
Preoperative Planning for
Primary Total Hip
Arthroplasty

Abstract
Preoperative planning is of paramount importance in obtaining
reproducible results in modern hip arthroplasty. Planning helps the
surgeon visualize the operation after careful review of the clinical
and radiographic findings. A standardized radiograph with a known
magnification should be used for templating. The cup template
should be placed relative to the ilioischial line, the teardrop, and
the superolateral acetabular margin, so that the removal of the
supportive subchondral bone is minimal and the center of rotation
of the hip is restored. When acetabular abnormalities are
encountered, additional measures are necessary to optimize cup
coverage and minimize the risk of malposition. Templating the
femoral side for cemented and cementless implants should aim to
optimize limb length and femoral offset, thereby improving the
biomechanics of the hip joint. Meticulous preoperative planning
allows the surgeon to perform the procedure expediently and
precisely, anticipate potential intraoperative complications, and
achieve reproducible results.

Since the introduction of modern
hip arthroplasty, hip prostheses

have consistently relieved pain and
improved function.1 Advancements
in implant design, materials, surgi-
cal technique, and anesthesia have
increased durability of the arthro-
plasy and decreased the prevalence
of complications.

However, component malposi-
tion leading to excessive wear or dis-
location, fixation failure, limb-
length discrepancy, and dislocation
remain important concerns. Dislo-
cation may be related to component
orientation, soft-tissue tension, or
failure to restore hip biomechanics.
Mechanical failure is also multifac-
torial and dependent on materials,
design,2 surface finish,3,4 position,

and bone quality, as well as biologic
response to wear debris.5 Many of
these factors are under the control of
the surgeon; thus, a thorough preop-
erative plan may mitigate the likeli-
hood that any of these factors will
contribute to arthroplasty failure.6

The step-by-step process of a hip
replacement should begin before the
operation after careful review of the
clinical and radiographic findings.
This review should result in an exact
preoperative plan that will guide sur-
gery to achieve optimal, reproduc-
ible results.6-10

Besides improving precision dur-
ing surgery, preoperative planning
forces the surgeon to think in the
three dimensions demanded during
surgery. Preoperative planning also
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allows the surgical team to prepare
the instrumentation required for
each operation, have the proper in-
ventory of implants available, and
predict complications and needs that
may arise during surgery.

History and Physical
Examination

The medical history and current
medical status of the patient should
be considered during preoperative
planning in order to choose implant
fixation, implant designs, and surgi-
cal approaches. The following also
should be considered: the patient’s
age, sex, preoperative diagnosis, lev-
el of activity, and mental status; in-
volvement of other joints; condi-
tions precluding the use of crutches
or walker; medical problems; and
the patient’s expectations from the
surgery and life expectancy.

Patients at high risk for disloca-
tion because of neuromuscular prob-
lems, substance abuse, or other rea-
sons may benefit from particular
surgical approaches or specific im-
plant characteristics (eg, larger fem-
oral head diameter) that optimize
hip stability. Constrained cups may
rarely be considered for patients at a
very high risk for dislocation.11

The preoperative examination
should include assessment of the pa-
tient’s gait and hip range of motion,
as well as evaluation of the ipsilateral
knee, lumbosacral spine, and fixed or
functional deformities.12 Both the ac-
tual and functional limb-length dis-
crepancy should be established. The
actual limb-length discrepancy is de-
termined by measuring the distance
between the anterosuperior iliac
spine and the medial malleolus. The
functional limb-length discrepancy is
what the patient perceives while in
a standing position; it can be deter-
mined by placing blocks under the af-
fected side until the patient feels the
limbs’ length to be “equal.”13 The
most common cause for functional
limb-length discrepancy is either

flexion and/or abduction contrac-
ture.14

When there is a difference be-
tween the actual and functional
limb length, pelvic obliquity may be
evaluated by comparing the level of
both hemipelvises with the patient
standing and sitting. Suprapelvic
obliquity, in association with scoli-
osis or degenerative disease of the
lumbosacral spine, persists in the
seated position. Conversely, pelvic
and infrapelvic obliquity resolves in
the same positon. Intrinsic pelvic ab-
normalities resulting in obliquity
include loss of bone or cartilage as a
result of arthritis, necrosis, or infec-
tion, and fractures of the pelvic ring
resulting in deformity. In addition,
the surgeon should be aware of in-
frapelvic obliquity resulting from
limb-length discrepancy related to
the following: previous fracture of
the limb, congenital hemihypertro-
phy, sequela of poliomyelitis, and
undisclosed prior trauma affecting
epiphyseal growth. In these cases,
there is a difference between the pre-
dicted limb-length discrepancy seen
in hip radiographic findings and the
clinical picture. When suprapelvic or
infrapelvic obliquity exists, equaliz-
ing the functional leg length often
provides the patient improved gait
and increased comfort, provided the
stability of the arthroplasty is not
jeopardized.

Radiographic Technique

A standardized radiographic evalua-
tion of the hip usually includes an
anteroposterior (AP) view of the pel-
vis centered over the pubic symphy-
sis. Such a radiographic evaluation
will also include AP and true lateral
views of the affected hip, which will
depict a lateral view of the femur as
well as of the acetabulum.

The AP views are obtained with
the patient lying supine on the table
with the hips in 10° to 15° of inter-
nal rotation. This allows a true AP
view of the femoral neck, which has
a normal anteversion of 10° to 15°. If

the radiographs are obtained with
the hips externally rotated, the true
femoral offset will be underestimat-
ed. If there is tilt or rotation of the
pelvis with the patient lying supine,
lumbosacral spine pathology or hip
contracture should be suspected.

For adequate preoperative plan-
ning, the surgeon needs to know the
magnification of the hip radiographs.
Assuming that the x-ray tube is at a
distance of 1 meter from the table-
top, and that the film is placed in a
tray 5 cm below the table, the radio-
graph magnification will be approx-
imately 20% ± 6% (2 SDs).15 Magni-
fication is directly proportional to
the distance between the pelvis and
the film; therefore, increased magni-
fication should be expected in obese
patients and, conversely, less magni-
fication in thin patients.

For patients in whom absolute
precision is required (eg, a candidate
for a custom prosthesis), a magnifi-
cation marker can be taped to the pa-
tient’s skin at the level of the great-
er trochanter.16 The magnification
marker consists of a Plexiglas tube
with two lead spheres embedded at
an exact distance of 100 mm. A coin
with a known diameter can also be
used as a magnification marker.16

Radiographic Review
Before templating, the radio-

graphs should be reviewed to con-
firm the diagnosis and eliminate the
possibility of limb or pelvis malposi-
tioning that might mislead the sur-
geon in planning, as well as to allow
consideration of anatomic challeng-
es that might be confronted intraop-
eratively. Pelvic rotation is suggest-
ed by the absence of superimposition
of the center of the sacrum and coc-
cyx on the pubic symphysis and
asymmetry of the obturator forami-
na.17 In the presence of lumbosacral
hyperlordosis resulting from hip
flexion contracture, the AP view of
the pelvis resembles an inlet view,
and the acetabular landmarks may
not be accurately visualized for tem-
plating. Rotation of the upper femur
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can be assessed by the relative visu-
alization of the lesser and greater
trochanters. An increased visualiza-
tion of the lesser trochanter implies
external rotation of the hip, and,
conversely, a hidden lesser trochant-
er suggests internal rotation.

The AP view of the pelvis is use-
ful to assess limb-length discrepan-
cy, the contralateral hip, and the
lower lumbar spine, which can cause
fixed pelvic obliquity. Occasionally,
abduction or adduction contractures
of the hip can be identified. The lat-
eral view of the femur can help in
planning the location of the proxi-
mal femoral opening in proximity
of the piriformis fossa18 (Figure 1).
A too anterior or posterior femoral
opening point can lead to eccentric
reaming and concomitant femoral
shaft perforation or fracture and to
a noncircumferential cement man-
tle.18

The shape of the femur and acetab-
ulum, as well as the trabecular pat-
tern, should be examined to confirm
the diagnosis and to choose between
implant designs and fixation. In pa-
tients with posttraumatic deformi-
ties, Paget’s disease, previous osteot-
omies, or fibrous dysplasia, the upper
femur can be deformed or angulated,
making stem insertion difficult.

The bone quality and geometry of
the upper femur can be assessed us-
ing the radiographic indexes pro-
posed by Singh et al19 and Dorr et
al.20 Analysis of the morphology of
the upper femur helps some sur-
geons decide between cemented or
cementless femoral implants.

Determining Radiographic
Landmarks and Templating

Templating should follow the
steps of surgery: acetabular side first,
followed by the femoral side. The
measured distances and implant siz-
es should be recorded following a
preestablished order so that the sur-
gical team understands and follows
the plan throughout the surgery.

The first step in templating is to
draw a horizontal reference line

through the base of both teardrops.
The teardrops are the most accurate
anatomic landmarks in relation to
the bony acetabulum because they
are located close to the center of ro-
tation of the hip joints.21,22 Alterna-
tive horizontal reference lines can be
drawn through the most distal as-
pect of the sacroiliac joints and
through the most distal aspect of
the ischial tuberosities. However,
the farther away from the center
of the hip joint that anatomic struc-
tures lie, the more potential error is
introduced by pelvic rotation. Sever-
al key radiographic landmarks,
which can be visualized during ace-
tabular exposure, should be marked
before cup templating: the base of

the teardrop, the ilioischial line, and
the superolateral margin of the ace-
tabulum (Figure 2, A).

Acetabular Templating
Correct orientation of the acetab-

ular cup is essential for the stability
of the arthroplasty.23-25 The cup
should be sized so that when the
template is placed with the cup at
40° ± 10° of abduction, the medial
border approximates the ilioischial
line and the cup has adequate later-
al bone coverage, with minimal re-
moval of the supportive subchondral
bone (Figure 2, B). Some surgeons
plan to place the inferior border of
the cup level with the inferior tear-
drop line; others think this measure

Figure 1

A, Excessive anteversion of the femoral neck in dysplastic hips can be detected in
the lateral radiographic view. B, The proximal femoral opening should be located
posteriorly and near the piriformis fossa. C, An excessively anterior proximal femoral
opening may result in eccentric femoral reaming, predisposing to fracture and
deficient cement mantle.
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necessitates more acetabular bone
removal than is necessary. In ce-
mented cups, templating should al-
low for a uniform cement mantle of
2 to 3 mm. If the lateral coverage of
the cup is not complete, the uncov-
ered area should be measured and re-
produced during surgery—with the
trial and definitive component—to
ensure adequate inclination.

With the acetabular template in
place, the center of rotation should
be marked on the radiographs (Fig-
ure 2, B). The templated center of ro-
tation may be compared with the
contralateral center to determine
whether they are at the same verti-
cal distance from the reference line
and the same horizontal distance
from the teardrop. Any difference

may be recorded to compensate limb
length and offset during femoral
templating.

Arthritic cysts located in the ace-
tabular roof may be outlined on the
radiographs and grafted during sur-
gery or used as anchoring holes for
cemented fixation. Note should be
made of acetabular osteophytes to be
removed prior to cup insertion.

Protrusio Acetabuli
The acetabular cup should be

templated in an anatomic position
lateral to the teardrop and Köhler’s
line, with peripheral rim contact.
The width of the medial particulate
bone graft required to fill the defec-
tive and protruded medial wall can
be measured (Figure 3, B). During
surgery, reaming should be sufficient
to obtain adequate peripheral sup-
port, but it should not extend to the
full depth of the protruded medial
wall. Proper placement of the cup
improves soft-tissue tension and de-
creases the possibility of femoral im-
pingement with the pelvis.

Lateralized Acetabulum
Medial osteophytes frequently are

present in patients with hyper-
trophic osteoarthritis and lateral
subluxation of the femoral head. The
extent of the medial osteophyte
should be noted preoperatively. At
surgery, the acetabulum should be
reamed until the pulvinar, ligamen-
tum teres, cotyloid notch, and trans-
verse acetabular ligament are clear-
ly visualized. Failure to adequately
assess and remove and ream the me-
dial osteophyte can lead to implanta-
tion of the cup in a lateralized posi-
tion, often resulting in insufficient
coverage, suboptimal fixation, and
compromised biomechanics (Figure
4). It also can jeopardize an adequate
enhanced soft-tissue repair when a
posterolateral approach is used.12

Dysplastic Acetabulum
In patients with dysplastic hips,

insufficient acetabular coverage and
superolateral migration of the femo-

Figure 2

A, Acetabular templating begins by drawing a horizontal reference line though the
base of the teardrops and by identifying three anatomic landmarks: the base of the
teardrop, the ilioischial line, and the superolateral margin of the acetabulum (black
dots). B, With the cup template placed in relation to the anatomic landmarks, the
center of rotation (CR) of the arthroplasty is marked. Osteophytes (white arrows) to
be removed and cysts to be curetted and grafted are noted.

Figure 3

A, In a protruded hip, the cup should be templated in an anatomic position, lateral
to the teardrop and Köhler’s line (dotted line). B, The medial bone defect to be filled
with bone graft can be measured (arrow indicated by the asterisk) and reproduced
during surgery to achieve adequate lateralization of the cup.
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ral head are present to a variable ex-
tent. In such cases, placement of the
cup template in the anatomic posi-
tion usually will leave a portion of
the superolateral cup unsupported.
Hips with mild or moderate dyspla-
sia usually have a well-developed
posterosuperior wall at a near-
anatomic position; this posterosupe-
rior wall allows for sufficient cover-
age of the cup, leaving only the
anterolateral portion uncovered. The
uncovered area of the cup should be
measured, recorded, and reproduced
during surgery to ensure adequate
cup inclination (Figure 5). Addition-
al coverage can be obtained by im-
planting a cup in a more proximal
(high hip center) or medial, nonana-
tomic position. If superolateral cov-
erage is still judged to be insuffi-
cient, additional lateral coverage can
be obtained by using part of the re-
sected femoral head as a bone au-
tograft.

Femoral Templating and
Restoration of Limb Length

The aims of femoral templating
are to achieve an implant with ade-
quate alignment and fixation within
the femoral canal to restore femoral
offset and to optimize limb length.

Preoperative limb-length discrep-
ancy attributable to hip anatomy can

be determined by measuring the per-
pendicular distance from the proxi-
mal corner of the lesser trochanter to
the reference line. The radiographic
discrepancy should be compared
with that measured during the clin-
ical examination. The amount of
limb-length change produced by the
operation will be the vertical dis-
tance between the center of rotation
of the femoral component and the
center of rotation of the acetabular
component (Figure 6). When the

femoral center of rotation on tem-
plating is superior to that of the ac-
etabular component, the limb will
be lengthened; in contrast, when the
femoral center is inferior to the ace-
tabular center, the limb will be
shortened accordingly.

A line perpendicular to the femo-
ral shaft at the level of the tip of the
greater trochanter is frequently used
to determine the desired level of the
femoral head’s center of rotation.
This measurement is inaccurate,

Figure 5

The acetabulum in dysplasia is usually deficient superolaterally. To obtain adequate
coverage of the cup, it should be positioned in contact to the ilioischial line. The
lateral uncovered area (arrow) should be recorded (A) and reproduced during
surgery to ensure adequate cup inclination (B).

Figure 4

A, Superolateral osteoarthritis is usually associated with a large medial acetabular osteophyte, which has to be reamed up to
the teardrop to ensure adequate cup position and coverage. If suboptimal coverage is achieved with the trial component (*), then
insufficient reaming of the medial osteophyte (B) or a horizontally oriented cup (C) should be suspected.
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however, because this relationship
varies considerably with the neck-
shaft angle. In patients with coxa
valga, the center of rotation is locat-
ed above the tip of the greater tro-
chanter; in patients with coxa vara
or coxa brevis, the center of rotation
is located below the tip of the great-
er trochanter.

After determining the desired
height of the prosthetic head, the
stem’s size should be chosen, de-
pending on the planned fixation
mode. For a cementless, proximally
fitted stem, optimal contact be-
tween the lateral and medial en-
dosteal cortex of the proximal femur
should be achieved. In fully porous-

coated stems, optimal endosteal
contact in the diaphysis is necessary.
For cemented fixation, the stem
should allow for a 2-mm circumfer-
ential cement mantle, which usual-
ly is marked on the template.6

While centered within the femo-
ral canal, the femoral template is
displaced proximally or distally to
reproduce the altitude for equaliza-
tion of limb length (Figure 6). The
entrance in the piriformis fossa can
be marked on the radiograph follow-
ing the axis of the stem in the AP
and lateral views (Figures 1 and 6).
This entrance point can help the sur-
geon center the canal finder when
starting femoral preparation.

The stem’s femoral offset should
approximately restore the offset of
the normal hip. If the center of rota-
tion of the prosthetic head lies me-
dial to that of the cup on templating,
the reconstruction will produce an
increased offset. If the center of the
femoral head lies lateral to the cen-
ter of the acetabulum, a decreased
offset will be produced. In a severely
arthritic hip that is externally ro-
tated on radiographs, templating will
underestimate the femoral offset. In
these circumstances, optimal stem
offset may be determined by tem-
plating the contralateral, normal
side. In the presence of severe bilat-
eral arthritis and an external rotation
contracture, the patient’s offset may
be determined intraoperatively—af-
ter hip dislocation and before neck
osteotomy—by measuring the dis-
tance from the center of rotation of
the head to the tip of the greater tro-
chanter. The templated stem size
and offset should be recorded in the
plan. Templating usually should aim
for the midrange of neck lengths to
allow adjustment to a shorter or
longer modular head during surgery.

Once the planned position and
offset of the stem are chosen, the
new center of rotation of the pros-
thetic head, and the angle and level
of the neck osteotomy, should be
marked (Figure 6). At this point,
measurements may be obtained us-
ing the template’s magnified ruler.
The distance from the proximal cor-
ner of the lesser trochanter to the
center of rotation of the head is not-
ed, as is the distance from the prox-
imal corner of the lesser trochanter
to the proposed neck cut. Measuring
the width of the femoral neck medi-
al to the stem at the neck cut can
help the surgeon assess the align-
ment of the stem in the frontal plane
(ie, varus, valgus) intraoperatively.6

If a cemented stem is to be used,
the optimal diameter of the distal
centralizer, plug size, and depth of
insertion can be calculated from
templating and the numbers record-
ed in the plan.

Figure 6

If the hip is short, the limb-length discrepancy (1) should be added proximally to the
center of rotation of the cup (CR) to determine the altitude of the center of rotation
of the prosthetic femoral head (H). After that, superimposing the stem template
in the adequate intramedullary position will allow marking of the location of the
proximal femoral entrance in relation to the greater trochanter (2). Two distances
are measured from the proximal corner of the lesser trochanter: to the center of the
head (3) and to the neck cut (4). The width of the calcar at the neck cut will guide
the proximal valgus-varus orientation of the stem (5). The altitude of the prosthetic
head can be corroborated by comparison with the altitude of the tip of the greater
trochanter (6).
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Utility and Accuracy of
Preoperative Templating

Only a few studies have assessed
the usefulness and accuracy of
preoperative planning. Eggli et al10

evaluated the efficacy of preopera-
tive planning in achieving the new
center of rotation, restoring limb
length, and choosing the cup and
stem size in 100 consecutive pri-
mary total hip replacements per-
formed by one experienced surgeon.
The authors reported 90% agree-
ment in the cup size and 92% agree-
ment in the cemented stem size.
The mean absolute difference be-
tween the planned and actual posi-
tion of the center of rotation of the
hip was 2.5 ± 1.1 mm vertically and
4.4 ± 2.1 mm horizontally. The
mean postoperative limb length dif-
ference was 3 ± 1 mm clinically and
2 ± 1 mm radiologically. More than
80% of difficulties encountered dur-
ing surgery were anticipated during
preoperative planning, including the
need for trochanteric osteotomy, ac-
etabular autografts and allografts,
acetabular reinforcement rings, and
resection of osteophytes.10

Evaluating 110 hybrid and ce-
mentless primary total hip replace-
ments, Knight and Atwater9 reported
agreement with the preoperative plan
in the cup size in 62% of cases, in the
cemented stem size in 78% of cases,
and in the cementless stem size in
42% of cases. Undersizing of cement-
less stems relative to the preopera-
tive plan occurred in 50% of cases.9

The accuracy of templating increases
with the surgeon’s experience. Carter
et al26 reported that a senior ortho-
paedic surgeon was able to predict
the size of a cementless stem in 95%
of cases, compared with predictions
of 82% and 88% for second- and
fourth-year residents, respectively. In
our experience, acetabular and fem-
oral components for cemented and
hybrid total hip arthroplasties can be
predicted within ± one size in 99.2%
of cases with careful templating.27

Several sources of error can affect
the accuracy of the preoperative

plan. As mentioned, radiographic
magnification depends on the pa-
tient’s body habitus. In the very thin
patient, the magnification will be
less (approximately 15%), and in the
very obese patient, the magnifica-
tion will be greater (approximately
25%). The longest distance mea-
sured during the templating process
is that from the proximal corner of
the lesser trochanter to the center of
rotation of the prosthetic head,
which helps estimate limb-length
change. Because it is the longest dis-
tance measured, it is the measure-
ment most affected by variability in
radiographic magnification.

Measurements from the proximal
corner of the lesser trochanter are af-
fected by anatomic variability be-
cause some patients have a less
prominent lesser trochanter with ill-
defined corners. The surgeon also
can use the vertical distance be-
tween the templated prosthetic head
and the tip of the greater trochanter
to estimate limb length intraopera-
tively and to guide the depth of in-
sertion of the femoral component
(Figure 6).

Adapting Preoperative
Planning to the
Intraoperative Findings

Although surgical planning has a
high predictive value in achieving
the goals stated, occasionally the
surgical scenario will not match the
preoperative plan. For example, im-
planting a cup of a different diameter
will modify the center of rotation
and limb length if adjustments in
the plan are not made. Likewise,
modifying femoral implant size may
change the prosthetic neck length
and offset.

Furthermore, the surgeon should
not rely solely on the preoperative
plan for choosing stem size. The tac-
tile feedback during broaching and
reaming provides important clues
for selecting the size, particularly for
cementless fixation, and for mini-
mizing the risk of fracture during

broaching or implant impaction.
Careful recognition of the compli-
ance and strength of the bone during
preparation is as important as the
preoperative plan.

Following reduction of the trial
prosthesis, meticulous examination
of the range of motion should be
made, and osteophytes, which limit
the safe range of motion, should be
excised. If the leg length is adequate
but the soft-tissue tension is poor,
some stem designs will allow in-
creasing the offset without increas-
ing limb length. If soft-tissue tension
and stability are still not restored by
these means, a slight increase of
limb length may be considered. Old-
er patients perceive lengthening and
shortening of the operated leg less
than do young patients.13

In patients with bilateral degen-
erative hip disease undergoing uni-
lateral surgery, the plan and execu-
tion of the first hip should be
recorded, including intraoperative
changes, so that it can be reproduced
during the surgery on the contralat-
eral side.

Summary

Preoperative planning is an essential
part of modern total hip arthroplas-
ty. Information obtained during the
initial survey, physical and radio-
graphic examination, and templat-
ing can result in a precise plan to
help the surgeon anticipate potential
intraoperative complications. Preop-
erative planning also can help the
surgeon perform the procedure expe-
diently as well as achieve reproduc-
ible, desired results.
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