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Abstract

There are numerous reports on successful results for total hip replacement  being achieved 
through preoperat ive planning. However, none of these reports have been focused on the 
t reatment  of hip fractures. Preoperat ive planning has increased importance in this group 
of pat ients as the correct  biomechanical reconst ruct ion of the hip is made more diffi cult  
by the absence of an intact  femur.
This report  describes a method for preoperat ive planning based on the reproduct ion of 
the biomechanics of the intact  cont ralateral hip, if  and when it  is anatomically normal. 
The plan is based on radiological measurements that  are reproduced during surgery to 
achieve normal biomechanical reconst ruct ion for the fractured hip.
© 2009 SECOT. Published by Elsevier España, S.L. All rights reserved.

PALABRAS CLAVE

Fractura de cadera;

Art roplast ia de cadera;

Planifi cación 

preoperatoria

La planifi cación preoperatoria del reemplazo protésico en las fracturas de cadera 

del anciano 

Resumen

Existen numerosas publicaciones sobre la planifi cación preoperatoria en los reemplazos 
de cadera elect ivos con resultados sat isfactorios. Sin embargo, ninguna de ellas se ha 
enfocado para el t ratamiento de las fracturas de cadera. La planifi cación aumenta su 
importancia en estos pacientes debido a que la reconst rucción de la biomecánica de la 
cadera se ve difi cultada por la ausencia de un fémur intacto.
En este t rabaj o se describe un método de planifi cación preoperatoria basado en la repro-
ducción de la biomecánica de la cadera cont ralateral no fracturada, siempre y cuando 
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Introduction 

The past  two decades have seen a signifi cant  rise in the 

incidence of hip fractures in the elderly populat ion. Among 

other factors, the rise is a result  of the growing populat ion 

and increasing life expectancy.1-3 Due to increasing frequency 

and the high morbidity and mortalit y rates, in addit ion to 

the signifi cant  fi nancial burdens arising from their t reatment  

and sequelae, hip fractures in the elderly are a serious 

problem not  only from the pat ient ’s point  of view, but  also 

from societal and public health standpoints.4

Among hip fractures, the displaced femoral neck fracture 

(Garden III-IV) is often called an “ unsolved fracture” , 

because its t reatment  remains cont roversial5 to this day. 

The two available therapeut ic opt ions are reduct ion and 

fi xat ion of the fracture with preservat ion of the femoral 

head and the total or part ial hip replacement .

In the latest  Cochrane review6 on the t reatment  of 

femoral neck fractures in adults, 17 randomised cont rolled 

t rials involving 2694 pat ients with 2697 fractures were 

analysed. Internal fi xat ion of int racapsular hip fractures 

showed a signifi cant  decrease in operat ive t ime (average of 

28 minutes shorter), blood loss, the need for blood 

t ransfusion, and the risk of deep infect ion, when compared 

with hip arthroplasty. However, the likelihood of needing a 

reoperat ion was higher after surgical internal fi xat ion than 

after hip arthroplasty (36% versus 11%). The main published 

causes of failure of internal fi xat ion were the presence of 

non-union of fractures in 28% of cases (20-35%) and avascular 

necrosis of the femoral head, which occurred in 9.7% of 

pat ients (5-30%). This meta-analysis6 showed no stat ist ically 

signifi cant  dif ferences between the two methods in regards 

to the length of hospital stay, the occurrence of postoperat ive 

medical complicat ions, pat ients’  post -operat ive return to 

the place of pre-operat ive residence, or mortalit y one year 

after surgery.

More recent ly, in a meta-analysis of t reatment  methods 

for int racapsular fracture performed by Rogmark and 

Johnell in 2006,7 it  was shown that  fewer serious 

complicat ions occurred secondary to surgery (infect ions, 

reoperat ions), funct ional outcomes were bet ter, and 

pat ients reported less pain after hip replacement  than after 

internal fi xat ion. This meta-analysis showed reoperat ion 

rates of 14-53% after internal fi xat ion versus a rate of 7% 

after hip arthroplasty.

The choice of t reatment  modality depends on the 

pat ient ’s physiological age, which is determined by their 

previous walking abilit y, mental state, and associated 

comorbidit ies. In order to determine the physiological age, 

specifi c scales have been described;8 however, a careful 

assessment  of the pat ient , based on these parameters will 

help the surgeon decide on the most  appropriate t reatment  

on an individual basis.

Briefl y, in a healthy and act ive young pat ient  (physiological 

age under 65 years, able to undergo a new surgery) every 

effort  should be made to preserve the femoral head. The 

t reatment  of choice in this case is reduct ion and internal 

fi xat ion of the fracture. Pat ients in this group have also 

shown higher rates of mineralisat ion compared to older 

pat ients, possibly due to bet ter bone quality and increased 

mineralisat ion capacity. If  osteosynthesis fails, total hip 

arthroplasty (THA) is indicated as rescue therapy.

On the cont rary, hip j oint  replacement  is recommended 

in pat ients with physiological age above 65 years. This is 

due to the longer periods of decondit ioning and the greater 

risk of requiring reoperat ion in this pat ient  group. In 

addit ion, j oint  replacement  is indicated in cases in which 

poor bone quality increases the risk of failure of 

osteosynthesis, such as with pathologic fractures due to 

metastasis, irradiat ion, renal osteodyst rophy, Paget ’s 

disease or hypothyroidism. Other indicat ions for arthroplasty 

are Parkinson’s disease and spast ic hemiplegia, due to 

funct ional reasons (incapacity from decondit ioning).

Current ly, research9,10 is focused on the comparison 

between results obtained with hemiarthroplasty (HA) and 

THA for the t reatment  of femoral neck fractures. These 

studies have shown no stat ist ically signifi cant  dif ferences 

when comparing short  and long term mortalit y rates after 

both types of arthroplasty.10,11

HA of the hip has been characterised as a less complex 

surgical procedure, with fewer complicat ions, shorter 

surgical t ime (58.5 minutes [HA] versus 82.4 minutes [THA]) 

and lower overall cost  compared to THA. However, since 

the femoral head prosthesis has an erosive effect  on the 

acetabulum after HA, in the long-term,11 those pat ients 

who have had HA eventually present  with increased pain, 

decreased mobilit y (walking distance: 1.9km [HA] versus 

3.6km [THA]) and increased risk of requiring surgical revision 

than after a total hip arthroplasty. Therefore, by comparing 

the total cost  of these procedures, including the price of 

the init ial surgery and subsequent  complicat ions and 

reoperat ions, a lower overall cost  has been shown with the 

use of THA.12

The choice of the type of arthroplasty depends primarily 

on the pat ient ’s age, overall health, and previous abilit y to 

ambulate.

In act ive pat ients (greater funct ional demand) with 

physiological age older than 65 years and with a life 

expectancy greater than 5 years, a THA is recommended. 13 

This is also the procedure of choice in pat ients with 

rheumatoid arthrit is or coxarthrosis in which there is a 

femoral neck fracture. 

ésta sea anatómicamente normal. El plan regist ra medidas radiológicas que se reprodu-
cen durante la cirugía para lograr una reconst rucción de la biomecánica normal de la 
cadera fracturada.
© 2009 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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In elderly pat ients with low funct ional demands (poorly 

ambulatory inst itut ionalised or limited ambulatory, non-

inst itut ionalised pat ients) and life expectancy less than 5 

years,13 a cemented hip HA is recommended.10 The use of a 

bipolar HA aims to diminish the painful erosive effect  of the 

femoral head on the acetabular socket , but  its superiority 

over monopolar HA has not  yet  been defi nit ively proven.14,15

One concern about  the performance of hip arthroplasty 

in elderly pat ients with displaced femoral neck fractures is 

the increased risk of prosthet ic dislocat ion (6-22% versus 

4-10%) and periprosthet ic fracture compared with hip 

arthroplasty performed in pat ients with primary 

coxarthrosis.16-18

The increased risk of prosthet ic dislocat ion in this group 

of pat ients is due to their greater age, cognit ive impairment , 

neuromuscular defi cits, laxity and risk of falls, compared 

with the populat ion of primary coxarthrosis. However, 

proper posit ioning and orientat ion of prosthet ic components 

(especially the acetabulum) can reduce the incidence of 

dislocat ions.19 

There are numerous publicat ions that  demonst rate the 

benefi ts of planning before surgery in elect ive hip 

replacements.20,21 However, none of these have focused on 

the t reatment  of hip fractures. In these pat ients, restorat ion 

of the biomechanics of the hip is more complex because the 

surgeon does not  have an intact  femur to guide the 

reconst ruct ion of the offset  and length of the fractured 

limb. 

The aim of this paper is to provide a detailed descript ion 

of a preoperat ive planning technique, adapted to the 

t reatment  of hip fractures, which achieves greater accuracy 

in the posit ion and orientat ion of prosthet ic components. 

This technique is based on the replicat ion of the biomechanics 

of the healthy cont ralateral hip (not  fractured) and to allow 

for accurate reproduct ion of the orientat ion and posit ion of 

components using reference measurements.22,23

History and physical examination 

A detailed history and physical examinat ion help to decide 

the type of arthroplasty (total or part ial),  method of 

fi xat ion, and implant  design most  appropriate for the 

pat ient . It  is essent ial to know the pat ient ’s age, concomitant  

diseases, regular medicat ions, surgical history, presence 

and degree of cognit ive impairment , act ivity level prior to 

fracture, involvement  of other nearby j oints and life 

expectancy.

The preoperat ive planning method described in this work 

is based on the replicat ion of the biomechanics of the 

cont ralateral hip (not  fractured). For this reason, it  is 

essent ial to perform a careful physical examinat ion of the 

hip to rule out  any congenital or acquired diseases that  may 

affect  planning. In addit ion, the pat ient  should be 

quest ioned about  the presence of gait  changes and limb 

dysmet ria prior to the fracture.

In those pat ients with increased risk of prosthet ic 

dislocat ion24 (octogenarian pat ients with maj or cognit ive 

impairment  or with neuromuscular diseases) prosthet ic 

heads of larger diameter25 or HA may be used. In pat ients 

with poor bone quality it  is preferable to use cemented 

femoral fi xat ion, and those with increased risk of infect ion 

(diabet ics, immunocompromised pat ients) ant ibiot ics in 

cement  may be used.

Radiographic studies

Radiographs must  be of good quality, obtained in a part icular 

posit ion and with a known magnifi cat ion. If  one or more of 

these important  requirements are not  met , the preoperat ive 

plan will be imprecise. In fracture pat ients, good pain 

cont rol facilitates the execut ion of adequate imaging 

studies.

In most  pat ients, planning can be done based on an 

anteroposterior (AP) pelvis radiograph cent red on the pubic 

symphysis in which 15 to 17 cm of femoral diaphysis can be 

observed. 

The pat ient  should be placed in a supine decubitus 

posit ion with the healthy hip at  15° of internal rotat ion 

(pure AP of the femur). This posit ion neut ralises physiologic 

anteversion of the femoral neck and allows the t rue offset  

of the healthy hip to be observed.

The magnifi cat ion of the radiographs and of the prosthet ic 

implant templates must be equal. For a magnifi cat ion of 

approximately 20 ± 6% [2 SD],6 the ray focal point is located 1m 

from the radiat ion table and the radiographic plate is placed 

5cm below the table (slot x-ray table), with a total distance 

between the ray source and the plate being 115-120 cm.

Prior to making the template, the radiographic quality 

and the posit ion of the visible st ructures must  be carefully 

examined. The radiographic quality should allow the surgeon 

to visualise the cort ical and t rabecular bone st ructures of 

the pelvis and femur in detail.  Bone density at  the 

acetabulum and femur27 guides the choice of implant  

fi xat ion system (cementat ion of the femoral stem, using 

screws in the acetabular component ). Moreover, the study 

of the t rabecular st ructure of the fractured femoral neck 

accompanied by a detailed history can help to predict  the 

existence of a pathologic fracture, with consequent  

therapeut ic and prognost ic implicat ions.

In a st rict  anteroposterior radiograph, the cent re of the 

sacrum, the coccyx and the pubic symphysis are aligned, 

and the images of the obturator foramina are symmetrical.  

This is not  t rue of radiographs with pelvic rotat ion and 

generates errors in the template. If  the ray tube is not  

oriented correct ly or the pat ient  has a fl exion cont racture 

or severe pelvic obliquity, the obtained radiographic image 

can be inlet  type, with the consequent  distort ion of the 

bony st ructures hindering template complet ion. At  the 

femoral level, visualisat ion of the lesser t rochanter helps 

determine the degree of hip rotat ion. If  the image of the 

normal hip is not  obtained in 15-20° of internal rotat ion, 

the calculated offset  will be lower than the actual 

measurement  and will int roduce error in the planning, thus 

altering the biomechanics of the hip.
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Templates 

The template method for the t reatment  of femoral neck 

fractures that  require total j oint  replacement  is described 

fi rst  and then a short  sect ion concerning HA templates 

follows.

Component  templates must  use a magnifi cat ion similar to 

that  obtained in radiographic images. Commercial ent it ies 

assume a fi xed amplifi cat ion for Spanish individuals of 

around 15-20%, and in general, supplied templates take this 

amplifi cat ion into account .

One must  methodically document  informat ion obtained 

during the templat ing process. This documentat ion 

includes in chronological order (fi rst  t he femur and second 

the acetabulum) the design, t ype and size of  implants that  

wil l  be used and measurements to make during surgery in 

order to reproduce the plan int raoperat ively.  To facil it ate 

and expedite the surgery,  the ent ire surgical team should 

be famil iar with the meaning of  these annotat ions 

(table).

Acetabular component templates 

The acetabular template begins with the delineat ion of a 

horizontal reference line to determine the correct  

inclinat ion of the acetabular component . In the maj ority of 

cases, this line can be drawn through the lower corners of 

both teardrop images28 (fi g. 1). If  the teardrop images are 

not  clearly visible, the corners below the sacroiliac j oints 

can be used. The lower corners of the ischial tuberosit ies 

are often distorted by pelvic rotat ions, previous fractures 

or anatomical variat ions. 

If  both acetabular cups have similar shape and size, the 

acetabular component  templates can be made in the cup of 

the unfractured hip. The plan starts by ident ifying the 

superolateral acetabular rim, the il ioischial line and the 

teardrop image. Visualisat ion of the anterior and posterior 

margins of the acetabulum can guide the surgeon in 

determining the correct  acetabular anteversion during 

surgery. 

Subsequent ly the posit ion and size of the acetabular 

component  are determined using the template with 

appropriate magnifi cat ion. By superimposing the acetabular 

component  templates, the correct  size that  meets the 

following condit ions is sought : a cup, when at  approximately 

Figure 1 Anteroposterior pelvic radiograph of an 82-year-old 

pat ient  with a subcapital fracture of the right  femur. Planning 

started by t racing the horizontal (H) pelvic reference line 

drawn between the two teardrop images. 

Table

Areas  Descript ion  Example 

1. Acetabular component  — Design and size of the acetabular component  ACETABULAR CUP 505 
10

 — Distance between teardrop image and inferomedial 

  edge of acetabular component  (subscript ) 

 — Distance between the apex of the cup and the uppermost  

  acetabular rim (superscript ) 

2. Acetabular Insert   — Design and femoral head diameter INSERT 32 not  const rained/

   Cross-linked 

3. Femoral component  — Design, size and offset  of the femoral component  STEM 
EXT

 1 
*

4. Prosthet ic femoral head — Diameter of the prosthet ic femoral head 32+0

 — Length of neck 

5. Reference distance  1) Between Tl ** the level of femoral neck osteotomy 15
(1)

  2) Between the medial osteotomy and stem 12
(2)

  3) From Tl ** and the cent re of rotat ion of the femoral head 50
(3)

6. Cent ralisor or rest rictor  — Diameter of Ct  Ct : 11/ Tp: 22

 (opt ional) — Diameter of Tp or cement  plug 

Ct : cent ralisor; Tl:  lesser t rochanter; Tp: rest rictor. 
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45° abduct ion, the medial border of which is approximately 

at  the il ioischial line, with inferior edge approximately at  

the horizontal inter-teardrop reference line, while obtaining 

the maximum coverage with minimal removal of sclerot ic 

subchondral bone (fi g. 2A). After select ing the size and 

posit ion of the acetabular component , the cent re of rotat ion 

and the profi le of the cup are marked on the radiograph. 

To successfully reproduce the inclinat ion of the acetabular 

component  int raoperat ively, two radiological measurements 

should be taken with a magnifi ed ruler. The fi rst  is the 

distance between the lower corner of the acetabular cup 

and the teardrop image (fi g. 2B). This distance is usually 

short  (5-10 mm) and very sensit ive to changes of inclinat ion 

of the cup. The second measurement  is the distance 

between the apex of the acetabular cup and the superolateral 

acetabular rim.

Finally, in the fi rst  line of the operat ive note the type and 

size of the acetabular component  must  be recorded, 

together with the two measurements described above as 

subscript  and superscript  (table). In the second line the 

characterist ics of the acetabular insert  (the insert  material,  

prosthet ic head diameter) are recorded.

If  there are anatomical dif ferences between the two 

acetabular cups, it  is necessary to make templates with 

both the healthy cup and the fractured cup and to make 

sure both are of the same height . Otherwise, the surgeon 

must  make the necessary adj ustments in the height  of the 

femoral component  to equalise limb length. 

In bipolar arthroplasty, the acetabular component  

template is replaced by that  of the bipolar cup. The outside 

diameter of the cup should be slight ly greater than the 

diameter of the femoral head bone (fi g. 3). After the cent re 

of rotat ion of the bipolar cup is marked, femoral templat ing 

proceeds. Often, when performing an HA, the cent re of 

rotat ion is slight ly more caudal and lateral than with a total 

replacement . 

Template of the femoral component 

The object ives of the femoral component templates are to 

obtain proper fi xat ion and alignment of the femoral stem 

within the channel, the restorat ion of offset and limb length.

In most  pat ients with hip fractures, there is no 

preoperat ive discrepancy in limb length. If  the pat ient  has 

pre-fracture asymmetry in which the fractured limb was 

shorter than the healthy, the surgeon may choose to 

lengthen the limb during the surgery. However, if  the 

previously fractured limb was longer than the healthy one, 

Figure 3  Template of bipolar cup. The image shows the most  

caudal and lateral posit ion of the bipolar cup’s cent re of 

rotat ion compared to the cent re of rotat ion of the acetabular 

component . Also shown is the smaller diameter of the bipolar 

cup (47 mm) compared with the acetabular component  

(50 mm). R: cent re of rotat ion of the acetabular component , 

R’ : cent re of rotat ion of bipolar cup.

Figure 2 Template of acetabular component . A) The image shows an acetabular component  of appropriate size and posit ion. B) 

The image shows the usefulness of the distance (d) between the inferomedial edge of the acetabular component  and the lower 

corners of the teardrop images in precisely determining acetabular angle. The distance (d) in a cup with the correct  angle (45°) 

increases at  a distance (d’ ) by increasing the angle of the acetabular component  (A’  to 60° of inclinat ion). Moreover, increasing the 

inclinat ion of the acetabular cup reduces the lateral cup’s coverage, which is refl ected in the shortest  distance between the apex 

of the cup and the superolateral acetabular rim. a: superolateral acetabular rim; A: acetabular component  with correct  inclinat ion, 

A’ : acetabular component  in more vert ical posit ion; b: il ioischial line; c: teardrop image; d: distance of the correct  acetabular 

component ; d’ :  distance from the vert ical acetabular component ; e: distance between the apex of the acetabular cup and the 

superolateral rim; H: horizontal reference line; R: cent re of rotat ion of the acetabular component . 

45° cup

60° cup
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it  is important  to inform the pat ient  that  the asymmetry 

may persist  after prosthet ic replacement  because intent ional 

shortening of the fractured limb may result  in undesirable 

prosthet ic instabilit y.

The fractured limb length is determined by the level of 

insert ion of the femoral stem and the length of the 

prosthet ic head. 

To select  the correct  size of the femoral stem, the 

femoral component  template is superimposed over the 

affected limb to select  one whose axis aligns with the axis 

of the femoral shaft  and the shaft  which best  fi ts the 

proximal femoral metaphysis and int ramedullary canal 

(internal walls of the femur). Given the high incidence of 

osteoporosis in elderly pat ients with hip fractures, we 

prefer to use cemented fi xat ion of the femoral stem, so 

that  the selected size allows for a homogeneous, 

circumferent ial cement  mant le of about  2 mm in thickness 

(usually marked on the template with dashed line) (fi g. 4).

After determining the size of the femoral stem, one 

should choose the offset  of the femoral component  whose 

cent re of rotat ion is closest  to the horizontal acetabular 

cent re of rotat ion (normal offset , extended offset ). If  the 

cent re of rotat ion of the femoral head lies medial to the 

cent re of rotat ion of the acetabular cup, the offset  increases. 

Conversely, the offset  is reduced if  the cent re of rotat ion of 

the femoral head is lateral to the cent re of rotat ion of the 

acetabular cup. 

Subsequent ly, the template is slight ly displaced within 

the femoral axis unt il reaching the correct  femoral neck 

girth (the selected offset  is maintained) with which the 

vert ical maximum of the femoral and acetabular cent re of 

rotat ion is approximated. The surgeon should t ry to use 

prosthet ic heads that  do not  reveal the Morse taper or that  

do not  have sheaths that  create an unfavourable neck-head 

rat io.

After determining the size, offset ,  neck length and level 

of implantat ion of the femoral component , the profi le 

should be drawn on the radiograph of the pelvis and the 

level of femoral osteotomy and femoral cent re of rotat ion 

should be highlighted. In the third line of the operat ive 

note, the surgical design, size and the offset  of the femoral 

stem is recorded. The femoral head diameter and length of 

the prosthet ic neck is recorded in the fourth line of the 

note (table).

To int raoperat ively reproduce the posit ion of the femoral 

stem and determine the level of neck osteotomy, three 

measurements should be recorded using the magnifi ed ruler, 

usually found in the selected template magnifi cat ion (fi g. 

5A). The fi rst  is the distance between the proximal apex of 

the lesser t rochanter and the area medial to the cervical 

osteotomy. This measurement  is essent ial to determine the 

level of cervical osteotomy int raoperat ively. The second 

measurement  is the distance between the proximal apex of 

the lesser t rochanter and the cent re of rotat ion of the 

selected prosthet ic femoral head. This measurement  is key 

to reproducing the chosen offset  and limb length. Finally, 

the distance between the most  medial aspect  of the femoral 

neck and the femoral stem implantat ion site at  the top of 

the cervical osteotomy must  be measured. This third 

measure is essent ial to avoid a varus- or valgus-posit ioned 

stem. 

Another measurement  that  can be used is the vert ical 

distance between the cent re of rotat ion of the femoral 

head and the t ip of the greater t rochanter, as an addit ional 

reference to ensure correct  posit ioning of the cent re of 

rotat ion of femoral stem. These measurements are recorded 

in the operat ive note (table). If  necessary, you can also 

mark the diameter of distal stem cent ralisor and cement  

rest rictor plug. 

The lateral hip radiograph can be used to plan the correct  

point  of ent ry for the femoral stem at  the AP level using the 

lateral femoral template.

Implementation of the plan

Met iculously reproducing the measurements in the operat ive 

note during surgery increases surgical precision during 

Figure 4 Image showing the correct  template of a femoral 

component  in which the rod axis is aligned with the axis of the 

femoral shaft  (F) and whose size allows for a homogeneous 

circumferent ial cement  mant le and (marked line points) in the 

femoral shaft .  *:  Proximal lesser t rochanter; C: area of choice 

for femoral neck osteotomy; F: femoral shaft  axis.
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placement  of the selected components. Therefore it  is 

imperat ive to have a sterile marker and a millimet re ruler 

during the surgical procedure. 

The appropriate posit ioning of the pelvis on the operat ing 

table reduces the variabilit y in the orientat ion of the 

acetabular component . After the surgical approach, the 

proximal angle of the lesser t rochanter is located and the 

planned length of the osteotomy is marked (fi g. 5A). 

Somet imes the fracture line may be below the level of the 

planned cervical osteotomy. In these cases, the surgeon 

must  make the necessary modifi cat ions to the surgical 

technique or to the implant  in order to replicate the 

distance between the lesser t rochanter and the femoral 

cent re of rotat ion.

The acetabular component  must  be between 40-50° of 

abduct ion29 and 15 ± 10° of anteversion, and the acetabular 

component  size guides the cup milling. To accurately 

reproduce the orientat ion of the acetabular component , 

the reference measurements recorded in the surgical note 

are used. One must  use a fi ne graphing tool marked in 

millimet res to calculate these measurements of the depth 

and width of the area. After placement  of the test  acetabular 

component  in the proper posit ion, the teardrop shape 

(inferomedial edge of the acetabular wall) is palpated with 

the fi ne inst rument  and the distance between this point  and 

the lower edge of the acetabular component  is measured. 

If  this measurement  is greater than that  recorded during 

planning, it  indicates that  the acetabular component  is too 

vert ical30 and it  will be possible to correct  it s posit ion (fi g. 

2B). Conversely, if  the measurement  is smaller than planned, 

it  indicates that  the acetabular component  is too horizontal.  

Reproduct ion of the distance between the apex of the cup 

and the superolateral margin of the acetabulum (lateral 

Figure 5 A) This radiograph shows how to calculate the reference distances for femoral component  planning. 1: distance between 

the superior corner of the lesser t rochanter and femoral neck osteotomy site; 2: distance between the medial femoral osteotomy 

and stem; 3: distance between the upper corner of the lesser t rochanter and the cent re of rotat ion of the prosthet ic head. B) 

Int raoperat ive image showing how to reproduce the baseline radiographic measurements of the pat ient ’s femur, after insert ion of  

t rial components. Following the ident ifi cat ion of the femoral head cent re of rotat ion, the proximal angle of the lesser t rochanter 

and the medial border of cervical osteotomy, a sterile ruler is used to calculate the distances previously described (6A). *: Proximal 

lesser t rochanter; F: femoral shaft  axis; A: cent re of rotat ion of the prosthet ic head.

Figure 6 Anteroposterior pelvis radiograph showing a total 

hip arthroplasty (same pat ient  from fi g. 1) performed after 

complet ion of preoperat ive planning (table 1). It  confi rms the 

correct  posit ioning of the components and anatomical 

restorat ion of the biomechanics of the fractured hip (cent re of 

rotat ion, offset  [O = O’ ] and limb length [d = d’ ]).  d: vert ical 

distance from the reference line to the proximal angle of the 

lesser t rochanter; d’ :  normal distance; F: femoral shaft  axis; H: 

horizontal reference line between the two teardrop images; O: 

offset  of the operated hip; O’ : normal offset ; R: cent re of 

rotat ion of the arthroplasty; R’ : hip’s normal cent re of rotat ion; 

Tl:  lesser t rochanter. 
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coverage) will confi rm the proper inclinat ion of the 

component . 

During femoral milling, the surgeon must  be guided by 

the annotat ions of the plan (size) and by tact ile sensat ion. 

Once the test  femoral stem has been placed for the 

chosen size, offset  and neck length, one must  measure the 

distance between the apex of the lesser t rochanter and the 

cent re of rotat ion of the femoral head (marked with marker) 

(fi g. 5B). If  this distance does not  match the plan, the 

necessary adj ustments should be made (offset ,  neck length 

and stem height ) int raoperat ively. 

Finally, the hip prosthesis is reduced with the test  stem 

and head, and its stabilit y, the balance of the soft  t issues 

and its complete range of mot ion are checked. After this 

test , the surgeon confi rms the defi nit ive femoral components 

or makes the necessary adj ustments for prosthet ic stabilit y 

and mobilit y. 

The postoperat ive radiographs are checked for correct  

posit ioning and fi xat ion of implants. One must  also confi rm 

the proper restorat ion of the biomechanics of the fractured 

hip, compared with the cont ralateral hip, which has been 

used as a guide to reconst ruct ion (fi g. 6).

Discussion

There are numerous publicat ions on surgical planning in 

elect ive hip replacements with sat isfactory results. 20,21,31 

However, none have focused on any of these techniques for 

the t reatment  of hip fractures.

In these pat ients, restorat ion of the biomechanics of the 

hip is more complex because the surgeon does not  have an 

intact  femur to guide the reconst ruct ion of the offset  and 

length of the fractured limb. The increased physiological 

offset  prevents the surgeon from performing an adequate 

repair of the capsular, tendinous, and muscular st ructures 

that  were damaged during the t rauma or the surgical 

approach, and which endanger the prosthet ic j oint ’s 

stabilit y.32 In parallel,  this increased offset  may generate 

cont ractures in abduct ion and internal rotat ion with 

consequent  alterat ion of gait .  The decreased offset  or 

shortening of the limb increases the risk of instabilit y and 

gait  claudicat ion.33,34 Finally, if  a limb is excessively 

elongated, it  may cause cont ractures and gait  changes and 

may be grounds for lit igat ion.35 To restore the biomechanics 

of the fractured hip, the planning is based on the replicat ion 

of the healthy cont ralateral hip (not  fractured).

Another feature of this planning technique is the use of 

reference points and measurements that  are easily 

ident ifi able on radiograph and int raoperat ively. By using 

this technique, the posit ion and orientat ion of the previously 

planned components may be reproduced with precision.

The teardrop images are used to orient  the acetabular 

component , since this anatomical reference point  is one of 

the most  accurate and steady of the pelvis. 28 The teardrop 

image represents the inferomedial edge of the acetabular 

wall,  it s outer surface corresponds to the acetabular 

background (the deepest  and most  inferior zone of the 

acetabulum) and its inner surface corresponds to the medial 

acetabular wall.  In planning the femoral component , one 

uses the superior angle of the lesser t rochanter as a 

reference point  which facilitates int raoperat ive locat ion of 

the midpoint , which is used in other planning techniques. 31

By using this method in elect ive hip arthroplasty and 

fracture repair, we have been able to reproduce the cent re 

of rotat ion of the hip prostheses ± 4mm in 93.5% of cases.22 

The asymmetry of limbs after j oint  replacement  in fractures 

using this method was 3.27mm (range: —3 to 8mm). Seventy-

seven point  three percent  of pat ients presented with 

asymmetry less than or equal to 5mm after hip fracture 

surgery. This is a higher percentage of asymmetry in 

comparison to the populat ion with coxarthrosis (87.3-86% 

with asymmetry ≤ 5mm). This dif ference is due to the fact  

that  in pat ients with hip fractures it  is not  possible to 

determine the presence of limb asymmetry in advance and 

therefore not  possible to accurately compensate for these 

discrepancies using arthroplasty.

We have not  studied the reduct ion in the prosthet ic 

dislocat ion rate direct ly; however, we have shown an 

improvement  in the accuracy of acetabular component  

placement  using this technique.30 We obtained an acetabular 

component  angle within the safe range (40 ± 10°) in 100% of 

cases and between 43.8° and 45.4° in 95%. Furthermore, 

the use of femoral reference measurements has provided a 

neut ral femoral stem alignment  in 87.7% of pat ients, varus 

(< 4°) in 8% and valgus (< 2°) 4%.

Another advantage of using this method of planning is 

ident ifying the design and size of implants before surgery. 

The correct  acetabular and femoral component  size ± 1 was 

used in 97.4% of cases. These data can reduce surgical t ime 

since the team knows what  the surgical note means and is 

able to prepare the implants beforehand.

Other authors with similar planning techniques have 

managed to successfully predict  the size of acetabular 

implants between 62-90% of the t ime and cemented femoral 

components between 78-92% of the t ime. 28,29

It  is advantageous to use this method because one can 

foresee potent ial complicat ions that  may occur during 

surgery. Some of these possible complicat ions include the 

need for bone grafts in areas with large defects, cement  in 

cases of poor bone quality, avoiding false passage 

periprosthet ic femoral fractures by planning the proper 

orientat ion of the femoral canal milling, etc.

The presence of a cont ralateral hip that  is abnormal, 

arthrit ic, or that  has congenital deformit ies (dysplasias) or 

acquired deformit ies (post t raumat ic) limits the use of this 

technique. However, in cases where the cont ralateral hip 

had been replaced previously and its biomechanics are 

adequate, the surgeon can use the replaced hip as a 

reference template for the fractured hip.

Proper planning of posit ion and predict ion of the 

component  size may be affected by many factors that  must  

be known in order to minimise the risk of error. Magnifi cat ion 

markers can be used systemat ically to reduce the risk of 

magnifi cat ion error. A team of t rained radiology technicians 

must  perform the radiographs. Body habitus of pat ients can 
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affect  the magnifi cat ion, which is slight ly lower in very thin 

pat ients (15%) and slight ly higher in obese pat ients (25%). 

Knowledge of this detail will allow for the necessary 

adj ustments to increase the plan’s accuracy. Incorrect  

magnifi cat ion will affect  the correlat ion between 

radiological and int raoperat ive measurements. The 

measurement  that  is most  likely to be affected by these 

variat ions is the longest  one (distance between the lesser 

t rochanter and the cent re of hip rotat ion).

Current ly, most  hospitals use digital radiological images, 

which have increased interest  in digital over analogue 

planning.21,37 The basics of the planning method that  we 

described can be adapted to digital planning and, with the 

subsequent  acquisit ion of a known magnifi cat ion, will 

increase the precision of this technique.

In conclusion, we believe that  this method of preoperat ive 

planning is simple and reproducible and allows for proper 

component  orientat ion and restores the biomechanics of 

the fractured hip during hip replacement .
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