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OBJECTIVE. This article will systematically review radiographic assessment of hip 
arthroplasty including classifications based on different types and techniques of hip arthro-
plasty, terminology for prosthetic designs and materials, surgical techniques, and initial and 
follow-up radiographic assessments.

CONCLUSION. Assessment of postoperative hip arthroplasty radiographs is extremely 
important. It is well known that patients with complications may be asymptomatic, and for 
this reason, routine radiographic follow-up is recommended for all patients with hip arthro-
plasty. The foundation of radiologic interpretation of hip arthroplasty is knowledge of the 
normal appearance of the many different types of prostheses. A standard approach to radio-
logic reporting should be undertaken.
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appearances. A companion article, part 2 [5], 
reviews the imaging appearance of complica-
tions of hip replacement and of revisions.

Types of Hip Arthroplasty
In a hemiarthroplasty, also called partial 

hip replacement, the femoral head and neck 
are replaced. Hemiarthroplasty is common-
ly performed to treat femoral neck fracture 
or other proximal femur conditions in which 
the acetabulum is spared. Two types of pros-
theses are in current use. Unipolar hip pros-
theses consist of a femoral stem with a fixed 
(monolithic) or modular head that articulates 
with the native acetabular cartilage (Fig. 1). 
Bipolar hip prostheses have a polyethylene-
lined metal cup into which a small femoral 
head with attached stem is locked (Fig. 2). 
Motion with a bipolar prosthesis may occur 
between the prosthetic head and cup as well 
as between the cup and the acetabulum.

In a conventional total hip arthroplasty 
(THA), both the femoral head and the ac-
etabulum are replaced by fixed prosthet-
ic components (Figs. 3–5). The acetabular 
bed is prepared by reaming the cavity into 
the shape of the component; the femur is pre-
pared by removing the head and neck and 
reaming the intramedullary cavity to receive 
the stem of the component. Osteoarthritis is 
the most common indication, but other hip 
conditions, including other forms of arthri-
tis and fractures, may be treated with THA. 
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T
he low-fraction total hip replace-
ment developed by Charnley [1] 
more than 50 years ago began the 
modern era of surgery as the de-

finitive treatment of symptomatic end-stage 
hip diseases. Building on experience with the 
Smith-Peterson cup, a loose-fitting metal cup 
that was simply interposed between the surgi-
cally prepared joint surfaces, and the Judet ap-
pliance, a metal hemisphere on a spike that re-
placed the amputated femoral head, Charnley 
developed a total hip replacement consisting 
of a press-fit plastic acetabular socket and a 
femoral component with a 22-mm head and a 
cemented intramedullary stem [1]. Advances 
in design, materials, manufacturing, and surgi-
cal techniques, coupled with broader indica-
tions and aging of the population, have resulted 
in an increasing demand for hip replacement. 
Approximately 267,000 primary total hip re-
placements were performed in the United States 
in 2009 [2], exceeding previous estimates of 
utilization [3]. Although advanced imaging 
techniques such as ultrasound [4], CT, and 
MRI have a role in this setting, radiography re-
mains the mainstay for the initial evaluation of 
hip arthroplasty, both in the immediate post-
operative period and at long-term follow-up. 
This article reviews the current status of hip 
replacement including different types and 
techniques of hip replacement, various de-
signs of hardware, standard terms in describ-
ing prostheses, and the expected radiographic 
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There is a trend toward the use of large femo-
ral heads (≥ 36 mm) [2].

In resurfacing arthroplasty, only the artic-
ular surfaces are replaced in an attempt to 
preserve bone stock and reduce complica-
tions. The femoral head may be resurfaced 
alone (i.e., resurfacing hemiarthroplasty) 
(Fig. 6) or in combination with the acetabu-
lum (i.e., resurfacing THA) (Fig. 7).

Implant Fixation
Implants may be cemented in place or 

fixed with cementless techniques. Bone ce-
ment is a mixture of an acrylic cement (poly-
methylmethacrylate) and various additives 
including barium or other materials, some-
times antibiotics, to render the mixture ra-
diopaque. Bone cement is used more to fill 
voids between bone and implant and less as 
an adhesive. A plug placed in the medullary 
space allows the cement to be injected un-
der pressure (Fig. 2). Cementless fixation is 
initially achieved by press-fitting a slightly 
oversized component into a prepared cavity. 
Screws are also sometimes used with the ac-
etabular component (Fig. 4). 

Special surface characteristics of the com-
ponents allow ingrowth of bone into a po-
rous coat or on-growth of bone onto a tex-
tured surface. Ingrowth surface treatments 
include sintered beads, fiber mesh, and po-
rous metals. Sintered beads are microspheres 
of either a cobalt-chromium or titanium al-
loy attached by the use of high temperatures 
[6, 7]. Fiber mesh coatings are metal pads 
attached by diffusion bonding [6]. Porous 
metals have a uniform 3D network [8]. On-
growth surfaces are created by grit blasting 
or plasma spraying. Grit blasting creates a 
textured surface by bombarding the implant 
with small abrasive particles such as alumi-
num oxide (corundum). Grit blasting may be 
used as an adjunct below fiber mesh or sin-
tered beads. Plasma spraying involves mix-
ing metal powders with an inert gas that is 
pressurized and ionized, forming a high-en-
ergy flame. The molten material is sprayed 
onto the implant, creating a textured surface. 
Hydroxyapatite is a calcium phosphate com-
pound that is plasma sprayed directly on the 
implant alone or over a porous coating [9]. 
Bony ingrowth or on-growth provides long-
term biologic fixation for all components. 

A hybrid THA consists of a cemented fem-
oral implant paired with a cementless acetab-
ular component [10] (Figs. 3 and 4); a reverse 
hybrid THA has a cemented acetabular cup 
and a cementless stem [11]. The predominant 

practice has been hybrid fixation, but cement-
less fixation is becoming more common.

Design
Acetabular components can be construct-

ed of a single piece (monoblock) or with two 
interchangeable parts (modular). Monoblock 
shells are made of polyethylene, ceramic, or 
metal, and they have the articular surface 
machined on the inside surface of the cup 
(Fig. 7). Modular cups consist of two piec-
es, a metal shell and liner. The inside of the 
shell contains a locking mechanism designed 
to accept a polyethylene (Figs. 3–5), metal, 
or ceramic liner. Many shells have spikes 
(Fig. 5), pegs, or screw holes to aid position-
ing and fixation.

Femoral stems are made of alloys of titani-
um, cobalt-chromium, or stainless steel. They 
can be monolithic, where the component has 
both a head and stem, or modular, where the 
component is assembled from separate heads 
and stems and sometimes from separate necks 
and collars as well (Figs. 8 and 9). Design fea-
tures and surface finishes of femoral stems de-
pend on the method of fixation. 

Stems of the “loaded-taper” type are smooth 
and are highly polished to allow subsidence 
(sinking) into a stable position within the ce-
ment mantle [12] (Fig. 4). Thus, subsidence 
within the cement mantle in the first postopera-
tive months is an essential feature of this stem 
and does not predict failure [13]. 

Stems of the “composite-beam” type have 
roughening surfaces and a collar to increase 
the cement-stem bonding and proximal fixa-
tion [12] (Fig. 3). Cementless stems have dis-
tinct geometries and surface treatments that 
govern whether fixation is obtained proxi-
mally or distally. The distal shaft may be 
slotted to reduce its stiffness. 

An “anatomic” stem has a curve in the 
sagittal plane designed to fit the curve of the 
femoral shaft.

Bearing Surfaces
Bearing surfaces of the acetabulum may 

be made of polyethylene, metal, or ceram-
ic. Femoral heads may be made of metal or 
ceramic. The most common combination of 
bearing materials is metal-on-polyethylene, 
which is categorized with ceramic-on-poly-
ethylene (Fig. 9) as hard-on-soft. Hard-on-
hard bearings are metal-on-metal, ceramic-
on-ceramic, and metal-on-ceramic. 

An analysis of bearing surface usage in 
the United States in 2005–2006 showed the 
most common one was metal-on-polyethylene 

(51%), followed by metal-on-metal (35%) and 
ceramic-on-ceramic (14%) [14]. In 2009, there 
were decreases in the use of metal-on-metal 
(21%) and ceramic-on-ceramic (4%) bearings 
and increases in the use of hard-on-soft (72%) 
bearings [2].

Hard-on-Soft Bearings
Current polyethylene bearings are made of 

ultra–high-molecular-weight (HMW) poly-
ethylene. Polyethylene is a durable, high-per-
formance, plastic resin. Radiation cross-link-
ing of ultra-HMW polyethylene to produce 
highly cross-linked polyethylene strength-
ens the material and reduces the generation 
of polyethylene particles from abrasive wear 
[15, 16]. Wear reduction is proportional to 
the amount of cross-linking achieved; how-
ever, the irradiation makes it more brittle by 
forming free radicals that cause it to oxidize. 
Doping the ultra-HMW polyethylene with 
vitamin E stabilizes the free radicals and 
prevents oxidation [17]. The presence of free 
radicals may also be ameliorated by anneal-
ing or melting the irradiated highly cross-
linked polyethylene [18].

Hard-on-Hard Bearings
Hard-on-hard bearings were developed in 

an attempt to improve the longevity of hip 
implants by decreasing particle formation 
from abrasive wear. Ceramic bearings are 
made of alumina, zirconia, or a mixed oxide 
of the two. Compared with metal and poly-
ethylene bearings, ceramic bearings have the 
lowest coefficient of friction and lowest wear 
rate. Developments in ceramic bearings are 
leading to new material formulations such as 
zirconia-toughened alumina and to new bear-
ing couples such as ceramic-on-metal [18].

Metals used for bearings include cobalt-
chromium, molybdenum, and titanium alloys. 
First-generation cobalt-chromium alloy met-
al-on-metal bearings were introduced in the 
1960s [19] with second-generation designs in-
troduced in the late 1980s [20], but the second-
generation bearings did not prove superior to 
metal-on-polyethylene bearings. The popular-
ity of metal-on-metal THA systems surged, 
with new designs and the promise of greater 
durability in younger patients, and peaked in 
2010 after a manufacturer’s voluntary recall 
of a metal-on-metal THA system in the Unit-
ed States because of high early failure rates 
[21]. Metal-on-metal bearings may be recog-
nized on properly exposed radiographs by the 
lack of demarcation between the metal femo-
ral head and the metal acetabulum (Fig. 10).
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line (angle between lines E and A in Fig. 13). 
This angle ranges from 30° to 50° normally. 
Lesser angulations result in a stable hip but 
limited abduction; greater angulations sub-
stantially increase the risk of hip dislocation.

Acetabular anteversion is defined as the an-
gle between the acetabular axis and the coronal 
plane [31]. Anteversion can be measured using 
a true lateral radiograph as the angle formed by 
a line drawn tangential to the face of the acetab-
ulum and a line perpendicular to the horizontal 
plane (Fig. 14). Normal values range from 5° 
to 25°. Accurate measurement of anteversion 
on an anteroposterior radiograph can be com-
plex [32], but an impression of version can be 
obtained by looking at the inferior and superior 
edges of the cup. If the edges are sharp, this in-
fers no version because the cup is being viewed 
dead on, but if the edges are rounded, some ver-
sion is present; however, this assessment does 
not discern between ante- or retroversion [33].

The aim of femoral stem positioning in 
THA is to place the stem in a neutral position 
within the shaft and allow slight anteversion 
of the neck. On an anteroposterior view, the 
stem should be seen to be in neutral align-
ment with the longitudinal axis of the shaft 
and the tip should be in the center (F in Fig. 
13). Many studies have shown that failure of 
femoral stems, both cemented and cement-
less, is associated with varus malpositioning 
(with the tip against the lateral cortex) [34–
36] (Fig. 13). Femoral anteversion is an im-
portant factor in allowing adequate flexion of 
the hip and is suggested to be between 10° 
and 15° [37]. Like assessment of acetabular 
cup anteversion, assessment of femoral ante-
version is qualitative because changes occur 
with pelvic or thigh rotation. If a true mea-
surement of anteversion is required, it can be 
assessed with CT [10].

The prosthetic femoral head should be ei-
ther symmetrically seated within the acetab-
ular cup or slightly inferiorly located in the 
cup; the polyethylene liner has a thicker su-
perior rim. However, a femoral head located 
superiorly in the cup, even mildly so, is never 
normal and indicates polyethylene wear.

Resurfacing Arthroplasty
Currently, it is recommended that the ace-

tabular component should be placed at 5–25° 
of anteversion and 30–50° of lateral incli-
nation and that the femoral component is 
placed in a relative valgus position of 5–10° 
to avoid notching the neck, especially later-
ally, and to cover all of the reamed bone with 
the femoral prosthesis (Fig. 15).

Current designs for resurfacing THA in-
corporate a metal-on-metal bearing with a 
press-fit acetabular component and a cement-
ed femoral component (Fig. 7). Hip resurfac-
ing is generally reserved for relatively young, 
active patients who have isolated hip disease 
with good proximal femoral bone quality 
and morphology and normal kidney func-
tion. The advantages of resurfacing arth-
roplasty are bone conservation, decreased 
morbidity at the time of revision, decreased 
dislocation rates, decreased stress-shielding, 
and decreased prevalence of thromboembol-
ic phenomenon. Pain relief, the primary goal 
of hip replacement, is not as good with resur-
facing THA as with conventional THA [22]. 
Decreased pain relief is the most common 
disadvantage of resurfacing arthroplasty. 

Surgical Techniques
Minimally Invasive Surgery

The traditional and still most commonly 
used approaches for primary THA are the 
posterior and direct lateral approaches (Fig. 
11A). The technique of minimally invasive 
surgery in THA was developed to reduce 
postoperative bleeding, speed patient recov-
ery, and improve the early clinical results 
[23]. Minimally invasive THA has been de-
fined as an incision length of 10–12 cm or 
less either with a single- or double-incision 
approach (Fig. 11B). The benefits of mini-
mally invasive surgery include decreased 
soft-tissue trauma, reduced blood loss, and 
quicker return to function, but the limited 
visibility of anatomic landmarks and vital 
structures may result in increased risks for 
neurovascular injury, fracture, and compo-
nent malposition [24].

Digital Templating in Hip Arthroplasty
Digital preoperative planning enables the 

surgeon to select from a library of templates 
and electronically overlay them on a radio-
graph. The surgeon can then select the optimal 
combination of modular components for an in-
dividual patient and provide the list to the op-
erating room. The preoperative planning pro-
cess is fast, precise, and cost-efficient, and it 
provides a permanent, archived record of the 
templating process [25] (Fig. 12).

Computer-Assisted Orthopedic Surgery
Computer-assisted orthopedic surgery (CAOS) 

systems provide real-time digital image maps 
for guidance during surgery [26]. The maps 
may be based on CT or MR images obtained 
preoperatively, on fluoroscopic images ob-

tained at the time of surgery, or on an ana-
tomic model embedded in the software. The 
computer uses infrared technology to recog-
nize beacons attached to specific instruments, 
jigs, and cutting blocks. Once the patient’s 
anatomy has been registered with respect to 
the map, the CAOS system can display the 
positions of instruments relative to the anato-
my. Although CAOS has been shown to in-
crease the precision with which acetabular 
components may be placed [27], CAOS has 
not yet gained widespread acceptance in the 
United States for THA. The addition of a ro-
botic arm may improve the functionality of 
CAOS systems [28].

Initial Radiographic Assessment
Total Hip Arthroplasty

The initial placement of prosthetic com-
ponents should correspond with the expect-
ed anatomic site of each. In the initial evalu-
ation of a patient who has undergone THA, 
leg length, vertical and horizontal centers of 
rotation, lateral acetabular inclination, ace-
tabular anteversion, and femoral stem posi-
tion should be assessed [10].

Limb-length inequality is common after 
hip arthroplasty. Limb length can be mea-
sured on an anteroposterior standing pel-
vic radiograph as described by Woolson et 
al. [29]. A horizontal line is drawn through 
points at the most inferior aspect of the ace-
tabular teardrop of each hemipelvis (line B 
in Fig. 13). Two other lines are drawn paral-
lel to the teardrop line through points at the 
center of the lesser trochanter for each femur 
(line C in Fig. 13). The difference between 
the distances from the teardrop line to the 
lesser trochanters of each femur is defined as 
the leg-length discrepancy.

The vertical center of rotation of the ac-
etabular component is assessed by measur-
ing the vertical distance between the center 
of the femoral head (dots in Fig. 13) and the 
transischial tuberosity line (line A in Fig. 
13). This distance should be similar to that 
of the contralateral hip. The horizontal cen-
ter of rotation is assessed by measuring the 
distance between the center of the femoral 
head and the teardrop shadow or an alter-
native medial landmark (line D in Fig. 13). 
This distance should be equal to that of the 
contralateral hip [30].

Lateral acetabular inclination is defined 
as the angle between the face of the cup and 
the transverse axis [31]. It is evaluated on an-
teroposterior views as the angle of the lateral 
edge of the cup to the transischial tuberosity 
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Follow-Up Radiographic Assessment
Periprosthetic Radiolucency

Periprosthetic radiolucencies can occur 
adjacent to both acetabular and femoral com-
ponents and are identified in both cemented 
and cementless hip arthroplasty. To describe 
the location of periprosthetic radiolucencies, 
investigators have proposed standard zones: 
The bone adjacent to the acetabular compo-
nent is divided into three equal zones, la-
beled I, II, and III from lateral to medial on 
anteroposterior views [38] (Fig. 16A). Four-
teen different zones adjacent to the femoral 
stem are defined in THA. They are conven-
tionally numbered 1 through 7 on anteropos-
terior views with the first three numbered 
from proximal to distal on the lateral aspect 
of the stem, zone 4 at the tip, and the last 
three zones numbered from distal to prox-
imal on the medial aspect of the stem [39] 
(Fig. 16A). Seven additional zones are num-
bered on lateral views from zone 8 at the an-
terior proximal aspect of the stem through 
zone 14 at the posterior proximal aspect of 
the stem [40] (Fig. 16B). In resurfacing hip 
arthroplasty, there are three zones around 
the peg numbered from 1 through 3 on an-
teroposterior view, from the lateral to the 
medial aspect of the stem [41] (Fig. 16C).

It is common to identify a thin, linear, ra-
diolucent zone at the component-cement in-
terface, especially at the proximal lateral as-
pect of the stem (zone 1). This radiolucency 
may result from an incomplete contact be-
tween the cement and the stem at the time 
of surgery. This finding should be considered 
as normal if stable, but any enlargement of 
this radiolucent area at follow-up should be 
reported as loosening. The interface between 
cement and adjacent cancellous bone can 
appear slightly irregular, especially in the 
greater trochanteric region, reflecting inter-
digitation of cement with bone, but should be 
considered as normal. Also, a thin radiolu-
cent band that is less than 2 mm thick, is de-
marcated by a sclerotic dense line, and runs 
parallel to the stem along the bone-cement 
interface is also a common finding [38, 42]. 
This band results from a reaction between 
the cement and the adjacent bone, with for-
mation of a fibrous membrane [43].

Similar to the band seen around cement-
ed components, a thin (< 2 mm) isolated ra-
diolucent band around the rough surface of 
a cementless component, frequently well de-
lineated by a thin sclerotic margin, that is 
nonprogressive after 2 years can be consid-
ered as normal (Fig. 5). Although subopti-

mal, this finding indicates fibrous rather than 
bony ingrowth and is thought to provide suf-
ficient stability [43].

Bone Remodeling
The load that is transferred over the artifi-

cial joint is taken up by the femoral implant 
and is transferred distally to the host bone. 
The reduction in mechanical loading of the 
periprosthetic bone proximally leads to a 
loss of bone mineralization through adap-
tive atrophy, sometimes referred to as “stress 
shielding,” and may be seen radiographical-
ly as focal bone resorption (Fig. 5). Adaptive 
atrophy commonly occurs with cementless 
components in the superomedial acetabulum 
and the proximal medial femur. The process 
generally occurs within the first 2 years after 
surgery and implies stability; however, the 
long-term implications are unknown [44].

Bony sclerosis surrounding the prosthe-
sis can occur and indicates bone ingrowth or 
on-growth. New bone formation originating 
from the endosteal surface and reaching the 
prosthesis is termed a “spot weld.” It is pre-
dominantly seen at the junction between the 
rough and smooth surfaces of a cementless 
femoral stem. The presence of spot welds is a 
strong indicator of stability [45] (Fig. 17). A 
“bone pedestal” is a transverse sclerotic line 
below the tip of the stem in zone 4, bridging 
the medullary canal [46] (Fig. 8). It is some-
times but not always associated with loos-
ening; therefore, careful evaluation and se-
quential review of follow-up radiographs is 
advised. Cortical thickening and periosteal 
reaction occurring in the femoral shaft at the 
level of the distal end of the stem result from 
stress alterations and reflect a successful fix-
ation of the stem [47] (Fig. 18).

Component Migration
During the first 2 years after surgery it 

may be normal for some types of prosthe-
ses to subside. The collarless, polished, ta-
pered design of the stem is specifically de-
signed to subside into its cement mantle, and 
superolateral subsidence from 1 mm to ap-
proximately 2 mm is often normal [48]. Ce-
mentless stems may also subside during the 
initial postoperative months, but any pro-
gressive movement more than 2 years after 
surgery or more than 10 mm is thought to be 
abnormal [43].

Conclusion
With increasing utilization and evolution 

of materials and techniques of hip arthroplas-

ty, assessment of postoperative radiographs has 
become more challenging for radiologists. This 
article reviews current concepts of hip arthro-
plasty including different types of hip arthro-
plasty, terminology for the prosthetic designs 
and materials, surgical techniques, and initial 
and follow-up radiographic assessments. Ra-
diologists should be familiar with these current 
concepts for efficient patient care.
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Fig. 1—Radiograph shows cemented unipolar 
hemiarthroplasty.

Fig. 5—Radiograph  shows cementless total hip 
arthroplasty with metal-on-polyethylene bearing 
surface. Narrow radiolucent band (arrowheads) 
parallels lateral metaphyseal metal-bone interface. 
Adaptive bony atrophy (arrow) is present at proximal 
medial femoral cortex.  

Fig. 4—Radiograph shows hybrid total hip 
arthroplasty with loaded-tapered stem and metal-on-
polyethylene bearing surface. 


Fig. 2—Radiograph shows cemented bipolar 
hemiarthroplasty. Inferior aspect of prosthetic 
femoral head (short arrow) barely projects beyond 
cup. Intramedullary plug (long arrow) restricts flow of 
cement beyond femoral stem during surgery.

Fig. 3—Radiograph shows hybrid total hip 
arthroplasty with composite-beam femoral stem and 
metal-on-polyethylene bearing surface.
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Fig. 6—Radiograph of shows resurfacing hip 
hemiarthroplasty.


Fig. 9—Radiograph of 58-year-old woman shows 
cementless total hip arthroplasty with ceramic-on-
polyethylene bearing surface. 

Fig. 7—Radiograph of 27-year-old man shows 
resurfacing total hip arthroplasty with metal-
on-metal bearing surface. Femoral stem is in 
valgus position relative to native femoral neck and 
monoblock acetabular cup (metal) is inclined at 38°.



Fig. 8—Radiograph shows cementless total hip 
arthroplasty with modular femoral component and 
metal-on-polyethylene bearing surface. Metaphyseal 
collar (arrowhead) allows variable anteversion of 
femoral neck at time of surgery. Bone pedestal 
(arrow) is present below tip of femoral component. 


D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 5

0.
17

6.
18

8.
6 

on
 0

9/
15

/1
6 

fr
om

 I
P 

ad
dr

es
s 

50
.1

76
.1

88
.6

. C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



566 AJR:199, September 2012

Mulcahy and Chew

Fig. 10—Radiograph shows cementless total hip 
arthroplasty with metal-on-metal bearing surface.

Fig. 11—Minimally invasive surgery (i.e., cementless total hip arthroplasty.
A, Radiograph of 67-year-old man shows skin staples (arrow) that demarcate incision for traditional direct 
lateral approach. 
B, Radiograph of 56-year-old man shows skin staples (arrows) that demarcate incision for minimally invasive 
approach.

Fig. 12—Digital templating for total hip arthroplasty (THA).
A, Preoperative left hip radiograph shows osteoarthritis. 
B, Preoperative radiograph has digital template for THA. 
C, Postoperative radiograph shows resulting THA.
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Fig. 13—Assessment of total hip arthroplasty component position on anteroposterior 
radiograph of 70-year-old woman. Line A is one horizontal line through points at most 
inferior aspect of ischial tuberosity of each hemipelvis, line B is one horizontal line 
through points at most inferior aspect of acetabular teardrop of each hemipelvis, line 
C is two horizontal lines parallel to teardrop line through points at center of lesser 
trochanter for each femur, line D is one horizontal line between center of femoral 
head (dots in each femoral head) and teardrop shadow, line E is one tangential line 
between medial and lateral edges of acetabular cup, line F is one line along axis 
of femoral stem. Difference in vertical distance between lines B and C assesses 
leg-length discrepancy in each hip. Acetabular vertical center of rotation is vertical 
distance between center of femoral head (dots) and line A. Acetabular horizontal 
center of rotation is horizontal distance between center of femoral head and teardrop 
shadow (line D). Angle between lines E and A assesses lateral acetabular inclination.

Fig. 14—Assessment of total hip arthroplasty component position on lateral 
radiograph of 58-year-old woman. Line A is one line tangential to face of 
acetabulum, and line B is one line perpendicular to horizontal plane. Acetabular 
anteversion is angle between lines A and B (normal = 5–25°).

Fig. 15—Assessment of resurfacing total hip arthroplasty component position 
on anteroposterior radiograph of 41-year-old man. Line A is one line along axis of 
femoral neck. Line B is one line along axis of femoral stem. Line C is one horizontal 
line through most inferior aspect of ischial tuberosity. Line D is one tangential line 
between medial and lateral edges of acetabular cup. Femoral component should 
be placed in valgus position of 5–10° relative to native femur to avoid notching 
neck. Lateral acetabular inclination angle is 48° (normal = 30–50°).
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A

Fig. 16—Radiographic assessment of periprosthetic lucency.
A, 39-year-old man. Bone adjacent to acetabular component is divided into three equal zones, labeled I, II, and III, from lateral to medial on anteroposterior views. Bone 
adjacent to femoral stem is divided into seven zones on anteroposterior views. First three zones are numbered from proximal to distal on lateral aspect of stem, zone 4 is 
at tip, and last three zones are numbered from distal to proximal on medial aspect of stem. 
B, 58-year-old man. Seven additional zones are numbered on lateral views from 8 at anterior proximal aspect of stem through 14 at posterior proximal aspect of stem. 
C, 41-year-old man. In resurfacing hip arthroplasty, there are three zones around peg numbered from 1 through 3 on anteroposterior views, from lateral to medial aspect 
of peg.

CB

Fig. 17—Bone remodeling in 45-year-old man. 
Anteroposterior radiograph of right femur shows 
cementless femoral stem with new bone in zones 1 
and 7 (arrows); these findings are consistent with 
“spot weld.”
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This article is part of a self-assessment module (SAM). Please also refer to ”Current Concepts of Hip Arthroplasty for 
Radiologists: Part 2, Revisions and Complications,“ which can be found on page 570.

Each SAM is composed of two journal articles along with questions, solutions, and references, which can be found online. You 
can access the two articles at www.ajronline.org, and the questions and solutions that comprise the Self-Assessment Module by 
logging on to www.arrs.org, clicking on AJR (in the blue Publications box), clicking on the article name, and adding the article 
to the cart and proceeding through the checkout process.

The American Roentgen Ray Society is pleased to present these SAMs as part of its commitment to lifelong learning for 
radiologists. Continuing medical education (CME) and SAM credits are available in each issue of the AJR and are free to ARRS 
members. Not a member? Call 1-866-940-2777 (from the U.S. or Canada) or 703-729-3353 to speak to an ARRS membership 
specialist and begin enjoying the benefits of ARRS membership today!

A B

Fig. 18—Bone remodeling in 24-year-old man who 
underwent right total hip arthroplasty. 
A, Initial postoperative anteroposterior radiograph 
shows cementless femoral stem in neutral position 
with ceramic-on-polyethylene bearing and 
cementless acetabular component with screws. 
B, Anteroposterior radiograph obtained 2 months 
after A shows focal cortical thickening (arrow) along 
medial aspect of distal portion of stem.
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