metallgical pot
ishing mabine (200- and 800+¢g size). A Hack cellulose
spray paint (Simoniz Interaional, England) \as gplied to
the polished sueftes. Tis spay paint stained the solid sad
es and ifled the wids opening onto this sade When the
paint had ded, the cut suidces vere ajain polished toemove
spray paint fom the solid sugces. Tie spay paint emained
in the poes and thusepresented them adauk areas gainst
the white surfice of the bone cementigs. 1, 2).

The aea of poes on the cut suates vas measwd using
computeised imaye anaysis (NIH Imaye). The surhce vas
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Fig. 1. This photagraph shaevs longtudinal sections tlough
cement glinders and a contl specimen with p@s epresernt
ed as dds areas using the staining tatique This shavs laige
pores in the ihgerprepared specimen and a uaifn distibu-
tion of smaller pags in the gun-mpared and contl speci
mens

Fig. 2. The cement mantle dm the inger-paking tedinique
is on top and shws laige poes in its substancdhe gun-pe-
pared mantle has oth smaller dedcts within its substance

Results
Contmols

Sections though 16 conwtl specimens (i§. 1)

shoved small poes scetered unibrmly throughout
the cut sudice The mean equalent diameter of
these pogs was 0.2 mm, and the st wvas 2.5 mm.
The aerage density of the pas was 35 poes per
cm?. The total sudce aea of wid associted with

these specimens had a mealue of 2.8% @nge

0.9-3.8%).

scanned using a Umax T630 vista scanner with the detection

level of pixels for the poes set 870 (in a full Back-and-white
range of 0-265 leels). The resolution of the scanning as
measued to be 10um. The anasis was caried out using
macios within NIH Imaye, and this etumed the nmber of
pores, the indiidual poe diameterand the aga of the indiid-
ual poes. The total poosity (aea of poes/aea of cut sudce)
and the pae density (mmber of poes/aea of cut sudce)
were calculgéed from this déa.

Finger-pading tetinique

The cut surdces of cementytinders piepared using
the inger-paking tedinique (Fg. 1) had an\&erage
of 30.1% of the sudce occupied Yo pores (ange
24.5 to 36.2). e hulk of this popsity was accounted
for by three to bur lage poes per specimen hich
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Table 1. Summay of expeiimental
results

Contmwols

Finger-prepared glinders
Finger-prepared mantles
Gun-pepared glinders

Gun-pepard mantles

Total poosity Pore siz Pore density
mean (ange)/% (equivalent (pores/cn?)
diameter) mean (ange)
mean (ange)/mm
2.8 0.2 35.0
(0.9-3.8) (0.05-2.5) (24.6-43.4)
30.1 2.2 26.4
(24.5-36.2) (0.05-22.0) (22.1-34.4)
8.3 0.5 48.4
(4.2-12.8) (0.05-7.9) (29.3-59.0)
34 0.3 35.9
(2.8-4.0) (0.07-4.1) (28.3-43.2)
1.7 0.2 39.7
(1.3-3.5) (0.06-2.3) (27.1-47.7)

measued up to 315 mé Large poes were also ob
served when a stem as intoduced into the modeéf
murs tha were piepared by the fngerpading ted-
nique (Fg. 2). The mean total swate poosity of
these cement mantlesaw/8.3% @nge 4.2-12.8%).

Cement-gun intduction tebnique

A longitudinal section thsugh the ten cemenylin-
ders which were prepared using the cement-gun-in
troduction tebnique had a suate with an een dis
tribution of poes with a mean equalent diameter of
0.3 mm thoughout the length of the specimengeT
cement mantles kich resulted fom this tebnique
had a similar een distibution of poes of similar sie
throughout their lengths.he total poosity on the cut
mantle surfice had a mearalue of 1.7%. Tis was
significantly less than the posity of the mantles as
socided with the ihgerintroduction tebnique

shoved tha on average, 29% of the arvss-sectional
area of the cement mantleaw occupied ¥ pores.
Our stug shaws thd the use of a cement guesults
in a cement mantle with a mean psity of 1.7% of
the cut surdice aea. The density of pas and the to
tal pore aea is not signi€antly different in the gun-
prepared mantles and the coatrspecimens, thich
suggests tha this residual poosity occus duing
mixing and poymeiisaion of PMMA.

Pores in the substance of PMMAVebeen shen
to signifcantly increase ad formation and mehan
ical failure under gclical loading in the Inoratory.
Mechanical studiesypJames etl. [6] and Dpoleski
etal. [14] shaved tha cradks radiged out fom poes
when PMMA was gclically loaded and thalarger
pores were a moe signifcant souce of cading. It is
easily appreciaed tha large poes as demonstied in
the fngerpadked specimens in this stydwould
cause signi€ant weakness undeiyclical physiologi-
cal loading The reduction of sulc lage poes in the

(P=0.02) vhen a tvo-sample Student t-test assuming cement mantle maaccount ér the impovement in

unequal arance vas g@plied The mean p@ siz

was not diferent betveen the tw groups and the
control specimens. fiere were no poes with an
equialent diameter igaer than 3.0 mm in the ee
ment gun mantels, lmereas poes of this sie and
greder accounteddr 6% of the total pasity in the
fingerprepared mantles.

Discussion

This laboratory studs shavs thd a fingerpadking
technique esults in substantial pes in the émoal
cement mantleAir appeas to be tapped betwen the
folds of bone cement and tist into the medullgr
canal duing this tetinique br cement inseion.
Much of the air tapped within the cement column in
the femoml canal is dispeed vhen the cement is
compessed ding the intoduction of the émoal
stem, lut signiicant air po&ets pesist within the e-
sulting cement mantléPores within a column ofa
dio-opaque cementauld not be obious on tvo-di-
mensional adiographs. A stug of cementeddmoial
componentsatrieved post mdem Ly Jasty etal. [8]

suwvival of the Emoml stem as obseed by Mulroy
etal. [10] and Barad etal. [1]. Futher innaations
in femoml cementing tdmiques thaseek to futher
reduce parsity cannot be>pected to prduce sul
dramdic clinical results.

The use of a staining and milling tetdque to
guantify popsity in bone cement haseuiously been
descibed by Wixon [16]. This method povides a
two-dimenstional @presenttion of poosity thiough a
random section of PMMA aines etl. [7] relaes the
fatigue behgiour of PMMA to the two-dimensional
porosity tha was measwd using a similar témique
The ealy expeiimentdion in this stug tha the quan
tification of poosity using computésed imae anal
ysis deends on the ngmification of the surdice be
ing anaysed and on the Vel of geyscale detection.
In this stug the manification problem was wer
come ly calibrating the scanned inges @ainst a cal
ibrated steel lmck and using these settingerfthe
bone cement specimenshd geyscale setting @as
selected based on a comipan with poe measue-
ments made under a light misicope ér a 1-cm ar-
ea of bone cement [12].h€ intepretaion and com
patison of poosity of bone cement in other studies
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using this type of angéis should taé& account of
these warables.

The tiaditional fnger-padking tednique br intro-
ducing bone cement is still gtised | a minoity of
sulgeons br total hip eplacement [9]. Tis stugy
suggests thathis tedinique esults in the indasion of
large air po&ets within the cement mantléhe ted-
nique nust be futher citicised for introducing ood
and bone pdicles into the cement in a similar man
ner duing the opegtion. We theefore recommend
the use of a cement guarfPMMA introduction into
the emouml intramedullay canal.

Condusion

The use of a cement guasults in a camdic reduc
tion in poes within the substance of the cement man
tle when compagd to fnger-padking tediniques. This
factor mg provide a signiicant contibution to the
obseved dinical difference in the long-ten suwival

of femoml components her cement &s inseted
using a cement gunrather than k fingerpading.
Further eforts to educe pawsity cannot bexpected

to have sud profound dinical results.
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