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ABSTRACT: Twenty-four hip replacements were per-
formed with use of a medial protrusio technique to
stabilize the fit of a hemispherical metal shell in the
acetabulum in nineteen patients who had dysplasia of
the hip. All of the hips were followed for a minimum of
five years (average, seven years; range, five to thirteen
years). Six of the hips were type I, seven were type II,
eight were type III, and three were type IV according
to the criteria of Crowe et al. The acetabular cup was
implanted with the medial aspect of its dome beyond the
Kohler line (drawn from the ischium along the ilioischial
line) in all hips. An autogenous graft sculpted from the
femoral head was used to cover 15 to 30 percent of the
superolateral portion of the cup in one type-1 hip, four
type-111 hips, and one type-IV hip. The need for these
six bone grafts could have been avoided by reaming two
to three millimeters more medially or by allowing 20
percent of the superolateral portion of the cup to be
uncovered. Sixty to 84 percent of each bone graft was
resorbed, effectively leaving the superolateral portion
of the cup uncovered.

The amount of the surface of the cup that was
beyond the Kohler line averaged 41 percent for the six
type-1 hips, 43 percent for the seven type-II hips, 41
percent for six of the type-III hips, and 44 percent for
one of the type-IV hips. Crossing of the ilioischial and
iliopubic lines was noted on the radiographs of two
type-IlI and two type-IV hips. Radiographs of two
type-1 hips and one type-I1 hip showed 7 to 17 percent
of the surface of the dome of the cup through the
internal pelvic wall (beyond the iliopubic line).
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None of the twenty-four metal shells were revised.
A reoperation was performed on two hips to exchange
a worn polyethylene insert, and three femoral compo-
nents that had been fixed without cement were revised
because of mechanical loosening. Wear averaged 0.26
millimeter per year in the fourteen hips that had a
titanium femoral head and 0.09 millimeter per year
in the nine hips that had a cebalt-chromium femoral
head. The remaining hip had a ceramic femoral head,
and the wear rate was 0.09 millimeter per year.

The medial protrusio technique is a predictable,
reproducible method for obtaining fixation of a porous-
coated, hemispherical acetabular component in a dys-
plastic acetabulum. The technique permits the use of
a porous-coated (bone-ingrowth) component; avoids
the use of support bone graft and thereby reduces
the operative time; facilitates rehabilitation by permit-
ting earlier weight-bearing of the hip; and permits the
use of a modular bearing surface, which may allow
future exchange of only this surface rather than revi-
sion of the entire acetabular component because of
excessive wear.

The results of reconstruction of a dysplastic ace-
tabulum with cementing of an acetabular component
are well documented* %% Increased rates of fail-
ure have been reported when bone graft has been used
to provide superolateral coverage of the cup'®. The best
results have been reported when the medial acetabu-
lar wall has been maintained and no more than five
millimeters of the cup has been left uncovered™"".
These results have been achieved with insertion of a
small Charnley all-polyethylene component with ce-
ment. Charnley and Feagin® suggested that the rate of
loosening of cemented acetabular components was de-
creased if the medial acetabular wall was kept intact
and no more than five millimeters of the cup was un-
covered superolaterally. Linde et al." agreed with this
suggestion after they had found an increased rate of
failure of acetabular components that had been un-
covered by more than five millimeters. McQueary and
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Johnston? maintained the medial wall and filled the
superolateral defect with bone cement rather than
bone graft. Johnston et al.” studied the biomechanical
forces associated with total hip replacement and recom-
mended that the cup be placed as medially as possible
without violation of the cortical bone of the cotyloid
notch. Harris et al.", Rodriguez et al.”, and Marti et al.*
maintained the medial wall and used a bone graft to fill
defects.

Harris and his colleagues initially recommended the
use of a bone graft from the femoral head to provide
superior coverage of the acetabular component when
defects were present’, but they later rescinded this rec-
ommendation because of high rates of revision (11 per-
cent [five of forty-seven hips] at an average of scven
years and 20 percent [nine of forty-six hips] at an aver-
age of twelve years)'*”. Failure was associated with the
percentage of the cup that was covered with autog-
enous bone graft: sixteen (67 percent) of twenty-four
cups with 40 percent coverage or more failed compared
with three of fourteen cups with less than 40 percent
coverage. Recently, several authors have recommended
that a bone graft be used to cover components designed
to be inserted with cement but that no more than 30
percent of the cup should be covered with the graft'*%,

Dunn and Hess’ recommended that, as an alter-
native technique, the medial wall of a dysplastic ace-
tabulum be perforated purposefully to permit coverage
of the acetabular component without bone-graft sup-
port. This technique resulted in placement of the me-
dial aspect of the dome of the acetabular component
medial to the Kohler line, as seen radiographically. Per-
foration of the medial acetabular wall requires breaking
through the cortical bone of the cotyloid notch. The
results for the initial seventeen patients in whom this
technique was used were reported in 1978". At an aver-
age of three years, none of the acetabular components
had migrated. Hartofilakidis et al.” recently followed
eighty-six hips for an average of seven years after inser-
tion of a Charnley cup (Thackray, Leeds, United King-
dom) with the use of a medial protrusio technique and
cement. At the time of follow-up, two of these cups had
been revised and two other cups had progressive radio-
lucent lines. Whereas Dunn and Hess recommended
controlled fracture of the medial acetabular wall with
an osteotome, Hartofilakidis et al. perforated the wall
with a reamer.

In revision hip operations in which the acetabular
component is fixed without cement, osseous coverage of
the component has often been achieved with protrusion
of the medial aspect of the dome of the cup beyond the
Kohler line and, therefore, beyond the level of the cor-
tical bone of the cotyloid notch. This revision protrusio
technique has provided stability and fixation of the cup
without the need for a bone graft, and intermediate-
term durability without migration of the component has
been demonstrated’.

The technique of protrusion of the medial aspect of
the dome of the acetabular component into or beyond
the medial wall has been used in patients who have
dysplasia of the hip. The present study documents the
principles of the medial protrusio technique and the
results of its use for the fixation of porous-coated ace-
tabular components without cement in dysplastic hips.

Materials and Methods

Over a period of eight years (1985 through 1992),
twenty-six patients (thirty-three hips) had operative
treatment of dysplasia of the hip. One patient (one hip)
in whom the cup had been inserted with cement was
excluded, leaving twenty-five patients (thirty-two hips)
who had had acetabular reconstruction with a porous-
coated (bone-ingrowth), hemispherical cup. The socket
was placed superiorly in the pseudoacetabulum of one
hip in a patient who had a bilateral total hip replace-
ment. Therefore, the hemispherical acetabular com-
ponent was placed in the anatomical acetabulum in
twenty-five patients (thirty-one hips). In seven hips (five
type-1, one type-11, and one type-1II, according to the
criteria of Crowe et al.*), the medial wall was not per-
forated. In the remaining twenty-four hips (nineteen
patients), a medial protrusio technique was used for
placement of the cup, and this was our study group. In
one type-I hip, four type-III hips, and one type-1V hip,
a bone graft was used to provide complete coverage.

The average age of the patients at the time of the
index operation was forty-five years (range, twenty-two
to sixty-nine years). The indication for the operation was
a painful hip after failure of nonoperative treatment. No
operative alternative to total hip replacement was be-
lieved to have been indicated for any of the patients. The
patients were followed for an average of seven years
(range, five to thirteen years).

All of the operations were performed through a
posterolateral approach to the hip, as described pre-
viously’, Palpation of the pubis and the ischium and
location of the cortical edge of the cotyloid notch al-
lows identification of the true acetabulum. Soft tissue
and any bone in the acetabular cavity are removed to
expose the cotyloid notch. If the opening of the acetab-
ulum is smaller than forty millimeters in diameter, a
high-speed burr is used to shape the osseous cavity into
a hemisphere. The anterior wall is hypoplastic and must
be protected during the preparation of the bone. If the
opening of the acetabulum is more than forty milli-
meters in diameter, the medial wall is reamed first. The
superior wall of the acetabulum is a slope that must be
converted to a hemisphere by superoposterior place-
ment of a small reamer (forty to forty-two millimeters
in diameter). The direction of reaming is in line with
the desired axis of acetabular anteversion. The smallest
reamer must be used first because the formation of a
hemisphere with a superior rim requires reaming into
the ilium. The initial use of a large reamer can destroy
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Fic. 1-A
Preoperative radiograph showing a left hip with type-111 dysplasia according to the criteria of Crowe et al.*.

the superior rim, necessitating a bone graft for adequate
coverage.

If the depth of the osseous cavity after this prep-
aration is not sufficient to permit stable so-called press-
fit fixation of the acetabular component, the protrusio
technique is used to deepen the cavity. Reaming is ac-
complished into or through the entire medial osseous
acetabular wall, as needed, to provide a stable fit of the
metal shell (Figs. 1-A and 1-B). The medial periosteum
is usually left intact, but occasionally we have reamed
through it, and the iliacus muscle is then seen in the base

of the defect. When we did ream through the medial
periosteum, the medial aspect of the dome was later
seen to be beyond both the ilioischial and the iliopubic
line on radiographs (Figs. 2-A and 2-B). Reaming is per-
formed into the quadrilateral plate (beyond the Kohler
line) rather than a controlled fracture being made with
an osteotome, as recommended by Hess and Umber",
because the hemispherical osseous cavity that is needed
for the metal shell fixed without cement can be pre-
pared more accurately with the reamer. This technique
requires that the anterior and posterior acetabular bone

FiG. 1-B
Radiograph made six years postoperatively, showing medialization of the cup beyond the Kohler line.
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FiG. 2-A
Preoperative radiograph showing a left hip with type-I1 dysplasia according to the criteria of Crowe et al.

not be reamed too thin. The defect must remain only
medially (no thinning of the acetabular rim), with no
more than approximately 25 percent of the area of the
acetabulum perforated; more extensive perforation can
result in as much as approximately 45 percent of the
surface area of the cup protruding beyond the Kohler
line, as seen on radiographs (Figs. 1-A and 1-B). Thin-
ning of the anterior and posterior walls or excessive
(more than 25 percent) destruction of the medial wall
weakens the hemispherical osseous acetabular cavity,
and insertion of the press-fit metal shell can cause frac-

ture through the anterior or posterior column, resulting
in an unstable acetabular reconstruction. The osseous
fragments produced by the reaming are collected, and
the fat is removed by compressing the fragments in a lap
sponge. The fragments from the reaming are then placed
into the medial defect.

The trial component has to have so-called rim-fit
fixation, with no more than 20 percent of the metal cup
uncovered superolaterally. Because of the hypoplastic
anterior wall, the anterior edge of the cup may extend
beyond the osseous wall. If the edge does extend this

FIG. 2-B

Radiograph made six years postoperatively, showing the position of the cup medial to the Kohler line, reconstitution of the bone graft
around the cup, and no evidence of a radiolucent line or osteolysis around the cup or the femoral component.
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TABLE 1
AVERAGE PREOPERATIVE AND POSTOPERATIVE HARRIS HIP SCORES!'*
Postop.
Most Recent
Preop. Six Mos. Two Yrs. Five Yrs. Follow-up
Functional score 23 (9-33) 37 (15-47) 41 (23-47) 41 (28-47) 41 (25-47)
Limp score 3 (0-8) 8 (5-11) 9 (5-11) 9 (5-11) 9 (5-11)
Pain score 16 (10-30) 42 (30-44) 41 (30-44) 41 (30-44) 41 (30-44)
Total score 46 (26-63) 86 (53-100) 90 (61-100) 91 (72-100) 88 (64-100)

*The values are expressed as the average number of points, with the range in parentheses.

far, the iliopsoas tendon must be released to prevent
abrasive contact of the iliopsoas muscle and tendon with
the anterior wall of the cup (which can cause chronic
pain in the groin). Press-fit stability was determined by
the inability to move the trial shell manually, either by
tilt or by rotation. With the anatomic porous replace-
ment hip system, the trial acetabular component is one
millimeter smaller than the actual acetabular compo-
nent. A trial component that is the size of the previous
reamer is used. Therefore, the actual acetabular compo-
nent is one millimeter larger than the previous reamer.
A hooded polyethylene insert is used, with the hood
positioned to cover the inner surface of the prominent
ischium.

In the hips in which a bone graft was used, the soft
tissue was completely excised from the pseudoacetabu-
lum and the ilium proximal to the anterolateral opening
of the true acetabulum. The femoral head was prepared
by removing any remaining articular cartilage and soft
tissue and then was sculpted to fit the prepared osse-
ous bed. It was fixed to the ilium with 6.5-millimeter-
diameter titanium screws. The titanium screws may also
pass through the bone graft, giving it additional fixation.

An anatomic porous replacement acetabular com-
ponent was used in all of the hips. This hemispherical
component is made of Ti-6Al-4V with a porous coating
of sintered cancellous structured titanium that has an
average pore size of 490 micrometers. The metal shell is
a true hemisphere with an arc of 180 degrees. The po-
rous coating covers the entire surface except for one
centimeter at the central part of the dome. There is a
cluster hole pattern for screw-holes, with seven, eight, or
nine holes, depending on the size of the component. The
component can be fixed with 6.5-millimeter-diameter
titanium cancellous-bone screws. The acetabular fixa-
tion was augmented by screws in fourteen hips: five hips
had two screws, three had three screws, and six had four
SCIEeWS.

An anatomic porous replacement femoral stem was
fixed without cement in twenty-three hips. A custom
stem was used in one hip because of the small size of
the femur, Four femoral heads were thirty-two millime-
ters in diameter, ten were twenty-eight millimeters, nine
were twenty-six millimeters, and one was twenty-two
millimeters. Fourteen femoral heads were titanium, nine
were cobalt-chromium, and one was ceramic.
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Clinical evaluation of each patient included the de-
termination of the Harris hip scores" preoperatively; at
six months, two years, and five years postoperatively;
and at the time of the most recent follow-up. The total
Harris hip score and the individual functional score,
limp score, and pain score were recorded (Table I).

The Ranawat triangle™ was measured on preopera-
tive radiographs to identity the correct size and position
of the true acetabulum, and the position of the acetab-
ular component relative to the true osseous acetabu-
lum was measured on postoperative radiographs (Fig.
3). The Ranawat triangle was constructed by drawing
parallel horizontal lines across the level of the iliac crest
and the ischial tuberosities and then drawing a perpen-
dicular line between these horizontal lines. This per-
pendicular line was drawn through a point located five
millimeters lateral to the intersection of the Kohler and
Shenton lines. The height of the pelvis was equal to
the length of the perpendicular line, and the height of
the acetabulum was equal to one-fifth of the height
of the pelvis. The width of the acetabulum was equal to
the height of the acetabulum, and the rim of the acetab-
ulum was the hypotenuse of the triangle (Fig. 3).

The amount of medialization of the prosthetic fem-
oral head — that is, the distance between the center of
the osseous femoral head preoperatively and the center
of the metal femoral head postoperatively — was mea-
sured. This medialization of the center of rotation of the
femoral head was then compared among the four types®
of dysplastic hips. On postoperative radiographs, the
protrusio of the acetabular dome beyond the Kohler
line was measured as the horizontal distance from the
Kohler line to the most medial edge of the dome of the
component (Fig. 3). A measurement margin of error of
two millimeters was used to compensate for differences
in rotation or tilt on the radiograph. The difference in
magnification could be determined by the height of the
acetabulum in the Ranawat triangle. The percentage of
the surface of the cup that protruded beyond the Kohler
line was measured as a percentage of the 180-degree arc
of the cup; the percentage beyond the iliopubic bone
(protruded into the pelvis) was also measured as a per-
centage of the 180-degree arc of the cup.

The theta angle (abduction angle) of the cup was
measured from the horizontal line connecting both is-
chial tuberosities and a line parallel to the lateral opening
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The radiographic measurements included pelvic height (A), height of the true acetabulum (B), proximal migration of the lesser trochanter
(C), Ranawat triangle (D), thickness of the medial wall (E). theta angle (F), medial femoral-neck junction (G), position of the cup medial to
the Ranawat triangle (H), relationship of the cup to the superior border of the Ranawat triangle (1), and position of the cup medial to the

Kohler line (J).

of the cup. The coverage of the acetabular component
by the bone graft was measured by centering a protrac-
tor over the cup and measuring the arc of the cup that
was covered by the graft as an angle. This angle was then
divided into 180 degrees (the arc of the cup), and cover-
age by the graft was recorded as the percentage of cov-
erage. The number of screws that were used to secure
the graft was counted.

Polyethylene wear was measured with vernier cali-
pers (margin of error, 0.02 millimeter) on the anteropos-
terior radiograph of the pelvis with use of a previously
described technique™. Magnification was calculated
from the known diameter of the metal femoral head. A
line was drawn from the superior to the inferior edge of
the metal acetabular component. The distance from the
superior margin of the acetabular component to the
femoral head then was subtracted from the distance
from the inferior margin of the acetabular component
to the femoral head, and this total was divided by two.
Linear wear was calculated by subtracting this measure-
ment on the radiograph made at three months from that
on the radiograph made at the time of the most recent
follow-up. This value was then divided by the number of
years of follow-up to determine the annual rate of linear
wear. The reason why linear wear was calculated by
comparing the radiograph made at three months with
that made at the time of the most recent follow-up,

rather than by simply using the latter, was that the ec-
centricity of the femoral head on the radiograph made
at three months was considered to be due to the creep
that occurs in the polyethylene inserte.

In sixteen hips, the polyethylene was less than eight
millimeters thick. In fifteen of these hips, the metal shell
was less than fifty millimeters in size. Fach side of the
metal shell was three millimeters thick (for a total of six
millimeters) so that, with a forty-nine-millimeter shell
and a twenty-eight-millimeter head, the polyethylene
thickness would be 7.5 millimeters.

Loosening of the acetabular component was evalu-
ated according to the criteria of Hodgkinson et al."*. The
radiographic appearance of the interface was classified
as type O if there was no demarcation, type 1 if the
demarcation was of the outer one-third only, type 2 if
the demarcation was of the outer one-third and the
middle one-third, type 3 if there was complete demar-
cation, and type 4 if the socket had migrated and its
position had changed.

Proximal migration of the femur was determined on
the preoperative radiographs by measuring the superior
displacement of the apex of the lesser trochanter from
a horizontal line across the ischial tuberosities (Fig. 3).
Five femora had migrated proximally fifty millimeters
or more and had to be shortened. Two were graded as
type IIT and three were graded as type IV according
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to the criteria of Crowe et al.*. Two hips had a subtro-
chanteric osteotomy for the shortening, and three had
proximal shortening by resection of the entire femoral
neck. Cement was not used to fix the femoral stem in
any of these hips.

The degree of dysplasia was determined according
to the classification system of Crowe et al.”. A horizontal
line was drawn connecting the teardrops, and the verti-
cal perpendicular distance from this line to the junc-
tion of the femoral head and neck was measured. To
determine the amount of subluxation, this measurement
was divided by the height of the dysplastic acetabulum.
Type I meant that the femoral head had migrated prox-
imally and laterally less than 50 percent; type 11, 50 to
74 percent; and type 111, 75 to 100 percent. Type IV was
complete dislocation.

Statistical analysis consisted of a descriptive analysis
(average, standard deviation, range, and variance for
age, duration of follow-up, polyethylene wear, and me-
dialization of the acetabular component) as well as a
one-way analysis of variance to evaluate the relationship
between wear and fixation of the cup, fixation of the
stem, and size of the head. Pearson correlation analy-
sis was used to evaluate the relationship between wear
and age, number of screws, theta angle, and size of the
acetabular cup, and the Student t test was used to evalu-
ate the differences between two independent observers
with regard to the measurement of polyethylene wear.

Results

All nineteen patients (twenty-four hips) were fol-
lowed for a minimum of five years (average, seven years;
range, five to thirteen years). No metal shell was revised.
Three (13 percent) of the twenty-four femoral stems
were revised. No patient had sciatic or femoral-nerve
palsy. The average total Harris hip score and the func-
tional, limp, and pain components were improved post-
operatively. These improvements were maintained at all
of the follow-up intervals (Table I). At the most recent
follow-up evaluation (at which time three revisions of
the femoral stem and two reoperations for exchange
of the polyethylene liner had been performed), fifteen
hips were rated as excellent and nine, as good. Two hips
had had exchange of the polyethylene insert and a tita-
nium femoral head. One hip had severe osteolysis of the
acetabulum and wear of 4.4 millimeters at 8.5 years;
the other had disassembly of the insert from the metal
shell at 2.7 years and a rate of wear of 0.41 millimeter
per year. There were three revisions of the femoral stem,
two of which were done in patients who had had a
subtrochanteric osteotomy for shortening of the femur.
One of these patients had had a nonunion with necro-
sis of the proximal segment. The subtrochanteric osteot-
omy had been combined with a trochanteric osteotomy
and release of the iliopsoas tendon so that no blood
supply had been available to the proximal segment. The
other patient had had healing of the subtrochanteric
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osteotomy site, but bone did not grow into the stem and
the stem loosened. At the time of the operation, the
polyethylene liner (for which the rate of wear had been
0.38 millimeter per year) was exchanged as well. The
third revision of a femoral stem was associated with an
incidental exchange of the titanium head and the poly-
ethylene insert, for which the rate of wear had been 0.21
millimeter per year.

One acetabular component had a radiolucent line
that was present in zone 3 and was less than two mil-
limeters wide. There were no radiolucent lines adjacent
to, and no measured migration of, the other twenty-
three cups.

The rate of linear wear of the polyethylene in the
twenty-four hips averaged 0.19 + (.16 millimeter per
year. The fourteen hips with a titanium head had an
average of 0.26 £ 0.16 millimeter of wear per year; the
nine with a cobalt-chromium head, 0.09 + 0.12 millime-
ter per year; and the one with a ceramic head, 0.09
millimeter per year. The interobserver error for wear
measurements was 0.04 £ 0.05 millimeter, and no sig-
nificant difference between the measurements of the
two observers could be detected (p = 0.41). Nine hips
had wear of more than 0.20 millimeter per year, and
all had a titanium head. The total linear wear in the
fourteen hips with a titanium head averaged 1.6 milli-
meters. Three of these hips had more than 0.30 millime-
ter of wear per year. In two, the polyethylene insert was
exchanged. The third patient had acetabular osteolysis
with wear of 0.51 millimeter per year, but no revision
was performed for medical reasons. The relatively thin
polyethylene insert contributed to the accelerated wear
in these patients.

Six hips had been treated with a bone graft, with
coverage that averaged 22 percent (range, 15 to 30 per-
cent) of the superolateral aspect of the acetabular com-
ponent. According to the criteria of Crowe et al.*, one
hip had type-I dysplasia; four, type-I1I; and one, type-IV.
None of these hips had a revision during the follow-up
period. In all six hips, additional medialization of the cup
may have permitted stable fixation without the use of a
bone graft. Sixty to 84 percent of the bone graft was
resorbed by five years, effectively leaving the supero-
lateral aspect of the cup uncovered.

In the six type-1 hips, the cup was medialized an
average of 5.1 £ 2.2 millimeters, with 41 + 8 percent of
the surface of the cup beyond the Kohler line. On the
average, the cup was 3.4 + 3.4 millimeters medial and
6.8 £ 6.1 millimeters superior to the Ranawat triangle.
The center of the femoral head was medialized an aver-
age of 12.7 £ 4.2 millimeters. The average superolateral
coverage of the cup with bone in the five hips without
a bone graft was 96 percent. The theta angle (abduc-
tion angle) averaged 45 degrees, and the average size
of the cup was fifty millimeters.

The cups in the seven hips with type-II dysplasia
were medialized an average of 6.0 * 3.3 millimeters,
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with 43 + 6 percent of the surface beyond the Kohler
line. The cups were an average of 5.5 + 3.8 millimeters
medial and 4.3 £ 7.3 millimeters superior to the Rana-
wat triangle. The center of the femoral head was medi-
alized an average of 11.7 +13.5 millimeters. The average
superolateral bone coverage in these seven hips (none
of which had a bone graft) was 98 percent. The average
theta angle was 49 degrees, and the average size of the
cup was fifty-one millimeters.

Six of the eight hips with type-III dysplasia had
an average of 3.0 £ 2.1 millimeters of medialization of
the cup, with 41 + 9 percent of the cup surface beyond
the Kohler line; in the other two hips, the cup abutted
crossed iliopubic and Kohler lines. The cups were an
average of 5.8 + 4.0 millimeters medial and 0.67 + 9.3
millimeters inferior to the Ranawat triangle. The center
of the femoral head was medialized an average of 26 +
7.4 millimeters. The average superolateral bone cover-
age in the four hips without a bone graft was 99 percent.
The average theta angle was 50 degrees, and the average
cup size was forty-seven millimeters.

Of the three hips that had a type-1V dislocation, one
had five millimeters of medialization of the cup with 44
percent of the cup surface beyond the Kohler line, and
two had a cup that abutted crossed iliopubic and Kohler
lines. The cups had an average of 5.8 + 1.2 millimeters
of medialization and were an average of 6.7 + 1.9 milli-
meters superior to the Ranawat triangle. The center of
the femoral head was medialized an average of 23 + 8.4
millimeters. A bone graft was used in one hip, and the
other two cups had 100 percent superolateral osseous
coverage. The theta angle was 50 degrees, and the aver-
age cup size was forty-seven millimeters.

Discussion

Reconstruction of a dysplastic hip is the most diffi-
cult type of primary hip arthroplasty. Three different
techniques have been used to accomplish osseous cov-
erage of acetabular components fixed with cement. The
most common method is the use of a small cup that can
be cemented without more than five millimeters of the
cup uncovered by bone®. A second technique is the use
of bone cement to fill defects. In a report of fifty-nine
hips treated with this technique, four (7 percent) were
revised at an average of fifteen years®?. The third tech-
nique involves the use of a bone graft to cover a defect.
In a report of forty-six hips treated with this method,
nine (20 percent) were revised and twenty-one (46 per-
cent) had loosening of the cup at an average of twelve
years"*"". To our knowledge, only one study in which
bone grafts had been used to support more than 30
percent of the cup demonstrated a low rate of revision
(two of twenty-seven hips at ten years)>.

The principles for success with fixation with cement
have been retention of the medial acetabular wall and
leaving no more than five millimeters of the supero-
lateral aspect of the cup uncovered by bone*''*, Most

authors have recommended implantation in the ana-
tomical acetabulum and the use of a smaller acetabular
component to accomplish this coverage'***¥. Linde et
al.” followed Charnley implants fixed with cement for a
median of nine years. Twelve (13 percent) of ninety-two
cups that were within one centimeter of the true center
were loose, whereas eleven (42 percent) of twenty-six
sockets that had been placed proximal to the osseous
roof were loose. Most often, type-IV dislocations* have
necessitated the use of a bone graft to provide the de-
sired coverage of the cup®.

We know of four series in which acetabular compo-
nents were fixed without cement in dysplastic hipss>%,
None of those reports defined a consistently success-
ful technique for obtaining predictable fixation. Hips
with type-I dysplasia, according to the criteria of Crowe
et al.*, were included in those reports. Reconstruction
with cement in hips with type-I dysplasia is not differ-
ent from that type of reconstruction in osteoarthritic
hips**, This is not true for fixation without cement be-
cause the osseous acetabulum must be converted to a
hemisphere for a secure press-fit. We are not aware of
any technique that has been consistently performed to
accomplish this osseous conversion to a hemisphere to
accommodate a cup fixed without cement.

The principles of fixation of acetabular components
without cement in dysplastic hips differ from those of
fixation with cement. A protrusio technique involving
reaming into or through the medial acetabular wall was
necessary in our series to provide a stable press-fit of
the component. This technique was not needed for all
of the type-I hips, but it was necessary for seven of the
eight type-II hips and for all of the type-1II and type-IV
hips for which the arthroplasty was successful. No more
than 5 percent of the superolateral aspect of the cup was
uncovered; however, the arthroplasty can probably be
successful with 20 to 30 percent left uncovered because
60 to 84 percent of the bone graft covering an average
of 22 percent of the superolateral aspect of the cup was
resorbed in the six hips treated with bone-grafting. Gar-
vin et al.” suggested that 20 percent of the superolateral
aspect of the cup can be left uncovered. In the six total
hip arthroplasties that we performed with a bone graft,
we could have obtained additional coverage and per-
haps avoided the need for a bone graft if we had reamed
farther into the medial wall.

In our series, the amount of medialization of the
center of the femoral head tended to increase as the
type of dysplasia* worsened, but the average percentage
of the surface of the cup that was uncovered medially
was approximately the same (41 to 44 percent) for all
types. In the hips with severe dysplasia (types III and
IV), the medialization of the center of the femoral head
averaged twenty-five millimeters; this corresponds to
the amount of medialization recommended by Mc-
Queary and Johnston. Biomechanically, this is better
than superior displacement of the femoral head™. In
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the series as a whole, the average position of the femo-
ral head ranged from 0.67 millimeter inferior to 6.7 mil-
limeters superior to the superior margin of the Ranawat
triangle.

The modified protrusio technique for placement
of an acetabular component without cement cannot be
used in some type-1V hips with a very small true osseous
acetabulum. A small all-polyethylene cup should be fixed
with cement in these hips so that the polyethylene will be
of adequate thickness. This reconstruction is probably
improved by violating the medial wall if necessary. John-
ston et al.” mathematically determined the benefit of
medialization of the cup. In a subsequent series of se-
verely dysplastic hips, McQueary and Johnston” found
alower prevalence of failure when the center of the head
had been medialized by twenty-five millimeters or more,
and they recommended that this be done if the medial
wall can be left intact. We believe that medialization
should be done, even if the medial wall cannot be left
intact, for cups inserted with or without cement. The
advantage is that the coverage of the cup with the osse-
ous rim of the acetabulum is sufficient to provide intrin-
sic stability of the cup without a bone graft. Hess and
Umber" and Hartofilakidis et al.” reported success with
fixation of a Charnley cup with cement and violation of
the medial wall.

In our study of hips treated with the protrusio tech-
nique, none of the acetabular components loosened and
there was no migration associated with the perforation
of the medial wall. Concern about migration was the
primary reason why Charnley and Feagin® avoided per-
foration of the medial wall. In our series, osseous frag-
ments that had been obtained from acetabular reaming
and had been used as bone graft in the medial acetabu-
lar defects healed and formed a new medial wall that
could be identified on radiographs (Fig. 2-B).

Our success with fixation without cement may not
be better than that obtained after a similar period of
follow-up after fixation of Charnley components with
cement. Crowe et al.*, at an average of four years, and
McQueary and Johnston™, at an average of eight years,
reported no revisions because of loosening. However,
there were no loose acetabular components in our
study of fixation without cement, whereas the preva-
lence of loose (but not revised) cemented cups was six
(10 percent) of sixty-one in the series of McQueary
and Johnston®, thirty-three (26 percent) of 129 in the
series of Linde et al.”, and twenty-one (27 percent) of

seventy-eight in the series of Garcia-Cimbrelo and Mu-
nuera®. It should be noted that the comparison of our
results with those in historical series presents difficul-
ties because of differences in the durations of follow-
up and in the time-periods during which the operations
were performed.

In the present series, the primary causes for reop-
eration were the use of so-called first-generation stems®
fixed without cement and the use of titanium femo-
ral heads. In addition, we used mostly twenty-six and
twenty-eight-millimeter femoral heads because in the
1980s we did not yet realize the importance of polyeth-
ylene thickness in the avoidance of accelerated wear.
The size of the acetabular component needed for these
dysplastic hips was almost always less than fifty millime-
ters, so the polyethylene thickness was almost always
less than eight millimeters. The use of a twenty-two-
millimeter femoral head has been most successful in
arthroplasties performed with cement” because it per-
mits a thick layer of polyethylene and a minimum of
eight millimeters of polyethylene should be used with
these modular components.

Shortening of the femur was necessary in five hips
because the lesser trochanter was at least fifty milli-
meters proximal to the transischial line (Fig. 3). In two
hips, the shortening was accomplished with use of a
subtrochanteric osteotomy, and both of these hips had
loosening of the stem. One of these hips also had a
trochanteric osteotomy and release of the iliopsoas ten-
don; this isolated the proximal bone fragment from the
blood supply, and the proximal segment became ne-
crotic with a resultant nonunion. Subtrochanteric oste-
otomy in combination with trochanteric osteotomy may
be contraindicated.

In the present study, we described a medial protrusio
technique that provides predictable and durable fixa-
tion of cups in dysplastic acetabula. We recommend this
technique when fixation of the socket without cement
is desired. Because the acetabular component is almost
always less than fifty millimeters in diameter, a twenty-
two-millimeter cobalt-chromium femoral head should
be used to allow adequate polyethylene thickness. The
acetabular insert must be stable and congruent. Femoral
shortening must be performed if the femur has migrated
at least fifty millimeters proximally. The use of the pro-
trusio technique will ease the performance of the ace-
tabular reconstruction by eliminating the need for a
bone graft.
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