~ BONE
IMPLANT
INTERFACE

Hugh U. Cameron



Bone Implant Interface

HUGH U. CAMERON, M.B., Ch.B., F.R.S.C.(C)

Associate Professor

Departments of Surgery, Pathology & Engineering
University of Toronto

Toronto, Canada

N/ Mosby

St. Louis Baltimore Boston Chicago London Madrid Philadelphia Sydney Toronto



-

N/ Mosby

Dedicated to Publishing Excellence

Publisher: George Stamathis

Editor: Robert Hurley

Associate Developmental Editor: Lauranne Billus
Project Manager: Nancy C. Baker

Proofroom Manager: Barbara M. Kelly

Designer: Nancy C. Baker

Manufacturing Supervisor: John Babrick

Copyright © 1994 by Mosby—Year Book, Inc.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted,
in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without prior
written permission from the publisher.

Permission to photocopy or reproduce solely for internal or personal use is permitted for libraries or other
users registered with the Copyright Clearance Center, provided that the base fee of $4.00 per chapter plus $.10
per page is paid directly to the Copyright Clearance Center, 27 Congress Street, Salem, MA 01970. This consent
does not extend to other kinds of copying, such as copying for general distribution, for advertising or
promotional purposes, for creating new collected works, or for resale.

Printed in the United States of America
Composition by TCSystems, Inc.
Printing/binding by Maple—York

Mosby—Year Book, Inc.
11830 Westline Industrial Drive
St. Louis, Missouri 63146

Library of Congress Cataloging in Publication Data
Cameron, Hugh U.
Bone implant interface / Hugh U. Cameron.
i fem)
Includes bibliographical references and index.
ISBN 0-8016-6483-7
1. Orthopedic implants. 1. Title.
[DNLM: 1. Bone and Bones—Surgery. 2. Implants, Artificial.
3. Osseointegration. WE 190 C182b 1993]
RD755.5.C35 1993
617.4'710592—dc20
DNLM/DLC
for Library of Congress 93-36969
CIP

I, 2.3 4" 516 GHREY 90 98 97 96 95 94



Contributors

Tomas Albrektsson, M.D., Ph.D.

Department of Handicap Research
Biomaterials Group

University of Gothenburg
Gothenburg, Sweden

Thomas W. Bauer, M.D., Ph.D.

Staff Pathologist, Department of
Anatomic Pathology

The Cleveland Clinic Foundation

Cleveland, Ohio

William N. Capello, M.D.
Professor

Indiana University School of Medicine
Chief, Adult Services

Department of Orthopaedic Surgery
Indiana University Hospitals
Indianapolis, Indiana

Lars V. Carlsson, M.D., Ph.D.

Department of Handicap Research
Biomaterials Group

University of Gothenburg
Sahlgrens Hospital

Gothenburg, Sweden

Ian C. Clarke, Ph.D.

Professor of Orthopedics
Loma Linda University Medical School
Loma Linda, California

John P. Collier, D.E.

Professor of Engineering
Thayer School of Engineering
Dartmouth College

Hanover, New Hampshire

Lawrence D. Dorr, M.D.

Professor of Orthopaedics

University of Southern California
School of Medicine

USC University Hospital

Director

USC Center for Arthritis and Join
Implant Surgery

Los Angeles, California

Victor L. Fornasier, M.D.,
F.R.C.P.C.

Associate Professor

Departments of Pathology and Surgery
University of Toronto
Pathologist-in-Chief

The Wellesley Hospital

Toronto, Ontario, Canada

o

Jan Gillquist, M.D., Ph.D.

Professor of Sports Medicine
University of Linkoping
University Hospital
Linkoping, Sweden

Lawrence L. Hench, Ph.D.

Graduate Research Professor

Department of Materials Science and
Engineering

University of Florida

Gainesville, Florida

Robert E. Jensen, M.S.

Laboratory Technician
Thayer School of Engineering
Dartmouth College

Hanover, New Hampshire

Kathleen Kidd

Laboratory Technician
Thayer School of Engineering
Dartmouth College

Hanover, New Hampshire

Jack E. Lemons, Ph.D.

Professor, Departments of

Biomaterials and Surgery
University of Alabama at Birmingham
Birmingham, Alabama

Gianni L. Maistrelli, M.D.,
F.R.C.S.(C)

Assistant Professor of Orthopaedic
Surgery

University of Toronto

Consultant

Toronto East General and Orthopaedic
Hospital

Toronto, Ontario, Canada

Michael B. Mayor, M.D.

Associate Professor of Surgery
(Orthopaedic)

Dartmouth Hitchcock Medical Center

Lebanon, New Hampshire

Per Morberg, M.D., Ph.D.

Department of Handicap Research
Biomaterials Groups

University of Gothenburg
Department of Orthopaedics

East Hospital

Gothenburg, Sweden

T/



Vi Contributors

Wayne G. Paprosky, M.D., F.A.C.S.

Associate Professor
Rush Medical College
Chicago, lllinois

Merrill A. Ritter, M.D.

Clinical Professor of Orthopaedic
Surgery

Indiana University School of Medicine

Surgeon and Chief of Orthopaedics

Kendrick Memorial Hospital

Mooresville, Indiana

Leif Ryd, M.D., Ph.D.
Associate Professor
Department of Orthopaedics
University Hospital

Lund, Sweden

Helene P. Surprenant
Laboratory Technician
Thayer School of Engineering
Dartmouth College

Hanover, New Hampshire

Victor A. Surprenant, B.A.

Research Engineer

Thayer School of Engineering
Dartmouth College

Hanover, New Hampshire

Ann Wennerberg, D.D.S.
Department of Handicap Research
Biomaterials Group

University of Gothenburg
Gothenburg, Sweden

Dr. rer. nat. Gerd Willmann
Reader in Ceramics

TU Berlin

Berlin, Germany

Terry 1. Younger, M.D.

Fellow, Adult Reconstruction

Fellowship Program
Central DuPage Hospital
Winfield, Illinois



Preface

From its humble beginnings in the last century, the field of joint replacement
surgery has expanded greatly, with at least half a million joints being inserted
worldwide each year. The industry that has grown to supply these joints is
vigorous, responsible, and research-driven.

The sharp end or sword point of this vast industry is the implant/bone
interface. It is here that problems continue to be experienced. This interface
has been intensively studied for the last 2 decades by orthopaedic surgeons,
dentists, pathologists, scientists, and engineers. The information generated
has become such a torrent that it is difficult for the resident in training, the
practicing clinician, engineer, and implant salesman to keep abreast of the
field. It is for these groups that this book has been written.

I have endeavored to bring together as much clinically relevant data as
possible. No one person can cover this whole field and I therefore asked my
friends and colleagues to help. I offer my sincere thanks to those who so
generously gave of their limited time and hope that this book will not disap-
point them.

Modes of fixation and problems arising at the interface are covered. Bone
grafting has become so commonplace when artificial joints are used that I
thought the bone/bone interface also demanded attention. Artificial liga-
ments are increasingly being used and this field is represented as well. Many
of these chapters go into considerable surgical detail, because in some cases
such as ligaments and bone grafting, the implant is extremely technique-
dependent.

My hope is that this book provides a cohesive framework for those who
work in the field, both clinically and in research and development.I hope that
further avenues for research have been highlighted. I would like to thank the
staff at Mosby—Year Book for their help in the compilation of this work.

—Hugh U. Cameron, M.B., Ch.B., F.R.S.C.(C)
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CHAPTER 1

Radiology of the
Implant-Bone Interface

Hugh U. Cameron, M.B.Ch.B., F.R.C.S.C

For the majority of surgeons and engineers, the only tool available to examine
the human implant-bone interface is postoperative, clinical x-ray. This is a
poor instrument at best.

The limitation of clinical x-rays, as Albrektsson points out in Chapter 5,
is that the theoretical maximal resolution power is 0.1 mm. In fact, the accu-
racy of the resolution power is much less due to the difficulties in obtaining
reproducible projections and the lack of bony landmarks to serve as reference
points for measurement. Insertion of a screw into adjacent bone can help
with measurements by providing a fixed point. The presence of a hole in the
implant can also help to determine rotation.'?

If roentgen stereophotogrametric analysis is employed, smaller changes
in implant position under load, inducible displacements, or, over time, migra-
tion can be measured. On normal clinical x-rays, migration of 2—3 mm must
occur before it can reliably be detected and angular change of 4 degrees.!

X-ray data can be quite misleading. For example, unless each patient
undergoes fluoroscopy, an impossible job if a large number of patients are
involved, statements regarding radiolucency under the plate of the tibial
component in total knee replacements are inaccurate (Fig. 1—1). A 4-degree
change in the x-ray beam angle may completely conceal considerable radiolu-
cency. One simple check is to measure the base plate thickness. If the base
plate actually measures 3 mm thick, then any x-ray in which the base plate
measures more than 3.5 mm thick has an angled beam and must be discarded
(Fig. 1-2).

REPRODUCIBILITY OF CLINICAL X-RAYS

To improve x-rays taken of the same patient over time, the method of taking
the x-rays should be as standardized as possible.

In the case of hip replacement, an anteroposterior (AP) x-ray of the pelvis,
an AP x-ray of the hip to show the full length of the stem, and a Launstein
lateral or modified frog leg view are required. A shoot-through lateral view
is of no value (Fig. 1-3). To standardize rotation in the AP x-ray, the patient’s

1



2 Bone Implant Interface

FIG 1-1
The edge of this x-ray shows continuous radiolucency under the base plate. A change in the

x-ray beam of 4 degrees would obscure this finding.

FIG 1-2

In this x-ray of a bilateral case only one is an edge-on shot. As the thickness of each base
plate is identical for both knees, the beam has angled, or more likely, the knee is not
completely straight on the stem tibial side. Therefore, in this case, nothing can be said with
respect to lucency under the plate on the stem side.
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FIG 1-3
The foreshortened appearance of the shoot-through lateral makes interpretation of the
interface all but impossible.

legs can hang over the end of the x-ray table so the tibia are vertical. The
Launstein lateral film is taken with the patient turned slightly toward the
side for x-rays, with the knee and ankle touching the x-ray table (Fig. 1-4).

The x-rays for a total knee replacement are a 3-foot standing AP, a lateral in
30 degrees of flexion, and a skyline x-ray taken in 30 degrees of flexion. To
standardize rotation in the 3-foot standing view, an outline of footprints can
be painted on the floor. A useful x-ray of the tibial base plate will be obtained
depending on how the tibial component is inserted. If the component is
inserted with a 10-degree backslope, an edge-on x-ray will not be obtained
unless the beam is angled. Similarly, a fixed-flexion deformity will interfere
with visualization.

A plastic box or frame can be used to position the leg for a lateral x-ray.
The size of the limb will determine the degree of flexion, but an x-ray of the
same patient will be reasonably reproducible.



4  Bone Implant Interface

FIG 1-4
A Launstein or modified frog leg lateral x-ray is required to study a hip implant.

These simple techniques will improve reproducibility even in busy, clinical
x-ray units. However, it must be recognized that a fair percentage of clinical
x-rays will be of little value in recognizing subtle changes.

DEFINITION OF RADIOLOGICAL TERMS

Words have a variety of meanings to different people. Accordingly, I will
define what some words mean to me.

Bead Shed

If a porous coated system is employed for implant stabilization, beads may
be lost. The process of coating application may result in variable strength of
the coating. For example, a single bead may be held to the adjacent bead by
one joint or “neck’’ as opposed to multiple necks. This joint is obviously weak
and can give way, and the bead can fall free. This bead shed can occur under
the following conditions.
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Insertion Stresses

Insertion stresses may result in loss of the odd bead. This can be seen on
the initial, postoperative x-ray.

Micromotion

Coating fatigue can occur as a result of micromotion. The tibial component
in total knees, for example, may be well fixed to the underlying bone. The
tibial metaphyseal bone is very compliant, especially anteriorly, and under
load, some differential motion can occur between bone and implant. This
motion can result in stresses at the interface, and it may be a source of
bead shed but this is probably a fairly minimal factor. If micromotion was
significant, shed would be much more common.

Macromotion
A loose implant moving on the underlying bony bed will always result in
bead shed, usually in multiple zones (Fig. 1-5).

Wear Through

When the polyethylene of a tibial component in total knee replacement
wears through, metal-on-metal contact occurs. This contact results in in-

FIG 1-5
This tibial component is loose and has subsided. Multifocal bead shed from the tibial
component has occurred.
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creased transfer of stress to the metal base plate and multiple bead shed
rapidly occurs (Fig. 1-6).

The x-rays of the implant must be divided into zones: the Gruen'® zones
in the hip and the Knee Society zones in the knees. Bead shed is defined as
loss of more than two beads in any one zone. Although it is probably unfair
to do so, single-zone shed can be eliminated as possibly due to insertional
stresses, coating fatigue due to micromotion, and so forth. Multizone bead
shed is the most sensitive radiographic measure of component problems in
total knee replacement. It is not clear whether this is true for hip replace-
ments. Bead shed may predate the onset of clinical symptoms by several
years, but indicates that the implant is in a far from stable situation.

In one study on the comparison of stem versus nonstem tibial components
in noncemented total knee replacements, there was little clinical difference
at 5 years.!” The sinkage rates were different: 3% sinkage for the nonstem
components, of which 0.7% required revision, and 0.7% sinkage for the stem
components, none of which required revision. Bead shed was markedly differ-
ent: 25.7% for the flat plate tibia and 6% for the stem tibial component. If
single zone bead shed was eliminated, multizone bead shed occurred in 17.3%
of the flat plate tibias and in 1.7% of the stem tibial components. Bead shed
from the femoral side was 2.1%, all being single zone.

The clinical results in this series were quite similar: 95% good or excellent.
The majority of the bead shed cases were asymptomatic. It was concluded
that a stem should be added to the tibial component in total knee replacement,
if asymptomatic bead shed is thought to be significant. The bead shed test
can only be used if the beads are large enough to be visible radiographically.
Some plasma spray porous surfaces are too small to be seen, as are most
hydroxyapatite (HA) coatings.

FIG 1-6
The plastic of this tibial component has worn through resulting in metal-metal contact. This
rapidly leads to bead shed.
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Distal Cortical Hypertrophy

Distal cortical hypertrophy occurs in two forms: apparent and true. Apparent
hypertrophy is cortical expansion due to a loose femoral component. As the
endosteal cortex becomes eroded, new bone is laid down in the subperiosteal
region.

True hypertrophy is a result of abnormal stresses in a region. With ce-
mented implants, it is common laterally in those with varus stem placement.
Medial hypertrophy can occur with valgus stem placement.?’ This hypertro-
phy occurs over a fairly wide area at the stem tip.

In noncemented implants, hypertrophy tends to be much more localized,
usually to the anterolateral cortex.!® This localization results in increased
stiffness of the femur in this zone and is a welcome sight, especially if the
patient has end of stem pain, because the pain may then disappear.

Metallosis

If the polyethylene in a metal-backed component wears through, the contact
of one metal with another will produce the liberation of metallic debris. This
debris causes black staining of the tissues called metallosis. Metallosis is
rarely seen with the initial cobalt chrome on cobalt chrome implants such
as the McKee-Ferrar, Ring, and Sivash prosthesis.® Where there is point or
line contact, such as after the polyethylene has worn through on a patella or
tibial component, considerable metallic debris may be generated. This is
particularly true if one of the components is softer than the other (i.e., cobalt
chrome on titanium).

The metallic debris is occasionally severe enough that it can be seen
radiographically outlining the interior of the joint (Figs. 1-7, A and B). Alone
it is unlikely to produce symptoms, and other than that shown in Figure 1-7
such cases are rare.!! Eventually chronic synovitis will result when coupled
with plastic wear debris.

Lucency

From the implant-bone interface point of view, lucency is a dark line seen
radiographically between the implant and the bone. The dark line is a fibro-
histeocytic membrane.” The line may be progressive (i.e., becoming wider in
subsequent x-rays) or nonprogressive (i.e., not changing from one year to
another). The line may be complete and be seen in every projection completely
surrounding the implant, or it may be incomplete and seen as not completely
surrounding the implant, or it may not be seen in all projections. The line
may be parallel or divergent from the implant. A divergent line indicates
macromotion, and the implant is radiographically loose (Figs. 1-8, A
and B).

Osseo Integration

Osseo integration cannot be seen radiographically. When present, there is
usually no visible change at the interface (Fig. 1-9). Proximal stress shielding



FIG 1-7

This original Guepar hinge had a metal-metal bearing. The metal spindle produced a severe
amount of metallic debris sufficient to cause a synovitis. A synovectomy was performed. Four
years later, the metallosis has recurred. This is the classic appearance of a severe metallic
wear debris synovitis. It is of note that in spite of the degree of synovitis no osteolysis has
occurred, and both components remain tightly fixed to bone.

FIG 1-8

Determining lucency is easy with a stem component. Both of these patients have lucent lines
parallel to the implant on the stem side (i.e., a stable situation). It is much more difficult to
determine lucency on the acetabular side. One patient shows no acetabular lucency. The
other patient shows lucency completely surrounding the cup with bone resorption from the
depths of several of the threads.
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FIG 1-9
This titanium alloy grit blast stem shows no unusual features radiologically. At revision, the
stem was found to have large areas of osseo integration.

may occur, and occasionally, bony hypertrophy, either endosteally or subperi-
osteally, may occur (Figs. 1-10, A-D).

Osteolysis

Osteolysis is the dissolution of bone (Fig. 1-11), usually occurring in a discrete
area.!” It can have various causes, including infection, metastatic tumors,
and so forth. Osteolysis caused by an acute or subacute postoperative infection
tends to occur early and spread rapidly around the implant. Osteolysis that
occurs with late infection in the presence of a well-integrated implant may
remain fairly localized or may give rise to bone destruction that initiates
adjacent to the joint and slowly spreads outward.

This dissolution is commonly seen as a result of a wear-debris granuloma.
The granuloma develops from wear debris liberated from polyethylene and
bone cement. One case in the literature found an absence of plastic debris.’
This was a ceramic-on-ceramic noncemented component. The acetabulum
was grafted, and the ceramic component migrated to where it contacted the
stainless steel screws.

This wear debris is microscopical. It has been estimated that 40 billion
particles of polyethylene are liberated each year from a polyethylene hip
socket.? The presence of bone ingrowth or even dense, fibrous tissue prevents



