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1 Abstract
1.1 German
Hintergrund
Avaskuläre Nekrose der kapitalen Femurepiphyse (AVN) ist eine schwere
Komplikation in der Behandlung von Hüftdysplasie. AVN kann auch nach
Epiphysiolyse capitis femoris, Hüfttrauma und systemischen Krankheiten wie
Sichelzellanämie und Langzeiteinnahme von Steroiden auftreten. AVN kann im
schlimmsten Fall zu frühzeitiger Arthrose und darauffolgenden Hüftersatz führen.
Daher ist es wichtig, AVN früh zu erkennen und ausreichend zu versorgen.
Unterschiedliche Klassifikationen wurden entwickelt um AVN einzuteilen. Diese
werden für die Erstdiagnose, als Behandlungsguide und zur Beurteilung der
Ergebnisse benutzt.
Die Studie hinterfragt, welche Klassifikationen zurzeit vorhanden sind und welche
Eigenschaften und Zwecke diese erfüllen.
Ziele
1.

Welche Klassifikationen für AVN der Epiphyse capitis femoris in

Kontext mit Hüftdysplasie, Epiphysiolyse capitis femoris, Steroideinnahme,
Trauma und Sichelzellanämie wurden entwickelt?
2.

Bestimmung der inter- und intra-rater Zuverlässigkeit (Reliability) für

bestimmte Klassifikation.
Methoden
1.

Wir haben die Literatur durchsucht, um festzustellen, welche

Klassifikationen für konventionelle Röntgen bei AVN nach lokalisierter und
zentraler Störungen für Patienten ≤18 zur Verfügung stehen.
2.

Wir haben eine kritische Beurteilung für jede dieser Klassifikationen

basierend auf einem clinimetrisch konzeptionellen Rahmen durchgeführt.
3.

Wir haben die inter- und intra-rater Zuverlässigkeit für die Bucholz

und Boyer Klassifikationen für AVN überprüft.

2
Röntgenbilder von 95 Hüften mit der Diagnose AVN auf der Basis der Bucholz,
Kalamchi,

Boyer

oder

Salter

Klassifikation

wurden

mit

der

intra-rater

Zuverlässigkeit überprüft. Von diesen 95 Hüften wurden 48 randomisiert und die
inter-rater Zuverlässigkeit überprüft.
Ergebnisse
1.

Anzahl der Klassifikationen für AVN

2.

Kritische Beurteilung der Klassifikationen anhand eines clinimetrisch

konzeptionellen Rahmen
3.

Die inter- und intra-rater Zuverlässigkeit der Bucholz und Boyer

Klassifikationen anhand der Kappa Statistik mit Bezug auf unterschiedliche
Trainingslevels

(Medizinstudent,

Assistenzarzt,

wissenschaftlicher

Mitarbeiter).

1.2 English
Background
Avascular necrosis of the capital femoral epiphysis (AVN) is a serious complication
in the treatment of developmental dysplasia of the hip (DDH). AVNof the capital
femoral epiphysis can also occur in the context of other localized hip disorders
such as slipped capital femoral epiphysis (SCFE) or hip trauma, and in the context
of systemic disorders such as sickle cell disease, or long-term steroid use. AVN
ultimately leads to premature osteoarthritis and consequently to hip replacement
surgery at an early age. Hence it is important to recognize AVN early on in order to
provide appropriate treatment where indicated.
Several classification schemes have been established to grade AVN. They are
used to stage AVN initially, to guide treatment and for the evaluation of clinical
outcomes.
Although in use for many years, the measurement properties of these
classification schemes remain unclear. A study is needed to determine which
classification schemes are currently available and their respective measurement
properties.
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Objectives
1. To determine what classification schemes have been developed to grade
AVN of the capital femoral epiphysis secondary to DDH, SCFE, steroid intake,
hip trauma or sickle cell disease.
2. To establish determine the inter- and intrarater reliability of respective
classification schemes.
Methods
1. We have conducted a review of the literature to determine which
classification schemes are available to radiographically grade AVN of the hip
secondary to localized hip disorders or systemic disorders in patients ≤18
years old.
2. We have performed a critical appraisal of each of the schemes based on a
clinimetric conceptual framework.
3. We have established the inter- and intrarater reliability of some radiographic
classification schemes for AVN of the hip in the paediatric population, including
the Bucholz and Boyer classifications.
X-rays of 95 hips with diagnosed AVN on the basis of the Bucholz, Kalamchi,
Boyer or Salter classification will be analysed in the intra-rater reliability part. Of
these 95 hips, 48 hips will be randomized selected for the inter-rater reliability part.
Outcomes
1.
2.

Number of radiographic classification schemes to grade AVN.
Measurement properties of respective schemes using a clinimetric

conceptual framework.
3.

Inter- and intrarater reliability of Bucholz and Boyer schemes as

determined by the simple kappa statistic. Specifically, we will determine the
influence of training level on intrarater reliability (medical student, registrar,
research fellow).
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2 Introduction
Several classification schemes have been established to grade avascular necrosis
(AVN) of the capital femoral epiphysis. They are used to stage AVN at the initial
presentation of the disease, guide treatment, and evaluate clinical outcomes.
Some classification schemes for the adult population have already been tested
regarding reliability1-3, however, little is known about the reliability of classification
schemes used in the paediatric population4.
Although being used for many years, the measurement properties of these
classification schemes remain unclear. A study is needed to determine which
classification schemes are currently available and to establish their respective
measurement properties.

2.1

Definition of avascular necrosis

AVN is an ischemic insult of the blood supply of the proximal femoral epiphysis
and especially in young children it is a serious condition which can ultimately lead
to premature osteoarthritis and consequently to hip replacement surgery. Hence, it
is important to recognize AVN at an early stage in order to provide appropriate
treatment.

2.2

Pathomechanism

The assumed pathomechanism for AVN is the interruption of the arterial blood flow
due to anatomical and functional factors. The blood supply of the capital femoral
epiphysis is without any anastomoses, the branches of the medial circumflex
artery leave their origin in a right angle and the structure of the epiphysis is very
vulnerable (Fig. 1).5 Depending on etiology, the pathomechanism varies in some
parts (see below).
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Fig. 1 Branches of the medial circumflex artery and how they leave their origin in a right angle

2.3

Etiology

AVN is a serious complication in the treatment of developmental dysplasia of the
hip (DDH)6-11, it can also occur in the context of other localized hip disorders such
as slipped capital femoral epiphysis (SCFE)12-14 or hip trauma15,16, and in the
context of systemic disorders such as sickle cell disease17,18 or long-term steroid
use19-25.

2.3.1 AVN secondary to developmental dysplasia of the hip
The incidence of avascular necrosis secondary to DDH has been reported to
range between 0 and 70 percent.26-28
Bucholz and Odgen29 described the pathomechanism for AVN secondary to DDH
as an impairment and damage of the main medial circumflex artery (Fig. 1) and its
branches of the posterior superior and the posterior inferior artery. As outlined in
their research, the blood supply of the proximal chondro-epiphysis in the first 6
months of life is provided by two major vessels: (i) the medial circumflex artery
which supplies the medial and posterior epiphysis, physis and methaphysis and (ii)
the lateral circumflex artery which supplies the lateral and anterior epiphysis,
physis and methaphysis. According to Bucholz and Odgen the ligamentum
capitum femoris supplies only a small part of the femoral head. Between the 6

6
and 12 month of life the blood supply changes so that the lateral circumflex artery
now

primarily

supplies

the

anterior

intracapsular

methaphysis

and

the

extracapsular greater trochanter, and the medial circumflex artery (Fig. 1) with its
posterior superior and posterior inferior branches supplies most of the capital
femoral epiphysis and physis. These authors postulated the occlusion of any of
these arteries as a result of inadequate traction; the position of the spica cast in
combination with the age of the child can lead to AVN. Occlusion of the venous
system might also be regarded as a cause of AVN in the context of DDH.

2.3.2 AVN secondary to slipped capital femoral epiphysis
The incidence of AVN secondary to SCFE varies between 3 and 47 percent and is
more likely for people with higher body weight.30 The degree of AVN in SCFE
depends on acuity of the slip (symptoms less than three weeks), inclusion of
physeal separation, severity and stability of slip, operation technique, position of
the pin, and reduction of the slip. 12-14
According to Ballard and Cosgrove the anterior physeal separation is associated
with more severe slips, which include acute slips and trauma. A larger degree of
slip reduces the area of contact between the epiphysis and metaphysis, and
therefore the grade of stability is reduced and the risk for AVN is increased.31
Carney et al reported that untreated patients with SCFE did not develop AVN;
subsequently, the treatment seems to be a high influence factor to establish
AVN.32

2.3.3 AVN secondary to trauma
Trauma associated AVN cases have incidences that range from 0 to 92 percent
depending on fracture type, age of the patient at the time of injury, and treatment
method. AVN is reported in cases with femoral neck fractures and traumatic
dislocations.15,16 According to Moon et al the insults of the vascular supply can
occur during the initial injury as a direct result of high-energy trauma and also as a
treatment-related result/consequence. The missing anastomoses of the blood
supply in young children is the main cause of a higher risk of developing AVN.33
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2.3.4 AVN secondary to sickle cell disease
AVN in combination with sickle cell disease is strongly connected to the
prevalence of sickle cell disease. About 5% of the world’s population carries genes
responsible for haemoglobinopathies. Each year about 300,000 infants are born
with major haemoglobin disorders including more than 200,000 cases of sickle-cell
anaemia in Africa (World Health Organization 2006). Patients with homozygous
sickle cell disease and concomitant alpha thalassemia have a higher risk of getting
AVN.17,34 Hernigou et al35 conclude a multifactorial pathogenesis including arterial
damage, haemorrhage in the bone, haemarthrosis-inducted tamponade, and
chronic synovitis due to focal haemorrhage. According to Styles et al conservative
management for SCD in combination with AVN (prolonged nonweightbering,
transfusion therapy) is not effective and they recommend operative treatment
including core decompression.36

2.3.5 AVN secondary to steroid intake
After long-term steroid use the incidence of AVN is reported to be about 10
percent, depending on the dose of steroid and the basic illness.19,21,23-25 It is
assumed that the marrow fat cells increase in size raising intra-osseous pressure
or that fat emboli cause an increase in marrow pressure.24
A number of classification schemes for AVN in paediatrics have been reported for
the paediatric population. However, the measurement properties of respective
schemes remain unclear. Therefore, we wanted to carry out a study to determine
the current knowledgebase about the classification of AVN with regard to the
available number of schemes and their respective measurement properties.
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2.4

Aims of study

3. Determination of classification schemes that have been developed to grade
AVN of the proximal femoral epiphysis secondary to localized hip disorders or
systemic disorders for the paediatric population.
4. Establishment of inter- and intra-rater reliability of respective classification
schemes.

3 Material and Methods
We performed
4. a review of literature to determine which classification schemes are available to
radiographically grade AVN of the hip secondary to localized hip disorders or
systemic disorders in patients of ≤18 years of age; a critical appraisal of each
of the schemes based on a clinimetric conceptual framework.
5. inter- and intra-rater reliability studies of some radiographic classification
schemes for AVN of the hip in the paediatric population, including the
Bucholz29 and Boyer37 classifications . Additionally, we determined the intrarater reliability of other radiographic indices of hip morphology including the
Sharp angle38, the lateral center edge angle39 and the migration percentage39.

3.1

Review of literature

3.1.1 Search strategy
Electronic searches were performed in OvidSP® with the assistance of an
experienced librarian, using sensitive search strategies (Fig. 2 and Fig. 3).The key
words used in the search were “avascular necrosis, “avn”, “hip dislocation
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congenital”, “steroids”, “epiphysis slipped”, “anemia”, “sickle cell”, “wounds and
injuries”, “complication”, “femur”, and “hip”.
Relevant studies meeting the inclusion criteria were identified by:
a. Electronic searches of the following databases: Cochrane Library,
NHS Centre for Reviews and Dissemination, MEDLINE (1966 to
present) and EMBASE (1980 to present)
b. Examination of references provided in relevant systematic reviews
and identified studies
c. Citation tracking of identified relevant studies
d. Contact with experts in the field
e. Textbooks

3.1.2 Inclusion/exclusion criteria
a. Inclusion criteria:
•

Studies that included patients up to the age of 18 years

•

Studies

of

any

design

conducted

prospectively

or

retrospectively
•

AVN reported in the context of localized childhood hip
disorders or systemic disorders including: DDH, SCFE, hip
trauma, sickle cell disease or steroid intake

•

Classification schemes based on plain radiography

•

A minimum of 10 patients included in respective studies

b. Exclusion criteria:
•

Studies that focused on the condition "idiopathic osteonecrosis
of the proximal femur" which is a condition that usually occurs
in adolescence

•

Studies reporting on AVN secondary to skeletal dysplasias

•

Studies published in languages other than English or German
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Fig. 2 Search strategy “Medline”
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Fig. 3 Search strategy “Embase”
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3.1.3 Data extraction and outcome
All citations and abstracts were reviewed independently by a final year medicalstudent and a paediatric orthopaedic surgeon. Agreement was sought and the full
papers of the chosen articles were retrieved. Additional studies which were found
in textbooks have also been evaluated in the second meeting.
In order to evaluate the outcome of the systematic review (number and
measurement properties of established radiographic classification schemes) a
data abstraction form was developed. In developing this form the START
(Standards for Reporting of Diagnostic Accuray Studies) statement was used as a
guide. The form included headings and several subheadings such as “research
questions or study aims”, “inclusion and exclusion criteria, settings and locations
where the data were collected”, “distribution and/or categories of the results” and
so forth. The articles were evaluated on the basis of our extracted data according
to Feinstein’s “Nomenclature and Functional Classification of Clinimetric Indexes”
which provides a clinimetric framework for the evaluation of a measure.40

3.1.3.1 “Nomenclature and Functional Classification of Clinimetric Indices”40
This taxonomy developed by Feinstein describes 4 domains of a measure: (i)
clinical function, (ii) architectural, (iii) statistical roles, and (iv) the framework of an
index or classification.
The domain “clinical function”, can be separated into 4 main indices (Fig. 4):
1) Status index shows a definite entity at a single point.
a. Diagnostic Criteria: Begins with the taxonomy evaluating entities for
the regarded disease and afterwards uses this data to choose the
appropriate diagnosis.
b. Ratings of Clinical Conditions: Rates a functional status rather than a
disease.
c. Therapeutic Agent:

Index offering the clinician a pharmaceutical

regime or surgical operation.
2) Index of change evaluates the pre- and post-status of an event; for example
the blood pressure falls from 200 mmHg to 150 mmHg after the treatment.
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These indexes can be used to measure the success or the failure of a
treatment.
3) Prognostic index helps the clinician to predict the outcome; it cannot be
usually regarded as an index to measure the current status.
4) Clinical guidelines are instruments to instruct further action sessions such
as ordering a diagnostic test or treatment.
The framework of an index provides an overview of for which part of the population
the index is designed, for example an index for men or women, adults or children,
the clinical settings the index is employed, demographic distinctions.

Fig. 4 Taxonomy of 4 conceptual frameworks that can be used to evaluate a measure. A measure can
have 4 purposes and each of these can be evaluated according to a conceptual framework. For this
study, we have chosen the clinimetric framework and taxonomy described by Feinstein for the critical
appraisal of the classification schemes of AVN of the hip.

3.1.3.2 Statistical analysis
We calculated the simple kappa statistic (see below) as a measure of agreement
between the medical student and the paediatric orthopaedic surgeon by evaluating
results found in literature.
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3.2

Reliability studies

3.2.1 What does reliability mean?
Definition of reliability
Reliability is the extent to which the measurements of a stable phenomenon
remain consistent if the phenomenon is measured by two different subjects or the
same subject in two different points in time.
There are three potential sources of variability for measurements which can
influence reliability.41
1. The first source of variability is the patient. This depends on the biological
condition like fasting, drunk, cooperative and different physical positions. To
minimize the reliability regarding patient, evaluation of the patient’s variability is
required. Therefore, patient group, spectrum of disease, and testing conditions
should be considered.
This variability is not evident in our study because we only used plain radiographs
for our evaluation.
2. The second source of variability is the procedure, such as the technique of
making radiographs and the patient’s positioning. On the one hand, the
measurement depends on the technician, and on the other hand, on the
equipment. Procedural criteria can help to reduce variability.
In order to minimize procedural variability all radiographs included in the present
study were chosen by an orthopaedic surgeon and a radiologist and radiographs
of poor quality were excluded.
3. The third source of variability is the clinician. Measurement can vary when it
comes to observing, extracting, and interpreting.
The variability of the clinician and the resulting reliability is part of our
investigations; -raters of different training-levels and with different experience in
assessing radiographs of the hip participated in the reliability studies.
Types of reliability42
1. Intra-rater (test-retest) reliability is a test for the agreement of one person with
his/her own previous assessments.
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2. In contrast to the intra-rater reliability the inter-rater reliability is the level of
agreement between 2 or more independent observers who measure the same
phenomenon.

3.2.2 Reliability statistics

3.2.2.1 The kappa statistic43,44
The kappa statistic is used to measure “agreement beyond chance”. It is therefore
superior to other measures such as the proportion of those who agreed and those
who disagreed because these proportions do not consider the fact that agreement
can occur just by chance alone. Kappa takes this phenomenon into account and
measures agreement that is beyond chance, i.e. it is an estimate of the “true”
agreement.

P0 observed agreement
Pc proportion of agreement expected by chance
As the kappa statistic is a measure of agreement it can be calculated for 2
clinicians who provide a single rating of the same patient (inter-rater reliability) or
one clinician who rates one patient twice (intra-rater reliability).
For kappa possible results vary from -1 to 1, even though kappa results usually
range from 0 to 1. A result close to 1 reflects nearly the same ratings of the
clinician or the 2 clinicians. If the ratings are close to 0 the agreement is not better
than expected by chance. A kappa result less than 0 indicates agreement less
than chance. The kappa coefficient can be adapted for more than 2 categories. A
weighted kappa rates the disagreements according to their importance in contrast
to the unweighted kappa. Just a paired rating of patients and subjects, and
observation without knowlng the other observer’s ratings can be independent.
Different strategies can be used to minimize the dependence of reliability studies.
The temporal interval of the ratings is crucial. This means that if the interval is too
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short, the observer may remember the recorded ratings, and on the contrary, if the
period is too long, the attribute under examination, for example the patient’s health
might have changed. In order to minimize the memory effect an interval of at least
2 weeks between the assessments is required.

3.2.2.2 Intraclass Correlation Coefficient (ICC)45
The ICC is an expression of the consistency or conformity between two or more
quantitative measurements for continuous outcomes. We used the ICC to
calculate the intra-rater reliability of the Sharp-angle, LCE and MP.

WMS Within-subject variance
BMS Between-subject variance
k

Times

3.2.2.3 Interpretation of kappa and ICC
Landis and Koch developed a grading scale for the kappa statistic which can also
be used for the Intraclass Correlation Coefficient; slight (k = 0–0.2), fair (k = 0.21–
0.40), moderate (k = 0.41–0.60), substantial (k = 0.61–0.80), and almost perfect (k
= 0.81–1)46.

3.2.3 Measurement of the Sharp angle, lateral centre edge angle and migration
percentage

3.2.3.1 Sharp angle38 (Fig. 5)
The aim of the Sharp angle is to measure the development of the acetabulum and
the coverage of the femoral head.

17

Fig 5The first step to measure the Sharp angle is to connect the lateral centre age and the inferior tip
of the U-Fig. or “pelvic tear trop”. Using this line and additionally a horizontal line, the angle of the
acetabulum inclination can be measured.

3.2.3.2 Lateral centre edge angle47 (Fig. 6)
Similar to the Sharp angle, the LCE provides information about the development of
the acetabulum and the coverage of the femoral head.

Fig. 6To measure the LCE the centre of the femoral head must be assumed.
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The angle can be measured between a horizontal line from the centre of the femoral head and a line
from the centre of the femoral head to the lateral centre edge.

3.2.3.3 Migration percentage48 (MP=A/Bx100), (Fig. 7)
The migration percentage is the relationship between the dislocated part and the
part in the socket of the femoral head.

Fig. 7To calculate the MP two distances on a horizontal line must be measured. The first one (A) is the
distance from the lateral maximum of the femoral head to the Perkins line (vertical line to the lateral
centre edge) and the second one (B) from the lateral- to the medial maximum of the femoral head.
Using those two points the MP can be calculated with the formula MP=A/Bx100.

3.2.4 Included radiographs
The target population for these reliability studies were children up to the age of 18
years with AVN based on plain radiographs seen at the Great Ormond Street
Hospital for Sick Children in London. Inclusion and exclusion criteria were those
described in the systematic review (see 2.1.2).
Radiographs of 77 patients in case of 95 hips (18 bilateral hips) with diagnosed
AVN were analysed in the intra- and inter-rater reliability part. The radiographs
were selected on the basis of medical records and re-evaluated in two consensus
readings by a paediatric orthopaedic consultant and a muskulo skeletal radiology
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department (Tab. 1 and Tab. 2). All radiographs were randomized and patients’
details anonymised.
Tab. 1 Results of the consensus reading n=95 (for the intra-rater reliability)

Bucholz and Number

of Percent

Boyer et al

Number

of Percent

Odgen

radiographs

radiographs

Group I

21

22

Grade 0

66

69

Group II

31

33

Grade I

9

9

Group III

27

28

Grade II

11

12

Group IV

16

17

Grade III

9

9

Total

95

100

Total

95

100

Tab. 2 Results of the consensus reading n=49 (for the inter-rater reliability)

Bucholz and Number

of Percent

Boyer et al

Number of Percent

Odgen

radiographs

radiographs

Group I

9

18

Grade 0

33

67

Group II

18

37

Grade I

6

12

Group III

17

35

Grade II

4

8

Group IV

5

10

Grade III

6

12

Total

49

100

Total

49

100

The mean age of the patients at the time of their radiograph examination was 12
years (range, 12 years 2 months – 18 years). 14 male and 63 female patients
were included in this series. 40 hips were affected on the right hand side and 55
on the left hand side. 73 cases were associated with DDH, 2 with a SCFE, 1 with
steroids and 1 with a trauma.
3.2.5 Rating process and rater profile
Regarding intra-rater reliability all 95 hips were classified within 3 sessions. In the
first 2 sessions the rater measured the Bucholz, Boyer, Sharp angle, LCE and MP.
In the third rating only the Boyer classification was focused on.
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49 hips of the first intra-rater rating were selected for the inter-rater reliability
section. During the inter-rater reliability part the Bucholz, Salter and Boyer
classification were measured.
The rater for the intra-rater reliability was a final-year medical student, who has
completed 3 months of self-studying and detailed instruction sessions (3 hours) at
a paediatric orthopaedic surgeon and a paediatric radiologist, both possessing
long standing AVN experience.
The raters for the inter-rater reliability part were the medical student (see above),
an orthopaedic registrar, and a research fellow, who were introduced to all
classification schemes by the medical student in an instructed 45-minutes session.
The registrar has a 4-year-experience as an orthopaedic registrar including a 7month-experience in a paediatric orthopaedic surgery. The research fellow has
worked in different clinical fields for 6 years and did a 6-month-research in
paediatric orthopaedics. He graded radiographs according to the Bucholz
classification only.
The radiographs were classified by the medical student in two separate sessions
with a 4-week-interval, one rating took approximately 5 hours (Fig. 8). Additionally,
we included a third session for the medical student to improve the intra-rater
reliability of the Boyer classification (desired kappa result K >0,8; see results), the
third rating took about 1 hour and 30 minutes. Between the various ratings the
medical student did not get any additional instruction and feedback. The ratings
took place in the same room and diagnostic screen. Furthermore, a table for each
classification was handed out.
For the inter-rater reliability part the orthopaedic registrar and the research fellow
reviewed the 49 radiographs in a similar manner as the medical student, whereas
the rating took about 1 hour and 30 minutes for the registrar and 30 minutes for
the research fellow (Fig. 8).
An agreement and disagreement of all our ratings and the consensus readings of
the paediatric orthopaedic surgeon and the paediatric radiologist were calculated.
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Fig. 8 Flow chart; Reliability ratings

4 Results
4.1

Review of literature

A total of 9,462 publications concerning avascular necrosis were found in the
Medline/Embase search. Studies older than 1966 or including idiopathic
osteonecrosis, legg-calve-perthes disease, and skeletal dysplasia were excluded.
Additional search limitation by the following keywords: DDH, SCFE, steroids,
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sickle cell, trauma, complication, femur, and hip. As a result, the Medline search
could be restricted to63 studies and the Embase search to 89 studies. After
summarizing the Medline and the Embase search and deleting all duplications the
search was finally restricted to 127 studies.
We studied the abstracts of those 127 and excluded 41 articles which described
less than ten patients49-89, 2 that did not plain radiography90,91, 66 which included
disorders or classification schemes different to our inclusion criteria92-141142-157, and
8 that used established classification schemes34,158-164 for AVN . The kappa
between the medical student’s and the paediatric orthopaedic surgeon’s reading
was 0,78 (grading; substantial).
The left 10 articles26-28,165-171 were analysed separately regarding classification
schemes including paediatric population, 4 were excluded because of the usage of
already established classification schemes165-167,170 (1 article used the Bucholz and
Odgen classification, 2 the classification of Kalamchi and MacEwen, 1 the
classification of Salter et al and the supplement criteria of Gage and Winter, and 1
used the Severin classification for acetabular dysplasia). Another article was
excluded because no classification scheme was used and less than 10 patients
were described.168 A further article used criteria for AVN but without any
order171(Tab. 3 and Fig. 9).
Tab. 3 Excluded full articles

No development of a Bucholz and Odgen classification
new classification
Kalamchi and MacEwen classification

Barquet165
Binnet et al166, Carey et
al167

Salter classification and Gage and Winter Carey et al167
supplement criteria
Severin

classification

for

acetabular Thomas et al170

dysplasia
No classification scheme/described less than 10 patients

Donaldson et al 168

Only criteria for AVN

Weiner et al171
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Fig. 9 Flow chart showing article selection

The remaining 426-28,169 articles were included (Tab. 4) into our research.
2 articles29,37 were included on the basis of reviewing the bibliography of other
articles and experts’ opinion.
We identified 6 articles that met the inclusion criteria. 26-28,169,29,37
Tab. 4 Included articles

DDH

Salter et al (1969, Toronto)28

n=5

Gage, Winter (1972, Minnesota)26
Bucholz, Odgen (1978, Yale-New Haven)29
Kalamchi, MacEwen (1980, Delaware)27
Kruczynski (1996, Poznan, Poland)169

SCFE

Boyer et al (1981, Iowa)37

n=1

4.1.1 Study characteristics
4.1.1.1 Introduction
5 of our included studies (83.3%)26-29,169 aimed at the evaluation of AVN secondary
to DDH, whereas 1 study (16.7%)37 focused on AVN after chronic SCFE. 4 studies
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(66.7%)26-29 aimed at describing the pathogenesis of AVN, 2 studies (33.3%)27,29
especially investigated the vascular changes and 1 study (16.7%)169 the risk
factors. The prognosis of AVN was the target of 3 studies (50%)28,29,37, 1 study
(16,7%)27 focused on the progress, for 3 (50%)27,29,37 on the outcome, and another
one (16,7%)28 investigated the prevention of AVN.

4.1.1.2 Participants
4 studies (66,7%)26,28,29,169 included only hips after closed reduction secondary to
DDH, only 1 (16,7%)27 included operative hips secondary to DDH. 5 studies
(83,3%)26-29,37 were located in the United States and 1 (16,7%)169 in Poland. 3
(50%)28,37,169 studies did not describe the exclusion criteria of their studies. All data
collection (100%)26-29,37,169 was retrospective.

4.1.1.3 Test methods
3 studies (50%)26,29,169 used already established classifications for AVN, 1 study
(16,7%)28 did not use a reference standard and 2 (33,3%)27,37 reviewed common
literature. Only 1 study (16,7%)37 described in detail in which way the
measurement was carried out, 2 (33,3%)28,169 described their investigations very
poorly and 3 studies (50%)26,27,29 not at all. Another 3 studies (50%)26,28,169 did not
describe the distribution of their patients for each scale type.

4.1.1.4 Statistical methods
All studies (100%)26,28,169 described their participants, number of patients, hips and
bilateral hips (Fig. 10). Gender distribution was reported in 4 studies
(66.7%)26,27,29,37. Detailed information about the mean age and range could be
found in 3 studies (50%)27,29,37, 2 studies (33,3%)26,169 reported the age poorly and
1 study (16,7%)28 limited the age by an upper limit. The follow-up period is missing
only in 1 study (16,7%)169. In 4 studies (66,7%)26,27,29,37 100% of their participants
were under 18 years of age. For further 2 studies(33,3%)26,169 the assumption
could be made that the main proportion was under 18 years. 2 studies (33,3%)27,37
contained information about excluded patients who fulfilled the criteria for
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inclusion, the rest of our included studies (66,7%)26,28,29,169 did not mention this
item at all. A reliability section is missing in all studies (100%)26,28,169.

Fig. 10 Distribution patients, hips, bilateral hips of the included studies

4.1.2 Detailed description of classification schemes
4.1.2.1 Classification by Salter, Kostiuk, Dallas (1969)
The purpose of this case series was to “report the clinical and experimental
investigations concerning avascular necrosis secondary to DDH, with particular
reference to the pathogenesis, prognosis and prevention of AVN”.
They included from patients under the age of 18 months at the time of initial
reduction for developmental dysplasia of the hip in a teaching hospital in Toronto
Canada1952 until 1962.
140 children under the age of 18 months were included. 23 cases of 164 hips were
bilateral. Each child’s radiographs of the hips were studied before, during, and
after closed treatment.
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The classification of Salter et al is a descriptive index with an ordinal scale from 1
to 5 (Tab. 5). Diagnostic criteria of the first two groups were the ossific nucleus, for
the 3rd group the femur neck, for the 4th group the density and fragmentation of
the femoral head, and all residual deformities were summed up in the last group
(including coxa magna, coxa plana, coxa vara, and a short broad femoral neck).
The first 4 groups were based on the initial changes after reduction of the femoral
head and they described the changes of AVN at an early stage. Salter laid the
foundation stone for further classifications. Bucholz and Odgen and Klamachi and
Mac Ewen based their classification schemes on the 5th group of Salter et al.
However, the index does not offer a guide for treatment, prognosis or outcome.
Tab. 5 Classification by Salter et al

Group 1

Failure of appearance of the ossific nucleus of the femoral head
during one year or longer after reduction.

Group 2

Failure of growth in an existing ossific nucleus during one year or
longer after reduction.

Group 3

Broadening of the femoral neck during one year after reduction.

Group 4

Increased radiographic density of the femoral head followed by the
radiographic appearance of fragmentation.

Group 5

Residual deformity of the femoral head and neck when reossification
is complete. These deformities include coxa magna, coxa plana, coxa
vara and a short femoral neck.

4.1.2.2 Classification by Gage and Winter (1972)
In their case series Gage and Winter wanted to determine which aspects of
treatment produce avascular necrosis and how avascular necrosis can be
prevented.
They included non-operatively treated dislocated hips in a teaching hospital in
Gillette USA.
The study was confined to the patients whose initial treatment was a closed
reduction during the 20-year period 1948 through 1967. Subluxed hips were
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excluded and so were patients with associated abnormalities such as cerebral
palsy, arthrogryposis. If a hip subsequently redislocated and required an open
reduction within two years after the original reduction, the patient was also
excluded from the study. If a different procedure was carried out which required
opening of the capsula more than two years after initial reduction, the hip was
included since two years was used as the cut-off after the initial reduction, and
consequently, it was not considered to have been caused by that procedure.
A detailed description of the age distribution is missing, they only mentioned that
the most common age in the study was 1 and 2 years. They included 154 hips (33
bilateral, 139 female, 15 male), follow-up periods ranged from 2 years to more
than 19 years, with an average of 8.7 years.
The supplement criteria of Gage and Winter are additional criteria of the
classification scheme of Salter et al. They used the Salter Classification as a
reference and extended the classification because he noticed that most of the
cases of avascular necrosis did not involve all epiphysis and some continue to
grow.
Gage and Winter provide a descriptive index with a nominal scale with three
categories from 1 to 3 with no specific designation (Tab. 6). They were the first in
our group to mention partial necrosis of the femoral epiphysis and other
authors27,29 used this information for their investigations later on. The first two
sections describe the changes in the epiphysis and the resulting residual
deformity. In the final section only the residual deformity is described.
The classification of Gage and Winter does not offer a guide for treatment,
prognosis or outcome either.
Tab. 6 Classification by Gage and Winter

1

Residual deformity of the femoral head 2 years or more after closed
reduction (usually a mild flattening of the medial aspect of the
femoral epiphysis).

2

Abnormalities in a specific area of the epiphysis visible on
roentgenograms made within 12 months of reduction. The changes
occasionally progress to fragmentation of the epiphysis in the area
that later shows residual deformity but more commonly are
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manifest as a failure of ossification of the nucleus in the
corresponding area one year following reduction.
3

Roentgenographic evidence of viability of the remainder of the
femoral head.

4.1.2.3 Classification by Bucholz and Odgen (1978)
Bucholz and Odgen targeted on describing radiographic changes of the entire
proximal femur (epiphysis, physis, methaphysis, and greater trochanter), following
apparent vascular compromise as encountered in nonoperatively treated
congenital dislocation of the hip, interpreting these findings according to concepts
of changing vascular patterns, assessing the long-term course in these patients,
defining specific problems adversely affecting to the prognosis, and establishing
criteria allowing a better prediction of eventual outcome.
They reviewed all documented cases of ischemic necrosis of the femoral head
following treatment of congenital subluxation or dislocation of the hip over the last
20 years (no specific time-interval named) in a teaching hospital in Yale and YaleNew Haven United States. Cases associated with neuromuscular diseases (i.e.,
immobilization hip dislocation) and cases treated by open reduction of the
dislocation were excluded. Only cases of typical congenital hip dysplasia treated
with or without prereduction traction, closed reduction, and cast immobilization
were included.
They used the roentgenographic criteria by Salter et al and the supplement criteria
by Gage and Winter, for the initial selection of the cases.
Bucholz included 36 patients (42 hips, 6 bilateral), their age ranged from 1 month
to 2.5 years (mean 9 months). 31 patients were female and 5 male. The
radiographic follow-up took place after 13 years (range 6 to 28 years).
The classification of Bucholz and Odgen is a descriptive index from I to IV (Tab.
7). They described the changes in the epiphysis, physis, methaphysis, femoral
neck, and the residual deformities for all types. For types II-IV a pathogenesis,
types I-II the ossific nucleus, types II-III changes of the greater trochanter, and for
type II sclerotic changes were documented.
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The diagnostic criteria of Bucholz are not constant for each type and the type II is
not evident before the 7-12 years. The Bucholz and Odgen classification does not
guide treatment, prognosis or outcome.
Tab. 7 Classification by Bucholz and Odgen

Type I

Proximal femur growth, growth plate and metaphysis relatively
normal, little residual deformity

Type II

Lateral aspects of epiphysis and metaphysis affected
Coxa plana
Slight shortening of the femoral neck

Type III

Severe ischemic changes to the entire proximal femoral epiphysis
Extremely short neck
Marked coxa vara with severe over growth of greater trochanter

Type IV

Medial epiphyseal ossification affected (and medial metaphysis)
Coxa vara, coxa magna, short neck
Overgrowth of greater trochanter may be present but not as marked
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Fig. 11 Type I AVN according to Bucholz and Odgen in a 12-year-old girl who underwent closed
reduction of a dislocated hip. There is little residual deformity of the femoral head in that it is smaller
than on the not-affected side.

Fig 12 Type II AVN according to Bucholz and Odgen in a 11-year-8-months-old girl who underwent
open reduction of a dislocated hip. There is a horizontal epiphysis and a marked valgus deformity than
on the not-affected side.
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Fig. 13 Type III AVN according to Bucholz and Odgen in a 12-year-old boy who underwent closed
reduction of a dislocated hip. There is extremely short neck and severe over growth of the greater
trochanter than on the not-affected side.

Fig. 14 Type IV AVN according to Bucholz and Odgen in a 12 year and 2 month old girl who
underwent closed reduction of a dislocated hip. There is a short neck and overgrowth of the greater
trochanter. In this case both hips were affected similar but the deformities are marked on the right
side.
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4.1.2.4 Classification by Kalamchi and MacEwen (1980)
The research aim in the case series of Kalamchi and MacEwen was to outline the
progress of AVN in relation to the development of the femoral head, neck, the
acetabulum, and the mechanics of the entire hip joint at the teaching hospital
Alfred I. DuPont, USA. They wanted to introduce a new classification system that
supports evaluating the different types of vascular changes involving the femoral
head and the capital epiphyseal plate, correlating the relationship of age at the
time of treatment, using preliminary traction, positioning of immobilization, and
other factors related to the incidence and severity of vascular changes. Moreover,
an evaluation of the end result in skeletally mature patients following treatment of
congenital dislocation of the hip with avascular necrosis was targeted on.
As inclusion criteria, patients with congenital dislocation and avascular necrosis
were treated. Patients with dislocation of the hip secondary to neuromuscular and
other disorders were excluded. Vascular changes occurred following all forms of
treatment and were not restricted to hips treated by closed reduction.
These researchers reviewed the records of 1,017 patients being diagnosed of
congenital dislocation of the hip seen at their hospital since it was established in
1940 (no end date given).
119 patients (153 hips, 26 bilateral) with congenital dislocation and AVN were
included. The mean age was 11 months (range 1 week to 8 years), 92 female and
27 male patients were concerned. In 53 cases the left hip and in 26 cases the right
hip was affected. The follow-up range was from 6 months to 27 years with an
average of 12 years.
20 hips were excluded from the classification because of an altered natural history
by residual dysplasia or multiple surgical procedures.
The classification by Kalamchi and MacEwen is a predictive index and like the
classification of Bucholz and Odgen in a nominal order from I to IV (Tab. 8). They
similarily described the changes of the epiphysis, physis, methaphysis, femoral
neck, residual deformities, pathogenesis, ossific nucleus, and the greater
trochanter.
Additionally, Kalamchi and MacEwen described the changes of the acetabulum,
and offered a guide for treatment and outcome for each group.
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Tab. 8 Classification by Kalamchi anMacEwen

Group I

delay in appearance of ossific nucleus
minimum loss of epiphyseal height or coxa magna

Group II

lateral damage physis
lateral inclination of the head into valgus
short neck

Group III

central damage physis Æ symmetrical retardation of growth
relative overgrowth of the greater trochanter
short neck without changes in the head-neck-shaft angle (functional
coxa vara)

Group IV

total damage head and physis
coxa magna; true varus angulation of neck; marked overgrowth of
greater trochanter

4.1.2.5 Classification by Boyer, Mickelson, Ponseti (1981)
In contrast to all our other included studies the purpose of Boyer’s et al case series
was to ascertain whether the prognosis was related to the degree of slipped
capital femoral epiphysis, whether the hip with a slip left malunited deteriorated,
and whether the long-term prognosis of an acute slip differed from that of a chronic
slip. The long-term outcome of slipped epiphyses with complicating chondrolysis
or aseptic necrosis of the femoral head.
They included patients who were treated for slipped capital femoral epiphysis in
the teaching hospital Iowa United States from 1915 until 1952. Patients who
suffered from acute slips were analysed separately.
121 patients were included (149 hips, 28 bilateral hips). Male patients were
diagnosed at an average age of 13 years and 6 months (ranging from 11 to 24
years) and female patients at a mean age of 11 years and 6 months (ranging from
10 to 14 years). The mean follow-up age was 31 years with a range from 21 to 47
years.
The classification of Boyer et al is a descriptive index with an ordinal order from 0
to III (Tab. 9). Their diagnostic criteria are completely different to the other
classification schemes discussed before. His main criteria were cysts, osteophyts,
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subchondral sclerosis and joint space narrowing. The index offers no guide for
treatment, prognosis or outcome.
Tab. 9 Classification by Boyer et al

Grade 0

no degenerative changes

Grade I

not more than one subchondral cyst or one osteophyte
no bone sclerosis
normal joint space

Grade II

one or a few subchondral cysts as well as osteophytes
minimum subchondral sclerosis
slight joint- space narrowing

Grade III

multiple subchondral cysts and osteophytes
marked subchondral sclerosis
moderate or severe joint space narrowing

Fig. 15 Grade 0 AVN according to Boyer et al in a 12-year-and-3–month-old girl who underwent
closed reduction of a dislocated hip. There are no degenerative changes.
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Fig. 16 Grade I AVN according to Boyer et al in a 9-year-and–6-month-old boy who underwent closed
reduction of a dislocated hip. There is one subchondral cyst.

Fig. 17 Grade II AVN according to Boyer et al in a 13-year-and-6-month-old girl who underwent open
reduction of a dislocated hip. There is slight joint space narrowing and minimum suchondral sclerosis.
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Fig. 18 Grade III AVN according to Boyer et al in a 13-year-and-9-month-old girl who underwent
closed reduction of a dislocated hip. There are subchondral cysts, osteophytes, marked subchondral
sclerosis and severe joint space narrowing.

4.1.2.6 Classification by Kruczynski (1996)
The aim of Kruczynski’s case series was to evaluate the incidence and risk factors
of AVN complicating the non-operative treatment of developmental dislocation of
the hip in the teaching hospital Karol Marcinkowski in Poland.
The patients’ selection criteria was AVN complicating the non-operative treatment
for DDH of the hip.
Kruczynski used the classifications of Salter et al, Gage and Winter and Bucholz
and Odgen as his reference standard and analyzed the conventional radiographs
obtained in AP views during the course of treatment (with no specific time interval).
105 patients (113 hips, 8 bilateral hips) were included in his study. The patients’
ages were not mentioned explicitly; however presented tables allowed an
assumption of how old the patients were (from <3 years to 24 years at the onset of
treatment). The follow-up period was not

mentioned in the article either.

Kruczynski’s classification is the most poorly described scheme in our included
studies. The classification is a descriptive index having a nominal order from I to V
(Tab. 10). Similarily to Bucholz and Kalamchi, he used the epiphysis and the
methaphysis to stage AVN but with more information and memorandum of the
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changes. His outcomes were scaled in mild-moderate-severe-stages whereas the
further definition and explanation of these stages were not outlined.
Tab. 10 Classification by Kruczynski

Type I

•involvement of the epiphysis, no fragmentation
• mild changes

Type II

• involvement of the epiphysis with fragmentation
• moderate changes

Type III

• involvement of the epiphysis and the lateral part of the
metaphysis under the physis
• severe changes.

Type IV

• involvement of the epiphysis and the medial metaphysis under the
physis
• severe changes

Type V

•involvement of the epiphysis and the whole metaphysis under the
physis
• severe changes

38

39
4.2

Reliability studies

4.2.1 Classification by Bucholz and Odgen
Tab. 11 Showing the results of the reliability tests of the Bucholz-Odgen classification

Kappa

Rater

Grading

(95% CI)
Intra-rater
Medical student

0.89

almost perfect

(0.81-0.96)
Inter-rater
Registrar – Medical student

0.24

fair

(0.08-0.40)
Research Fellow –Medical student

0.3

fair

(0.12-0.47)
Registrar – Research fellow

0.12

slight

(-0.02-0.26)
Medical student – Consensus reading

0.52

moderate

(0.39-0.64)
Registrar – Consensus reading

0.11

slight

(-0.03-0.24)
Research fellow –Consensus reading

0.29
(0.11-0.47)

fair
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Fig. 19 Graph showing the results of reliability studies based on training level. The y-axis gives the
simple kappa statistics (horizontal bars reflect the 95 % confidence intervals)

Tab. 12 Showing an agreement matrix for the Bucholz-Odgen classification

Medical student rating 1
Medical
student

Agreement

rating 2

Type I

Type II

Type III

Type IV

18/19

33/35

19/21

17/20

(95%)

(94%)

(90%)

(85%)

Type I

Type II

Type III

Type IV

4/9 (44%)

5/19 (26%) 3/13

Medical student rating 1
Registrar
Agreement

8/8

(23%)

(100%)

Type III

Type IV

Medical student rating 1
Research
fellow

Agreement

Type I

Type II

6/9 (67%)

8/19 (42%) 10/13
(77%)

0
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Registrar
Research
fellow

Agreement

Type I

Type II

Type III

Type IV

3/8 (38%)

4/12

5/26

2/3 (67%)

(33%)

(19%)

Type I

Type II

Type III

Type IV

12/21 (57%)

23/31

17/27

9/16

(74%)

(63%)

(56%)

Type I

Type II

Type III

Type IV

2/9 (22%)

6/18

2/17

4/5 (80%)

(33%)

(12%)

Type I

Type II

Type III

Type IV

4/9 (44%)

7/18

14/17

0/5 (0%)

(39%)

(82%)

Consensus reading
Medical
student

Agreement

rating 1
Consensus reading
Registrar
Agreement
Consensus reading
Research
fellow

Agreement

Tab. 13 Showing a correlation matrix (agreement and disagreement) for the Bucholz-Odgen
classification

rating 2

Medical student

Medical student rating 1
Type I

Type II

Type III

Type IV

Type I

18/19 (95%)

0

1/21 (5%)

1/20 (5%)

Type II

1/19 (5%)

33/35 (94%)

0

1/20 (5%)

Type III

0

2/35 (6%)

19/21 (90%)

1/20(5%)

Type IV

0

0

1/21 (5%)

17/20
(85%)

Registrar

Medical student rating 1
Type I

Type II

Type III

Type IV

Type I

4/9 (44%)

1/19 (5%)

1/13 (8%)

0

Type II

3/9 (33%)

5/19 (26%)

0

0

Type III

1/9 (11%)

5/19 (26%)

3/13 (23%)

0

Type IV

1/9 (11%)

8/19 (42%)

9/13 (69%)

8/8 (100%)

Medical student rating 1

Research fellow
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Type I

Type II

Type III

Type IV

Type I

6/9 (67%)

0

1/13 (8%)

1/8 (13%)

Type II

2/9 (22%)

8/19 (42%)

1/13 (8%)

6/8 (75%)

Type III

0

10/19 (53%)

10/13 (77%)

1/8 (13%)

Type IV

1/9 (11%)

1/19 (5%)

1/13 (8%)

0

Type I

Type II

Type III

Type IV

Type I

3/8 (38%)

2/12 (17%)

0

1/3 (33%)

Type II

3/8 (38%)

4/12 (33%)

1/26 (4%)

0

Type III

1/8 (13%)

3/12 (25%)

5/26 (19%)

0

Type IV

1/8 (13%)

3/12 (25%)

20/26 (77%)

2/3 (67%)

Type I

Type II

Type III

Type IV

Type I

12/21 (57%)

5/31 (16%)

0

2/16 (13%)

Type II

6/21 (29%)

23/31 (74%)

4/27 (15%)

2/16 (13%)

Type III

0

1/31 (3%)

17/27 (63%)

3/16 (19%)

Type IV

3/21 (14%)

2/31 (7%)

6/27 (22%)

9/16 (56%)

Type I

Type II

Type III

Type IV

Type I

2/9 (22%)

2/18 (11%)

1/17 (6%)

1/5 ( 20%)

Type II

2/9 (22%)

6/18 (33%)

0

0

Type III

4/9 (44%)

3/18 (17%)

2/17 (12%)

0

Type IV

1/9 (11%)

7/18 (39%)

14/17 (82%)

4/5 (80%)

Type I

Type II

Type III

Type IV

Type I

4/9 (44%)

2/18 (11%)

0

2/5 (40%)

Type II

3/9 (33%)

7/18 (39%)

2/17 (12%)

0

Type III

1/9 (11%)

8/18 (44%)

14/17 (82%)

3/5 (60%)

Research fellow

Registrar

rating 1

Medical student

Consensus reading

Registrar

Consensus reading

Research fellow

Consensus reading
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Type IV

1/9 (11%)

1/18 (6%)

1/17 (6%)

4.2.2 Classification by Boyer et al
Tab. 14 Showing the results of the reliability tests of the Boyer et al classification

Reader

Kappa

Grading

(95% CI)
Intra-rater
Medical

Student

(first

intra-rater 0.76

study)

(0.65-0.87)

Medical Student (second intra-rater 0.81
study)

substantial
almost perfect

(0.71-0.90)

Inter-rater
Medical Student – Registrar

0.39

fair

(0.20-0.58)
Medical student – Consensus Reading

0.19

slight

(0.09-0.28)
Registrar – Consensus Reading

0.3
(0.13-0.47)

fair

0/5 (0%)
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Fig 20 Graph showing the results of reliability studies based on training level. The y-axis gives the
simple kappa statistics (horizontal bars reflect the 95 % confidence intervals)

Tab. 15 Showing an agreement matrix of the Boyer et al classification to explore “mistakes” made

Medical student rating 1
Medical
student

Agreement

Grade 0

Grade I

Grade II

Grade III

18/19 (95%)

33/35

19/21

17/20

(94%)

(90%)

(85%)

Grade 0

Grade I

Grade II

Grade III

20/22 (91%)

35/40

16/20

11/13

(88%)

(80%)

(85%)

Grade 0

Grade I

Grade II

Grade III

9/13 (69%)

9/20 (45%)

5/11

4/5 (80%)

rating 2
Medical student rating 1
Medical
student

Agreement

rating3
Medical student rating 1
Registrar
Agreement

(46%)
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Consensus reading
Medical
Student

Agreement

Grade 0

Grade I

Grade II

Grade III

22/66 (33%)

4/9 (44%)

4/11

6/9 (67%)

rating 1

(36%)
Consensus reading

Registrar
Agreement

Grade 0

Grade I

Grade II

Grade III

16/33 (48%)

3/6 (50%)

2/4

4/6 (67%)

(50%)
Tab. 16 Showing a correlation matrix (agreement and disagreement) of the Boyer et al classification

rating 2

Medical student

Medical student rating 1
Grade 0

Grade I

Grade II

Grade III

Grade 0

21/22 (96%)

2/40 (5%)

0

0

Grade I

1/22 (5%)

35/40 (88%)

4/20 (20%)

1/13 (8%)

Grade II

0

3/40 (8%)

15/20 (75%)

4/13 (31%)

Grade III

0

0

1/20 (5%)

8/13 (62%)

Grade 0

Grade I

Grade II

Grade III

Grade 0

20/22 (91%)

2/40 (5%)

0

0

Grade I

2/22 (9%)

35/40 (88%)

4/20 (20%)

0

Grade II

0

3/40 (8%)

16/20 (80%)

2/13 (15%)

Grade III

0

0

0

11/13 (85%)

Grade 0

Grade I

Grade II

Grade III

Grade 0

9/13 (69%)

7/20 (35%)

1/11 (9%)

0

Grade I

2/13 (15%)

9/20 (45%)

2/11 (18%)

0

Grade II

2/13 (15%)

3/20 (15%)

5/11 (46%)

1/5 (20%)

Grade III

0

1/20 (5%)

3/11 (27%)

4/5 (80%)

Grade 0

Grade I

Grade II

Grade III

Grade 0

22/66 (33%)

0

0

0

Grade I

32/66 (49%)

4/9 (44%)

4/11 (36%)

0

Grade II

10/66 (15%)

3/9 (33%)

4/11 (36%)

3/9 (33%)

rating3

Medical student

Medical student rating 1

Registrar

Medical student rating 1

1

Student rating

Medical

Consensus reading
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Grade III

2/66 (3%)

2/9 (22%)

3/11 (27%)

6/9 (67%)

Grade 0

Grade I

Grade II

Grade III

Grade 0

16/33 (48%)

1/6 (17%)

0

0

Grade I

10/33 (30%)

3/6 (50%)

0

0

Grade II

6/33 (18%)

1/6 (17%)

2/4 (50%)

2/6 (33%)

Grade III

1/33 (3%)

1/6 (17%)

2/4 (50%)

4/6 (67%)

Registrar

Consensus reading

4.2.3 Intra-rater reliability Sharp angle, the lateral centre edge angle and the
migration percentage
Tab. 17 Showing the results of the reliability tests of the Sharp-angle, the lateral centre edge angle and
the migration percentage

Reader

ICC

Grading

(95% CI)
Intra-rater (medical student)
Sharp

0.98

almost perfect

(0.98-0.99)
LCE

0.97

almost perfect

(0.95-0.98)
MP

0.99
(0.98-0.99)

almost perfect
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Fig. 21 Graph showing the results of reliability studies. The y-axis gives the ICC (horizontal bars
reflect the 95 % confidence intervals)

5 Discussion
Classification schemes are commonly used to evaluate the status and progress of
AVN; our study focused on the reliability of classification schemes based on plain
radiographs.
In this study we included 5 classification schemes that were designed to grade
AVN secondary to DDH. Salter et al28 were the first to describe the radiographic
changes that might occur as a result of AVN after the treatment of a dislocated hip.
Their scheme primarily focused on early radiographic changes; 4 of the 5
categories were designated to changes occurring within 5 years after hip reduction
and only 1 category (category 5 ”residual deformities of AVN”) was designed to
investigate changes that can occur later on.
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Gage and Winter26 added criteria for partial necrosis of the epiphysis which formed
the basis of investigations by Bucholz and Odgen29, Kalamchi and MacEwen27.
Kruczynski169 used parts of these items and tried to establish his own AVNscheme but all of his items are very poorly described.
Boyer et al items were centred on arthrosis signs without any description of
changes in the epiphysis.
According to the taxonomy described by Feinstein40 all but one classification
scheme were status indices, i.e. they only provided information about the present
condition of the hip with no further guide for treatment or outcome. Only the
classification scheme by Kalamchi and MacEwen27 offered a functional outcome of
the hip and treatment options (including treatment of abductor strength and arrest
of the greater trochanter).
All of our included studies poorly described their study characteristics: 50 % of our
included studies did not mention their exclusion criteria, detailed information about
the patient’s age, and the distribution of their participating patients for each scale.
Only one study offered information about how their measurements had been
carried out.
We recommend the studies of Bucholz and Odgen27, Kalamchi and MacEwen27.
Both classification schemes are almost similar, whereas Kalamchi’s classification
scheme included more patients and the framework of their study offered more
information about their investigations. According to our results the classification
scheme of Kruczynski169 does not seem to be useful because all items are very
poorly described and we concluded that the classification scheme is not reliable
and valid.
The reliability study addressed the observer agreement for AVN classification
schemes and additionally the agreement for some other radiographic indices for
the hip.
The reliability section holds some limitations. The consultant level has not been
tested in our study yet now but further investigations have already been done and
the results will be published in an additional study.
In this study we were able to present the reliability for different experience and
training levels. On the one hand, we worked with a medical student with special
interest for orthopaedic surgery but with no particular experience in the
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radiographic assessment of AVN, on the other hand, with two surgeon trainees;
one of them is a registrar, experienced with patients with AVN, and one research
fellow with no special training in paediatric orthopaedic surgery but with a 6-monthresearch experience research in AVN.
Our study also compares the intra-rater reliability of a nominal, and an ordinal
scale and a ratio measurement.
Our study clarified that further training improves the reliability of the Bucholz
classification regardless of the clinical experience. The reliability of the Boyer
classification depends more on the clinical experience than on the training level.
This might be due to the fact that Boyer used common arthrosis signs like cysts,
osteophytes, subchondral sclerosis and joint space narrowing for the classification;
the registrar is experienced in determining those items.
We managed to establish good results for the intra-rater reliability parts for all of
our included schemes. The results ranged from 0.76 to 0.99; we concluded that
the agreement can be improved by training and does not correlate with the overall
experience of the observer.
The results of our inter-rater reliability of the registrar, research fellow and medical
student were poor. The medical student’s results regarding the Bucholz
classification were much better than the ones of the registrar or the research
fellow, both with more experience in the clinical fields. Our consensus reading
(assumed validity) was therefore taken into account.
The highest disagreement occurred for type III and type IV (see results).
We assumed the similar use of items for type III and type IV like coxa vara and
trochanteric overgrowth in order to confuse the raters. The difference between
relative and marked overgrowth of the trochanter was not clear and maybe a more
comprehensible definition of overgrowth “evident” or “not evident” should be
thought of in order to enable an easier identification. The vage difference between
“extremely short neck” and “short neck”, “marked coxa vara” and “coxa vara” may
produce a lot of misclassification and misinterpretation as well.
The results of the Boyer classification were slightly better for the registrar than for
the student.
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However, the raters had more difficulties agreeing on the Boyer classification than
on the Bucholz one.
The Boyer classification has 4 items lacking a specific order.
For example, difficulties might occur when the radiographs show one osteophyte
with bone sclerosis, and consequently, the rater has to decide if it is grade I or II,
whereas the descriptions are relatively unclear (grade I: ”No more than one
subchondral cyst or one osteophyte, no bone sclerosis, normal joint space”; grade
II: “one or a few subchondral cysts as well as osteophytes, minimum subchondral
sclerosis, slight joint- space narrowing”).
However, the highest disagreement was related to grade 0 and grade I. The item
“No degenerative changes” caused the worst disagreement because the rater
sometimes identified for example “mild subchondral sclerosis” but nothing else
with the help of a radiogram, so the rating “no degenerative changes” would be
wrong as well as all other grades which are not applicable either.
The results of our ratio measurement were nearly perfect. The included
radiographic indices easily and clearly guide the reader to measure the angles and
distances. As a result , the bias for the intra-rater reliability was minimized.
We know that reliability is necessary but not sufficient for validity; however, a
completely unreliable measurement cannot be valid. To evaluate validity further
investigations will be required. We also know that an MRI-scan is commonly used
to classify early stages of AVN. It is plain radiographs that are commonly used for
the classification of AVN (especially in the Anglo American regions) but an
evaluation of MRI-classifications and their reliability respectively will also be
necessary.
Possible research questions for further investigations are:
Is it possible to improve reliability by
(i)

additional training of the Boyer classification Grade
0/Grade I and the Bucholz classification Type III/Type
IV?

(ii)

modifying or reducing these items?

(iii)

by an increased number of training hours under
professional supervision for each classification?
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We assume that a clearer definition of included items and a well-arranged scaling
would minimize the measurement inconsistency.
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