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Technical Considerations in

Total Knee Arthroplasty

r LAWRENCE D. DORR, M.D.. AND RICHARD A. BOIARDO, M.D...

Results with total knee arthroplasty as published time of the index arthroplasty. These variables
in this issue show few mechanical failures in knees include alignment of the extremity and pros-

correctly aligned. If the principles of technique are. .
respected, the narrow limits for margin of error can t?etIc com~onents, achl~vement of p.r~per soft
be met. To provide optimal results, the following tIssue and ligament tension, level of tIbial bone
measures are recommended. The tibia should be cut resection, and cement technique. If these vari-
no more than 5 mm from the medial subchondral abIes are optimized, mechanical failure sec-
bone, if the posterior cruciate Ii~ament is sa~rificed, ondary to component loosening will decrease.
and between 5 mm and 8 mm, If the postenor cru- 3 ..
ciate is saved. Fill a defect as necessary with bone Cov~ntry has. noted tha.t th~ most cntI~al
graft. The tibia should be cut 900 to its axis in the factor m preventIng loosenIng IS correct axial
medial-lateral plane and with 50 posterior tilt. alignment. Lotke and Eckerl4 have correlated
Maintain the anterior-posterior height of the femur good clinical results to good limb alignment.
to ensure flexion stability. Use the distal femur as In this study the level of proximal tibial bone
the "adjustment cut" even if the joint line is elevated. .' ..
If the posterior cruciate ligament tension is tight, resectIon and overall !eg and prosthetic .allgn-
lengthen the ligament or convert to a sacrificing de- ment were the most Important factors m the
sign. Deformity should be corrected with soft tissue prevention of loosening.4 Reviews of the
release and not angular bone cuts. The patella cut Geomedic, J 8 total condylar, II Duopatellar, 17
shou~d be performed. so th~t the result is.a sym- (ICLHTM),8 and University of California, Ir-
metncal patella that IS not Increased from ItS ana- .(UCITM ) 6 rt th t t. th ttomic height. If these principles are followed, the vme. ' .suppo e con en Ion a
instrumentation use and order of osteotomy of the malallgnment IS the number one cause of
distal femur or tibia do not matter. loosening.

, ! Malalignment causes failure of fixation be-
CONTROVERSIES IN TECHNIQUE cause of abnormal loading of bone. The sub-
S I .. fi . bl ffi .chondral bone of the tibia has been wholly or

evera slgm cant vana es a ectmg pros- rt. II d d . b t.
f...pa la y remove unng one prepara Ion 0

thetIc loosenIng come under the direct control th . I t.b. Th d I .
II.e proxima I la. e un er ymg cance ous

of the surgeon both preoperatlon and at the bone will therefore assume much higher loads

after total knee arthroplasty. Tolerance of this
.Consultant in Orthopaedics, Rancho Los Amigos cancellous bone for overload will be signifi-
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Many surgeons prefer to reference the me-
chanical axis for limb alignment. The me-
chanical axis is defined as a straight line joining
the center of the femoral head to the center of
the knee joint to the center of the ankle joint.
The mechanical axis has been shown to have
a 20_30 varus angulation rather than be a
straight line.9 The Porous Coated Anatomic
(PCA TM) Knee System advocates the use of a
30 varus tibial cut to reproduce the mechanical
axis and keep the joint parallel to the ground
during stance. All other knee systems have
tried to cut the tibia 900 to the axis of the bone

\ to prevent any tilt of the component. Pros-
~; thetic obliquity increases the shear forces on

;/;J the ceme~t-bone interface an~ can predispose

""] to loosenIng. Hungerford believes that pros-
""

~! ! thetic tilt will be present during stance and
gait if 30 varus is not cut into the tibia. Free-.

i man, Insall, Ranawat, and Sledge, among
-~-~~ ~~~J others, believe the knee can be parallel 10 the-

1 floor during gait with a 900 axial cut. Further
j controversy exists as to whether the tibia or
1 femur should be cut first to obtain ideal results.
I FIG. I. Asymmetrical loading seen on roentgen- These conflicting views confuse many sur-

ograms. The femoral component contacts only one d .11b d.
di, tibial plateau. geons an WI e Iscusse .

ii

I; PRINCIPLES OF TECHNIQUE
Ii high. The incidence of trabecular fractures
! may occur at a rate such that the bone cannot The principles of technique of total knee
I

[, maintain the same rate of healing. Failure re- arthroplasty are based on achieyement of
., sults at the bone-cement interface, with pos- proper alignment of the components and limb,

[ sible sinkage and subsidence of tibial com- stability of the knee, and satisfactory range of
.: ponent. The situation is further complicated motion for activities of daily living including
j in the presence of soft tissue imbalance so that stair-climbing and sitting-to-standing transfers.

":~! asymmetrical loading of the tibia is present Total knee arthroplasty is a precise operation
;;,;lj (Fig. I). because of the narrow limits for a satisfactory

I"c Attainment of proper lower extremity and result. Limb alignment must be between 30
'.[ 1, prosthet!c ali~n.ment is therefore essential. T~e and 90 of:algus, which means that one should

I anatomIc aXIS IS the angle formed by the axIs try to attam 50_70 of valgus to allow a 20 mar-

[
I'! of the femoral and tibial bones. Standing gin of error. The mechanical axis or the ana-

cfr " al~gnment of the lower. extremity varies sli~~y tomic. axis ca,n be used as a referenc~ for cor-
'I,," ': wIth somatotype, but IS defined by Kapandjl12 rect 11mb alignment. InstrumentatIon that
:'[t,., as 50_70 of valgus for the anatomic axis. Rec- provides for 50_70 of valgus will permit a good

" ' om mended anatomic axis for total knee ar- result.
';1, throplasty is 70 valgus by Kettelkamp and Alignment of the limb can be within satis-

'I Chao,13 60_90 by Insall,lo 30_70 valgus by factory limits when alignment of the compo-
i Lotke and Ecker,14 30_90 valgus by Dorr el nents is not. If 70 of limb valgus is achieved

"j a/.,4 and 30-100 valgus by Ewald el a/.7 with a 120 valgus femoral component and a
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50 varus tibial tray, the arthroplasty is not ideal. A 120 femoral valgus cut will not permit A

Ii ~-~ correct tracking of the extensor mechanism in
the trochlea. The patella will ride against or '.:..! j.;: :-.:::-
on the lateral runner of the femoral compo- T ~~:~y~~!
nent. The tibia should be within the limits of \ i ":i
20 valgus to 30 varus and the femur 50-80 1 "', ;;~;~:':""':\,

PCL'A 'I ',',valgus. Incorrect component placement may :',,;,~-:..,~,:, --
also result in instability. Excessive varus or j 'ijH:: ',;, valgus of the components or incorrect rota- : //l!

tional placement may cause asymmetrical :!t!.
loading and translational (side-to-side) sub- \ ,..- ~{U~'
luxation. ( ~.-

Instability is also a reflection of soft tissue ,;
balance, both medial-lateral and anterior-pos- " ;f'
terior. Soft tissue balance in extension can al- ! i

ways be achieved by cutting more distal femur
or proximal tibia and filling the space created
with the appropriate tibial plastic height. The
tension of the posterior structures and medial
collateral ligament will provide stability. --

However, improper or excessive bone cuts will --.
compromise ligament function in flexion. -

For soft tissue stability in flexion, the most
important factor is the maintenance of the
length of the medial collateral ligament to the
joint line (Fig. 2A). Correct medial collateral
ligament tension in flexion can only be present
if the height of the posterior condyles of the
femur are maintained (Fig. 2B). If the posterior 1 ~
condyles are removed, the medial collateral .'..
ligament becomes lax in flexion and both me- FIGS. 2A AND 2B. ~A) A normal ~nee illustrating
.."" the length of the medial collateral hgament (MCL).dlal-later~ and antenor-pos~enor st~blllt~ IS Note the length of the MCL from its femoral in-

compromIsed. If the posten or cruclate lIga- sertion to the joint line. (B) Excision of the bony
ment is sacrificed, the knee may sublux or dis- posterior femoral condyles at the time of arthro-

..locate. If the posterior cruciate ligament is plasty significantly shortens the radius of the MCL
saved, the knee may "hang" on the posterior to the joint line.

cruciate with asymmetrical loading and pos-
terior pain. .

.'" bone cuts make a dIfference? Does preserva-
FInally, range of motIon IS not optImal un- t. fth t .. t I. nt eq I'

re..o. ion 0 e pos enor crucla e 19ame r uless the patIent attaInS 105 of flexIon to per- . I .d t.. t h .
?...specla consl era Ions In ec mque.

mIt easy staIr descent and standIng from a
1 chair. Post.e~or tilt ofth~ tibia m~st be re~r?- TECHNIQUE AND SEQUENCE

duced. ThIs IS done by eIther cuttIng the tIbIa OF BONE CUTS
with a 50-100 posterior angulation or using a
tibial component with a posteriorly sloped Whether or not to cut the tibia first and use
tibial polyethylene. the distal femur as an adjustment cut or to cut

To achieve optimal results with alignment, the distal femur first and adjust with the tibia?
stability, and motion, does the sequence of This question is currently the focus of much

I -~-~-
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',\ cruciate ligament is saved, the femoral cuts
\, ' are done first to insure that the level of the

\: joint line is proper. The ligaments are depen-

dent on the femoral bone height because the

femur has the radii of curvature that allows

.-the knee to roll. The cruciate tension must not

be too tight (by lengthening the distal femur
or posterior femoral condyles) or the knee will

be stiff and painful; likewise, if excessive distal

or posterior femoral bone is removed, the knee
Elevated jOint line can be unstable because the joint line is ele-

r::; vated (Fig. 2).
f Although the great advantage of controlling

; , the depth of the femoral cuts is maintenance
! '. of correct ligament length to the joint line, the

i ' primary disadvantage is using the tibia as the

adjustment cut. With flexion contracture or

, 1 ~ :; ~: severe angular deformity, excessive tibial bone

may be sacrificed during balance of the flexion
FIG: 3. E.levated joint line caused by excision .of and extension space. Already described is the

excessIve. dIstal fe~oral bone, most co~monly In decreasing strength of the tibia distal to the
a knee with a flexIon contracture of 20 or more. b h d 1 b 2 19 d h .

1 fisu c on ra one,' an t e potentIa or

loosening caused by excessive tibial bone re-

d.. F h h ..moval.4 Iscusslon. urt ermore, tec mque IS some-
E h .

b 1 d h d h f..mp asls must e p ace on t e ept 0
what dIfferent dependIng on whether the pos-t .0

t I . t o d . fi d the tIbIal cut as the only drawback to Imtlally
enor crUCIa e Igamen IS save or sacn ce ...

Id II b t h Id b d od making all femoral cuts. No problem IS present
ea y, one cu s s ou e one to prOVI e . f .O Il . k 11 I ..0 h..~

I t " f th k Th .lone IS WI mg to ma e a cuts, ImItIng t e

a SUI lace rep acemen 0 e nee. IS ...

th d th fb d .tIbIa to no more than 8 mm of proxImal bone,

means e ep 0 one remove IS no more '
th th t I d . th t I I t . All and then balancIng the knee when necessary

an a rep ace WI me a or p as IC. ..9
bo t Idbed . d d tl th by recuttIng the dIstal femur. Hungerford has

ne cu s wou one m epen en y so at ..
0 I th ct t f b . ed suggested thIS solutIon. If the resultant eleva-

n y e corre amoun 0 one IS remov I h .

d I . t t " . t . II .tIon m Jomt me posItIon Increases t e tensIon
an Igamen ension IS ana omlca y mam- ...
ta"ned U fi rt t I d fi ' t fth b d on the postenor cruclate lIgament, he rec-

1 .n 0 una e y, e CI so e one an ".
a g I d fi .t. th t ' ft t ' ommends lengthenIng the lIgament. The au-

n u ar e orml Ies a requIre so Issue re- 0 0

i lease t th O "d I fi fit b .. 1 thors would prefer conversIon to a postenor
: preven IS 1 ea rom 0 en emg aval -, ." .
, bl Wh t t h . th .11 fi cruclate sacnficmg desIgn.
i a e. a ec mque en WI most 0 ten

provide predictable and reproducible results?
TIBIAL CUT

FEMORAL CuT Th "bO . h ' f 1 11e tI la IS t e site 0 a most a component

For optimal function with preservation of mechanical failure. For this reason, many sur-

the posterior cruciate ligament, maintenance geons believe this cut is inviolate. The tibial

of the length of the medial collateral ligament cut must avoid excessive varus and depth"

and the posterior cruciate ligament to the an- Furthermore, femoral bone is twice as strong
atomic joint line is critical. Therefore, bone as tibial bone,2 so that one sacrifices less

removal from the distal and posterior femoral strength of bone when using the femur as the

condyles must not be much more than that adjustment cut. If the posterior cruciate liga-
i replaced by the component. If the posterior ment is sacrificed, 5 mm or less of tibial bone

I
J,
i
i
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FIGS, 4A AND 4B, (A) Elevated joint line caused by removal of only 2-3 mm of bone and retention of
the posterior cruciate ligament (PCL). The space marked under the tibial component indicates the amount
of bone that should have been removed with PCL retention. The PCL is stretched and the knee may be
stiff and painful. (B) The correct level of tibial cut has been made to maintain the anatomic joint line. The
inset illustrates that 5-6 mm of bone resection when added to the normal 2-3 mm of articular cartilage
will allow a 7 or 8 m~ tibial tray to articulate at the joint line.

is all that ever needs to be removed. Cutting isfactory space is available for the tibial com-
the posterior cruciate ligament opens the flex- ponent. However, in a tight knee or one with
ion space an additional 3-4 mm, so that sat- a flexion contracture, more distal femoral bone

,._.U".",.,~"~ ., I" .J
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not corrected by deep tibial cuts. Do not cut !
the tibia at the bottom of a bony deficit to i
insure a flat surface. Control the level of tibial
cut and if the defect remains, treat the defect.
The authors recommend bone grafts (see ar-
ticle on bone grafts in this issue). Bartel et a/.J
suggest custom components, and Scott and
Walker have developed metal wedges.

Finally, little controversy remains about the
importance of a posterior tilt to the tibia for 1
good range of motion. Townley20 has advo-
cated cutting the tibia with an 80 posterior tilt.
Insall-Burstein have provided a 70 posterior

i FIG. 5. The patella is c~t symmetricall?" rides tilt in the tibial tray, so that a 90° anterior-
j centrally, and shows no evIdence ofloosemng. t . t . d E .th I d I' pos enor cu IS one. ven WI a s ope p as-
I tic, a ~light (2°) posterior tilt to the tibial cut
I will be re~oved t~a? is. repla~ed with me~, i~ s~ggested. This wi.ll in~ure that ~o. anterior

,;) ; thus elevatIng the Jomt lIne (FIg. 3). ElevatIon tilt IS created. Antenor tIlt of the tIbIa causes
.,..

'1~."f' of the joint line by I cm or more is not det- posterior wedging, which will prevent good
;r ': rimental if the cruciate is sacrificed.s flexion range of motion. If the posterior cru-
:7 ~I~ If the posterior cruciate is saved, the ~i~ia ciate ligament is saved ~nd anterior tilt is cre-
,,; ~,. must be cut deeply enough to keep the Jomt ated, severe loss of flexIon can occur. A pos-
, ,! line anatomic (Fig. 4). Therefore, to use a 7- teriorly angled cut does not endanger the ce-

, ! 8 mm component, at least 5-6 mm of bone ment-bone interface, as does a varus cut. The

I will be removed. If a flexion contracture is posterior bone is strong in the proximal tibia
'! present, an even deeper cut will be required and absorbs the applied load well. Further, be-
,,' to allow the tibia to be brought to full ex ten- cause the tibia has an anatomic posterior tilt,

sion: do not make this cut on the tibia, but minimal posterior bone is removed with a
rather return to the distal femur. posteriorly angled cut. The range of motion

The greatest technical controversy at this of total knees (using standard total condylar)
time is whether or not to cut the tibia 90° to improved from 90° flexion to 110° flexion by
its axis or with a 2°-3° varus cut. A 2°-3° simply using a 5°-100 posterior tilt.
varus cut does not adversely affect results. In
fact, reviews of total knee arthroplasty reveal PATELLA CUT

that in attempting a 90° cut the average result The most common cause of painful total
"c --is 2° of varus! This inability to consistently, knees is extensor mechanism imbalance and.
,.;.' precisely cut the desired angle is the danger of poor tracking of the patella. For this reason

j the 3° varus cut. Too often a 5° cut will result patellar bone preparation and tracking balanceI' and this amount of varus jeopa~dizes resu~ts. must be done with strict attention. to det~il.

Rand and Bryanl6 found that m attemptIng Two factors must be remembered m makIng
I to achieve 3°, the average cut was 4.5° varus, the patella cut.
! which left the limb aligned in less valgus than Firstly, the bone cut should produce a sym-

desired. The joint line will be parallel to the metrical patella (Fig. 5). To achieve this cut,
, floor with a 90° tibial cut and a 7° valgus fem- more bone is removed medially and centrally
I oral cut. For this reason, almost all total knee than from the lateral facet. A flat cut results

centers use a 90° tibial cut. with equal thickness (which can be confirmed
Ii An important factor in tibial bone prepa- by palpation) of the medial and lateral patella.
..ration is to limit the depth of the cut. This The incidence of tilting is minimized if an un-
/. means that deformities and bony deficits are even cut is avoided.

j
I
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