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Few controversies in orthopaedic
surgery have been argued as fer-
vently or for as long as the debate
over the role of the posterior cruci-
ate ligament (PCL) in total knee
arthroplasty (TKA).  The excellent
long-term results of TKA per-
formed with use of cemented con-
dylar knee components of cruciate-
sacrificing, cruciate-substituting, and
cruciate-retaining implants ensures
that this debate will continue.1-3

Some in the orthopaedic communi-
ty have grown tired of the PCL con-
troversy and may feel that Òa
condylar knee is a condylar knee.Ó
Others have pursued the issue fur-
ther and have presented important
new data from the biomechanics,4,5

histology,6 and gait-analysis labora-
tories,7 the radiology suite,8 and the
operating room.9,10

A portion of the literature re-
garding the role of the PCL in TKA
has been framed inappropriately.

A number of earlier studies com-
pared cruciate-retaining knees with
cruciate-sacrificing total condylar
knees.  Although the cruciate-
sacrificing total condylar knee has
proved very durable, with a rate of
survivorship free of revision of
90.8% at 21 years, its developers
quickly recognized the limitations
of the design and moved to in-
crease range of motion, improve
stair-climbing ability, and prevent
posterior subluxation by introduc-
ing the concept of cruciate substitu-
tion, in the form of a post-and-cam
mechanism, with the posterior-
stabilized condylar knee in 1978.1

Since the introduction of the posterior-
stabilized design, few surgeons
have advocated routine sacrifice of
the PCL without prosthetic substi-
tution. 

This article will focus on the rela-
tive merits of the cruciate-retaining
and posterior-stabilized designs.

Each of the major areas of discus-
sion will contain a review of the
theoretical concerns and early clini-
cal data; a summary of the latest
research, with particular attention
to direct comparisons of cruciate-
retaining and posterior-stabilized
designs; and a look at areas of
agreement and future research
directions.

Historical Overview

Many present-day total knee im-
plants are derivations of the total
condylar prosthesis, which was in-
troduced in 1974.1 That device was
a cemented, cruciate-sacrificing, tri-
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Abstract

Since the introduction of condylar knee designs, total knee arthroplasty has
become a remarkably successful and durable procedure.  Improvements in
instrumentation systems, fixation, and patellar resurfacing have been widely
applied and have made total knee arthroplasty a reproducible procedure.  The
appropriate role for the posterior cruciate ligament in total knee arthroplasty,
however, continues to be debated.  Proponents of both cruciate substitution and
cruciate retention can point to excellent clinical and radiographic results in the
literature with knee designs of both types.  Recent research findings in the areas
of biomechanics, histology, and gait analysis, combined with refinements in
intraoperative technique, have further sharpened the focus of the posterior cruci-
ate ligament debate.
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compartmental prosthesis, with a
relatively conforming tibiofemoral
articulation.  The total condylar
prosthesis relied on soft-tissue bal-
ance in flexion and extension and
moderate conformity of the tibio-
femoral articulation for stability, as
the PCL is excised without substi-
tution.  In subsequent years, the
terms Òtotal condylarÓ and Òcondy-
larÓ have become generic terms for
any surface-replacement knee
design that accommodates patellar
resurfacing and includes a one-
piece tibial component with a cen-
tral stem or keel.

To improve range of motion and
stair-climbing ability and to pre-
vent posterior subluxation of the
tibia, the total condylar prosthesis
was modified to the posterior-
stabilized design in 1978.  The 
posterior-stabilized femoral com-
ponent incorporates a cam de-
signed to articulate with a central
polyethylene post arising from the
tibial component (Fig. 1).  This post-
and-cam mechanism acts as a func-
tional substitute for the PCL.  The
original total condylar and posterior-
stabilized tibial components were
all-polyethylene designs.  In late
1980, metal backing was added to
the tibial component, and by late
1981 the metal-backed tibial com-
ponent was exclusively used at the
Hospital for Special Surgery.  The
posterior-stabilized design was
subsequently modified to a modu-
lar posterior-stabilized design in
1987.  The tibiofemoral articulation
in both the posterior-stabilized and
the modular posterior-stabilized
designs has remained moderately
conforming in both the frontal and
sagittal planes.

Cruciate-retaining knee designs
of various types can be traced back
to the 1940s.  GunstonÕs work in
the 1960s with the polycentric knee
incorporated early attempts to pro-
mote femoral rollback and a mov-
ing instant center of rotation and

was designed to be inserted with
cement.  The Mayo Clinic experi-
ence with the bicondylar version of
the polycentric knee provided the
impetus for the development of the
geometric knee.  These early knee
designs were supplanted shortly
thereafter by condylar knee de-
signs, such as the duopatellar and
posterior-cruciate condylar im-
plants, which included an anterior
femoral flange for articulation with
a resurfaced patella.  Although the
posterior-cruciate condylar im-
plant maintained a moderately
conforming tibiofemoral articula-
tion, similar to that of the total
condylar implant, many of the sub-
sequent cruciate-retaining knee
designs did not.

The experience with the geomet-
ric knee, which retained the PCL
and was conforming in the sagittal
plane, suggested that so-called
kinematic conflict would occur in
flexion: the PCL tightens above 90
degrees, which encourages femoral
rollback, but because of the posterior
lip of the tibial component, the
femur rolls up this inclined plane,
leading to further tightening of the
PCL.  In an effort to promote more
normal knee kinematics, particular-
ly femoral rollback, cruciate-retaining
designs of the early 1980s moved
away from conformity at the tibio-
femoral articulation.  Relatively
high contact stresses resulted from
this lack of conformity, however,
and when these nonconforming
designs were coupled with thin
and heat-pressed polyethylene
inserts, reports of marked polyeth-
ylene wear with TKA emerged.

Through the late 1980s and early
1990s, polyethylene wear became
the predominant concern in both
hip and knee arthroplasty.  The
superior wear characteristics con-
ferred by moderate conformity in
both the coronal and sagittal planes
became recognized, and we have
witnessed the reemergence of mod-

erate conformity in conjunction
with cruciate-retaining knee de-
signs.  Advocates of cruciate-
retaining designs have chosen to
address the problem of kinematic
conflict by means of surgical tech-
nique, employing selective release
or recession of the PCL, rather than
through further changes in implant
design.

Kinematics

Earlier Thoughts and Data
Preservation of the PCL in TKA

has been proposed as a means to
reproduce more normal knee kine-
matics, preserve anatomic femoral
rollback, and increase knee range
of motion.2,3,10 In the normal knee,
femoral rollback moves the tibio-

Fig. 1 The introduction of a tibial post
designed to interact with a cam on the
femoral component has allowed the substi-
tution of PCL function and promotion of
rollback of the femur on the tibia in flexion.
Because of the design characteristics of this
interaction, the net vector of forces passes
distally, leading to compression at the bone-
cement-prosthesis interface.  (Adapted with
permission from Insall JN, Lachiewicz PF,
Burstein AH:  The posterior stabilized
condylar prosthesis: A modification of the
total condylar designÑTwo to four-year
clinical experience.  J Bone Joint Surg Am
1982;64:1317-1323.)
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femoral contact point posteriorly
and results in a 30% increase in the
quadriceps lever arm.  By increas-
ing quadriceps efficiency, femoral
rollback may improve the ability to
climb stairs.  On the basis of both
anatomic and theoretical models,
several investigators have stated
that femoral rollback will occur
with cruciate-retaining knee de-
signs.  Retention of the PCL has
also been advocated as a means of
preserving anterior tibiofemoral
contact during extension, which
may be important during the heel-
strike phase of gait.3

The kinematics of the posterior-
stabilized knee are predictable and
are dictated by the conforming
geometry of the tibiofemoral artic-
ulation and the interaction of the
tibial post and cam.

Newest Knowledge
Stiehl et al8 used fluoroscopy to

study the in vivo kinematics in 5
normal knees and 47 knees with
cruciate-retaining implants of five
different designs.  During a single-
stance deep knee bend, normal
kinematics were not reproduced in
any of the cruciate-retaining knees.
In contrast to the normal knee, 
cruciate-retaining TKAs demon-
strated a tibiofemoral contact point
that was posterior in extension and
translated anteriorly with knee
flexion.  While the normal knees in
that study demonstrated smooth
motion during the flexion cycle, the
cruciate-retaining TKAs had a dis-
continuous or ÒjerkyÓ motion.

A subsequent study by Dennis
et al11 also showed that cruciate-
retaining designs demonstrated
paradoxical anterior femoral trans-
lation with knee flexion.  Those
authors were concerned about the
role of this paradoxical femoral
translation in promoting premature
polyethylene wear in cruciate-
retaining implants (Fig. 2).  They
did note that posterior-stabilized

implants more closely replicated
normal knee kinematics, but that
neither cruciate-retaining nor 
posterior-stabilized designs fully
duplicated normal posterior fem-
oral rollback.

The biomechanical study of
Mahoney et al4 suggested that both
cruciate-retaining and posterior-
stabilized knee designs result in
less femoral rollback and less
quadriceps efficiency than occurs
in the normal knee.  In that study,
femoral rollback was decreased 
by 36% (P=0.004) with cruciate-
retaining designs and by 12%
(P=0.774) with posterior-stabilized
designs.  Extensor mechanism effi-
ciency declined by 15% (P=0.003)
and 12% (P=0.02), respectively.
Those authors were surprised by the
increased rollback of the posterior-
stabilized design relative to the
cruciate-retaining design and ex-
pressed disappointment with the
consistent loss of extensor mecha-
nism efficiency seen with cruciate-
retaining designs.

Current Consensus and
Controversy

Ritter et al12 and Scott and
Thornhill10 have emphasized the
role of partial PCL release or reces-
sion in achieving balance of the
PCL.  What role this technique, par-
ticularly in conjunction with more
conforming tibial inserts, will have
on the kinematics of the cruciate-
retaining knee remains unstudied.

Range of Motion

Earlier Thoughts and Data
A number of researchers have

evaluated the range of motion
obtained with various total knee
designs9,12-33 (Table 1).  The original
cruciate-sacrificing total condylar
design produced a mean maximum
flexion of 90 to 95 degrees, which is
near the theoretical limit for a knee

lacking femoral rollback.1,14-17 The
posterior-stabilized design with a
post-and-cam mechanism subse-
quently has allowed flexion to
improve to a mean of 105 to 115
degrees.9,21,22,25,26,34,35 Early results
with cruciate-retaining devices also
demonstrated an improvement
over the cruciate-sacrificing total
condylar design, with a mean max-
imum flexion of 100 to 110 de-
grees.2,9,29,33

Newest Knowledge
One prospective series of 242

TKAs compared cruciate-retaining,
cruciate-sacrificing, and posterior-
stabilized knee designs.9 The
knees with posterior-stabilized
implants in that study demonstrat-
ed a mean range of motion (112
degrees) that was significantly
greater than that obtained with the
cruciate-retaining (104 degrees)
and cruciate-sacrificing total con-
dylar (103 degrees) implants.  In
addition, the posterior-stabilized
knee group was the only group in
which the 95% confidence limit for
mean motion was above 90 de-
grees.

Fig. 2 Although preservation of the PCL
has been proposed as a means of promot-
ing femoral rollback in TKA, paradoxical
femoral roll-forward can be seen in this
cruciate-retaining knee.
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Table 1
Reported Range of Motion for Three Types of Total Knee Designs*

Good or
Total Knee Design No. of Flexion, Excellent
and Study Follow-up Design Knees degrees Results, % Survivorship

Cruciate-sacrificing
Hirsch et al9 2.7 yr Total condylar 77 103 . . . . . .
Font-Rodriguez et al13 Survivorship Total condylar 215 . . . . . . 91% at 21 yr
Goldberg et al14 9 yr Total condylar 109 101 64 . . .
Insall et al15 6.5 yr Total condylar 100 89 94 . . .
Ranawat16 5-10 yr Total condylar 100 96 91 . . .
Ranawat et al17 13.2 yr Total condylar 62 99 92 94% at 15 yr
Scuderi et al18 Survivorship Total condylar 224 . . . . . . 91% at 10 yr

and 15 yr

Cruciate-substituting
Aglietti et al19 5.5 yr Insall-Burstein 73 96 93 . . .
Emmerson et al20 12.7 yr Kinematic stabilizer 109 98 . . . 95% at 10 yr

87% at 13 yr
Font-Rodriguez et al13 Survivorship Insall-Burstein

All-polyethylene 265 . . . . . . 94% at 16 yr
Metal 2,036 . . . . . . 98 % at 14 yr

Hanssen and Rand21 3 yr Kinematic stabilizer 79 101 85 . . .
Hirsch et al9 2.7 yr Insall-Burstein II 85 112 . . . . . .
Insall et al22 2-4 yr Insall-Burstein 118 115 97 . . .
Insall et al23 3.5 yr Insall-Burstein 303 112 94 . . .
Rand and Ilstrup24 Survivorship Multiple designs . . . . . . . . . 97% at 5 yr
Ranawat et al25 4.8 yr Press-fit condylar 125 111 93 97% at 6 yr
Stern and Insall26 10 yr Insall-Burstein 289 . . . 86 94% at 13 yr

Cruciate-retaining
Dennis et al27 11 yr Cruciate condylar 42 104 92 . . .
Hirsch et al9 2.7 yr Press-fit condylar 80 104 . . . . . .
Lee et al28 9 yr Cruciate condylar 144 106 95 . . .
Malkani et al29 10 yr Kinematic condylar 119 105 87 96% at 10 yr
Rand30 10 yr Cruciate condylar 78 102 93 96% at 10 yr
Rand and Ilstrup24 Survivorship All with metal-

back tibias 3,907 . . . . . . 91% at 10 yr
Ritter et al12 1 yr minimum Anatomic graduated

PCL recessed 78 114 . . . . . .
PCL not recessed 82 107 . . . . . .

Ritter et al31 Survivorship Cruciate condylar 394 97% at 12 yr
Rosenberg et al32 3.5 yr Miller-Galante 116 105 88 6% revision rate
Scott and Thornhill10 2 to 7 yr Press-fit condylar

(PCL recessed) 100 112 . . . . . .
Weir et al33 12 yr Kinematic condylar 208 . . . . . . 92% at 10 yr

87% at 12 yr

*Ellipsis points indicate that data are not available.
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Recent attention has been given
to balancing or recessing the PCL in
cruciate-retaining TKA10,12 (Fig. 3).
Several large studies of cruciate-
retaining implants report mean
flexion of 110 to 115 degrees with
the use of recession techniques.10,12

Current Consensus and
Controversy

With careful attention to balance
of the flexion space, both cruciate-
retaining and posterior-stabilized
implants appear capable of reliably
producing mean maximum flexion
of 110 to 115 degrees.

Wear

Earlier Thoughts and Data
The cruciate-sacrificing total

condylar design employed a moder-
ately conforming tibiofemoral artic-
ulation, in part to confer a degree of
anteroposterior stability to the
implant.1 Early concerns with this
design focused on the increase in

shear force seen with sacrifice of the
PCL and the effect of shear and fric-
tional forces on the conforming
articulation and the prosthesis-bone
interface.  Most, but not all, cruciate-
retaining knee designs have utilized
less conforming articular geometries
(Fig. 4, A).  Designs that are Òflat on
flatÓ in the coronal plane are subject
to edge loading (Fig. 4, B).  Designs
that are relatively nonconforming in
the sagittal plane are subject to high
contact stresses.

Sagittal-plane conformity was
for some time thought to be ill
advised in conjunction with use of
cruciate-retaining designs.  The
concern was that curved or dished
tibial inserts would act as a re-
straint against femoral rollback and
result in kinematic conflict with
progressive tightening of the PCL
in flexion10 (Fig. 4, C).

Newest Knowledge
Most reports in the literature

regarding polyethylene wear in TKA
involve cruciate-retaining designs

with a flat-on-flat articulation, thin
tibial inserts, and/or heat-pressed
polyethylene.36,37 Overtightening of
the PCL at the time of arthroplasty
has also been implicated as the cause
of marked posteromedial polyethyl-
ene wear in cruciate-retaining
knees.36 Most advocates of cruciate-
retaining designs now emphasize
intraoperative techniques to balance
the PCL and specifically to avoid
overtightening of the ligament.2,10,12

Total knee designs that retain the
PCL but employ a moderately con-
forming articular geometry, as seen
in the posterior-cruciate condylar
design, have had few problems with
excessive polyethylene wear.2,3

Polyethylene wear has not proved to
be a major clinical problem when
moderately conforming articular sur-
faces are combined with a posterior-
stabilized knee design.25,34

Current Consensus and
Controversy

The concept of cruciate-supple-
menting TKA employing relatively

Fig. 3 A, An excessively tight PCL can be demonstrated intraoperatively by the tendency of a stemless tibial trial component to Òbook
openÓ with knee flexion.  B, When this occurs, most authors recommend that the PCL be balanced or be recessed if it is to be retained.
Recession can be carried out by serially sectioning PCL fibers from their insertion on the tibia.  C, Much of the PCL attaches distal to the
articular surface and will remain in continuity with the joint capsule.  (Adapted with permission from Insall JA, Windsor RE, Scott WN,
Kelly MA, Aglietti P (eds):  Surgery of the Knee, 2nd ed.  New York: Churchill-Livingstone, 1993, vol 2, p 753.)

A B C

Tight PCL PCL
released
from tibia

PCL remains
attached to
posterior
capsule

PCL remains
attached to

posterior
capsule
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conforming tibial inserts and poste-
rior cruciate recession has been
advanced.10 Excellent range of
motion and good early results have
been reported with that technique.
With 10 to 14 years of follow-up,
the excellent wear characteristics of
a moderately conforming tibial
insert coupled with a posterior-
stabilized device have been con-
firmed.34

Loosening

Earlier Thoughts and Data
It has been postulated that reten-

tion of the PCL can relieve stress
from the cement-bone-prosthesis
interface.  The intact PCL can resist
shear stresses that may be particu-
larly harmful to the prosthesis inter-
face.  While the cruciate-sacrificing
total condylar prosthesis did not
demonstrate major problems with

aseptic loosening, the designers of
the posterior-stabilized knee were
nonetheless pleased when biome-
chanical testing revealed that the
post-and-cam mechanism resulted
in net compressive forces being
directed toward the tibial shaft.1

Newest Knowledge
Aseptic loosening of cemented

condylar knees of cruciate-retain-
ing, cruciate-sacrificing, and poste-
rior-stabilized designs is a rare
phenomenon at follow-up intervals
of 15 years and more.1 With use of
a cemented, metal-backed tibial
component, the original posterior-
stabilized prosthesis has demon-
strated 14-year survivorship of
98.1%.  Ritter et al12 reported a
96.8% 12-year survival for cement-
ed posterior-cruciate condylar
implants with an all-polyethylene
tibial component.  Malkani et al29

noted a 96% 10-year survivorship

with the cruciate-retaining kine-
matic condylar prosthesis with a
metal-backed tibia.

Current Consensus and
Controversy

At 10 to 15 years of follow-up,
there is little in the literature to sug-
gest a clinical difference in the dura-
bility of the bone-cement-prosthesis
interface between cruciate-retaining
and posterior-stabilized designs in-
serted with cement.

Proprioception and “Feel”

Earlier Thoughts and Data
Mechanoreceptors have long

been known to exist in the anterior
cruciate ligament and the PCL.  It has
been suggested that maintenance
of the PCL may provide better
proprioception after TKA.  Re-
ports that unicondylar knee ar-

Flat
contact

area

Dished
contact

area

Curved on curved

Curved on flat

Flat on flat

Kinematic
conflict

A B C

Fig. 4 A, The moderately conforming dished articulation provides a much greater contact area and hence lower contact stresses on the
polyethylene surface.  B, The more conforming articulations have larger contact areas and lower peak stresses at the polyethylene inter-
face.  In regard to coronal plane geometry, curved-on-curved articulations provide the best contact conditions, and curved-on-flat designs
provide the worst.  The flat-on-flat articulation provides a large contact area but is subject to problems from edge loading during twisting
and leaning movements, which load one side of the joint or the other.  C, Kinematic conflict may occur when the PCL is retained in con-
junction with a conforming, dished tibial component.  As the knee moves into flexion, impingement of the femur against the tibia occurs
posteriorly, leading to tightening of the PCL.  Tightening of the PCL would normally promote femoral rollback but is impeded by the pos-
terior lip of the tibial component.  (Adapted with permission from Insall JA, Windsor RE, Scott WN, Kelly MA, Aglietti P (eds):  Surgery of
the Knee, 2nd ed.  New York: Churchill-Livingstone, 1993, vol 2, pp 677-718.)
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throplasties have a more normal
feeling to patients than TKAs have
also appeared.  Similarly, it has
been suggested that cruciate-
retaining knees may feel subjec-
tively better to patients than de-
signs that sacrifice or substitute
for the PCL.

Newest Knowledge
It appears that the degree of pre-

operative degenerative arthritis is
an important determinant of joint
proprioception.  Neurologic degen-
eration has been identified within
the PCL of arthritic patients, and
Kleinbart et al6 were able to sepa-
rate out age-related changes by
comparing PCLs from arthritic
knees and from age-matched con-
trol specimens.  Those authors
found a statistically significant dif-
ference in the magnitude of degen-
erative changes between the ar-
thritic and control groups.  Warren
et al38 observed that an improve-
ment in proprioception occurred
after TKA with either a cruciate-
retaining or a posterior-stabilized
design.  Those authors found that
knees with cruciate-retaining im-
plants had a greater degree of im-
provement.  Another recent study
correlated the degree of preopera-
tive arthritis with postoperative
proprioceptive skills and found
that posterior-stabilized knees per-
formed significantly better than
cruciate-retaining knees when the
degree of preoperative arthritis
was severe.39

Becker et al40 compared bilateral
paired cruciate-retaining and pos-
terior-stabilized knees for clinical
function and found no significant
advantage of one design over the
other.  When asked to express a
preference, half of the patients in
that series were unable to select
one knee over the other.  The re-
maining patients were equally di-
vided between those who preferred
the cruciate-retaining knee and

those who preferred the posterior-
stabilized knee.

Current Consensus and
Controversy

The current literature does not sup-
port a marked advantage for either
cruciate-retaining or posterior-
stabilized knee designs in regard to
patientsÕ subjective preferences.
Current tests for proprioception are
unable to consistently demonstrate
better proprioceptive abilities after
implantation of one design or the
other.

Gait Analysis

Earlier Thoughts and Data
The gait studies of Andriacchi

and his colleagues have been influ-
ential in their demonstration that pa-
tients with cruciate-sacrificing total
condylar or posterior-stabilized
implants employed a forward lean
of the body during stair climbing.41

This posture was distinctly differ-
ent from that used by patients with
normal knees and those in whom a
cruciate-retaining knee had been
implanted.  This was thought to
reflect relative quadriceps ineffi-
ciency from the loss of femoral roll-
back when the PCL was not re-
tained.  With all knee designs,
those authors also demonstrated
gait abnormalities in level walking
that included a shorter stride
length, reduced midstance flexion,
and abnormal patterns of flexion
and extension moments at the
knee.

Newest Knowledge
Wilson et al7 studied 16 patients

with posterior-stabilized knees and
compared them with 32 age-
matched control subjects on the
basis of the results of comprehen-
sive gait analysis and isokinetic
muscle testing.  In contrast to
AndriacchiÕs studies,41 no significant

differences were noted between the
posterior-stabilized knees and nor-
mal knees in regard to spatiotempo-
ral gait variables.  No differences in
knee range of motion during stair
climbing or in isokinetic muscle
strength were found in the posterior-
stabilized knees and the normal
knees.  When compared with histor-
ical controls, the posterior-stabilized
design was judged to be equivalent
to the cruciate-retaining design and
was superior to the cruciate-sacrific-
ing total condylar design.

Current Consensus and
Controversy

Better stair-climbing ability has
long been attributed to cruciate-
retaining knees.  The analysis of
Wilson et al7 calls this into ques-
tion.  The preliminary results of a
bilateral matched study of cruciate-
retaining and posterior-stabilized
knees, utilizing the same compre-
hensive gait analysis and isokinetic
strength testing, suggest no differ-
ence in gait or stair-climbing ability
between cruciate-retaining and
posterior-stabilized knee designs
(Peter D. McCann, MD, oral com-
munication, June 1997).

Correction of Deformity

Earlier Thoughts and Data
Some proponents of cruciate-

retaining knee designs have noted
that it is possible to correct fixed
varus, valgus, and flexion deformi-
ties while still retaining the PCL.12,42

Other authors, including some who
have routinely utilized cruciate-
retaining designs, have reported
that correction of marked fixed
deformities and subsequent medial
and lateral ligamentous balance can
be hindered by PCL retention.2,3

Advocates of posterior-stabilized
designs believe that excision of the
PCL makes the ligamentous balanc-
ing of all knees technically easier.1
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Newest Knowledge
Laskin43 has reported on a group

of patients with a preoperative
varus deformity of at least 15
degrees who subsequently under-
went TKA.  At the 10-year follow-
up, the 65 knees with a cruciate-
retaining implant had more pain,
an increase in radiolucencies be-
neath the prosthesis, a decrease in
the final range of motion, and
decreased survivorship when com-
pared with 50 knees with posterior-
stabilized implants.

Ritter et al12 stressed the need to
recess the PCL when a cruciate-
retaining implant is used for pa-
tients with a fixed varus or valgus
deformity.  When PCL recession
was employed routinely, those
authors found no difference in the
results obtained with cruciate-
retaining implants in patients with
fixed preoperative deformity and
in those without preoperative
deformity.

Current Consensus and
Controversy

In the knee with a marked fixed
angular deformity, retention of the
PCL is technically possible but cer-
tainly makes subsequent ligament
balancing more demanding than if
the PCL had been removed and a
posterior-stabilized implant had
been utilized.2,3,42,43 If the surgeon
chooses to utilize a cruciate-retaining
implant to correct a fixed deformity,
recession of the PCL appears to be
necessary to appropriately balance
the knee in flexion and extension.12

Bone Loss

Earlier Thoughts and Data
To accommodate the post-and-

cam mechanism, the posterior-
stabilized implant requires bone
resection from the intercondylar
region of the femur.  Concern has
been expressed that the loss of this

intercondylar bone may lead to fur-
ther bone deficiency at the time of
revision TKA.

Newest Knowledge
Mintzer et al44 have demonstrat-

ed that pronounced stress shielding
occurs beneath the anterior femoral
flange irrespective of component
design.  This suggests that what-
ever bone remains in the notch
region of the cruciate-retaining
knee is of poor quality.  Because
most surgeons choose a posterior-
stabilized knee for the typical revi-
sion TKA, the bone loss from the
notch is most often inconsequential.

Current Consensus and
Controversy

To our knowledge, no studies
have suggested inferior results at the
time of revision TKA because of
intercondylar femoral bone loss
from the use of a posterior-stabilized
implant at the time of the primary
arthroplasty.  Modular metal aug-
mentation wedges, stems, and
blocks have greatly facilitated the
management of bone deficiency in
TKA.

Stability

Earlier Thoughts and Data
Activities of daily living place a

high level of demand on the PCL.
The cruciate-sacrificing total con-
dylar implant used a relatively con-
forming articular geometry and
careful balancing of the flexion and
extension spaces to achieve stability.
That conformity transfers much of
the force to the bone-cement inter-
face beneath the implant.  Because
the PCL is present in 99% of knees
undergoing TKA, designers of cru-
ciate-retaining implants have
sought to unload forces from the
implant interface and have them
shared with the intact PCL.  By
employing less conforming articu-

lar geometries, however, particu-
larly as the knee is flexed, cruciate-
retaining implants require an intact
PCL to prevent posterior subluxa-
tion.

Posterior-stabilized designs pro-
vide a passive restraint against pos-
terior instability.  Without appro-
priate balance of the flexion and
extension gaps, however, the un-
common but disconcerting prob-
lem of dislocation with the posterior-
stabilized knee is possible.1  Closed
reduction and bracing have been
recommended as the initial treat-
ment for posterior dislocation of a
posterior-stabilized TKA.  Re-
current dislocations may necessi-
tate revision surgery.

Newest Knowledge
Several recent biomechanical

studies have suggested that a nor-
mal strain pattern in the PCL is dif-
ficult to achieve after implantation
of a cruciate-retaining implant.  In
eight knees, Incavo et al5 found
that the PCL was too tight in three
and too loose in three.  Mahoney et
al4 tested eight knees with implants
of several different designs and
found that overtightening of the
PCL occurred frequently and led to
loss of flexion or ligament failure in
cruciate-retaining knees.

In neither of those studies was
an attempt made to recess the PCL.
Several authors have employed
PCL recession to avoid overtight-
ening of the ligament.  Ritter et al12

specifically noted no problems
with late rupture or instability with
this technique.  However, delayed
rupture of the PCL and an unbal-
anced flexion space, leading to
symptomatic flexion instability
after cruciate-retaining TKA, have
been reported by Pagnano et al45

and Laskin.43

A number of case reports in the
literature have served to highlight
concerns about posterior disloca-
tion with the posterior-stabilized
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knee.  In several recent large series
of posterior-stabilized TKAs, poste-
rior dislocation was reported in 2%
to 2.6% of cases, and further revi-
sion surgery was carried out in
0.6% to 0.8% of cases.25,34 Changes
in the configuration of the post-
and-cam mechanism, however,
have further reduced the incidence
of postarthroplasty knee disloca-
tion.1,25,34 Since the tibial spine was
elevated in one of those designs,
there have been no cases of disloca-
tion in more than 500 TKAs that
have been followed up for more
than 2 years.25

Current Consensus and
Controversy

To avoid overtightening of the
PCL, particularly in conjunction
with tibial inserts that are relatively
conforming in the sagittal plane,
balance or recession of the PCL
appears necessary.  While clinical
results have been excellent, the reli-
ability and reproducibility of the
technique of PCL recession has not
been established in the biomechan-
ics laboratory.  Balance of the flex-
ion gap in both cruciate-retaining
and posterior-stabilized knees is
important for good TKA function.
Furthermore, in the posterior-
stabilized knee, it is necessary to
avoid the possibility of dislocation.

The Patella and Joint Line

Earlier Thoughts and Data
In the original posterior-stabilized

knee design, there were patellar
complications, including fractures,
in as many as 11.5% of knees.46 A
portion of these patellar complica-
tions included the so-called patel-
lar clunk syndrome.26 In that dis-
order, a prominent fibrous nodule
develops at the proximal pole of
the patella.  As the knee is flexed,
that nodule can become captured
in the intercondylar notch of the

femoral component.  With subse-
quent extension of the knee, the
nodule pops out of the intercondy-
lar notch, resulting in the clunking
sensation.  Malpositioning of the
patellar component, particularly
proximal overhang of the button,
can predispose to a patellar clunk.
Conservative treatment typically
is unsuccessful in eliminating
patellar clunk syndrome.  Arthro-
scopic debridement of the fibrous
nodule has been recommended in
cases in which malpositioning of
the patellar component is not pres-
ent.47

The level of the prosthetic joint
line should be restored close to its
preoperative position.  Joint-line
preservation is more important for
cruciate-retaining knee designs
because the PCL must be appropri-
ately balanced to achieve a good
range of motion postoperatively.48

In posterior-stabilized designs, the
joint line may be elevated as much
as 10 mm without clinically signifi-
cant effects on knee range of
motion or patellofemoral func-
tion.46

Total knee arthroplasty in the
postpatellectomy patient can be
complicated by instability, residual
anterior knee pain, and less satis-
factory results.  Early reports sug-
gested that a hinged knee design
was most appropriate for the post-
patellectomy patient.49

Newest Knowledge
After identification of patello-

femoral problems, including the
patellar clunk, the femoral compo-
nent of the original posterior-
stabilized prosthesis was modified.
Those modifications reduced the
incidence of patellofemoral compli-
cations in knees with the posterior-
stabilized design to 3%.46 That rate
of complications is similar to the
rates of patellofemoral problems
reported in large series of cruciate-
retaining TKAs.29,33

The authors of several recent
studies have reported satisfactory
results with nonhinged knee de-
signs in postpatellectomy patients.
One study was a retrospective,
matched-control analysis of the
results of 22 TKAs performed after
a previous patellectomy.50 Nine of
the patients had undergone inser-
tion of a posterior-stabilized pros-
thesis, and 13 had undergone inser-
tion of a cruciate-retaining implant.
The authors of that study conclud-
ed that TKA produced good results
in selected patients with a prior pa-
tellectomy.  The use of a posterior-
stabilized prosthesis provided 
predictably good results in regard
to pain relief and function in pa-
tients who had undergone a patel-
lectomy for patellar fracture.  The
cruciate-retaining prosthesis pro-
vided less predictable results than
the posterior-stabilized prosthesis
in regard to overall function post-
operatively.

Another recent report detailed
the results of 22 primary TKAs in
patients who had undergone a
prior patellectomy.51 In that series,
four types of prostheses were im-
planted.  Those patients who had
received a posterior-stabilized
prosthesis had better scores for
pain and function than did the
patients with a cruciate-sacrificing
total condylar implant (P<0.01).

Current Consensus and
Controversy

Patellofemoral complications
continue to compromise the results
of 3% to 5% of TKAs performed
with both cruciate-retaining and
posterior-stabilized designs.  There
appears to be no clear advantage of
one design class over the other in
minimizing either the incidence or
severity of patellofemoral compli-
cations.  Restoration of the preoper-
ative joint-line position appears to
be more important when a cruciate-
retaining prosthesis is employed.
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Joint-line elevation by as much as
10 mm may be relatively well toler-
ated in conjunction with a posterior-
stabilized implant.

Total knee arthroplasty in the
well-selected patient with a prior
patellectomy can give satisfactory
results.  Particular attention to soft-
tissue balance in flexion is impor-
tant to avoid postoperative insta-
bility and can make possible the
use of a minimally constrained im-
plant of either a cruciate-retaining
or posterior-stabilized design.  The
posterior-stabilized prosthesis,
however, may yield more pre-
dictably reliable results in regard
to pain relief and function in the
postpatellectomy patient.

Young or Active Patients

Earlier Thoughts and Data
In part because of concerns that

the disappointing results of ce-
mented total hip arthroplasty in the
young patient would be replicated
in the knee, most surgeons have
been slow to expand the indica-
tions for TKA beyond the elderly
or rheumatoid arthritic patient.
Concerns about the possibility of
aseptic loosening, both from the
increased stresses at the bone-
cement-prosthesis interface and
from wear debris in the young,
active patient, have been ex-
pressed.

Some authors have suggested
that the benefits of PCL retention
would be most evident in the
young patient.  Several studies
reported in the mid-1980s noted
good to excellent results for 95% of
young (<55 years of age) patients

with cruciate-retaining or cruciate-
sacrificing total condylar knees at 3
to 5 years of follow-up.  Those
studies included only small num-
bers of patients with osteoarthrosis
or posttraumatic arthrosis (4% to
16%), and most of the patients had
a preoperative diagnosis of rheu-
matoid arthritis.

Newest Knowledge
A recent report highlights the

role of TKA in the younger patient
with degenerative arthrosis.  In
that report, Diduch et al35 present-
ed data on 103 of 114 posterior-
stabilized TKAs in patients under
55 years of age (range, 21 to 54
years; mean age, 51 years) at an
average 8-year follow-up.  Poly-
ethylene wear, osteolysis, and loos-
ening were not major problems for
this group of relatively young,
active patients in whom a moder-
ately conforming, cemented, poste-
rior-stabilized knee design was em-
ployed.  This finding is particularly
interesting because 24% of the
patients reported regular participa-
tion in tennis, skiing, biking, or
heavy farm or construction work.

Current Consensus and
Controversy

When nonoperative manage-
ment has failed, the young patient
with osteoarthrosis appears to be
an acceptable candidate for ce-
mented, posterior-stabilized knee
replacement.  The available data do
not allow us to comment further on
the role of cruciate-retaining
designs in this patient population.
Total knee arthroplasty in the
young active patient should still be
undertaken with caution.

Summary

Early claims that retention of the
PCL in TKA would allow better
range of motion, better joint stabili-
ty, more normal gait, and enhanced
prosthetic longevity compared with
PCL-substituting knee designs have
not been supported by subsequent
clinical and basic science research.
The range of motion after TKA
averages 115 degrees with both
posterior-stabilized designs and
cruciate-retaining designs coupled
with the technique of PCL reces-
sion.  In regard to stability after
TKA, neither the cruciate-retaining
nor the posterior-stabilized design
provides any inherent varus-valgus
stability.

In the anteroposterior plane, the
rare problem of dislocation with 
the posterior-stabilized design is
matched by the problem of late PCL
rupture and subsequent flexion
instability in the cruciate-retaining
knee.  Recent gait analysis and iso-
kinetic muscle testing studies do
not support a difference between
posterior-stabilized and cruciate-
retaining knees in regard to spa-
tiotemporal gait variables, knee
range of motion during stair climb-
ing, or isokinetic muscle strength.
Prosthetic longevity has been well
established: the posterior-stabilized
design with a metal-backed tibial
component has demonstrated a 14-
year survivorship of greater than
98%; the cruciate-retaining condylar
implant with an all-polyethylene
tibia has shown a 12-year survival
rate of 97%; and the cruciate-retain-
ing kinematic design with a metal-
backed tibia has a reported 10-year
survival rate of 96%.
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