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Grade Characteristics 

0 Absence of signs of osteoarthritis 

 
 

1 Slight narrowing of the joint space, small marginal osteophytosis and slight sclerosis of 

the femoral head or acetabulum 

2 Small cysts in the femoral head or acetabulum, increased narrowing of the joint space, 

moderate loss of sphericity of the femoral head 

3 Large cysts, severe narrowing or obliteration of the joint space, severe deformation of the 

femoral head, avascular necrosis 
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Summary

Introduction:  It  is  a well­known  fact  that  slipped  capital  femoral  epiphysis  (SCFE)  is  one  of the

causes of premature  hip osteoarthritis  and  anterior  femoroacetabular  impingement.  But  there

are no  reliable,  published  diagnostic  methods  to  measure  the  residual  deformity  of slipped  cap­

ital femoral  epiphysis.  We propose  using  the  lateral  view  head­neck  index  (LVHNI)  measurement

on a specific  lateral  X­ray  view  of  the  hip  for  this  purpose.

Hypothesis:  The  LVHNI  can  detect  and  quantify  the  posterior  translation  of  the femoral  head

and this  index  can  be  measured  reliably.

Materials  and  methods:  A prospective  radiography  study  was  performed  by  three  observers.

The hip X­rays  of patients  who  were  being  treated  by  arthroplasty  for  hip osteoarthritis  (total

hip replacement  or  hip  resurfacing)  between  January  2010  and  December  2011  were  analyzed.

The LVHNI,  which  quantifies  the posterior  translation  of  the  femoral  head,  was  measured  on  a

lateral view  of  the hip  in  45◦ flexion/45◦ abduction/30◦ external  rotation.  The  presence  of a

pistol grip deformity  on  A/P  X­rays  was  also  assessed.

Results:  The  analysis  was  performed  on  131  hips  in  120  patients  having  an  average  age of

61 years  (range  37—91).  The  chosen  LVHNI  threshold  of  9%  resulted  in a sensitivity  of  89.1%  (95%

CI: 78.8%—95.5%)  and  a specificity  of  82.4%  (95%  CI: 71.2%—89.7%)  for  detecting  the presence  of

a pistol  grip  deformity.  Twenty  percent  of the  hips  with  no  visible  deformity  on  A/P  X­rays  had

a pathological  index  value.  The  inter­observer  reproducibility  was  good  for  the  LHNI  [intraclass

correlation  coefficient  (ICC):  0.61;  95%  CI:  0.51—0.71]  and  for  detecting  a pistol  grip deformity

(ICC: 0.74;  95%  CI:  0.62—0.85).  The  intra­observer  reproducibility  was  excellent  for  the LHNI

(ICC: 0.78;  95%  CI:  0.57—0.88)  and  the  pistol  grip  deformity  (ICC:  0.85;  95%  CI:  0.74—0.92).

∗ Corresponding author. Tel.: +33 6  19 19 84 91; fax: +33 5  61  72  22  32.
E­mail address: murgier.jerome@hotmail.fr (J. Murgier).

1877­0568/$ – see front matter © 2013 Elsevier Masson SAS. All rights reserved.
http://dx.doi.org/10.1016/j.otsr.2013.03.020



502  J. Murgier  et  al.

Conclusion:  The  LVHNI  is  a reliable  and  reproducible  tool  to  identify  deformities  secondary  to

SCFE on  specific  lateral  femoral  neck  X­rays.  If  the index  value  is  greater  than  9%,  SCFE  sequelae

may be  present.  In  addition,  this  study  showed  that  20%  of  hips  with  normal  A/P  X­rays  had  a

pathological  index.

Level  of  evidence:  Level  IV,  prospective  diagnostic  study  without  control  group.

© 2013  Elsevier  Masson  SAS.  All  rights  reserved.

Introduction

Slipped  capital  femoral  epiphysis  (SCFE)  is  usually  diagnosed

in  adolescents  based  on intense  or  persistent  pain  in  the  hip

joint  [1]. Many  have  suggested  that  minor  forms  of  subclini­

cal  SCFE  exist  that  go  undetected  during  childhood.  These

may  be  responsible  for  certain  primary  hip  osteoarthritis

cases  because  of  the  resulting  cam­effect  [2,3].  Studies  that

have  sought  to  confirm  this  hypothesis  by performing  mea­

surements  on A/P  X­rays  have  had  debatable  reproducibility

[4].  Although  the  femoral  head  slips  downwards  relative  to

the  neck  axis,  it  mainly  moves  backwards.  It  seems  logical  to

analyze  this  pathology  using  a  lateral  hip  view,  as  described

in  children  (Lauenstein  view)  [5].

The  purpose  of  this  study  was to  determine  the  repro­

ducibility  and  threshold  value  for  the  lateral  view  head­neck

index  (LVHNI).  This  index  quantifies  the  posterior  transla­

tion  of  the  femoral  head  center  relative  to  the femoral

neck  axis  on  a  specific  lateral  hip  view (hip in  45◦

flexion/45◦ abduction/30◦ external  rotation)  [6].  This  index

was  measured  on X­rays  of  patients  having  advanced  hip

osteoarthritis  that  required  hip  arthroplasty.  Our  working

hypothesis  was  that  the  LVHNI  could  be measured  reliably

and  can  detect  and  quantify  posterior  translation  of  the

femoral  head.

Material  and  methods

Patients

This  was  a  prospective,  continuous,  single­center  study

where  the  X­rays  of  patients  receiving  hip  arthroplasty

(total  hip  replacement  or  hip  resurfacing)  for  osteoarthritis

between  January  2010  and  December  2011  were  analyzed.

This  study  consisted  of  performing  of  hip measurements  on

A/P  and  lateral  views  of  each  patient’s  hip.  Three  varia­

bles  were  defined  on  the  X­rays:  presence  of  a  pistol  grip

deformity  [7]  on  the A/P view,  osteoarthritis  stage accord­

ing  to  the  Tonnis  classification  [8]  and  LVHNI  measurement

on  the  lateral  view. In  all,  157  hips  were  analyzed  during  this

period.  All  patients  received  a  standard  X­ray  assessment  at

the  same  radiology  center  on  the  eve  of  the  surgical  pro­

cedure.  This  consisted  of  a weight­bearing  A/P view  of  the

pelvis  and  a  special  lateral  frog­leg  view  with  the patient

supine  and  the  hip in  45◦ flexion,  45◦ abduction  and 30◦

external  rotation.  This  experimentally  [6]  and  clinically  [9]

validated  frog­leg  view,  shows  the  anterior  and  posterior

margins  of  the femoral  neck and  allows  the true  neck axis  to

be  accurately  determined,  along  with  its  position  relative  to

the  femoral  head  center  (Fig.  1). The  X­ray  tube  was  placed

120  cm  from  the  patient,  and  the  A/P direction  of  the  beam

was  centered  over the  pubic  symphysis.

Patients  were  excluded  if  they  had documented  previous

surgery  or hip­femur  pathology,  very  advanced  osteoarthri­

tis  that  does  not  allow  the  lateral  X­ray  to  be  performed

because  of  significant  hip  stiffness,  or a  femoral  head  defor­

mity  that  would  interfere  with  precise  analysis  of  the head

center.  The  quality  of  the  X­ray  was ensured  by  evaluating

the  following  criteria:  obvious  symmetry  of  the  obturator

holes  and ilium  wings  [10],  and  also  objective  criteria  to

ensure  that  pelvic  rotation  (end  of  coccyx  and symphysis

pubis  aligned  within  1  cm)  and pelvic  version  (end  of  coc­

cyx  and  symphysis  pubis  within  1—3 cm  of  each other)  were

neutral  [11]. The  desired  15◦ of  femur  internal  rotation

was  achieved  when  the  base  of  the lesser  trochanter  was

not  visible  and was obscured  by  the  medial  cortex  of  the

femoral  diaphysis  [12].  These  criteria  were  assessed  care­

fully  because  even  a slight  rotational  change  could  result

in  significant  measurement  differences  [13].  When  these

criteria  were  applied  to  the  157  hips  operated  for  hip

osteoarthritis  over  the  study period,  only  131  were  retained

for  the analysis  (26  excluded  or  16.6%).

Methods

The  LVHNI  was  analyzed  on a  lateral view  of  the  hip  (Fig.  2).

It  was  defined  as the  ratio  between  the  smallest  distance

(d) separating  the  true  femoral  neck  axis  from  the  femoral

head  center  (corresponding  to  the perpendicular  line  from

the  true neck  axis  passing  through  the head  center)  divided

by  the  diameter  of  the  femoral  head  (D′)  in  centimeters.  This

ratio  was  expressed  as a percentage  to  prevent  inevitable

centimeter­level  measurement  errors  that  occur  because

of  inter­individual  magnification  differences  related  to  a

patient’s  size.

LVHNI  =  d/D′

×  100

Figure  1 Frog­leg  45◦/45◦/30◦ view  that  provides  good  visu­

alization  of the  anterior  and  posterior  margins  of  the  femoral

neck.
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Figure  2  Placement  of  the points  used  to  calculate  the  lateral

view head­neck  index.  a:  four  points  are placed  on  either  side

of the  femoral  neck  axis  forming  two  segments.  The  line  joining

The true femoral  neck axis  was  determined  by  placing

two  points  on the  anterior  margin  of  the  neck  and two points

on  its  posterior  margin,  with  the  points  being  as far  apart  as

possible  proximally  and  distally.  The  distal  points  had to  be

near  the  base of  the  femoral  neck  and the proximal  points

near  the  head­neck  junction  without  including  any anterior

osteophytes.  The axis  corresponded  to  the line  joining  the

middle  of  the  two  segments  (proximal  and distal)  described

above.  The  extension  of  the lesser  trochanter  must  not

be  included  when  these  points  are  positioned  because  this

would  [artificially]  increase  the  index.  The  femoral  head

center  was defined  as the  middle  of  three  points  (P1,  P2,

P3)  placed  on its  periphery,  which  corresponds  to  a  digitized

version  of  the  ‘‘Mose  template’’  [14]. To avoid  measurement

bias,  the  points  were  placed  in  areas  where  the  femoral  head

was  free  of  osteophytes  and not  visibly  deformed.  These

seven  points  were  used  to  define  the  lateral view  head­

neck  index  (Fig.  2). When  a pistol  grip  deformity  is  seen

on  A/P  pelvis  X­rays,  it is thought  to  be  the  visible  sequelae

of  slipped  femoral  epiphysis  [7].  This  appears  as the  supe­

rior  margin  of  the  head­neck  junction  being  convex  and the

inferior  head­neck  junction  being  more  concave  (Fig.  3).  We

believe  that  the  presence  of  this  deformity  on A/P  views  is

a  sign  of  significant  displacement  on a  lateral  view  (by anal­

ogy  with  SCFE  in  adolescents  where  the  displacement  is  less

pronounced  on A/P  views  than  lateral  views).  As  a conse­

quence,  a  certain  number  of  SCFE will  only  be  visible  on a

lateral  view.

Each  patient’s  hip X­rays  were  imported  into  the  PictinTM

imaging  module  of  the OrthoWaveTM software  (Aria  Sarl,

Houdain,  France).  Automated  digital  measurements  of  the

hip  were  performed  based  on  the  placement  of  various  pre­

defined  points.  The  points  needed  to  measure  the LVHNI

were  integrated  into  this  software  by the  developers.

The  measurements  were  performed  by  three  independent

observers  (J.M.,  A.E.,  X.B­I.)  using  the  same  image  acquisi­

tion  software.  The  views  were  not  initially  paired  (lateral,

A/P)  so  as to  not  affect  the  measurements.  Preoperative

personal  data  [age,  gender,  body  mass  index  (BMI),  history]

were  stored  in  each  patient’s  file.

Statistical  methods

Statistical  tests  were  performed  with  two  software  pro­

grams  (Excel  2007,  Microsoft,  Redmond,  USA;  MedCalcTM

version  11.6.1.0,  MedCalc  Software,  Mariakerke,  Belgium).

The  average,  minimum  and  maximum  values  and  95%  confi­

dence  intervals  (95% CI)  were  calculated  for  each  variable.

The  Student’s  t­test  was  used  to  compare  the  averages

of  quantitative  variables  (age,  LVHNI)  between  independent

groups  when  the  sample  size  was  large  enough  (n >  30)  and

the  assumptions  of  normality  (D’Agostino­Pearson  test) and

the  middle  of  these  two  segments  represents  the true  femoral

neck axis;  b:  P1,  P2 and  P3  are  placed  around  the  femoral  head

perimeter  to  determine  the head  center  (c);  c:  d  is  defined

as the distance  in  centimeters  between  the  femoral  head  cen­

ter and  a  line  perpendicular  to  the  true  neck  axis  that  passes

through the  head  center.  D′ is  the diameter  in centimeters  of

the femoral  head.  (LVHNI  =  d/D′
×  100).
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Table  1  Sensitivity  and  specificity  of  index  to  reveal  a pistol  grip  deformity  as  function  of  its  threshold.  A 9%  threshold  maintains

enough sensitivity  to  detect  a deformity  on  A/P  X­rays  and  also  to detect  deformities  on  lateral  views  that  are  not  visible  on  A/P

views of  the  pelvis  (specificity  of 82.4%).

Threshold  (%) Sensitivity  (%) Specificity  (%) Correct  classification  (%)  Youden  index  (%)

8  90.6  66.2  78.0  56.8

9 89.1  82.4  85.6  71.4

10 89.1 89.7 89.4  78.7

equal  variances  (F­test)  were  met.  The  Mann­Whitney  U  test

was  used  with  osteoarthritis  stage  ordinal  data  because  it

was  not  normally  distributed.  The  inter­  and  intra­observer

reproducibility  were  determined  with  the  intraclass  corre­

lation  coefficient  and  interpreted  using  the  Fleiss  rules  [15].

The  correlation  was  considered  excellent  if  the  coefficient

was  between  80%  and  100%,  good  if between  60%  and  80%,

and  moderate  to  poor  when  lower.  A P­value  of  0.05  or  less

was  considered  as statistically  significant.

Results

The  analysis  included  131  hips  (120  patients);  the  average

age  was  61  years  (range  37—91);  the average  osteoarthri­

tis  stage  was  2.5  according  to  the  Tönnis  classification.  The

average  LVHNI  was 10%.  The  inter­observer  reproducibility

was  good  for  the  LVHNI  [intraclass  correlation  coefficient

(ICC)  =  0.61;  95%  CI =  0.51—0.71]  and  for  detecting  a pis­

tol  grip  deformity  (ICC  =  0.74;  95% CI =  0.62—0.85).  The

intra­observer  reproducibility  was  excellent  for  the LVHNI

(ICC  =  0.78;  95% CI =  0.57—0.88)  and  the  pistol  grip  defor­

mity  (ICC  =  0.85;  95%  CI =  0.74—0.92).  The  area  under  the

ROC  curve  was  0.91  (95%  CI:  0.86—0.96)  (Fig.  4).  By corre­

lating  the  presence  of  a  pistol  grip  deformity  on the  A/P

view  with  the  lateral  view  head­neck  index,  we determined

that  a  LVHNI  value  of  10% resulted  in  achieving  a  maximum

sensitivity  of  89.1%  (95%  CI:  78.8%—95.5%)  and  specificity  of

89.7%  (95%  CI:  79.9%—95.8%)  to  detect  a  pistol  grip  defor­

mity,  along  with  a  Youden  index  of  78.7%  (Table  1).  A lower

Figure  3  A/P  X­rays  of the  pelvis  showing  a  bilateral  pistol

grip deformity  of  the  proximal  femur.
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Figure  4  ROC  curve.  The  inflection  point  of the  curve  defines

a 10%  threshold  value.  A  reduction  in  this  threshold  leads  to

higher  sensitivity  and  lower  specificity;  the inverse  is  also  true.

value  (9%)  led  to  the detection  of  slipped  femoral  epiphysis

that  was visible  only  on the  lateral  view.  This  9%  threshold

reduced  the  specificity  to  82.4%  (95% CI:  71.2%—89.7%)  but

had the same  sensitivity  for  detecting  a  pistol  grip  deformity.

Clinically,  this  translates  to  a greater  number  of  patients

without  abnormal  findings  on  the  A/P X­rays  having  a  patho­

logical  index  value  (greater  number  of  false negatives).  Most

of  the patients  (56/69  hips)  having  a  LVHNI  above  9%  also  had

a  pistol  grip  deformity  on A/P  X­rays,  unlike  those  having  an

index  below  9%  (7/68  hips).  With  a 9%  threshold  value,  13

of  the  68  hips  (20%)  without  a  pistol  grip  deformity  on A/P

X­rays  had  a  pathological  index;  10%  of  hips  with  a pistol  grip

deformity  had  a  non­pathological  index  value  (Table  2).

There  were  69  patients  in  the  pathological  LVHNI

group  >  9%  and 62  in  the  LVHNI  group  <  9%. These  two group

Table  2  Number  of  patients  in  each  group  as  a function  of

the index  value  and  the presence  of a pistol  grip  deformity

(on A/P  X­rays).  This  table  shows  that  20%  of patients  with­

out a  deformity  on  A/P  X­rays  actually  have  greater  than  9%

posterior translation  and  that  90%  of patient  with  a pistol

grip deformity  have  a pathological  index.

PG  +  PG  −

63  hips  68  hips

LVHNI  <  9%  7  cases  (11%)  55  cases  (80%)

LVHNI  >  9%  56  cases  (89%)  13  cases  (20%)

PG: pistol grip; LVHNI: lateral view head­neck index.
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Table  3  Number  of  patients  in  each  group  as  a function  of LVHNI  value.  The  group  with  a lateral  view  head­neck  index  above

9% mostly  consisted  of  men  and  developed  osteoarthritis  at  a younger  age  than  the  group  with  a  LVHNI  below  9%.

LVHNI  >  9%  group  69  cases  LVHNI  <  9%  group  62  cases  P­value

Age  57.5  years  (37—78)  65.2  years  (44—91)  0.0040

OA stage  2.4  2.6  0.0850

Average LVHNI  14.7%  (9%—24%)  5.5%  (0%—8%)  <  0.0001

Sex­ratio (M:F)  7.3:1  1.13:1  <  0.0001

Oa: osteoarthritis; LVHNI: lateral view head­neck index; M: male; F: female.

Figure  5  Scatter  plot  showing  the  number  of patients  (X­axis)

as a  function  of  the  lateral  view  head­neck  index  (Y­axis).  The

9% threshold  value  is  shown  in yellow.  The  circles  correspond  to

pistol grip  positive  patients  (PG+)  and  the  diamonds  correspond

to the  pistol  grip  negative  patients  (PG−).

sizes  were  comparable  in  terms  of  the  osteoarthritis  stage,

but  not  in  terms  of  gender.  The male  to  female  sex  ratio  was

7.3:1  in  the  LVHNI  >  9% group  and  1.13:1  in  the  other  group.

Also,  the  average  age of  patients  in  the  pathological  LVHNI

group  was  about  eight  years  less than  in  the  non­pathological

group  (Table  3).  There  was  also  a  trend  towards  femoral  head

retroversion  in  comparison  to  the  neck of  all  the  analyzed

hips.  Only  three  hips  had  an  index  value of  0  and  none  had

a negative  index  value  (Fig.  5).

Discussion

Our  initial  hypothesis  was  confirmed.  The  LVHNI  can  be used

to  determine  and  quantify  the  posterior  translation  of  the

femoral  head  center relative  to  the  femoral  neck  axis, with

good  intra­  and  inter­observer  reproducibility.  The  index

value  was  considered  pathological  if  the  posterior  transla­

tion  of  the  femoral  head  was  greater  than 9%. Patients  with

a  pathological  index  value  were  mostly  male  and  younger

than  patients  having  a  LVHNI  within  normal limits  (below

9%).  This  is  a  reliable  diagnostic  method  to  measure  the

deformity  sequelae  of  slipped  femoral  epiphysis  in  adults

with  osteoarthritis  (Figs.  6 and  7). The  LVHNI  could  also

be  measure  on  other  standard  lateral  views  of  the  femoral

neck  (Dunn,  cross­table,  etc.)  or on CT scan  slices  or  MRI

in the  anteroposterior  plane  of  the  neck axis,  which  would

be  performed  upon  request  or reconstructed  with  imaging

software  [16].

Our  study  has  numerous  limitations,  the  first  being  that

a  pistol grip  deformity  was  used  as evidence  for  SCFE

sequelae.  Although  recognized  as being  the  visible  seque­

lae  of  SCFE [17,18],  its  etiology  is  currently  debated,  since

some  reports  have  suggest  that  it  could  be  the  result

of  femoroacetabular  impingement  [19]  or osteoarthritis­

related  degeneration  [20—22].  Stulberg  et  al. believed  that

this  deformity  was  the  sequelae  of  pathology  acquired  dur­

ing  childhood,  either  Legg­Perthes­Calve  disease  or  SCFE

[7].  Although  the  analysis  of  this  deformity  is subjective

and  observer­dependent,  its  reproducibility  is good  [23]

and  there is  a  proven  relationship  between  a  pistol  grip

deformity  and hip  osteoarthritis  [23,24].  This was the  most

pertinent  criterion  and  its  use,  by analogy  in  pediatrics,  was

based  on the  idea  that  SCFE  viewed  on A/P  X­rays  is  also

displaced  on the  lateral  view, while  a  displacement  visible

on  the  lateral view might  not  be associated  with  a  pistol

grip  deformity  on A/P  view  (20% of  cases  in  this  study).

Thus,  we  used  this  reference  to  set  a  high  threshold  value

and  to  assume  that  an index  value  above 9%  was  a  sign  of

SCFE  sequelae,  so  as  to  minimize  the  bias  relative  to  this

reference.  A  second  limitation  involves  the precision  of  the

measurement  methods  used  in  this  study  to  define  the  true

femoral  neck  axis  and  femoral  head  center.  Since  the  shape

of  the  femoral  neck  resembles  an  ovoid  cylinder, the  true

neck  axis should  be  analyzed  in  a three­dimensional  radio­

graphic  study.  But  the fact  that  we  precisely  and strictly

standardized  the  lateral  view  position  (45◦/45◦/30◦) allows

us  to  think  in  two dimensions  and  assume  that  the  neck has

a  rectangular  shape,  which  greatly  reduces  the  measure­

ment  bias.  In addition,  our  current  clinical  practice  does

not  include  a  preoperative  CT scan  or  MRI  for  standard  hip

replacement  surgery.  The  location  of  the  femoral  head  cen­

ter  was  determined  with  a  standard  three­point  method.

For  patients  with  advanced  osteoarthritis  and femoral  head

deformity,  the points  were  placed  on  the  spherical  part  of

the  femoral  head.  If  the deformity  was too  extensive,  the

analysis  was  not  performed.  The  EOSTM system (EOS,  Paris,

France)  could  be  an  alternative  to  the 3D  analysis  of  this

index.  Third,  a significant  number  of  patients  (16.6%,  26

of  157)  were  excluded.  Although  this  number  of  exclusions

is  acceptable,  we  excluded  X­rays that  did  not  fit  within

our  predefined,  strict  quality  criteria  because  we  were  con­

cerned  with  optimizing  the  measurement  and results.  Since

these  X­rays  were  excluded  a  priori  from  the  hip  measure­

ments,  the  validity  of  this  study  should  not  be  affected.
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Figure  6  a: lateral  view  (45◦/45◦/30◦) of  normal  hip

(index <  9%);  b: the femoral  neck  axis  bisects  the femoral  head

center.  The  lateral  view  head­neck  index  was  0%.

Various  series  have  found  that  idiopathic  hip osteoarthritis

makes  up  30 to  80% of  cases [25—27].  This  is in  part  related

to  the  lack  of  validated  diagnostic  methods  to  look  for  SCFE

sequelae  on  lateral  views  of  the  hip,  while  its  mechani­

cal  impact  (cam­effect)  on  the  progression  of  arthritis  has

been  clearly  demonstrated  in  femoroacetabular  impinge­

ment  studies  [3,9,25,28].  The  standard  diagnostic  criteria

Figure  7  a:  lateral  view  (45◦/45◦/30◦) of pathological  hip;  b:

the neck  axis  does  not pass  through  the  femoral  head  center.

The  lateral  view  head­neck  index  was  14%.

for  SCFE in  children  cannot  be used  in  adults.  Klein’s  line

is  disrupted  by  the  presence  of  anterior  osteophytes  sec­

ondary  to  the  arthritis  and  Southwick  angle  [29]  cannot

be  measured  since  the growth  plates  are  closed.  Various

authors  have  sought  to  prove  with  X­rays that  SCFE is  a  sig­

nificant  cause  of  early  hip osteoarthritis,  but  only  A/P  views

were  used:  measurement  of  femoral  head  ratio  [30],  pis­

tol  grip  deformity  [7],  distance  between  the  femoral  head

center  and  neck axis  [12,31].  There  has  been  growing  inter­

est  in  the  anatomy  of  the  head­neck  junction  over  the  past

10  years,  with  the  development  of  measurements  that  can

be  used  in  the diagnosis  of  hip impingement  [20,32].  The

measurement  of  the anterior  femoral  head­neck  offset  on

lateral  radiographs  (cross­table)  [33],  the  alpha  angle  [34]

and the  triangular  index  [24]  have  advanced  hip impinge­

ment  research  by demonstrating  the presence  of  an  anterior

bump  at  the head­neck  junction,  but  have  not  shed  light  on

the  causes  of  this  impingement.  These  measurements  can­

not  be  used  to  look  for  SCFE sequelae  because  they included

all  the known  etiologies  for  hip impingement.

Our  study  was  also  based  on previous  anatomy  work

[17,18]  on  X­rays  of  mature  cadaver  specimens  where  the

posterior  and  inferior  tilting  of  the  femoral  head  could

be  easily  visualized  on lateral  views.  Goodman  et  al. [18]

demonstrated  that  the  incidence  of  this  deformity  was  the

same  in  the  various  age brackets  studied,  which  meant

that  this  was not  a  degenerative  deformity  secondary  to

arthritis­related  remodeling,  but  a deformity  acquired  in

young  subjects  that  progressed  to  osteoarthritis.  This  was

in  direct  conflict  with  the  conclusions  of  Resnick  [35].  He

proposed  using  a  measurement  similar  to  the  Southwick

angle  in  adults,  but it  could  not  be  performed  on standard

X­rays  [34].  The LVHNI  was  inspired  by  conclusions  drawn
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from  these  various  published  studies  and  guided by  the
goal  of  moving  towards  determining  the  etiology  of  hip
osteoarthritis  using  simple,  standard  X­rays.  An X­ray  anal­
ysis  could  be  performed  to  compare  the  value  of  this  index
between  a  young,  healthy  population  and  a  population  with
hip  impingement  to  help  refine  the threshold  value and to
have  a  prognostic  value  for  hip  osteoarthritis  progression  in
these  patients.  This  work  could  be supplemented  by  an  epi­
demiological  study  where  the  LVHNI  is used  to  determine  the
proportion  of  SCFE  sequelae  in  hip  osteoarthritis.

Conclusion

The  lateral  view  head­neck  index  is a  simple,  reproducible
radiography  tool  that  reveals  the  sequelae  of  SCFE  in  adults
with  hip  osteoarthritis  using  a  specific  lateral  X­ray  view.
Its  implementation  could  be  beneficial  in  the  search  for
etiological  factors  in  hip  osteoarthritis  and  also  anterior
femoroacetabular  impingement.
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Summary

Introduction:  The  rate  of  osteoarthritis  of the hip secondary  to  slipped  capital  femoral  epiphysis

(SCFE) is  a  subject  of  debate,  and  its  frequency  is  underestimated  in  particular  because  of

subclinical  forms  that  may  not  be  diagnosed  during  childhood.

Hypothesis:  The  frequency  of  radiographic  anomalies  subsequent  to SCFE  in  adults  requiring

hip arthroplasty  is  higher  than  that  reported  in  recent  studies  (6%  to  15%).

Materials and  methods:  A  prospective  single­center  epidemiological  radiography  study  was  per­

formed by  one  observer.  Hip  X­rays  of patients  who  were  being  treated  by  arthroplasty  for

advanced  hip osteoarthritis  between  January  2010  and  May  2012  were  analyzed.  The  etiology

of osteoarthritis  was  classified  in each  patient  according  to  the  data  obtained  (primary,  SCFE,

dysplasia, protrusio  acetabuli,  other).  The  lateral  view  head­neck  index  (LVHNI)  was  used  to

quantify  posterior  translation  of the  femoral  head,  and  identify  SCFE  sequelae.

Results:  One  hundred  and  eighty­six  hips  were  included.  Osteoarthritis  was  considered  primary

in 51  patients  (27.4%),  secondary  to dysplasia  in  42  (22.5%),  protrusio  acetabuli  in 38  (20.5%)

or another  disease  in nine  (4.9%)  while  46  hips  (24.7%)  presented  a radiographic  image  sug­

gesting  SCFE  past  history.  SCFE  type  deformities  were  the  primary  etiology  of  osteoarthritis  in

patients less  than  60  years  old  (30/84  or 35.7%).  The  mean  age  of patients  in the  SCFE  group  was

56.2 years  old  (26—80)  compared  to 66  (54—91)  for  the  primary  osteoarthritis  group  (P  <  0.0001).

The mean  LVHNI  was  13%  (9—24%)  in the  SFCE  group,  the mean  body  mass  index  was  27.1  kg/m2

(±3.5;  18.2—35.4)  in  the  SFCE  group  and  the  male  to  female  ratio  was  7.3/1.

Conclusion:  Our  study  identified  a population  with  a  morphological  SCFE  type  anomaly  of the

coxofemoral  joint  (LVHNI  >  9%),  which  results  in the  development  of  earlier  osteoarthritis  than

that found  in  the rest  of the population.  SCFE  is  more  common  than  reported  in  the  literature

because it is  the  first etiology  of  osteoarthritis  of  the hip in subjects  less  than  60  years  old.

Level of  evidence:  Level  III.  Diagnostic  prospective  study  with  a control  group.

© 2013  Elsevier  Masson  SAS.  All  rights  reserved.
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Introduction

Slipped  capital  femoral  epiphysis  (SCFE)  which  corresponds

to  a  downwards  but  especially  posterior  tilt  of  the  femoral

head  relative  to  the  neck  axis  [1—3]  is the  cause  of  early

osteoarthritis  of  the  hip  in  adults  at rates  ranging  from

6—15%  in  the  literature  [4—10].  The diagnosis  of  chronic

stable  forms  may  be difficult,  which  is  why  certain  authors

have  suggested  [6,11—16]  that  there may  be  a  minor  form

of  subclinical  SCFE  which  may  remain  undiagnosed  during

childhood  and  be responsible  for  certain  cases  of  so­called

primary  hip  osteoarthritis  [11].  Nevertheless,  these  results

are  debated  in  the  literature  because  certain  authors  feel

that  radiographic  signs  that  are  interpreted  as SCFE  seque­

lae  are  the  result  of  arthritis  and  others,  the  cause  [12—17].

Goodman  et al. [12]  have  confirmed  the  latter  hypothesis  by

proving  that  the  prevalence  of  these  deformities  was  stable

with  age,  excluding  the  presence  of  degenerative  disease.

However,  very  few  studies  have  been performed  to  evalu­

ate  the  proportion  of  osteoarthritis  of  the hip  secondary  to

SFCE  and  there  are  no studies  using  lateral  view  hip  X­rays

to  identify  this  entity.

The  hypothesis  of  this  study  was  that  the  frequency  of

radiographic  anomalies  of  SCFE sequelae  in  adults  with  end­

stage  osteoarthritis  requiring  arthroplasty  would  be higher

than  the  recent  results  reported  in  the literature  (between

6%  [18—20]  and  15%  [21]).  To evaluate  this  hypothesis,  we

used  the  lateral  view head­neck  index  (LVHNI)  [22] which

detects  and  quantifies  posterior  translation  of  the  femoral

head  in  relation  to  the  neck  with  good  reproducibility  based

on  a  specific  lateral  view of  the  hip in  45◦ flexion,  45◦

abduction  and  30◦ lateral  rotation  [23].  Posterior  transla­

tion  is  considered  to  be  SCFE  sequelae  when  it  is  greater

than  9%  [22].  The  goal of  this  study  was to  provide  updated

epidemiological  results  on the  frequency  of  radiographic

images  suggesting  SCFE  sequelae  in  adults  presenting  with

end­stage  osteoarthritis  of  the  hip requiring  total  hip  arthro­

plasty  (THA).

Materials and methods

Patients

We performed  an  epidemiological  radiographic,  prospec­

tive,  continuous,  single­center  study  in  patients  who

underwent  hip arthroplasty  between  January  2010  and  May

2012  (or  368  arthroplasties).  We  excluded  non­arthritic

etiologies  (traumatology,  osteonecrosis,  septic  arthritis,

inflammatory  or  tumoral)  or  154  hips.  Thus,  201  patients

(214  hips)  whose  file was complete  and  who  underwent  hip

arthroplasty  (THA  or resurfacing)  for  osteoarthritis  were

included.  A  series  of  X­rays of  the  pelvis  were  performed  the

day  before  surgery  in  the  same  radiology  department  includ­

ing:  full  weight­bearing,  abduction­adduction,  neutral  and

15◦ internal  rotation  of  the  lower  limbs (to  correct  natural

anteversion  of  the  femoral  neck);  as well  as a  specific  frog

leg  lateral  view  in  the  decubitus­dorsal  position  in  45◦ flex­

ion,  45◦ abduction  and  30◦ lateral  rotation.  This  view,  which

has  been  experimentally  [23]  and  clinically  [24] validated,

exposes  the anterior  and  posterior  sides  of  the  femoral  neck

to  identify  the  real axis  of  the  neck as well  as its  precise

Figure  1  Frog  leg  view  45◦/45◦/30◦ providing  good  visualisa­

tion of the anteroposterior  sides  of  the  femoral  neck.

position  in  relation  to  the  center  of  the  femoral  head

(Fig. 1). The X­ray  tube  was  placed  120  cm  from  the  patient

and  the  anterior­posterior  beam  was  centered  on the  pubic

symphysis.

Patients  were  excluded  when  the  severity  or  type  of  hip

disease  made  it  impossible  to  obtain  high  quality  AP  or

lateral  X­rays (severely  advanced  osteoarthritis)  (28  hips).

Besides  the  obvious  symmetry  of  the  obturator  holes  and  the

iliac  wings  [25,26],  we searched  for  objective  criteria  on AP

X­rays  to  ensure  neutral  pelvic  rotation  (end  of  coccyx  and

symphysis  pubis aligned  within  1  cm)  and  pelvic  version  (end

of  coccyx and symphysis  pubis  within  1—3 cm  of  each  other)

[27—29].  Fifteen  degrees  of  internal  femoral  rotation  was

validated  if  the  base  of  the  lesser  trochanter  was  not  visible

because  it  was  obscured  by  the internal  femoral  cortex  [30].

These  criteria  were  carefully  assessed  because  a  slight  mod­

ification  in  rotation  can  result  in  significant  measurement

differences  [31].  A total  of  186/214  hips  (or  178  patients)

were  included  in  the  study  (155  THA  and 31  resurfacing)  and

28  were  excluded  or 13%.

Method  of  evaluation

An automatic,  digital  AP  and  lateral  X­rays  analysis  (anal­

ysis  of  hip values)  was performed  in  each  hip  with  the

PictInTM imaging  module  (Aria,  Houdain,  France)  which  we

adapted  by  integrating  various  specific  measurements.  This

module  makes  it possible  to  gather  32  hip  measurements

(28  on  the  frontal  plane  and  4  lateral)  with  the  help  of

20  points  on AP  X­rays,  7  on lateral  X­rays.  These  were

then  saved  along  with  personal  preoperative  data  (age,  gen­

der,  body  mass index  [BMI], medico­surgical  history),  in  a

patient  file  on  OrthoWaveTM Software  (www.orthowave.net,

Aria,  Houdain,  France).  The  analysis  was  performed  by one

examiner  (M.J.).

To  define  SCFE  sequelae  we  used  the  lateral  view head­

neck  index  (LVHNI)  which  is defined  as the  ratio  between  the

perpendicular  line  of  the  real  axis  of  the  femoral  neck which

passes  through  the  center  of  the  femoral  head  (d)  divided  by

the  diameter  of  the  femoral  head  (D’)  in  centimeters  (Fig.  2)

[22].

LVHNI  =  d/D′
×  100
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This  ratio  is  expressed  as  a  percentage  to  prevent  metric

measurement  errors  that  occur  because  of  inter­individual

magnification  differences  related  to  a  patient’s  size.  SFCE

sequelae  were  considered  to  be  present  when  the  LVHNI  was

9%  or more  [22].  We  also  looked  for  the  presence  of  a  pistol

grip  deformity  on AP  views  of  the pelvis  and measured  the

alpha  angle  [32]  on lateral  views.  The  LVHNI  was the  only

criteria  that  identified  the  SFCE patient  group.

This  complete  hip X­ray  analysis  diagnosed  other

architectural  anomalies:  hip  dysplasia  was  diagnosed  by

measuring  the  fundamental  angles  (CE  angle  25—45◦,

Acetabular  Roof Inclination  <  13◦ and CC’D  125—135◦) [33,34]

and  a broken  or unbroken  Shenton  line  [29].  Protrusio

acetabuli  included  the diagnosis  of  coxa  profunda  if  the

floor  of  the  fossa  acetabuli  touched  the  ilio­ischial  line

and  acetabular  over cover  if  the  head  went  beyond  the

ilio­ischial  line  [17].  More  rare  diagnoses  were  grouped

into  the  same  category  (Paget’s  disease,  labral  disease,

osteopetrosis. . .).  Finally,  the diagnosis  of  primary  arthritis

was  made  when  none  of  these  other  etiologies  was  confirmed

(Table  1).

Statistical  methods

The  measurement  of  statistical  differences  was  performed

with  a  Student  t­test  or Wilcoxon  test  according  to  distribu­

tion  normality  (Shapiro­Wilk  test).  P <  0.05  was  considered

to  be  significant.  Excel software  (Microsoft,  Redmond,  Wash­

ington,  USA)  as well  as XLSTAT  2012  software  (Addinsoft,

Paris,  France)  were  used  to  perform  statistical  analyses.

Results

The  mean  age  of  the  series  (186  hips)  was

61.53  ±  14.38  years  old  (26—91)  with  a  slightly  larger  ratio

of  men  (1.27/1).  The mean  BMI  was  25.91  ±  4.22  kg/m2

(17.3—50.15)  and 21 subjects  were  classified  as obese

(BMI  >  30 kg/m2). The  pistol  grip  deformity  was found

in  43  patients  (or  23%  of  the  series).  The mean  LVHNI

was  7.8% (0—24%).  Finally,  the  mean alpha  angle  was

59.6  ± 14.7◦ (33—111◦).  Fifty­one  patients  (27.4%)  had

primary  osteoarthritis,  42  (22.5%)  hip  dysplasia,  38  (20.5%)

protrusio  acetabuli  and nine  (4.9%)  another  disease.  There

were  46 patients  (24.7%)  who presented  with  images

suggesting  SCFE  sequelae  (or  a  LVHNI  >  9%)  (Fig.  3).  SCFE

represented  the first  etiology  of  osteoarthritis  of  the hip

in  patients  under  the age  of  60  (30/84  or 35.7%)  (Fig.  4).

Analysis  by age group  showed  that  SCFE was  also  the  first

cause  of  osteoarthritis  in  patients  between  40  and 50  years

Figure  2 Position  of  points  to  calculate  the  HVFNI:  a:  4  points

are positioned  along  the  axis  of  the  neck  forming  two  line

segments.  The  line  joining  the  middle  of  these  two  segments

represents  the  real  axis  of  the femoral  neck;  b: P1,  P2  and  P3

are placed  on  the  circumference  of  the  femoral  head  and  used

to determine  its  center  (c);  c:  d is  the  distance  between  the

center of  the femoral  head  and  the  perpendicular  line  where

the real  axis of  the  neck  that  passes  through  the  center  of  the

head.
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Table  1  Table  summarizing  the  comparison  of  radiological  and  clinical  data  for  the  primary  osteoarthritis  group  and  osteoarthri­

tis from  different  etiologies.  The  statistical  comparison  is  in  relation  to  the  primary  osteoarthritis  group.

Primary  osteoarthritis

group

(51  hips)

SCFE  group

(46  hips)

Hip  dysplasia

group

(42  hips)

Protrusio

acetabuli  group

(38  hips)

Other  causes

group

(9 hips)

Mean  age  (years)  66.60  ± 12.66

(54—91)

56.23  ±  12.46

(26—80)*

52.8  ± 14.23

(26—87)*

70.1  ± 10.04

(90—41)  (NS)

64.3  ±  14.51

(41—80)  (NS)

Gender ratio  1.13  M/1  W  7.3  M/1  W*  0.72  M/1  W

(NS)

0.74  M/1  W

(NS)

0.5  M/1  W*

Body mass  index  (kg/m2) 25.81  ± 4.55

(19.28—35.4)

27.1  ±  3.5

(18.25—35.4)

(NS)

24.83  ± 3.84

(17.3—31)  (NS)

25.8  ± 4.2

(19.26—50.15)

(NS)

26.3  ±  3.3

(23—33.1)  (NS)

Pistol grip  (%) 6  78*  2  (NS) 8  (NS) 0*

LVHNI (%)  4.3  (0—8)  13  (9—24)*  6.3  (0—11)  (NS)  7.7  (0—14)  (NS)  5.5  (0—8)  (NS)

Alpha angle  (◦) 56.7  ± 14.31

(36—89)

76.7  ±  11.92

(44—111)*

51.7  ± 8.9

(35—76)  (NS)

53.9  ± 9.7

(74—37)  (NS)

50.2  ±  12.6

(74—33)  (NS)

*: significant difference; NS: non­significant difference; SCFE: slipped capital femoral ephiphysis; LVHNI: lateral view head­neck index.

Figure  3  Etiologies  of  osteoarthritis  of  the  hip  in  the  entire

series (186  hips).

Figure  4  Etiology  of osteoarthritis  of  the  hip  in  subjects  under

60 (84  patients).

old  (14/33  or  42%)  and  between  50  and  60  years  old  (14/43

or  32%)  while  this  proportion  decreased  in  the  youngest

and  oldest  patients.  It  can  also  be  noted  that  the first

etiology  of  osteoarthritis  of  the  hip in  young  patients  was

hip  dysplasia  while  in  subjects  older  than  60  it  was either

primary  osteoarthritis  (32.4%)  or protrusio  acetabuli  (33.3%)

(Fig.  5).

The  mean  age of  the  group  with  SCFE  was

56.23  ±  12.46  years  old  (26—80),  they  were  mostly  men

(sex­ratio:  7.3/1)  and slightly  overweight  with  a  mean

BMI  of  27.1  ±  3.5 kg/m2 (18.25—35.4).  The  mean  LVHNI

was  13%  (9—24%) and a  pistol  grip  deformity  was  found  in

36/46  cases  (or  78%).  Finally,  the  mean  alpha  angle  was

76.7  ±  11.92◦ (44—111◦)  (P < 0.01).

There  were  several  differences  between  this  group and

the  group  with  primary  osteoarthritis:

•  the  mean  age of  patients  in  the  SCFE  group was

approximately  10  years  younger  than in  the  primary

arthritis  group  which  was  66.6  ±  12.66  years  old (54—91)

(P  <  0.0001);

•  the  higher  proportion  of  men  was  not  as marked  in  the

primary  osteoarthritis  group  (sex­ratio:  1.13/1)  (Table  1);

•  the  mean  BMI  (27.1  kg/m2 vs 25.81  kg/m2;  P =  0.11)  and

the  mean  alpha  angle  (76.7◦ vs  56.7◦;  P <  0.001)  was  higher

in  the SCFE  group;

•  91%  of  the  alpha  angle  measurements  were  above  55◦ in

the  SCFE  group compared  to  43% in  the primary  arthritis

group;

•  the  pistol  grip  deformity  was  more  frequent  in  the  SCFE

group  (78%  vs  6%).  However,  22%  of  the  hips  presenting

with  SFCE  did  not  have  this  deformity  (Table  1).

Discussion

The  goal of  this  study  was to  identify  the  frequency  of

SFCE  using  a  new  diagnostic  tool  in  adults  with  end­stage

osteoarthritis  of  the  hip requiring  hip arthroplasty.  This

study  made  it  possible  to  determine  that  the  real  number  of

SFCE  is  more  important  than  described  in  literature  because

this  etiology  was the first  cause  of  osteoarthritis  in  young

subjects  (<  60  years  old, 35.7%)  and the  second  cause  if all

age  groups  were  included  (24.7%).

There  are  several  limits  to  this  study.  First,  the results

of  this  epidemiological  study  cannot  be extended  to  the

general  population  because  it  was  a  single­center  study. On

the  other  hand  with  this  design,  the  test  bias was  reduced
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Figure  5  Distribution  of the  etiologies  of  osteoarthritis  of  the hip  by  age  group.  Hip  dysplasia  was  the  first  cause  of osteoarthritis

of the  hip  in  young  subjects  under  the age  of  40,  SCFE  type  sequelae  was  the  first  cause  in  subjects  whose  mean  age  was  between

40 and  60,  protrusio  acetabuli  was  the  first  cause  in subjects  over  60.

(all X­rays  were  performed  in  the same  unit,  using  the

same  protocol  and  were  interpreted  by  the  same  opera­

tor  with  computer  software).  Also the  number  of  excluded

patients  was  high  compared  to  the total  number  of  patients

(28/214  or  13%).  However,  this  percentage  was  still  accept­

able  and  necessary  because  the  goal  of  this  study  was  to

optimize  measurements  and  results  by  excluding  X­rays  that

did  not  meet  our  strict  criteria  of  quality.  Finally,  the sin­

gle  observer  analysis  creates  a  subjective  bias,  but  reduces

the  interpretation  bias.  The  role  of  SFCE  in  the  progression

of  osteoarthritis  of  the  hip  has  been  suggested  by  several

authors  [4,17,35].  It  causes  local  cam­effect  lesions  (labral

or  cartiliginous),  resulting  in  medium  term  osteoarthritis

[6,8,18,36]. The development  of  anterior  femoroacetabular

impingement  due  to  head­neck  deformity  has  been  con­

tested  [13,14]  but  Goodman  et  al. [17]  showed  that  the

prevalence  of  SFCE  was  identical  in  all  age groups  suggesting

that  this  anomaly  is  not  the  consequence  of  osteoarthritis,

but  the  cause.

The  frequency  of  deformities  from  SFCE  sequelae  varies

greatly  depending  on the  diagnostic  criteria:  the  Norwe­

gian  register  only  identified  SCFE  in  6%  of  patients  under

60  based  on  APX­rays  [19].  Lequesne  et al.  [37]  noted  that

15%  of  200  patients  with  osteoarthritis  of  the  hip presented

with  a  morphological  anomaly  secondary  to  SFCE (caput

varum)  based  on  AP  X­rays.  Solomon  [38]  (anatomical  study)

showed  that  59/188  (35.4%)  patients  with  osteoarthritis  of

the  hip  presented  with  SCFE  sequelae,  Murray  [6] found  that

39.5%  had  a  ‘‘tilt  deformity’’  based  on analysis  of  AP  X­rays.

Our  figure  of  24.7%  is lower  than  that  in  previous  series.

Nevertheless,  we should  mention  the lack  of  reproducibility

and  precision  of  the  femoral  head  ratio  of  Murray  or caput

varum  of  Lequesne  [14]  and  especially  that  most  of  those

series  were  limited  to  AP X­rays.

More  recently,  Clohisy  et  al. [18]  evaluated  the  hip  X­

rays  of  337  patients  under  50  years  old who  underwent

hip  arthroplasty  for  osteoarthritis  and only  found SCFE

sequelae  in  6.2%  (however  judgment  criteria  were  not

described),  primary  osteoarthritis  in  35.9%  and hip dyspla­

sia  in  48.4%.  The  proportion  of  hip dysplasias  (42%)  was

slightly  lower  in  the  subjects  under  50  in  our series  while

the  percentage  of  SFCE  (37%)  was  higher,  which  reduced

the  percentage  of  subjects  with  primary  osteoarthritis  of

the  hip  (14%)  showing  that  the  frequency  of  the  latter  was

overestimated  which  has  been suggested  by  numerous  other

authors  [6,11,33,38—41].  Over  time  as  the  understanding  of

the  physiopathological  mechanisms  and available  diagnostic

means  have  improved,  the  proportion  of  patients  with  so­

called  primary  hip  osteoarthritis  has  decreased.  Our  series

identified  27.4%  of  patients  with  primary  hip  osteoarthritis

all  ages  combined,  which  is  much  lower  than the  range  of

36—84%  reported  in the  literature  [33,39—42].

All  of  the  studies  in  the  literature  evaluating  SCFE  have

reported  a  large  majority  of  men  whatever  the judgment

criteria  (pistol  grip  deformity,  femoral  head  ratio,  cadaveric

study)  with  a  male  to  female  sex­ratio  from  1.3/1  to  14/1

[5,11,28,35,38,43].  Our  series  is in  the  middle  of  this  range

with  a  sex­ratio  of  7.3/1,  which  is higher than the  rates

reported  in  pediatric  surgical  series  (1.65/1  [2] and 1.9/1

[44]).  Detection  of  the  pistol  grip  deformity  underestimates
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SFCE  sequelae  because  only  78%  of  patients  in  the  SFCE
group  had  this deformity  which  is much  less than  the  95%
suggested  by Gosvig  et  al. [33].

Nevertheless,  the  main  limitation  of  the  pistol  grip  defor­
mity  is  its  subjectivity  since  Tanzer  and  Noizeux  [16]  showed
that  100%  of  the  subjects  with  hip osteoarthritis  presented
with  this  deformity.  The body  mass index  of  the  subjects
in the  SCFC  group  (27.1  kg/m2)  was  slightly  higher  than  the
hip  osteoarthritis  group  whatever  the  etiology  (25.91  kg/m2)
suggesting,  like  other  authors,  that  SCFE is  associated  with
being  overweight  which  increases  the mechanical  stress  on
the  cartilaginous  growth  plate  [42].  These  stresses  can  also
be  due  to  overtraining  in  sports  [43,45].  It  should  be  noted
that  the  mean  BMI  of  our entire  series  (178  patients)  was
fairly  low  (25.91  kg/m2)  while  a  link  between  obesity  and
osteoarthritis  of  the  hip has  been  shown  [44,46].

The  Notzli  et  al.  [32]  alpha  angle  can be used  to  iden­
tify  cam­effect  femoroacetabular  impingement  which  may
be  caused  by  SCFE  [5,35].  This  measurement  has  been  val­
idated  on  axial  MRI  images  and  has  been  used  to  search
for  impingement  in  the  hip on  standard  X­rays  [47—50].
This  measurement  was validated  experimentally  on a
45◦/45◦/30◦ frog  leg view  [23].  We therefore  determined
this  angle  to  confirm  the  relationship  between  radiographic
impingement  and  SCFE sequelae.  The  mean  alpha  angle
was  76.7  ±  11.92  (44—111◦)  in  the SCFE group  which  is
largely  more  than  the  pathological  alpha angle  (55◦).  The
difference  was  highly  significant  compared  to  the  primary
hip  osteoarthritis  group  (56.7  ±  14.31  [36—89])  (P  <  0.001).
These  results  suggest  that  there  is a  relationship  between
cam­effect  anterior  femoroacetabular  impingement  and
SCFE  but  this needs  to  be  confirmed  in  a  longitudinal  study.

Conclusion

Our  study  identified  a  population  with  a  morphological
SCFE  type  anomaly  of  the  coxofemoral  joint  LVHNI  >  9%
which  results  in  the  development  of  early  osteoarthritis  of
the  hip.  This  population  is  young,  male and  slightly  over­
weight  compared  to  the  population  presenting  with  primary
osteoarthritis.  SCFE  is more  frequent  than described  in  the
literature  because  it  is  the  primary  etiology  of  osteoarthritis
of  the  hip  in subjects  under  the  age  of  60.

Disclosure  of  interest

P.  Chiron  is  a consultant  for  Zimmer,  Smith  and  Nephew  and
Sanofi  and  has  received  royalties  from  Zimmer  and  Integra.
The  other  authors  declare  that  they  have  no  conflicts  of
interest  concerning  this  article.

References

[1] Odent T, Pannier S, Glorion C.  Épiphysiolyse fémorale
supérieure. EMC (Elsevier Masson SAS), Appareil loco­
moteur 2006, 14­321­A­21; http://dx.doi.org/10.1016/
S0246­0521(06)40309­0

[2] Lehmann CL, Arons RR, Loder RT, Vitale MG. The epidemiol­
ogy of slipped capital femoral epiphysis: an update. J Pediatr
Orthop 2006;26:286—90.

[3] Wensaas A, Gunderson RB, Svenningsen S,  Terjesen T.
Femoroacetabular impingement after slipped upper femoral
epiphysis: the radiological diagnosis and clinical outcome at
long­term follow­up. J Bone Joint Surg Br 2012;94:1487—93.

[4] Ganz R, Leunig M, Leunig­Ganz K, Harris WH. The etiology of
osteoarthritis of  the hip: an integrated mechanical concept.
Clin Orthop Relat Res  2008;466:264—72.

[5] Leunig M, Casillas MM, Hamlet M, et al. Slipped capital femoral
epiphysis: early mechanical damage to the acetabular carti­
lage by a  prominent femoral metaphysis. Acta Orthop Scand
2000;71:370—5.

[6] Murray RO. The aetiology of  primary osteoarthritis of the hip.
Br J  Radiol 1965;38:810—24.

[7] Carney BT, Weinstein SL, Noble J. Long­term follow­up of
slipped capital femoral epiphysis. J Bone Joint Surg Am
1991;73:667—74.

[8] Hansson G, Jerre R, Sanders SM, Wallin J.  Radiographic
assessment of  coxarthrosis following slipped capital femoral
epiphysis. A 32­year follow­up study of 151 hips. Acta Radiol
1993;34:117—23.

[9] Oram V. Epiphysiolysis of the head of  the femur; a follow­
up examination with special reference to  end results and the
social prognosis. Acta Orthop Scand 1953;23:100—20.

[10] Boyer DW, Mickelson MR, Ponseti IV. Slipped capital femoral
epiphysis. Long­term follow­up study of  one hundred and
twenty­one patients. J Bone Joint Surg Am 1981;63:85—95.

[11] Langlais. Minor anatomic abnormalities of  the hip joint persist­
ing from childhood and their possible relationship to idiopathic
osteoarthrosis. Rev Chir Orthop 2006;92(Suppl.), 1S41—81.

[12] Goodman DA, Feighan JE, Smith AD, Latimer B, Buly RL,
Cooperman DR. Subclinical slipped capital femoral epiphysis.
Relationship to osteoarthrosis of the hip. J  Bone Joint Surg Am
1997;79:1489—97.

[13] Resnick D. Osteophytosis of the femoral head and neck. Arthri­
tis Rheum 1983;26:908—13.

[14] Resnick D. The ‘tilt deformity’ of the femoral head in
osteoarthritis of the hip: a  poor indicator of previous epiphys­
iolysis. Clin Radiol 1976;27:355—63.

[15] Carsen S,  Moroz PJ, Rakhra K, et  al. The Otto Aufranc
Award. On the etiology of the cam deformity: a  cross­
sectional pediatric MRI study. Clin Orthop Relat Res 2013,
http://dx.doi.org/10.1007/s11999­013­2990­y [Epub ahead of
print].

[16] Tanzer M,  Noiseux N. Osseous abnormalities and early
osteoarthritis: the role of hip impingement. Clin Orthop Relat
Res 2004;429:170—7.

[17] Beck M, Kalhor M, Leunig M,  Ganz R. Hip morphology influences
the pattern of  damage to  the acetabular cartilage: femoroac­
etabular impingement as  a  cause of early osteoarthritis of the
hip. J Bone Joint Surg Br 2005;87:1012—8.

[18] Clohisy JC, Dobson MA, Robison JF, Warth LC, Zheng J,  Liu SS,
et al. Radiographic structural abnormalities associated with
premature, natural hip­joint failure. J  Bone Joint Surg  Am
2011;93(Suppl. 2):3—9.

[19] Furnes O, Lie SA, Espehaug B, Vollset SE, Engesaeter LB,
Havelin LI. Hip disease and the prognosis of  total hip replace­
ments. A  review of  53,698 primary total hip replacements
reported to  the Norwegian Arthroplasty Register 1987—99. J
Bone Joint Surg Br 2001;83:579—86.

[20] Hamilton HW, Jamieson J.  The classification of degenerative
hip disease. J  Bone Joint Surg Br 2012;94:1193—201.

[21] Lequesne M. [Coxarthrosis. Etiology, physiopathology, diagno­
sis, treatment]. Rev Prat 1996;46:1273—9.

[22] Murgier J, Cavaignac CP, Espié E, Bayle­Iniguez AX. The lat­
eral head neck index (LHNI): A  diagnostic tool for the sequelae
of  slipped capital femoral epiphysis. Orthop Traumatol Surg
Res 2013;99, http://dx.doi.org/10.1016/j.otsr.2013.03.020 [in
press].



Please  cite  this  article  in  press  as:  Murgier  J, et al. Frequency  of  radiographic  signs of  slipped  capital  femoral  epiphysiol­

ysis  sequelae  in  hip  arthroplasty  candidates  for  coxarthrosis.  Orthopaedics  &  Traumatology:  Surgery  &  Research  (2013),

http://dx.doi.org/10.1016/j.otsr.2013.07.014

ARTICLE IN PRESS
+Model

OTSR­831; No. of Pages 7

Frequency  of  radiographic  signs  of  epiphysiolysis  in  coxarthrosis  7

[23] Cavaignac E, Chiron P,  Espie A, Reina N, Lepage B, Laffosse JM.

Experimental study of an original radiographic view for diag­

nosis of cam­type anterior femoroacetabular impingement. Int

Orthop 2012;36:1783—8.

[24] Chiron P, Espie A, Reina N, Cavaignac E, Molinier F, Laffosse JM.

Surgery for femoroacetabular impingement using a  minimally

invasive anterolateral approach: analysis of  118 cases at 2.2­

year follow­up. Orthop Traumatol Surg Res 2012;98:30—8.

[25] Godefroy D, Chevrot A, Morvan G, Rousselin B, Sarazin L.  Plain

films of pelvis. J Radiol 2008;89:679—90 [quiz 691].

[26] Delaunay S,  Dussault RG, Kaplan PA, Alford BA. Radio­

graphic measurements of dysplastic adult hips. Skeletal Radiol

1997;26:75—81.

[27] Tannast M, Murphy SB, Langlotz F, Anderson SE, Siebenrock KA.

Estimation of  pelvic tilt on  anteroposterior X­rays—a compari­

son of six parameters. Skeletal Radiol 2006;35:149—55.

[28] Tannast M, Zheng G, Anderegg C,  Burckhardt K, Langlotz F,

Ganz R, et al. Tilt and rotation correction of  acetabular ver­

sion on pelvic radiographs. Clin Orthop Relat Res 2005;438:

182—90.

[29] Rhee PC, Woodcock JA, Clohisy JC, Millis M,  Sucato DJ, Beaule

PE, et al. The Shenton line in the diagnosis of  acetabular dys­

plasia in the skeletally mature patient. J  Bone Joint Surg Am

2011;93(Suppl. 2):35—9.

[30] Lequesne M, Lemoine A, Massare C. The ‘‘complete’’ coxo­

femoral radiographic examination. Detection and  preoperative

aspects of structural defects of  the hip. J Radiol Electrol Med

Nucl 1964;45:27—44.

[31] Girard J, Lavigne M, Vendittoli PA, Roy AG. Biomechanical

reconstruction of the hip: a  randomised study comparing total

hip resurfacing and total hip arthroplasty. J Bone Joint Surg Br

2006;88:721—6.

[32] Notzli HP, Wyss TF, Stoecklin CH, Schmid MR, Treiber K, Hodler

J. The contour of the femoral head­neck junction as  a predic­

tor for the risk of  anterior impingement. J Bone Joint Surg Br

2002;84:556—60.

[33] Gosvig KK, Jacobsen S, Sonne­Holm S,  Palm H,  Troelsen

A. Prevalence of  malformations of the hip joint and  their

relationship to  sex, groin pain, and risk of  osteoarthritis:

a population­based survey. J Bone Joint Surg Am 2010;92:

1162—9.

[34] Steppacher SD, Tannast M,  Werlen S, Siebenrock KA. Femoral

morphology differs between deficient and excessive acetabular

coverage. Clin Orthop Relat Res 2008;466:782—90.

[35] Ganz R, Parvizi J,  Beck M, Leunig M, Notzli H, Siebenrock KA.

Femoroacetabular impingement: a cause for osteoarthritis of

the hip. Clin Orthop Relat Res 2003;417:112—20.

[36] Hansson G, Billing L,  Hogstedt B, Jerre R, Wallin J.  Long­term

results after nailing in situ of slipped upper femoral epiph­

ysis. A  30­year follow­up of  59  hips. J Bone Joint Surg Br

1998;80:70—7.

[37] Lequesne M. Coxarthrosis. Statistical and etiological concepts.

Rev Prat 1974;24:4261 [4265—6,4269—70].

[38] Solomon L.  Patterns of osteoarthritis of the hip. J Bone Joint

Surg Br 1976;58:176—83.

[39] Gardner DL. The nature and causes of osteoarthrosis. Br Med J

(Clin Res Ed) 1983;286:418—24.

[40] Mutter K,  Schlegel KF. [The causes of arthrosis of  the hip­joint.

A radiologic study (author’s transl)]. Z Orthop Ihre Grenzgeb

1975;113:402—5.

[41] Harris WH, Bourne RB, Oh  I.  Intra­articular acetabular labrum:

a possible etiological factor in certain cases of osteoarthritis

of the hip. J Bone Joint Surg Am 1979;61:510—4.

[42] Bhatia NN, Pirpiris M, Otsuka NY. Body mass index in patients

with slipped capital femoral epiphysis. J  Pediatr Orthop

2006;26:197—9.

[43] Siebenrock KA, Behning A, Mamisch TC, Schwab JM. Growth

plate alteration precedes cam­type deformity in elite basket­

ball players. Clin Orthop Relat Res 2013;471:1084—91.

[44] Jiang L,  Rong J, Wang  Y, Hu F, Bao C, Li  X, et al. The relationship

between body mass index and hip osteoarthritis: a  systematic

review and meta­analysis. Joint Bone Spine 2011;78:150—5.

[45] Siebenrock KA, Ferner F, Noble PC, Santore RF, Werlen S,

Mamisch TC. The cam­type deformity of the proximal femur

arises in childhood in response to vigorous sporting activity.

Clin Orthop Relat Res 2011;469:3229—40.

[46] Vingard E, Alfredsson L, Malchau H. Lifestyle factors and hip

arthrosis. A  case referent study of body mass index, smok­

ing and  hormone therapy in 503 Swedish women. Acta Orthop

Scand 1997;68:216—20.

[47] Konan S,  Rayan F, Haddad FS.  Is  the  frog lateral plain radiograph

a reliable predictor of the alpha angle in femoroacetabular

impingement? J Bone Joint Surg Br 2010;92:47—50.

[48] Meyer DC, Beck M, Ellis T, Ganz R, Leunig M. Comparison of six

radiographic projections to  assess femoral head/neck aspheric­

ity. Clin Orthop Relat Res 2006;445:181—5.

[49] Clohisy JC, Beaule PE, O’Malley A, Safran MR,  Schoenecker P.

AOA symposium. Hip disease in the young adult: current con­

cepts of etiology and surgical treatment. J Bone Joint Surg Am

2008;90:2267—81.

[50] Clohisy JC, Carlisle JC, Beaule PE, Kim YJ, Trousdale RT, Sierra

RJ, et al. A systematic approach to the plain radiographic

evaluation of the young adult hip. J  Bone Joint Surg Am

2008;90(Suppl. 4):47—66.



[Orthopedic Reviews 2014; 6:5335] [page 72]

Long-term evolution of slipped
capital femoral epiphysis 
treated by in situ fixation: 
a 26 years follow-up of 11 hips

Jérôme Murgier,1 Jérôme Sales de Gauzy,2

Fouad C. Jabbour,3 Xavier Bayle Iniguez,1

Etienne Cavaignac,1 Régis Pailhé,1

Franck Accadbled2

1Department of Orthopedics and Trauma

Surgery, Musculoskeletal Institute, Pierre

Paul Riquet Hospital, Toulouse, France;
2Department of Pediatric Orthopedics,

Hôpital des Enfants, Toulouse, France;
3Department of Orthopedics, Saint

George University Hospital, University of

Balamand, Beirut, Lebanon

Abstract

Slipped capital femoral epiphysis (SFCE)

may lead to femoro acetabular impingement

and long-term function impairment, depend-

ing on initial displacement and treatment.

There are several therapeutic options which

include in situ fixation (ISF). The objective of

this study was to evaluate long-term function-

al and radiographic outcomes of patients with

SFCE treated with ISF. We conducted a single-

center, retrospective study evaluating the clin-

ical and radiographic outcomes of SCFE in situ

fixation with a mean follow-up of 26 years (10-

47). Analysis of preoperative and last follow up

radiographs was performed. The functional

status of the hip was evaluated according to

the Oxford hip score-12 and the radiographic

osteoarthritis stage was rated according to

Tönnis classification. Signs of femoro acetabu-

lar impingement were sought. Ten patients (11

hips) were included. The average initial slip

was 33.5° (10-62). At final follow up, the aver-

age Oxford hip score was 19.3 (12-37), it was

good for groups who had a small initial slip

(16.7) or moderate (17) and fair for the severe

group (27). Average Tönnis grade was 1.3 (0-

3). The average alpha angle was 65.3° (50-

80°). Femoro acetabular impingement was

likely in 100% of patients with severe slip, in

50% of patients with moderate slip and in 33%

of patients with a slight slip. In situ fixation

generated poor functional results, substantial

hip osteoarthritis and potential femoro acetab-

ular impingement in moderate to severe

SCFE’s. However, in cases with minor displace-

ment, functional and radiographic results are

satisfactory. The cut off seems to be around

30° slip angle, above which other treatment

options should be considered.

Introduction

The treatment of slipped capital femoral epi-

physis (SCFE) is a controversial subject.1-5 In

situ fixation (ISF), a widely used technique,

limits the initial risk of necrosis and chondrol-

ysis, but leaves a persistent deformity at the

level of the head neck junction which can be

responsible for the intermediate and long term

evolution of hip impingement and subsequent

osteoarthritis.6,7 On the other side, realizing a

sub-capital osteotomy (Dunn or modified

Dunn osteotomy),8 re-establish a better anato-

my and limits the risk of hip impingement and

the evolution into osteoarthritis on one hand,

but increases the risk of the necrosis of the

head on the other.9 Estimating the risk of the

evolution into hip impingement and subse-

quent osteoarthritis depending on the impor-

tance of the initial displacement seems to be a

defining element in the initial therapeutic

strategy.10-12

The objective of our study is to evaluate the

long term functional and radiological outcome

in patients presenting with slipped capital epi-

physis treated by ISF, by looking for hip

impingement.

Materials and Methods

We realized a monocentric, retrospective,

continuous study evaluating the clinical and

radiological evolution of patients presenting

with slipped capital femoral epiphysis treated

by ISF with a minimum follow up of 10 years. A

search by the key word (slipped capital femoral

epiphysis) was made in our establishment

allowing the selection of 35 patients operated

between 1950 and 2002. Among these patients,

16 were impossible to contact for further follow

up, and 9 were excluded because they under-

went a secondary osteotomy.  Finally we were

left with 10 patients (11 hips), 8 men and 2

women. The average age at the time of the

intervention was 13.9 years (12-17). Patients

were divided into acute and chronic cases of

slipped capital epiphysis by reviewing their

respective medical files (acute if the duration

of symptoms was less than 3 weeks, and chron-

ic if more).13 The element of stability could not

be investigated.14 The severity of displacement

was measured radiologically using the

Southwick angle,15 and subdivided into 3

stages: stage 1 if the angle was inferior to 30°,

stage 2 if the angle was between 30° and 60°

and stage 3 if the angle was beyond 60°. 

All patients were contacted by phone and

were given a questioner allowing the evalua-

tion of the status of the hip using the Oxford

Hip score-12 (OHS-12).16 The results were con-

sidered excellent if the OHS-12 was below 19,

good if the results were between 19 and 26,

average if between 27 and 33 and bad if beyond

33. If the patient underwent a total hip arthro-

plasty then the results were bad. A prescription

was given to all patients in order to undergo a

radiological evaluation including a standing

AP pelvic X-ray, an axial lateral view of Dunn

and a false profile view of Lequesne. The pre-

operative radiological evaluation was realized

by the same examiner (J.M), including the

measurement of the fundamental angles (VCA,

VCE, HTE and CC’D) and the alpha angle

searching for signs of hip impingement.10,17

The diagnosis of impingement was evoked by

the presence of pain upon hip flexion, and the

presence of a radiological bump or an alpha

angle exceeding 55°.18 The staging of

osteoarthritis was done using the Tonnis clas-

sification.19 The operative complications were

also classified (chondrolysis and avascular

necrosis).

Results

The average follow up between the time of

the surgical intervention and the latest follow-

up was 26 years (10-47), only one patient pre-

sented with a bilateral slipped capital epiph-

ysis. There were 8 chronic and 3 acute cases of

slipped capital epiphysis. The average delay

before the intervention was 4.6 days (1-9). The

average amount of displacement was 33.5°

(10-62), 6 hips presented with a displacement

of stage 1, 2 of stage 2 and 3 of stage 3. Only

one avascular necrosis was found and there

were no cases of chondrolysis. Seven patients
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had a preventive concomitant contralateral fix-

ation. At the time of the last follow-up 2

patients had already underwent a total hip

arthroplasty, one for an avascular necrosis of

the femoral head 8 months following the initial

intervention and the second 41 years after the

occurrence of the slipped capital epiphysis for

secondary osteoarthritis. For the 9 remaining

hips, the average oxford score was 19.4 (12-

37), the average Tonnis stage was 1.2 (0-3),

the average VCE angle was 37,7° (28-58°), the

average HTE angle was 8,9° (3-17°), the aver-

age VCA was 42.9° (31-55°) and the average

CC’D was 126.2°  (117-138°). The average

alpha angle was 64.3° (50-80°) and an anteri-

or bump was found in 6 different radiographs.

Patients presenting with a stage 1 displace-

ment had an excellent average Oxford score at

the time of the last follow-up found at 16.6 (12-

21), an average Tonnis score of 1 (0-2) and an

average alpha angle of 59.8°  (50-78°).

Patients presenting with a stage 2 displace-

ment had an excellent average Oxford score

found at 17 (14-20), an average Tonnis score of

1 and an average alpha angle of 62.5° (57-68°).

Finally, the patients presenting with a stage 3

displacement had an average Oxford score

found at 28 (17-39), an average Tonnis score of

2 (1-3) and an average alpha angle of 77.5°

(75-80°) (Table 1). All patients with a stage 2

or 3 Southwick presented a radiographic bump

against 1 out of 5 for those with stage 1. Hip

impingement was found in 100% of the

patients with a stage 3 displacement against

50 % in those with a stage 2 displacement and

33% in those with stage 1 if we include the

patient who underwent a total hip arthroplasty.

Article

Figure 1. Evolution at a 37 years follow-up of a chronic slipped capital epiphysis stage 1 treat-
ed by 2 pins. Evolution towards radiological osteoarthritis (stage 2 of Tonnis) and a diminu-
tion of the anterior offset with a presence of a bump indicating a probable impingement. 

Table 1. Patients’ characteristics.

Sex Date Age  Side Southwick Southwick Alpha  Time Oxford VCE HTE VCA CC’D Alpha Tonnis Bump Impingement
of at pre-op LV Post-op angle follow total revision revision revisionrevision revision
birth diagnosis angle/stage LV post-op up

M 25/10/55 13 y 1 m L 10°/1 10° 50° 41 y 
(THA)

M 26/01/55 17 y L 15°/1 0° 63° 10 y 19 29 10 48 122 50 0 N N

M 21/08/66 12 y R 20°/1 13° 60° 18 y 14 30 5 40 138 66 1 Y N

M 29/12/52 12 y 6 m L 20°/1 17° 45° 47 y 21 30 3 55 133 50 1 N N

M 04/02/64 12 y 10 m L 20°/1 18° 54° 36 y 17 42 8 43 125 55 1 N N

M 13/12/58 16 y 10 m L 23°/1 19° 70° 36 y 12 40 6 45 117 78 2 Y Y

M 24/11/64 11 y 11 m R 39°/2 20° 50° 36 y 14 37 11 40 126 57 1 Y N

M 10/02/56 15 y 2 m R 40°/2 30° 60° 11 y 20 45 13 32 125 68 1 Y Y

F 21/04/87 12 y R 60°/3 20° 58° 13 y 39 58 7 52 128 75 3 Y Y

F 14/03/76 15 y L 60°/3 45° 76° 13 y 17 28 17 31 122 80 1 Y Y

M 29/12/52 15 y R 62°/3° 55° 79° 8 m (THA)
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Discussion

The objective of the study was to assess the

long term radiological and clinical evolution of

patients with SCFE treated by ISF (Figure 1).

Our study demonstrates that the functional

prognosis depends on the degree of the initial

displacement. The same can be said about the

evolution into radiological osteoarthritis know-

ing that the limit of that displacement being

between 30° and 60°, the fact that is confirmed

by the literature.3,20

There are also limitations to our study. First is

the small number of patients, a fact that can be

explained by the difficulty of contacting the

patients retrospectively after more than ten

years of the initial intervention. Second, even if

validated, the estimation of the functional

becoming using the Oxford hip score-12 is influ-

enced by the subjectivity of the patients and does

not include a physical examination. In addition

to that, the diagnosis of hip impingement, which

is primarily clinical,21 is based on a question-

naire filled on the phone leading to a bias in the

interpretation procedure. Finally, concerning the

reported results, our study does not have a con-

trol group allowing for a functional and an activ-

ity level comparison with a pool of patients of the

same age subject to different types of hip sur-

gery or any intervention with the main goal of

restoring the anatomy of the proximal femur

(ostetomy). Nevertheless, the value of this study

resides in its long term follow-up giving an

added value to the stated conclusions. The ISF by

a screw is actually the reference procedure in

the cases where there is a mild displacement.22,23

This technique insures good results according to

the literature,24-26 but puts a question mark on

the functional and radiological long term becom-

ing of the hips fixed in a non-anatomical posi-

tion and with a persistent deformity at the level

of the head neck junction.27 Many studies report

bad outcomes manifested by a decrease in the

range of motion (mainly when it comes to inter-

nal rotation),28,29 hip pain secondary to impinge-

ment,10,30-33 and a premature evolution into

osteoarthritis.24,34-36 The different studies evalu-

ating the ISF with a long term follow-up demon-

strate an important rate of osteoarthritis despite

an early and optimal surgical intervention,

Monin et al.3 report 60 % of osteoarthritis with

an average follow-up of 19 years with a 100%

rate of osteoarthritis when the initial displace-

ment exceeds 40°. Larson et al.37 report with an

average follow up of 16 years a 5% rate of hip

arthroplasty knowing that 1/3 of the patients

present with pain interfering with their daily

activities. Wensaas et al. report an osteoarthrit-

ic evolution in 28% of the cases with an average

follow-up of 33 years.36 Finally, Hansson et al.24

found osteoarthritis in 31% of the patients with

an average follow up to 30 years. In our series,

there is 22% of patients with radiological

osteoarthritis (stage 2 or 3 of Tönnis) at the

time of the last follow-up. The evolution towards

hip impingement can be explained by the

diminution of the anterior offset at the level of

the head neck junction creating a cam effect

induced by an early contact of the anterior part

of the neck with the anterior border of the

acetabulum during hip flexion, a mechanism

that is at the origin of the pain. 

The different studies insist on the clinical

character of the diagnosis of impingement, which

undermines the radiological diagnosis, keeping

in mind the great inter-individual morphological

variability of the proximal femur specially the pos-

sibility of asymptomatic radiological bump (24%

for Hack et al.)21,38 Wensaas et al.17 depict the radi-

ological signs of impingement more frequently

and up to a statistically significant level with the

patients operated by ISF versus the control group

with an average follow-up of 37 years. This study

also finds a correlation between the severity of

the persistent deformity and the bad clinical and

radiological evolution. Similarly, Delullo et al.29

found a correlation between the persistence of

the deformity of the head-neck junction and the

diminution of the functional scores with an aver-

age follow up of 7.6 years; they also noted an aug-

mentation in hip pain. Our study is not in contra-

diction with the literature in that regard, since we

also found a correlation between the severity of

the initial displacement on one hand and the bad

functional scores (OHS-12) and the evolution

into hip impingement on the other (100% in

patients with a displacement exceeding 60°). We

also found that the bigger the displacement is, the

higher the alpha angle value, knowing that it

remained stable with time. We depicted only one

diminution in the alpha angle (from the time of

the intervention to the time of the last follow-up)

which can lead us to think that we cannot count

on bone remodeling after ISF for a better out-

come. The evolution towards hip impingement

concerns 20% of our patients presenting with a

minor slipped capital epiphysis. This goes hand in

hand with the recent studies describing subclini-

cal cases of slipped capital epiphysis that

remained undiagnosed during childhood only to

be accounted for as one of the reasons of hip cam

impingement later on in the patient’s life.29

Nevertheless, the clinical tolerance of hip

impingement for minor displacement is good.

Finally we find an interesting long term evolution

at the level of the hip joint. The angles VCA and

VCE are mildly superior than the normal value

due to the displacement of the center of the

femoral head inferiorly and posteriorly, the cervi-

co-diaphysial CC’D angle is at the lower limit

(varus) due to the inferior displacement of the

femoral head and the residual growth of the

greater trochanter. The average alpha angle,

which reflects the presence of hip impingement,

is above the normal value. No other article to our

knowledge has reported such coxometric results

with such a long term follow up. If it is certain that

the abstention or the continuous traction are no

longer viable solutions,39,40 the modified Dunn

osteotomy seems to be an alternative to the

ISF.8,41,42 This surgery is performed by an anterior

approach, respecting the posterior circumflex

artery and diminishing the risk of necrosis of the

femoral head in comparison to a posterior

approach. The reduction and the fixation in a

good position of the proximal epiphysis allows

protecting the hip from impingement and

osteoarthritis.43 Anyway, two other options can be

discussed: performing an ISF associated with an

offset procedure (bumpectomy) by a minimally

invasive anterior approach or arthroscopy thus

preventing the evolution towards hip impinge-

ment,44 or performing an ISF with a secondary

per-trochanteric osteotomy.15 This final option,

with all the anatomical modifications that it

brings to the table, can make a potentially neces-

sary future arthroplasty complicated. From this

work comes the following indications: in the case

of a stage 1 displacement (<30°) the in situ fixa-

tion seems to be the best solution with moderate

medium and long term risks, in the case of a

stage 2 (30-60°) or stage 3 (>60°) the results of

the in situ fixation are less promising and the

Dunn osteotomy by an anterior approach can be

discussed. In addition to those two scenarios and

in the case of a stage 2 displacement, an in situ

fixation can be complemented by an offset proce-

dure. ISF is then the treatment of choice in the

case of a small displacement, the patient must be

informed about the risk of the evolution towards

hip impingement, which also necessitates a close

follow up and surveillance by the orthopedic sur-

geon who will follow the child in his adult life.

Conclusions

ISF in a non-anatomic position in the patients

presenting with slipped capital epiphysis may

have long term consequences. In correlation

with the initial displacement, it can be at the ori-

gin of hip impingement or of osteoarthritis if the

initial displacement was stage 2 or 3. On the

other hand, in the case of minor displacement,

the consequences are less pronounced with the

results of the functional scores found to be satis-

factory. The limit is situated somewhere around

30°, an amount of displacement beyond which

other therapeutic options can be considered.
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Abstract

Purpose Primary paraclinical investigation to look for fem-

oral morphological abnormality consistent with cam-type

anterior femoroacetabular impingement (FAI) must include

specific radiographic projections of the hip from the fol-

lowing: cross-table, frog-leg or Dunn (90° and 45° flexion).

We use a frog-leg type view with fixed angles as described

by Chiron, obtained with the patient in a supine position,

with the hip in 45° flexion-abduction and 30° external

rotation. The X-ray beam is anteroposterior and centred on

the femoral head. We evaluated this view by comparing it

with other views in common use.

Methods In this experimental study, we created artificial

radio-opaque morphological abnormalities secured onto

normal femoral necks. The femurs were placed in relation

to a fixed pelvis using orthogonal landmarks, in the posi-

tions of the various radiographic views. The digital radio-

graphs were analysed by two observers. Nineteen femurs

were included to reveal a difference of 5° between the alpha

angle of Nötzli et al. [11] measured on the Dunn view and

the frog-leg 45/45/30 view (Student’s paired test).

Results The highest mean values of the alpha angle of

Nötzli were always obtained with the frog-leg 45/45/30

view (87.4°, 86.2°, 84.5°) and the lowest with the cross-

table view. We found a mean difference of 8.95° with the

90° Dunn view (P00.00007), 3.44° with the 45° Dunn view

(P00.004) and 13.47° with the cross-table view (P00.002).

Conclusions This experimental study confirmed the value

of the frog-leg 45/45/30 view in assisting diagnosis of cam-

type FAI.

Introduction

Anterior femoroacetabular impingement (FAI) is caused by

abutment between the bone of the anterior and proximal

aspect of the femoral neck and the acetabular rim [1, 2].

The diagnosis is based above all on clinical symptoms (pain

on flexion-internal rotation of the hip) and observation of a

morphological abnormality on imaging [3].

In cam-type FAI, the morphological abnormality lies at

the anterosuperior part of the head–neck junction [4, 5].

During the 2008 AOA symposium [6] on hip disease in

the young adult, it was stated that the primary paraclinical

investigation to seek bone abnormalities consistent with

FAI should include an anteroposterior hip radiograph and

one of the following specific lateral views [7]: cross-table,

frog-leg or Dunn view (90° [8] and 45° flexion [9]). The

anteroposterior view reveals pincer-type abnormality in

FAI [10], while the lateral hip view detects cam-type

abnormality.

Measurement of the alpha angle of Nötzli et al. [11] on a

Dunn view is a reliable and sensitive means of quantifying

the morphological abnormality causing a cam effect [12].

In our department, since 2005, we have used the modi-

fied frog-leg view described by Chiron and Laffosse [13] for

E. Cavaignac : P. Chiron : A. Espié : N. Reina : J.-M. Laffosse

Institut de l’Appareil Locomoteur, Rangueil University Hospital,

Toulouse, France

B. Lepage

Service d’Epidémiologie, University Hospital,

Toulouse, France

E. Cavaignac (*)

Institut de l’Appareil Locomoteur, CHU Rangueil,

1 avenue du Pr Jean Poulhès, TSA 50032,

31059 Toulouse Cedex 9, France

e-mail: cavaignac.etienne@gmail.com

International Orthopaedics (SICOT) (2012) 36:1783–1788

DOI 10.1007/s00264-012-1550-5



the diagnosis and follow-up of our patients with FAI.

This image is obtained with the patient supine, with the

hip in 45° flexion-abduction and 30° external rotation.

The X-ray beam is anteroposterior and centred on the

femoral head (Fig. 1). We called this view the frog-leg

45/45/30 view.

The purpose of our study was to evaluate this view

by comparing it with other views used to look for the

morphological abnormality found in FAI. We assessed

the reproducibility and the validity of the frog-leg 45/

45/30 view.

Materials and methods

Simulation of a radio-visible artificial femoral

morphological abnormality

Twenty human bone specimens (one pelvis and 19 fe-

murs) were supplied by the anatomy laboratory of our

institution. Morphological abnormalities of the head–

neck junction were simulated by hemi-elliptical metal

inserts of identical size placed in bone incisions in

healthy femoral necks at locations described in the

literature [3–5] at 30° on the anterior superior aspect

at the head–neck junction (Fig. 2). We identified the top

of the femoral neck, i.e. the most cranial point at the

base of the neck and at the head–neck junction, and

using a protractor we measured an anterior angle of 30°

and then marked the two points on the bone. The bone

was incised in the axis of the straight line thus

obtained, that is, radially to the axis of the neck.

When the insert had been placed, all the radiographs were

obtained without changing its position. The abnormality was

fixed and identical for each femur.

Standardisation of radiographic views

The pelvis was positioned on a hard surface in accordance

with the quality criteria for an anteroposterior pelvic radio-

graph [7]. The assembly was rigid and fixed. We identified

the transverse axis passing through the centre of the two

acetabuli and placed protractors on each side. We did the

same with the sagittal axis of abduction–adduction. The

axes were indicated by latex strings. When the chosen

angles were marked on the protractors, we placed the fem-

oral head in the acetabulum and the centre of the lower part

Fig. 1 Position of the patient for the frog-leg 45/45/30 view, seen

posteriorly

Fig. 2 Semi-ellipse simulating the apex of a femoral abnormality at

30° on the anterior aspect at the head–neck junction

Fig. 3 Accurate, reproducible views obtained with a fixed pelvis and

protractors: right frog-leg 45/45/30 view
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of the femur at the intersection of the two lines to obtain the

desired view (Fig. 3).

When the two extremities of the string attached to the

protractors measuring flexion were at an equal distance from

the centre of the protractor, the axis shown by the string was

parallel to the transverse axis. Rotation was measured as the

angle between the epicondylar axis and the transverse axis.

Views studied

The Dunn view [8] is made with the patient in a supine

position, 90° flexion, 20° abduction and neutral rotation.

The radiograph is centred on the hip with an anteroposterior

X-ray beam. The 45° Dunn view [9] is made with the patient

in a supine position, in 45° flexion, 20° abduction and

neutral rotation. The radiograph is centred on the hip with

an anteroposterior X-ray beam. The cross-table view is

made with the patient in a supine position; the contralateral

hip and knee are flexed and the symptomatic limb is in 15°

internal rotation. The X-ray beam is parallel to the table,

centred on the femoral head and oriented 45° medially to the

hip being studied. The frog-leg 45/45/30 view [13] is made

in 45° flexion, 45° abduction and 30° external rotation. The

radiograph is centred on the hip with an anteroposterior X-

ray beam. Source-to-hip and hip-to-film distances were con-

stant for all measurements. Tension and intensity values

were fixed (81 KV, 20mAs).

Radiological analysis

All radiographs were scanned into JPEG format and

analysed using OsiriX software (Fig. 4) [14]. After cali-

bration by measurement of the pubic symphysis (3.5 cm),

we determined the following: the femoral head centre, by

positioning a best-fit circle; and the axis of the femoral

neck, by drawing a line passing through the centres of

the medial and lateral sides of the quadrilateral represent-

ing the neck. The alpha angle was measured as described

by Nötzli et al. [11]. Each measurement was made by

two observers (EC, NR). EC carried out two measure-

ments at an interval of three weeks.

Statistical analysis

The sample size (number of femurs) required to meet the

principal objective was calculated to observe a minimum

difference of 5° between the Nötzli angle measured on the

Dunn view and the frog-leg 45/45/30 view (Student’s paired

test). Assuming that the standard deviation of the Nötzli

angle will be 10° on both views (following Meyer et al.

[9]) and that the angle measured on our view will be

correlated with the angle measured on the Dunn view

with a correlation coefficient of 0.7 or higher, the number

of subjects required was 19 for an alpha risk of 5 % and a

power of 80 %.

The measurements on the different views were compared

using the Student's t-test or the Wilcoxon matched test,

depending on normality of the data.

To calculate the required sample size, we assessed the

validity of alpha angle measurement on the frog-leg 45/45/

30 view. It is necessary to ensure that measurement of the

alpha angle on this view and on the Dunn view varies in the

same proportions for different morphological abnormalities.

Validity is assessed by comparing the alpha angle values

obtained between the two views by Spearman’s correlation

coefficient.

Intra and inter-observer reproducibility rates were mea-

sured by intraclass correlation coefficients between two

measurements made by the first observer (intraobserver

reproducibility) and between two measurements made by

the two observers (interobserver reproducibility).

Fig. 4 Dataset obtained with

Osirix software
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First-order risk was 5 %. Analysis was carried out using

Stata SE v11.0 software (StataCorp, College Station, TX,

USA).

Results

Descriptive analysis

The highest mean values of the alpha angle of Nötzli were

always obtained with the frog-leg 45/45/30 view (87.4°,

86.2°, 84.5°) (Fig. 5). The lowest values were obtained with

the cross-table view.

Comparison

All comparisons of the four views revealed a higher alpha

angle value on the frog-leg 45/45/30 view (difference of

8.95° compared with the 90° Dunn view, 3.44° with the 45°

Dunn view and 13.47° with the cross-table view), differ-

ences that were statistically significant (P00.00007, P0

0.003 and P00.002, respectively) (Table 1).

Reproducibility

Intra- and inter-observer reproducibility ranged from 0.87 to

0.93 for alpha angle measurement for all views studied

(Table 2). The inter-observer ICC for the frog-leg 45/45/30

view was 0.93 and the intra-observer ICC was 0.91.

Validity

The Spearman correlation coefficient was r00.7 between

the alpha angle values measured on the Dunn view and the

frog-leg 45/45/30 view.

Discussion

The simulated morphological abnormality was identical for

each femur, the radiographs were obtained in a standardised

manner and radiographic parameters were constant. The

only variable was the radiographic view.

We positioned the artificial abnormalities at the locations

described in the literature. As it is difficult to recreate a 3D

model, we chose to simulate only the top of the abnormality,

which is the part best described in the literature. Several

authors agree that there is a peak increase in the alpha angle

at 30° in the anterosuperior quadrant. Ito et al. [5], in an

MRI study, observed that maximum reduction of head–neck

offset lay around the one o’clock position at the head–neck

junction, defining the twelve o’clock position as the most

cranial part of a sagittal section of a femoral neck. Beaulé et

al. [4] analysed cartilage and labral lesions around the one

o’clock position in cam-type FAI. Hack et al. [3] sought to

assess the prevalence of femoral morphological abnormali-

ties in an asymptomatic population. In an MRI study, they

found that 14 % of hips had a cam-type deformity. The most

elevated alpha angles were observed at the 1:30 position.

Fig. 5 Alpha angle (mean and standard deviation) according to view and to observer (EC, NR)
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Tannast et al. [15] also mapped labral lesions by comparing

peroperative findings and CT data obtained using computer

simulation. They found the majority of lesions in the cam

group at the one o’clock position.

Calculation of the required sample size was based on

comparison with the Dunn view, which several authors

consider as the view of choice [12]. This calculation

requires sufficient correlation between the alpha angle val-

ues for the two views. This is what we termed the measure-

ment of validity by calculation of Spearman’s correlation

coefficient, in this case 0.7 which corresponds to our initial

objective. We considered a minimum difference of 5° to be

significant. The aim of our study was reached with a mean

difference of 8.95° (P00.00007) between the frog-leg 45/

45/30 view and the Dunn view.

With regard to alpha angle measurement, the highest

values were found with the frog-leg 45/45/30 view. For an

equivalent morphological abnormality, the frog-leg 45/45/

30 view gave a higher alpha angle value. It is a good

screening investigation.

Intra- and inter-observer reproducibility for measurement

of the alpha angle was excellent (intra-observer ICC 0.91,

inter-observer ICC 0.93) with the frog-leg 45/45/30 view.

This calculation may be biased by the experimental nature

of the study, as the point at which the head ceases to be

spherical is more easily identified than in vivo.

The view studied is a variation of the frog-leg view. There

are no precise descriptions of the angles of the frog-leg view

[16], and they may vary, for hip flexion in particular is

dependent on the suppleness of the patient or on the volume

and distribution of their fat mass, among other factors. This

hampers the reproducibility of this view. Angle values are thus

an advantage for obtaining more accurate and repeatable

measurements.

Meyer et al. [9], in an experimental study on dry bone,

compared six different radiographic views. They classified

their femur sample in two groups, those with a spherical

head and those with a non-spherical head. The six views

compared were the 90° Dunn view, the 45° Dunn view, an

anteroposterior view and a cross-table view in internal,

neutral and external rotation. They obtained the highest

absolute values of the alpha angle on the 45° Dunn view.

Clohisy et al. [16], in a retrospective study, compared the

alpha angle on three radiographic views in an impingement

group and a control group. The three views were a frog-leg, an

anteroposterior and a cross-table view. They analysed the dif-

ference obtained for each view between the impingement group

and the control group. The greatest difference was obtained

with the frog-leg view. We also compared our view with the

cross-table view, and our results for the alpha angle were

greater, for similar abnormalities (difference 13.47°, P00.002).

Konan et al. [17] compared the alpha angle values

obtained on plain radiographs and on CT scans. In the same

subject, the alpha angle values were higher on CT scan. The

CT scans were axial 3D reconstructions of the femoral neck.

These authors concluded that plain radiography is an inex-

pensive and readily available screening tool.

Barton et al. [12] studied the diagnostic possibilities of

alpha angle measurement on the Dunn view and found a

sensitivity of 91 % and a specificity of 88 %.

The frog-leg 45/45/30 view is routinely used in our

department. Chiron et al. [18] assessed 118 cases of cam-

type FAI. The morphological abnormality was visualised

with this view and was confirmed by CT and MRI scans,

and the correction could also be measured per- and postop-

eratively with the same view. As early as the first visit, it is

of great assistance in determining whether the patient has a

morphological abnormality consistent with FAI; radiograph-

ic discovery of a femoral neck abnormality must of course

be interpreted in conjunction with clinical assessment. The

Table 1 Comparison of alpha

angle values measured using the

frog-leg 45/45/30 view and the

other views by the two observers

(standard deviation)

Difference between frog-leg 45/45/30 and other

views

Observer 1 (EC) Observer 2

(NR)

Measurement

1

Measurement

2

90° Dunn 8.95 (2.3) 6.98 (2.12) 7.75 (2.47)

P00.00007 P00.0006 P00.01

45° Dunn 3.44 (0.94) 3.18 (0.81) 1.79 (1.09)

P00.003 P00.002 P00.14

Cross-table 13.47 (3.26) 13.17 (2.32) 11.29 (2.77)

P00.002 P00.0002 P00.002

Table 2 Intra and inter-observer reproducibility of alpha angle mea-

surement (95 % confidence interval)

View Intra-class correlation coefficient

Intra-observer Inter-observer

Frog-leg 45/45/30 0.91 (0.83–0.99) 0.93 (0.89–0.97)

Cross-table 0.92 (0.85–0.99) 0.87 (0.8–0.91)

90° Dunn 0.9 (0.82–0.99) 0.92 (0.85–0.99)

45° Dunn 0.87 (0.76–0.98) 0.93 (0.88–0.99)
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view is obtained with the patient in a supine position, with

the hip in 45° flexion and abduction. By placing the ipsilat-

eral foot against the contralateral knee, 30° external rotation

is obtained.

Conclusions

This experimental study, whose only variable was the radio-

graphic view, confirmed the value of the view in 45° flex-

ion, 45° abduction and 30° external rotation, the frog-leg 45/

45/30 view, in assisting diagnosis of cam-type anterior fem-

oroacetabular impingement. It is a good screening test for

femoral head abnormalities compatible with FAI.
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