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Preface

This monograph represents an attempt to
come to grips with the specific problems which
have surfaced after a decade of experience in
total knee arthroplasty. The authors who have
contributed their expertise for the individual
chapters have participated in the development
and evaluation of the solutions which this at-
tempt has produced. In the title, Total Knee
Arthroplasty: A Comprehensive Approach, we
have not intended to convey the impression of
an encyclopaedic approach. We have called upon
each author to present, on the basis of extensive
experience, his personal methods, with the rea-
sons for his selections from the number of alter-
natives available.

This monograph could as well be entitled
“One Way to Do and Handle the Problems of
Total Knee Arthroplasty.” To that extent, it is

a systematic coverage of all the multitudinous
problems surrounding the replacement of this
complex articulation. Other investigators have
developed other solutions and no attempt has
been made to survey all of the prostheses and
technical measures available except to build
upon the failures of the past. It is in fact these
tailures, individual and collective, which have
provided the stimulus for our efforts. Undoubt-
edly, the next decade will prove where these
solutions are correct and where further improve-
ment is necessary.

David S. Hungerford, M.D.
Kenneth A. Krackow, M.D.
Robert V. Kenna
Baltimore, Marvland 1982
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CHAPTER 1

History and Evolution of Total
Knee Replacement

Lee H. Riley, Jr., M.D., and
William L. Healy Iil, M.D.

Total knee arthroplasty as practiced in 1983
is a product of 120 years of development of
biomechanical concepts, prosthetic materials,
and surgical techniques. Although the course of
this development is long, the history of success-
ful total knee arthroplasty is relatively short.
We are, however, at a point in the evolution of
total knee arthroplasty where success can be
predicted with a high degree of certainty.

Stability, mobility and freedom from pain are
the requirements of a normal knee. Successful
knee arthrodesis satisfies two of these require-
ments—stability and freedom from pain. How-
ever a fused knee is by definition immobile, and
it is not an acceptable treatment for all patients
in this era. Nevertheless, arthrodesis provides
consistent and predictable results, and it is es-
sential to compare the results of knee arthro-
plasty to those that can be achieved with arthro-
desis.

To the best of our knowledge resection of
contiguous articular surfaces of the knee—re-
section arthroplasty was the first form of knee
arthroplasty. In 1861 Ferguson reported a knee
resection following which the patient was said
to be functioning in a satisfactory fashion 5
vears later (12). Following this procedure the
patient’s knee may have been mobile, relatively
painless, and not completely unstable, but the
knee certainly would not be expected to meet
the demands of daily living in our modern soci-
ety.

Interpositional arthroplasty was first investi-
gated in 1863 when Verneuil (45) used flaps of
joint capsule to cover resected articular surfaces.
Other autogenous tissue transplants interposed
between joint surfaces in the knee include: fat
and fascia lata (1, 36), fascia lata (38), prepatella
bursa tissue (8), and skin (6). Campbell (8)
reported success utilizing fascial interposition in
ankylosed knees, but this procedure was less

successful in the treatment of other types of
knee disease. Other materials used in interposi-
tional arthroplasty include: chromicized pig
bladder (4), cellophane (41), and nylon (25).
However, the results of all methods of interpo-
sitional arthroplasty were not sufficiently satis-
factory to replace arthrodesis as the initial sur-
gical treatment for the patient with a severely
diseased knee.

Hemiarthroplasty of the knee was introduced
in 1938, when a metallic mold of the distal femur
designed by Dr. Harold Boyd was used by Har-
old Boyd and Willis Campbell (5, 9). Their work
was stimulated by Smith-Peterson’s recently re-
ported experiences with mold arthroplasty of
the hip (44). Smith-Peterson reported his expe-
rience with mold arthroplasty of the distal femur
in 1950 (23). A medullary stem was added to
Smith-Peterson’s initial femoral mold by a
group at the Massachusetts General Hospital
(MGH) which included Jones, Aufranc, and
Kermond, who reported results achieved with
this implant in 1967. They noted 41% good
results and 37% poor results in 78 patients (23).
In 1969 Platt and Pepplar (37) reported encour-
aging results noted after a 10-year evaluation of
patients treated with their metallic distal femo-
ral mold. It was similar to the MGH prosthesis,
but it did not have a medullary stem.

Hemiarthroplasty of the tibial plateau was
first performed by Kiaer Jansen, who used a
proximal tibial prosthesis made of acrylic (28).
In the late 1950s McKeever (34) began using a
metal tibial plateau replacement, and in 1966
Maclntosh (38) reported his experience with a
metal tibial plateau. The early experiences with
hemiarthroplasty of the knee were not suffi-
ciently successful to encourage most orthopaedic
surgeons to abandon arthrodesis as the surgical
treatment for destroyed knees. Components fre-
quently failed due to loosening, and the unal-



2 TOTAL KNEE ARTHROPLASTY

tered joint surfaces continued to be a source of

pain. In 1957 Walldius (46) reviewed the results
of 896 knee hemiarthroplasties reported in the
literature between 1941 and 1953. A successful
result was achieved in only 46% of those patients
even by the most generous of criteria.

Total knee replacement, or simultaneous re-
placement of both femoral and tibial articular
surfaces, began in the late 1950s with hinged or
constrained total knee units. Although Judet,
Judet, and Crepin (24) designed an experimental
hinged prosthesis made of acrylic in 1947, and
Magnoni (27) reported the successful use of a
hinged total knee unit in 1949, Walldius was the
first to achieve significant clinical success utiliz-
ing a hinged knee replacement unit. Walldius
inserted his first acrylic hinged prosthesis in
1951, but by 1958 he was using a metal hinged
unit, and he has reported success with that unit
(47). Modifications of the Walldius hinged total
knee were used by Seddon (2), Jackson-Burrows
(2), Shires (43), McKee (32), and Young (50).
The indications for hinged total knee arthro-
plasty that evolved during that era included far
advanced degenerative joint disease, rheumatoid
arthritis, reconstruction following tumor resec-
tion, and post traumatic changes. Although
more successful in patients with sedentary life
styles, and associated with a significant failure
rate, hinged total knee arthroplasty offered an
alternative to arthrodesis in a few carefully se-
lected patients by 1960.

Constrained total knee units that have
evolved during the past 20 years include the
Guepar (49), spherocentric (31), Sheehan (42),
and Attenborough (3), of which only the Guepar
is a true hinge. The Guepar prosthesis was de-
veloped by a group of orthopaedic surgeons in
Europe and was first used in 1970. Flexion to
130° is permitted as a result of a posterior offset
hinge. A polyethylene bumper was provided to
absorb shock when the unit locked in extension,
although subsequent arthroscopic studies have
suggested its effectiveness as a shock absorber
was lost after 6 months of use. Another advan-
tage to the Guepar was that it could be inserted
with a sacrifice of only 2 ¢m of bone in the event
that salvage arthrodesis became necessary. In
our experience with the fixed, hinged total knee
units, the Guepar has provided the most satis-
factory results in that small group of carefully
selected patients in whom a fully constrained
unit is indicated. The spherocentric knee was
designed by Matthews and Kaufer with a ball
and socket joint to allow triaxial motion. Their
goal was to provide the stability of a hinged unit

and yet to permit greater motion, thus shielding
the bone-acrylic interface from rotational forces
by dissipating them at the joint surface (31).

The evolution of total knee arthroplasty pro-
gressed quickly in the early 1970s with the ver-
ification of several principles upon which sue-
cessful total replacement of the hip depended.
These principles were: 1) Prosthetic materials
can be fixed to bone with methylmethacrylate
which provides a satisfactory interface for long
periods of time. 2) The bone-acrylic interface
can tolerate reasonable forces associated with
activities of daily living. 3) Materials such as
stainless steel, chrome-cobalt alloys, and high
density polyethylene are acceptable materials
from which to fashion total joint units, and they
and their breakdown products are well tolerated
in the body (10, 33). Acceptance of these prin-
ciples and dissatisfaction with hinged prostheses
led to the development of the nonhinged or
unconstrained total knee units.

The first nonhinged total knee was designed
and used by Dr. Frank Gunston in 1968 while
working with John Charnley in Wrightington,
England. Gunston’s design included the concept
of low friction arthroplasty with a metal femoral
component and a high density polyethylene
tibial component fixed to bone with polymeth-
ylmethacrylate. The unit was minimally con-
strained, retaining the cruciate and collateral
ligaments, and it required minimal bone resec-
tion in the event salvage arthrodesis was neces-
sary. A significant design aspect of Gunston’s
unit was its capacity for polycentric motion sim-
ilar to that found in the normal human knee. In
addition to flexion and extension in the sagittal
plane, abduction and adduction in the coronal
plane, and internal and external rotation about
a transverse axis were permitted. Gunston was
the first investigator to apply these biomechan-
ical principles of the normal knee to knee pros-
thesis design (17). Bryan and Peterson (7) uti-
lized Gunston's polycentric unit at the Mayo
Clinic and reported good results with its use in
1973.

Freeman and Swanson developed a nonhinged
knee unit at the London Hospital and the Im-
perial College of London which Freeman has
used successfully since 1970 (15, 16). The geo-
metric total knee unit developed by Coventry,
Riley, Upshaw, Finerman and Turner was first
used in 1971 (11). The geometric knee unit
retained the anterior and posterior cruciate lig-
aments (if present) and the collateral ligaments.
It had the capacity to allow for correction of
moderate varus, valgus, and flexion deformities
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at the time of insertion; but did not allow resur-
facing of the patellofemoral joint. The geometric
unit was widely used in the early 1970s with
encouraging results. Other units developed dur-
ing the early 1970s include the Marmor modular
knee (29, 30), the UCI knee (48), the uni-con-
dylar knee (20, 22), and the duo-condylar knee
(20, 39).

The total condylar knee unit developed at the
Hospital for Special Surgery was the first widely
used nonhinged unit to permit resurfacing of the
patellofemoral joint and to sacrifice the cruciate
ligaments (21). Stability was maintained by
deepening the tibial cups and by altering the
thickness of the tibial component in order to
maintain tension in the collateral ligaments and
joint capsule throughout the arc of motion. It
has been widely used in the United States and
abroad since the mid 1970s.

By 1975 it became apparent that there was a
significant advantage to decreasing forces at the
bone-acrylic interface and to increasing motion
of the knee. In order to achieve these goals and
maintain a stable joint, total knee units were
designed which used the collateral ligaments,
the posterior cruciate ligament and the joint
capsule for stabilization (40). These soft tissue
biologic restraints permitted an increased are of
flexion and absorbed forces which would other-
wise be transmitted to the bone-acrylic inter-
face. In an attempt to further increase flexion
and to allow greater rotation, separate right and
left femoral components were designed with pro-
gressively decreasing radii of rotation as is found
in the normal femoral condyles.

The first unit designed in accordance with
this principle was the anametric total knee (13,
26). The design features upon which it was based
had several advantages, which included in-
creased flexion and increased rotation and glid-
ing motions of the tibiofemoral articulation. The
design also decreased posterior stresses during
flexion, which permitted ligamentous structures
to restrain limits of motion, and therefore reduce
forces which would otherwise be transmitted to
the bone-acrylic junction. Other units that in-
clude these principles are the RMC, Townley,
Kinematic and PCA knees (18, 19).

Most nonhinged total knee units available at
this time provide metal-backed high density
polyethylene tibial units. Many feel that this
design feature will provide more diffuse force
transfer to the bone-acrylic interface and will be
associated with less interface breakdown than
would be noted if metal backed units were not
utilized.

The importance of accurate and reproducible
surgical techniques for total knee arthroplasty
has been recently emphasized by Hungerford,
Krackow, and Kenna (18, 19). There is no doubt
that the quality of results achieved for the pa-
tient is to a large extent dependent upon the
accuracy of implant insertion. The Universal
Instrumentation System developed by Kenna,
Hungerford and Krackow assists the surgeon in
achieving the goal of accurate and reproducible
implant insertion. The importance of proper
cementing technique to achieve a stable bone-
acrylic interface has been emphasized by Miller
(35). Proper cementing technique should de-
crease the incidence of bone-acrylic interface
breakdown and when combined with accurate
placement of prosthetic units, it should result in
a marked improvement in the quality and lon-
gevity of results that can be achieved with non-
hinged total knee arthroplasty.

An exciting new development in total knee
arthroplasty involves the fixation of the pros-
thetic components to bone without acrylic-bone
cement. Freeman has utilized press-fit fixation
techniques and finned polyethylene pegs to
eliminate the use of acrylic (14). Kenna and
Hungerford have developed the PCA knee which
is porous coated to allow bony ingrowth into the
interstices of the porous coated metal. Ideally
this creates a true bone to prosthesis interlock.
Clinical experience is limited, but use of this
system to date is encouraging (18, 19).

The current state of the art of total knee
arthroplasty suggests that the principles and
materials of low friction arthroplasty can be well
applied to the knee; that the nonhinged prosthe-
ses which are designed to mimic the normal knee
and utilize biological, rather than mechanical,
restraints to motion will be associated with fa-
vorable results; that polymethylmethacrylate
can effectively fix the prosthetic components to
bone, but porous coated units may make its use
unnecessary for many patients in the near fu-
ture; and that patient selection and surgical
technique continue to be important variables for
successful results. The indications for total knee
arthroplasty have become reasonably simple and
straightforward. Contraindications include: sep-
sis, insufficent bone stock, fixed deformity
which cannot be corrected, and obesity. How-
ever, all contraindications are relative and they
must be considered in relation to individual
patients and specific prostheses. All total knee
units will fail if they are submitted to stresses
greater than those which they were designed to
accommodate.
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After 120 years of development, total knee

arthroplasty must be considered an acceptable
alternative to arthrodesis, and will provide for
many patients a stable, painless and moveable
knee for many years.
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CHAPTER 2

Anatomy and Kinematics of the

Normal Knee

Kenneth A. Krackow, M.D., and
David S. Hungerford, M.D.

INTRODUCTION

This chapter presents aspects of the anatomy
and kinematics of the knee as they specifically
relate to total knee arthroplasty. It is not in-
tended to be an encyclopedic presentation re-
placing various anatomy texts or other articles
on these topics. In fact, it is suggested that this
material be read while simultaneously reviewing
a standard anatomy text or atlas (2, 3). The
anatomic features are discussed as they relate to
surgical exposure, and as they define certain
features of rotational alignment. In addition,
structures involved in soft tissue balancing when
correcting varus or valgus deformity are dis-
cussed, and the implications of extraordinary
bone cuts on subsequent ligament balance are
addressed. Last, the fine details of normal joint
contours are presented followed by descriptions
of the complex kinematic patterns of the normal
bone.

SURGICAL EXPOSURE

The satisfactory vascularity of the skin over
the knee provides several options regarding ini-
tial incision. Planning must include considera-
tion of prior incisions as well as the extent of
exposure necessary for handling any unusual
deformity. Since lymphatic drainage of the an-
terior aspect of the knee has been shown to
proceed principally toward the medial aspect (4),
more extreme median parapatellar incisions
may be expected to interrupt more of the medial
lymphatic drainage and, thereby, predispose to
flap edema over the patella. In addition, one
must note the expected locations of major cu-
taneous branches from the saphenous nerve as
these course from medial to central over the
anterior knee. With these points in mind, a
straight anterior or gently curving median
parapatellar incision is the incision of choice
(Fig. 2.1).

The deep capsular incision is also generally
made along the median parapatellar plane (Fig.
2.1). Certain anatomic points are, however, im-
portant. The incision must extend into the re-
gion of the quadriceps tendon for adequate ex-
posure. Careful dissection through the overlying
deep fat and identification of the medial and
lateral margins of the quadriceps tendon are
necessary so that the incision can be accurately
placed within this structure, thereby affording
strong repair at the time of closure and avoiding
inadvertent transection of this major tendon.

An alternate exposure proceeding along the
inner medial edge of the vastus medialis has
been decribed, which obviates incision into the
substance of the quadriceps tendon (6). Al-
though we have not used this exposure ourselves,
when one considers the rich vascularity entering
the superior medial aspect of the patella from
the vastus medialis attachment, this different
approach may be quite appropriate in certain
cases of severe deformity where extensive lateral
release and tibial tubercle osteotomy or trans-
position are predicted at the outset.

Mobhilization of the capsule and exposure of
the proximal tibia, in consideration of the level
of the transverse tibial cut, necessitate detach-
ment of soft tissue from the tibia for a short
distance below the joint line as far medially,
posteromedially, and laterally as possible. De-
tachment of soft tissue from the medial flare of
the tibia is limited by the insertion of the super-
ficial medial collateral ligament. As one passes
farther posteromedially, close to the joint line,
dense fibers of the semimembranosus tendon
and posterior oblique ligament are encountered.
As the lateral tibial flare is exposed, there is no
similar concern for the lateral collateral liga-
ment since it attaches to the fibular head. How-
ever, upper fibers of the iliotibial band are com-
monly encountered and some may need to be
freed. Removal of a portion of the infrapatellar
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Figure 2.1. The dark line running from medial
to the quadriceps tendon, along the medial edge
of the patella and down along the medial border
of the patellar tendon represents the location of
the authors’ standard skin incision. The second
(red) line running along the junction of the medial
and central thirds of the patellar tendon, to the
superior medial corner of the patella and distally,
medial to the patella and patellar tendon, repre-
sents the capsular incision.

fat pad facilitates exposure of the lateral com-
partment. However, the inferior blood supply to
the patella, near the distal pole, should be pre-
served to the extent possible, particularly if lat-
eral patellar release is anticipated.

Exposure at the lateral flare of the tibia must
be done with some caution regarding the perfo-
rating anterior tibial artery approximately an
inch distal to the usual area of dissection. Care-
less use of a knife or elevator at this point could
produce troublesome bleeding into the anterior
compartment.

Eversion of the patella, the next step in ex-
posure, requires adequate proximal incision into
the quadriceps tendon, and sometimes reflection
of the superior medial corner of the insertion of
the patellar tendon on the tibia. Osteophytes on
the lateral femoral condyle and lateral patella,
and possible contracture of the lateral parapa-
tellar soft tissues may restrict patellar mobili-
zation. More proximal incision into the quadri-
ceps tendon and greater elevation of the patellar
tendon from the tibial tuberosity, in order to
evert the patella, will not be effective if the
surgeon fails to address these problems of patel-
lofemoral osteophytes and synovial and lateral
retinacular contracture.

ALIGNMENT

With the patella everted and the knee flexed,
several anatomic features relating to alignment
can be seen. Upon viewing the distal femur end
on, the lateral trochlear facet is seen to be more
prominent anteriorly than the medial one. Pos-
teriorly, the femoral condyles appear “level” in
the normal knee and actually define neutral
rotation of the femur (Fig. 2.2). Even in the
diseased knee, preservation of the posterior as-
pects of the femoral condyles is the rule rather
than the exception. They generally survive as
reliable indicators for rotation of the femoral
component.

Medial-lateral position of the knee may be
expressed on the femoral side in relation to the
patellar tracking mechanism, and one can define
the mid point of the knee by following the pa-
tellar groove into the intercondylar notch. The
relative prominence of the medial femoral epi-
condyle and the tissue covering the lateral as-
pect of the lateral femoral condyle, i.e. fat pad,
other peripatellar tissue, etc., can combine to
create an optical illusion that the center of the
knee is more medial than it is in fact (Fig. 2.3).

From the tibial side, the tuberosity for the
patellar tendon lies slightly lateral to the mid
line. This is true in flexion and is even more
pronounced in extension. In our experience, the
medial-lateral position of the tibial tubercle is
an unreliable landmark for definition of tibial
rotation.

While definitive rotational alignment of the
tibia may be determined by the relative position
of the ankle malleoli (Fig. 2.4), the positions of
the posterior margins of the medial and lateral
tibial plateaus are helpful in assessing rotation
of the tibia. The posterior extent of each tibial
plateau is approximately equal on a normal spec-
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Figure 2.2. View of the distal femur. The posterior aspects of the femoral condyles are “level” and
actually define neutral rotation. The lateral trochlear facet is more prominent than the medial one.

N ANTERIOR

POSTERIOR (CORONAL VIEW)

Figure 2.4. View of the ankle from below dem-
onstrating orientation of malleoli in neutral rota-
tion. A line connecting the center of each malleo-
lus forms an angle of approximately 30° with the
coronal or frontal plane.

imen; therefore, rotational alignment of a tibial
component is facilitated by making use of this
fact (Fig. 2.5). The presence of posterior osteo-

Figure 2.3. Intraoperatively, infrapatellar soft ‘ e . ;
tissue overlying the lateral femoral condyle may ~ Phytes possibly remaining after performing the
give the false impression that the center of the transverse tibial cut, and sometimes the more
knee is farther medial than it actually is. posterior projection of the medial tibial plateau,
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Figure 2.5. View of proximal tibial and fibula from above. This standard instructional skeleton shows
the approximately equal posterior extent of both tibial plateaus.

will occasionally alter the reliability of establish-

ing rotational alignment solely on the basis of

the posterior margins of the tibial plateaus.
Therefore, although the Universal Total Knee
Instrumentation System utilizes the posterior
margins of the tibial plateaus, it does not depend
solely upon these, as will be fully developed in
Chapter 3.

LIGAMENT POSITION

Collateral and posterior cruciate ligament po-
sitions greatly affect the stability characteristics
after total knee arthroplasty and place certain
restrictions on the surgeon when bone resection
and soft tissue releases are performed.

The medial and collateral ligaments attach to
the femur at their respective epicondyles (Figs.
2.6 and 2.7). They are covered by capsule and
synovium and are not directly apparent by visual
inspection. They are also difficult to identify by

palpation with the knee in flexion as the liga-
ments are relatively relaxed and soft. These
femoral attachments limit the level to which the
distal femur may be resected. Furthermore, lo-
cation and orientation of the collaterals make
them vulnerable to injury from the saw when
making the distal femoral, posterior femoral,
and proximal tibial cuts unless they are carefully
protected. In addition, the femoral attachment
of the posterior cruciate ligament is vulnerable
to injury while removing the posterior aspect of
the medial femoral condyle.

Since tibial attachment of the posterior cru-
ciate ligament lies just below the normal joint
line at the back of the tibia, it is generally
possible to make an adequate transverse tibial
cut completely across the top of the tibia without
damaging this ligament (Fig. 2.8). However, if a
relatively deep tibial cut is necessary due to
differential wear in one compartment, provision
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for protection of the posterior cruciate ligament  and moderate valgus deformity, the surgeon
at its tibial attachment will be necessary. must be familiar with the locations of structures
on the lateral and posterolateral aspects of the

SOFT TISSUE BALANCING knee (7) (Figs. 2.9 and 2.10). The liotibial

In order to perform lateral soft tissue release  blends proximally, posteriorly with the inter-
comfortably and adequately in situations of mild ~ muscular septum and courses superficially to

Adductor Magnus

Gastrocnemius

Tibial Collat Lig.

Semimembranosus

Tibial Collat. Lig.

Gracilis

Semitendinosus

Figure 2.6. Medial view of the femur and tibia. Ligament attachment positions are demarcated. The
origin of the medial collateral ligament from the medial femoral epicondyle certainly limits the extent
of femoral resection on this side of the joint.

Gastrocnemius

Fibular
Collat Lig.

Popliteus

lio—Tibial Tract

Biceps
Femori

Fibular

llat. Li
= 4 Patellar Lig.

Figure 2.7. Lateral view of the knee. Ligament attachment positions are demarcated. The origin of
the lateral collateral ligament from the lateral femoral epicondyle certainly limits the extent of femoral
resection on this side of the joint.



