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Preface to the 2019 edition of
the reproducibility protocol

The last complete revised edition of
this protocol was published by the
International Academy of Manual/
Musculoskeletal Medicine (IAMMM)
in 2012. In the meantime, much expe-
rience has been gained with the daily
practice of this protocol. It has stim-
ulated scientists and practitioners in
our field of Manual/Musculoskeletal
Medicine (M/M Medicine) to perform
reproducibility studies according the
format of this protocol.

Based on these experiences and the
emergence of new data from research in
this field, the IAMMM thought it neces-
sary to completely rewrite the last edition
of 2012.

In this new IAMMM protocol, essen-
tial changes are made in the different
periods of the protocol format. The di-
rect reason for these changes is the fact

that nowadays, sample size calculations
based on statistical power are advised to
estimate study sample sizes. Sample cal-
culations based for studies using kappa
coefficients are faced with several diffi-
culties. The kappa coefficient of a diag-
nostic procedure is not an absolute mea-
sure as such. Its value is dependent on
many other factors. As a consequence,
the same kappa coefficient can have dif-
ferent levels of the overall agreement and
the prevalence of the index condition.
Furthermore, in a reproducibility study,
the kappa coefficient is only related with
positive judgeddiagnosticprocedures. In
contrast, theoverall agreement isanabso-
lute measure and concerns both positive
and negative judged diagnostic proce-
dures, reflecting more the daily reality of
a clinician. Therefore, in the new pro-
tocol we focus in the first instance on
calculating a sample size for the overall
agreement.

As a consequence, the training period
has been extended with a pilot study to
evaluate the standardisation of the diag-
nostic procedure and the overall agree-
ment period has been removed from the
protocol.

Since the overall agreement as such is
anabsolutemeasure andreflectsmore the
daily practice of a clinician dealing with
diagnostic procedures and is most infor-
mative for clinicians, the starting point of
the protocol is more focused on the over-

all agreement and in the second instance
the kappa coefficient is emphasised. At-
tention is paid to the comprehensibility
and readability of the text compared to
the previous edition. Tables and figures
have been renewed. In this way the pro-
tocol is accessible to those practitioners
in M/M Medicine, who are less famil-
iar with statistics and in particular with
the format of performing reproducibility
studies.

The reproducibility protocol has been
elaboratedinsuchawaythat itcanbeused
as a kind of “cookbook format” to per-
form reproducibility studies with kappa
statistics.

The protocol format can be used in
a very practical way and it makes it feasi-
ble to perform reproducibility studies in
private M/M Medicine clinics with two
or more physicians and by educational
boards of the M/M Medicine Societies.

The protocol is used as the syllabus for
the International Instructional Course
for Reproducibility Studies organised by
the IAMMM, and we sincerely hope that
the protocol will also be acknowledged
in university education.

As in previous editions of the proto-
col, Edition 2019 strongly emphasises the
need to perform reproducibility studies
in M/M Medicine.

Therefore, in the introduction the
original reasons to develop this protocol
are again mentioned because they are
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still very relevant for present day M/M
Medicine.

In this edition, a list of reproducibility
studies (exclusively using kappa statis-
tics) of the different region of the loco-
motion system are published.

The IAMMM is aware that it is a con-
tinuous process to keep a protocol like
this one updated. We do hope that sci-
entists and educationalists who use this
protocol will send their comments to the
present second Scientific Director of the
Academy. In this way, we can continu-
ously improve and update the protocol.

The IAMMM would also like to en-
courage scientists and/or educationalists,
who receive and use this latest edition of
the protocol, to disperse it among their
colleagues and students. Hereby the pro-
tocol becomes accessible to a larger audi-
ence of practitioners in the field of M/M
Medicine.
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I. Introduction

The IAMMM developed this protocol in
a standardised format for reproducibility
studies.

In particular, this protocol provides
scientists and daily practitioners in our
field of M/M Medicine with a practical
format, in a more or less cookbook form,
to perform reproducibility studies. The
primary reason for the Academy to de-
velop this kindofprotocol is still relevant:

There are many different approaches
(schools) in M/M Medicine in many
countries of the M/M Medicine world,
frequently with many different diagnostic
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procedures and many different therapies
for the same clinical picture.

Thepredecessor of the IAMMM, the Sci-
entific Committee of FIMM, formulated
the problem with respect to diagnostic
procedures in Manual/Musculoskeletal
Medicine (M/M Medicine) and is sum-
marised in . Fig. 1.

The consequences of this statement
are five-fold:
1. Most existing different approaches

within M/MMedicine have no repro-
ducible proven diagnostic procedures
in the various regions of the locomo-
tion system. As a consequence, the
reproducibility, validity, sensitivity
and specificity of these diagnostic
procedures are largely lacking.

2. Because this lack of good repro-
ducibility, validity, sensitivity and
specificity studies of the diagnostic
procedures of the different schools in
M/M Medicine, mutual comparison
of diagnostic procedures of the differ-
ent approaches in M/M Medicine is
impossible. In the present situation,
scientific information exchange and
fundamental discussions, based on
solid scientific results and meth-
ods, between these different M/M
Medicine approaches is frequently
impossible.

3. Each of the different approaches in
M/MMedicine has their own educa-
tion system. Most of the diagnostic
procedures taught by these education
systems lack good reproducibility.
This makes the transferability of the
taught diagnostic procedures between
the various M/MMedicine education
systems questionable. Furthermore,
mutual exchange between education
systems of diagnostic procedures is
hampered. Since we are living in
the age of evidence-based medicine,
medical educational systems in gen-
eral and M/MMedicine in particular
have to be based as far as possible on
evidence-based educational teaching
material. Most important, proven re-
producible diagnostic procedures are
mutually exchangeable and can stim-
ulate discussions between the various
approaches in M/MMedicine.

Abstract · Zusammenfassung
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Abstract
The International Academy of Manu-
al/Musculoskeletal Medicine (IAMMM) has
completely revised the protocol for repro-
ducibility studies of diagnostic procedures
in Manual/MusculoskeletalMedicine (M/M
Medicine). The protocol was and is aimed at
the practitioners in the field of M/MMedicine.
This IAMMM protocol can be used in a very
practical way and makes it feasible to perform
reproducibility studies equally well in private
practices and clinics for M/M Medicine with
two or more physicians and as by educational
boards of the societies of M/M Medicine.
This IAMMM protocol provides practical

solutions for sample size calculations in
reproducibility studies using kappa statistics.
Step by step,many different statistical aspects
of reproducibility studies are explained,
resulting in a very structured protocol format
of how to perform a reproducibility study
using overall agreement and the kappa value
as statistical outcome.

Keywords
Interobserver agreement · Prevalence of index
condition · 0.50-Pindex method · Sample size ·
Kappa value

Reproduzierbarkeitsprotokoll für diagnostische Verfahren in
Manueller Medizin. Ausgabe 2019

Zusammenfassung
Die International Academy of Manu-
al/Musculoskeletal Medicine (IAMMM) hat
das Protokoll für Reproduzierbarkeit von
diagnostischen Verfahren in der Manuellen
Medizin vollständig revidiert. Das IAMMM-
Protokoll war und ist insbesondere für
Praktiker auf dem Gebiet der Manuellen
Medizin gedacht. Dieses Protokoll kann
auf sehr anwendungsorientierte Weise
verwendet werden und macht es möglich,
Reproduzierbarkeitsstudien gleichernmaßen
gut in Privatpraxen und Kliniken mit zwei
oder mehr Ärzten, wie bei Vorständen
einer Gesellschaft für Manuelle Medizin,
durchzuführen. Dieses IAMMM-Protokoll

bietet praktische Lösungen für Berechnungen
der Stichprobengroße in Reproduzierbar-
keitsstudienmit Kappa-Statistik. Schritt für
Schritt werden sehr viele statistischeAspekte
von Reproduzierbarkeitsstudien erklärt,
was am Ende in einem sehr strukturierten
Protokollformat resultiert, wie man eine
Reproduzierbarkeitsstudie unter Verwendung
von statistischer Gesamtübereinstimmung
und Kappa-Wert-Ergebnisdaten durchführt.

Schlüsselwörter
Vereinbarung zwischen Beobachtern ·
Prävalenz der Indexbedingung · 0,50-Pindex-
Methode · Probengröße · Kappa-Wert

4. In the absence of reproducible diag-
nostic procedures in M/M Medicine
only heterogeneously defined study
populations for efficacy trials can
be used. Therefore, comparison of
results of efficacy trials, with the same
therapeutic approach (for instance
manipulation), is hardly possible.
If the present situation continues, it
will slow down of the badly needed
process of professionalization ofM/M
Medicine.

5. Non-reproducible diagnostic proce-
dures of different schools, ill-defined
therapeutic approaches and low-qual-
ity study designs are the main causes

for the weak evidence of a proven
therapeutic effect of M/MMedicine.

At present, it is still the opinion of the
IAMMM to create the best possible con-
ditions forexchangeofscientific informa-
tion between the various schools inM/M
Medicine. This information exchange
must be basedon results of solid scientific
work. By comparing the results of good
reproducibilitystudies, performedbydif-
ferent schools, a fundamental discussion
can start. Themain aimof this discussion
is not to conclude which school has the
best diagnostic procedure in a particu-
lar area of the locomotion system, but to
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Fig. 18 Summary of the problem and its consequences forManual/Musculoskeletal Medicine
(M/MM)as definedby the previous Scientific Committee of FIMM (Intenational Federation forManual
Medicine)andadaptedby its successor thepresent InternationalAcademyofManual/Musculoskeletal
Medicine (IAMMM). EBM evidence-basedmedicine

define a set of validated diagnostic proce-
dures which can be adopted by the differ-
ent schools and become transferable to
regular medicine. TheAcademywants to
provide the Societies for M/M Medicine
with standardised scientific protocols for
future studies.

The IAMMM International
Instructional Course for
Reproducibility Studies

To provide practitioners in the field of
Manual/Musculoskeletal Medicine with
the right tools to perform high-qual-
ity reproducible studies, the IAMMM
has the possibility to organise in coop-
eration with national societies for Man-
ual/Musculoskeletal Medicine or univer-
sity departments a 1-day instructional
course. In the course, beyond the the-
oretical explanations of statistics in re-
producibility studies, practical training
is an essential aspect of the instructional
course.

Previous IAMMM International In-
structional Courses have been organised
inmany countries, such as the Czech Re-
public, Denmark, France, Germany, In-
dia, Netherlands, Russia and the United
Kingdom.

Detailed information about these
courses is available from the IAMMM
logistic officer (sjerutte@gmail.com).

The Academy Conference

The best forum to create a discussion
platform for the different schools inM/M
Medicine is the AcademyConference or-
ganised by the IAMMM every year. This
2-day conference is organised every sec-
ond year. At this Academy Conference,
preliminary results of studies, proposals
for research protocols, newly developed
therapeutic and/or diagnostic algorithms
and other new scientific work are pre-
sented. In a fruitful discussion between
the audience and presenters many ideas
can be exchanged based on solid scien-
tificwork, without interferenceof “school
politics”.

TheScientificDirectoroftheIAMMM,
emphasises that good reproducibility of
diagnostic procedures in M/M still has
the first priority. These kinds of studies
are easy and inexpensive to perform and
form the best base for mutual discussion
between schools in M/M Medicine.

Co-operationwithuniversitiesandac-
tive involvement of the Societies forM/M

Medicine is indispensable and crucial for
the future work of the IAMMM.

II. Reliability: reproducibility
and validity

Definitions. Before performing a repro-
ducibility study, it is essential that one
becomes familiar with the nomenclature
used in this kind of study. Furthermore,
it is of utmost importance that the differ-
ence between reproducibility and valid-
ity is well understood. One of the major
problems inmedicine andalso inmedical
research is the fact that different name are
used for the same condition. Therefore,
we think it important first to provide the
reader of this protocol with an overview
of the definitions used in this protocol.
In clarifying and illustrating the defini-
tions in greater detail, reading becomes
much easier. In particular those defi-
nitions that are used in reproducibility
studies are elaborated in greater detail
based on experience from previous re-
producibility studies.

1. Reliability

In the scientific medical literature, the
term reliability is frequently (mis)-used
in relation to the evaluation of diagnos-
tic procedures. Reliability reflects the
overall consistency of a measure [1, 2].
A diagnostic procedure is said to have
a high reliability if it produces similar
results under consistent conditions. Re-
liability comprises how well two persons
use and interpret the same diagnostic
procedure. However, reliability does not
automatically imply validity.

Therefore, reliability must be subdi-
vided into precision and accuracy. Pre-
cision is synonymous to reproducibility
and accuracy is synonymous to validity.
Both terms reproducibility and validity
are generally used, as is in this protocol
[3].

1.1 Reproducibility
Definitions. Reproducibility of a diag-
nostic procedure reflects the extent of
agreement of a single person (observer)
or different observers using the same di-
agnostic procedure in the same subject.
In the case of a single observer we are
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Fig. 28 Reproducibilitywithoneobserverperformingthesamediagnostic
procedure on the same subject on day one andday five.The reproducibility
reflects the intra-observer agreement

Fig. 38 Reproducibility with twodifferent observers performing the same
diagnostic procedure on the same subject on one occasion (day 1).The re-
producibility reflects the inter-observer agreement

Fig. 48 Patrick Test

dealing with intra-observer agreement
or intra-observer variability. The same
observer uses the same diagnostic pro-
cedure in the same subject but on two
different occasions (. Fig. 2).

In the case of (two) different ob-
servers, we are dealing with inter-
observer agreement or inter-observer
variability. The (two) different observers
use the same diagnostic procedure in the
same subject at one occasion (. Fig. 3).

Definition diagnosis versus diagnostic
procedure. In essence, the reproducibil-
ity of a diagnostic procedure has noth-
ing to do with a diagnosis as such. In
medicine, diagnostic procedures are the
constituent parts of the whole diagnostic
arsenal that finally can lead to a partic-
ular diagnosis. Reproducibility of a di-

agnostic procedure reflects how well ob-
servers have standardised the whole di-
agnostic procedure as such and its final
judgement. In our protocol, dichoto-
mous outcomes for the final outcome of
a diagnostic procedure such as Yes or
No is used. To illustrate this in greater
detail we take as example the Patrick
Test (. Fig. 4). In M/M Medicine the
Patrick Test is frequently used to evalu-
ate themobility of the sacroiliac joint (SI-
joint). However, in reproducibility stud-
ies, one has to separate the hypothesis of
the Patrick Test (meant to test the mobil-
ity of the SI-joint) from the Patrick Test
as a diagnostic procedure as such. For
instance, observers subjectively estimate
the distance between the knee and the
couch on both sides (see double arrow
in . Fig. 4). Next, the left/right distances
aremutually compared. The observers in
advance have agreed that the side with
the largest distance has a positive Patrick
Test. Whether a positive found Patrick
Test reflects a decreased mobility of the
SI-joint at the same side is not proven yet.
This concerns the validity of the Patrick
Test. Validity will be explained later.

In this example the Patrick Test can
be one of the constituent diagnostic pro-
cedures of a whole diagnostic arsenal for
instance in subjects with low back and
leg pain. Based on a whole diagnostic ar-
senal, medical history and neurological
examination included, thefinal diagnosis
can be a lumbar radicular compression
of the L5 root left. This is a genuine di-
agnosis in the sense that aetiology and
prognosis are known. The Patrick Test as
such in this example of a diagnostic ar-

senal does not provide you with the final
diagnosis of a lumbar radicular compres-
sion of the L5 root left. The Patrick Test
in this case is one of the many performed
diagnostic procedures.

Therefore, the reproducibility of a par-
ticular diagnostic procedure only has to
do with standardisation of the various
constituent components of the procedure
and the use of the same defined final
judgement (in our protocol dichotomous
outcome, Yes/No). Reproducibility has
nothing to do with a genuine diagnosis.
This is very important to realise because it
explains why no selection procedure for
the study population in a reproducibil-
ity study is needed. In a reproducibility
study with a dichotomous outcome, the
diagnostic procedure as such is indepen-
dent of a final diagnosis because the latter
is based on a whole diagnostic arsenal.

In summary, reproducibility is about
a fully, detailed and standardised de-
scription on how to perform the various
components of a diagnostic procedure and
a detailed and standardised description
on how to measure and interpret the final
outcome of the diagnostic procedure, to
ultimately reproduce their findings.

1.2 Validity

Definition. Validity measures the extent
to which the diagnostic procedure actu-
ally does test what it is supposed to test.
More precisely, validity is determined by
measuring how a diagnostic procedure
performs against the gold or criterion
standard or a reference test. In a sepa-
rate protocol we will give a more detailed

Manuelle Medizin 6 · 2019 455



Übersichten

Fig. 58 A hypothetical x-raymethod is used to evaluate themobility of the SI-joint.Two (blue) iron
rods are placed on both sides of the SI-joint (A and B). X-rays are taken before and after a Patrickma-
noeuvre in the subject. The distance betweenA and B ismeasured before and after a Patrickmanoeu-
vre. The difference between the distances (before and after the Patrick Test) is ameasure formobility

introduction to various forms of valid-
ity, among which the criterion validity
probably is the best know.

To explain this form of validity in
greater detail we use again the exam-
ple of the Patrick Test. As mentioned in
“Definition diagnosis versus diagnostic
procedure”, the hypothesis of the Patrick
Test was the testing of the mobility of
the SI-joint [4]. Suppose we have already
a good reproducibly proven Patrick Test.
The hypothesis of the Patrick Test was
the evaluation of the presence or absence
of mobility of the SI-joint. To evaluate
the validity of the Patrick Test, we need
a gold standard or a reference test that
can quantify the mobility of a SI-joint
during the Patrick Test manoeuvre.

Suppose we can use the stereopho-
togrammetry methodwith two iron rods
(A and B, . Fig. 5) placed on both sides
of the SI-joints [5] during a Patrick Test
manoeuvre.

The distance between these two iron
rods is measured on X-rays taken before
and at the end stage of a Patrick Test ma-
noeuvre. In case, movement in the SI-
joint is elicited. Suppose we find a differ-
ence in the distances between the rods
A and B before and at the end stage of
the Patrick manoeuvre, and suppose we
haveduplicated the results of thismethod
(proven to be reproducible), in this in-
stance we have a good gold standard to
evaluate the validity of the Patrick Test.
Subsequently, we now have to perform

a validity study in which the Patrick Test
and an X-ray SI-joint stereophotogram-
metry (as gold standard) are simultane-
ously performed in the same group of
subjects. By comparing the results of
the Patrick Test (. Fig. 6) and the X-ray
SI-joint stereophotogrammetry (. Fig. 5)
the validity of the Patrick Test can be es-
timated. In M/M Medicine, many diag-
nostic procedures have been developed,
each with its own hypothesis. However,
we have to realise that gold standards
or reference tests are lacking in the vast
majority of these diagnostic procedures.

In all above-mentioned examples we
have used the Patrick Test. As stated
earlier, observers judge the Patrick Test
by simply and subjectively estimating the
distancebetweenthecouchontheleftand
right side (see double arrow in . Fig. 6).
In this case one has to develop a quanti-
tative method, which measures this dis-
tance between the knee and the couch.
This quantitative method can be used as
the so-called reference test to estimate the
validity of the Patrick Test with respect
to a range of motion.

III. Reproducibility studies:
nature of diagnostic procedures

1. Nature of data in reproducibility
studies

Before starting a reproducibility study,
first we have to realise what kind of di-

Fig. 68 Patrick Test. The double black arrow il-
lustrates the distancebetween the left kneeand
the examination table (dotted line). The sub-
jective left/right difference can beused as an
outcome of the diagnostic procedure

agnostic procedure we are dealing with.
The nature of the data of a reproducibil-
ity study dictates the kind of statistics we
have to apply.

In general, we have two kinds of
diagnostic procedures: qualitative and
quantitative.

1.2 Qualitative diagnostic
procedures
Qualitative diagnostic procedures are the
most used diagnostic procedures inM/M
Medicine and are characterised by sub-
jective interpretationof the observerwith
respect to the result of a performed di-
agnostic procedure (end feel, motion re-
striction, resistance etc.). In qualitative
diagnostic procedures, the outcome of
the diagnostic procedure can be divided
into two kinds of data: nominal data and
ordinal data.

Outcomes of diagnostic procedures
with nominal data refer to existence or
absence of a particular feature and have
a dichotomous or binary character re-
flecting a contrast. Also, the contrast
between male and female in studies with
gender as outcome is a good example
of such nominal data. Other typical di-
agnostic procedures in M/M Medicine,
in which the outcomes of the diagnostic
produce are nominal data, are for ex-

456 Manuelle Medizin 6 · 2019



ample diagnostic procedures that eval-
uate “end feel” (abnormal Yes or No),
pain provocation diagnostic procedure
(pain Yes or No) under different condi-
tions (provoked by observer or provoked
by movements of the subject) and range
of motion (restricted Yes or No). For
reproducibility studies evaluating these
kinds of data, kappa statistics are indi-
cated (see “ IV. Reproducibility studies:
kappa statistics”).

If the outcome of a diagnostic proce-
dure has different categories with a nat-
ural order we are dealing with ordinal
data (good, better, best). An example is
the outcome of such a diagnostic pro-
cedure which evaluates the measure of
range of motion and is divided into min-
imal, moderate and severe restriction.
Other examples are the character of end
feel subdivided into normal end feel, soft
end feel, and hard end feel. In this case
weighted kappa statistics are indicated.
This kind of ordinal data is also used in
standard x-rays of the cervical spine in
which the severity of the degenerative
changes of the cervical spine are subdi-
vided into categories [6, 7].

However, wehave toquestionwhether
this kind of clinical subdivision into ordi-
nal outcomedata, both inM/MMedicine
and radiology, has any sense at all. We
have to consider whether subjective sub-
divisions of a diagnostic procedure out-
come (for instance normal, moderate,
severe) have consequences for the diag-
nostic and therapeutic indications of the
subject. In M/M Medicine, in most of
the cases there are no solid arguments
to use such a subjective subdivision of
outcome in diagnostic procedures. Only
in circumstances in which one wants to
use a diagnostic procedure to evaluate its
outcomeduring a period of time can sub-
jective subdivision be indicated. How-
ever, outcomes of diagnostic procedures,
with subjective subdivision, are quite dif-
ficult to make reproducible. In particu-
lar, the problem is how to standardise
this subjective subdivision of a diagnos-
tic procedure. Besides, a gold standard
or reference test is necessary to estimate
the validity of the subdivision. In this
case, it is advisable to use a quantitative
method with a device, which measures

in detail the outcome of the diagnostic
procedure.

1.3 Quantitative diagnostics
procedures
In quantitative diagnostic procedures,
mostly measured with a certain kind of
device, findings are quantified indegrees,
millimetres, kg etc. and are recorded
as interval or continuous data. A good
example is measurement of joint motion
of the finger in degrees by goniometry.

First of all, one has to evaluate the re-
producibility of the device (test/retest).
In this test/retest procedure, the system-
atic measurement failure can be esti-
mated based on the dispersion of the
data values.

For interval or continuous data, the
appropriate statistics are intraclass cor-
relation and paired T-test (two tailed).
In case of several different interval data,
analysis of variance (ANOVA) is indi-
cated.

Secondly, a gold standard is needed
to measure the validity of the method.

Thirdly, for these kinds of quantitative
procedures with devices, normative val-
ues are needed. A study of the method
in normal subjects is needed to estimate
the effect of gender and age. Quantita-
tive diagnostic procedures can serve as
gold standards for qualitative diagnostic
procedures.

2. Inappropriate statistics of
qualitative data in reproducibility
studies

Frequently, inappropriate statistics are
applied to measure the reproducibility of
a diagnostic procedure. The main flaw
is that agreement is often confused with
trend or association, which is the assess-
ment of the predictability of one variable
fromanother. Hereundertheflawsofsev-
eral statisticalmethods in reproducibility
studies are listed.

2.1 Percentage of agreement/
overall agreement (Po)/observed
agreement (Po)
In reproducibility studies, using dichoto-
mous outcome data, justmentioning one
of the synonymous terms percent agree-
ment or overall agreement or observed

agreement does not provide the entire
information about the reproducibility
of a particular diagnostic procedure. In
our protocol we use the term observed
agreement (Po). Po in a reproducibil-
ity study is the ratio of the number of
subjects in which the observers agree to
the total number of observations. The
main problem is that in reproducibility
studies using a dichotomous outcome,
the Po does not take into account of
the agreement that is expected to occur
solely by chance alone. This will be fur-
ther elaborated in “IV. Reproducibility
studies: kappa statistics”.

2.2 Correlation coefficients
In many reproducibility studies correla-
tion and association measures are used
to evaluate the reproducibility of clinical
data. The problem is that some do not
have the ability to distinguish a trend
towards agreement from disagreement
(Chi-Square [χ2] and Phi) or do not ac-
count for systematic observer bias (Pear-
son’s product moment correlation, rank
order correlation) [8, 9].

3. Appropriate statistics of
qualitative data in reproducibility
studies

3.1 Kappa statistics
Kappa statistics are the statistics of
choice for evaluating intra- and/or inter-
observer reproducibility for ordinal and
nominal data. This statistical method
will be extensively explained in “IV. Re-
producibility studies: kappa statistics”.

3.2 Appropriate statistics in
quantitative data reproducibility
studies
To evaluate the reproducibility of repet-
itive measurements with quantitative/
continuous data (that may be interval
or ratio data), the paired samples t-test
and/or the intraclass correlation coeffi-
cient (ICC) is indicated. This kind of
statistic is used in cases of test/retest pro-
cedures when a device is used to quantify
a clinical finding (range of motion).

The ICC is the statistical method of
choice for thereproducibilityofobservers
for continuous data (cm, mm, etc.). The
calculated factor R in this statistical pro-
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Fig. 78 The results of a reproducibility study
with 40 subjects and twoobserversA and Bpre-
sented in a 2×2 contingency table (see text)

cedure is 1 if the ratings are identical for
all pairs, but less than or equal to 0 in
the absence of reproducibility.

3.3 Choice of statistics and clinical
consequences
In reproducibility studies, the choice of
statistics is not only dependent on the
measurement level of the collected data
(nominal, ordinal, interval, ratio). It also
depends on the type of clinical decision
concluded from the findings of the re-
producibility study.

Suppose the reproducibility of leg
length inequality has to be evaluated.
The results of this reproducibility study
have to be used to decide whether or not
a heel lift is indicated to correct leg length
inequality. In this case reproducibility
can be quantified by ICC statistics for
interval data. In contrast, if results of
this reproducibility study have to be used
to decide which side (left or right) has
to be adjusted, the kappa coefficient is
indicated for nominal data.

In summary, in reproducibility studies
of any kind, the nature of the collected
data (nominal, ordinal, interval or con-
tinuous) and the final clinical purpose
of the reproducibility study as such, are
decisive for the applied statistical method.

IV. Reproducibility studies:
kappa statistics

As mentioned already in “III. Repro-
ducibility studies: nature of diagnostic
procedures”, most diagnostic procedures
in daily practice of M/M Medicine
produce an outcome of the diagnostic
procedure that is nominal, and often

even dichotomous (Yes/No, Present/
Absent, Normal/Abnormal).

For these kinds of dichotomous data,
kappa statistics are appropriate. In this
section, the different kappa coefficients
are explained and illustrated with the re-
sults of previous reproducibility studies
to highlight different aspects, problems
and flaws of this statistical method. Fre-
quently used terms in kappa statistics
are defined and explained. This section is
essential to understand the reproducibil-
ity protocol elaborated in “V. Developing
reproducibility studies: general aspects”.
Althoughmanyformulaswillbe shownin
this section for illustration, all these for-
mulas will be integrated in a spreadsheet
(see “VII. Protocol format reproducibil-
ity study”, section “Statistics period”) for
automatic calculationof the kappa coeffi-
cient and related data of a reproducibility
study. Youdonothave toremember these
formulas.

1. Definition of the kappa
coefficient

The kappa coefficient is a measure
of inter- or intra-observer agreement
(see “II. Reliability: Reproducibility
and validity”, section “Reproducibility”)
corrected for agreement occurring by
chance.

Why do kappa statistics correct for
the chance? If you perform a diagnostic
procedure on a subject with a dichoto-
mous outcome Yes or No, just by chance
(50%) you can judge a diagnostic proce-
dure positive. In the kappa statistics this
chance can be calculated with a formula.
The result of this calculation is integrated
in the final formula to estimate the kappa
coefficient (see “IV. Reproducibility stud-
ies: kappa statistics”, section “Calculation
of the kappa coefficient”).

To illustrate the kappa statistics in de-
tail, we use an example of a hypothet-
ical reproducibility study in which two
observers A and B perform the Patrick
Test in 40 subjects. The outcome pos-
sibility of the diagnostic procedure was:
Positive (Yes) or Negative (No). Both
observers A and B examined the 40 sub-
jects with the Patrick Test and recorded
their findings. By combining the results
of both observers per subject at the end

of the study four categories of results
between observers are possible: 1. Both
Observer A and Observer B judge in the
same subjects the Patrick Test positive
(Yes/Yes), 2. Both Observer A and Ob-
server B judge in the same subjects the
Patrick Test negative (No/No), 3. Ob-
server A judges the Patrick Test positive,
while Observer B judges the Patrick Test
negative in the same subjects (Yes/No),
4. Observer A judges the Patrick Test
negative while Observer B judges the
Patrick Test positive in the same sub-
jects (No/Yes). The results of these four
categories can be depicted in a so-called
2× 2 contingency table (. Fig. 7). In the
rows and the columns are the total num-
bers of subjects in which the Observer A
and Observer B judge the Patrick Test
positive or negative.

Observer A judged 17 Patrick Tests as
positive and 23 as negative. Observer B
judged 18 Patrick Tests as positive and 22
as negative. By adding per observer both
figures the end result is 40.

Based on the data from this 2× 2 con-
tingency table, different important as-
pects of the kappa statistics can be cal-
culated. As shown later some of these
aspects will influence the final kappa co-
efficient.

2. Overall agreement

2.1 Definition
Under the “III. Reproducibility stud-
ies: nature of diagnostic procedures”,
section “Percentage agreement/overall
agreement (Po)/observed agreement
(Po)”, the synonymous terms percentage
of agreement/overall agreement (Po)/
observed agreement (Pobs) were intro-
duced in reproducibility studies, the
overall agreement reflects the percent-
age of subjects in which the observers
agree about the outcome or judgement
of the diagnostic procedure. In kappa
statistics and in our protocol overall
agreement is also named the observed
agreement (Po). This means that the
overall agreement Po is calculated by the
sum of the number of subjects in which
both observers judge the diagnostic pro-
cedure positive and negative, divided by
the total number of subjects in the study.
In . Fig. 8, a similar 2× 2 contingency
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Fig. 88 The results of a theoretical repro-
ducibility studywith n subjects and twoob-
serversA andBpresented in a 2× 2 contingency
table (see text)

table is shown as in . Fig. 7 but now
based on a theoretical reproducibility
study.

The formula for the overall agreement
or observed agreement Po based on the
data of . Fig. 8 is:

Po =
a + d
n

Based on the data of the 2× 2 contin-
gency of the reproducibility study shown
in . Fig. 7 the observed agreement Po is
calculated as follows:

Po = (15 + 20)/40 = 0.88 .

This Po will later be inserted in the
final formula to calculate the final kappa
coefficient (see “IV. Reproducibility stud-
ies: kappa statistics”, section “Calculation
of the kappa coefficient”).

As will be explained later, the overall
agreement is very important in a repro-
ducibility study—because it influences
strongly the magnitude of a kappa coef-
ficient (see “IV. Reproducibility studies:
kappa statistics”, section “Interpretation
of kappa coefficient: dependency of the
prevalenceof the indexconditionPindex”).

2.2 Prevalence and prevalence of
the index condition
Three new statistical concepts, used in
reproducibility studies, are introduced:
index condition, prevalence and preva-
lence of the index condition.

2.3 Index condition definition
The index condition is synonymouswith
the positive judged diagnostic procedure
of a subject participating in a repro-

Fig. 98 The results of a reproducibility study
with 40 subjects and twoobserversA and Bpre-
sented in a 2×2 contingency table (see text)

ducibility study. In . Figs. 7 and 8 the
index condition is illustrated by the “Yes”
In reproducibility studieswith diagnostic
procedure and a dichotomous outcome
(final judgement), a positive judged diag-
nostic procedure by observers is referred
to as the index condition.

2.4 Prevalence of the index
condition definition
The prevalence of the index condition
in reproducibility studies reflects the fre-
quencyofpositive judgeddiagnostic pro-
cedures in the study population by both
observers. In the 2× 2 contingency table
we have three boxes with a number of
subjects with a positive diagnostic proce-
dure: the box with Yes/Yes, the box with
Yes/No, the box with No/Yes. In the ex-
ample of . Fig. 8, these boxes are filled
out with a, b and c and in. Fig. 9with 15,
2 and 3. To calculate the prevalence of
the index condition Pindexweneed a spe-
cial formula. Based on a theoretical 2× 2
contingency table shown in . Fig. 8, the
formula for the prevalence of the index
condition Pindex is:

Pindex =
[a + (b + c)/2]

n
.

Based on the 2× 2 contingency ta-
ble of the reproducibility study shown in
. Fig. 10 the formula for the prevalence
of the index condition Pindex is:

Pindex =
[15 + (2 + 3)/2]

40
= 0.44.

Both observed agreement (Po) and
prevalence of the index condition (Pindex)
are important in a reproducibility study.
Their values are decisive for the mag-

nitude of the final kappa coefficient in
a reproducibility study (see “VI. The re-
lation between the kappa coefficient and
the prevalence the index condition Po“,
section “Defining the Pindex problem”).

2.5 Prevalence
Prevalence is a statistical concept refer-
ring to thenumberof subjectswithaposi-
tive diagnostic procedure that are present
in a study sample. Because two observers
examine the same subject in a repro-
ducibility study, each examined subject
can have both a positive and a negative
judged diagnostic procedure. Therefore,
a prevalence in the sense of the above-
mentioned isnot feasible in reproducibil-
ity studies with a dichotomous outcome
of the diagnostic procedure. Only the
prevalence of the index condition (Pindex)
can be calculated.

However, it is possible to calculate
the prevalence of the positive judged per
observer. In . Fig. 9, the prevalence of
the positive judged diagnostic procedure
by observer A is: (15+ 2) / 40= 0.43 and
for observer B (15+ 3) / 40= 0.45. The
prevalence of the index condition (Pindex)
in the example of . Fig. 9 is 0.44.

3. Expected agreement by chance

As stated before, the kappa coefficient is
a measure for inter-observer agreement
or intra-observer agreement corrected
for agreement occurring by chance. Be-
cause, if you perform a diagnostic proce-
dure in a subject with the dichotomous
outcome (Yes or No), you just by chance
can judge a diagnostic procedure positive
or negative.

Therefore, we have to calculate the
expected agreement by chance Pc. This
expected agreement by chancePcwill in-
tegrated in the final formula to estimate
akappacoefficient(see“IV.Reproducibil-
ity studies: kappa statistics”, section “Cal-
culation of the kappa coefficient”).

The formula for the expected agree-
ment by chance Pc [10] based on the
theoretical reproducibility study shown
in . Fig. 8 is:

Pc =
a + b
n

x
a + c
n
+

c + d
n

x
b + d
n
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Table 1 Diagram according to Landis and
Koch [11] to interpret the kappa coefficient
of a reproducibility study. Strengthofagree-
ment is the same as reproducibility

Kappa value Strength of agree-
ment

–0.20 to 0.00 Absence

0.00–0.20 Slight

0.21–0.40 Fair

0.41–0.60 Moderate or Good

0.61–0.80 Substantial

0.81–1.00 Almost perfect

The expected agreement by chance Pc

will be used for the final formula to esti-
mate a kappa coefficient (see “IV. Re-
producibility studies: kappa statistics”,
section “Calculation of the kappa coeffi-
cient”).

Based on the 2× 2 contingency ta-
ble of the reproducibility study shown in
. Fig. 9, the expected agreement Pc can
be calculated as:

Pc =
17
40

x
18
40
+

23
40

x
22
40
= 0.51

4. Calculation of the kappa
coefficient

To calculate the kappa coefficient, we
need the observed agreement Po elabo-
rated in “Definition kappa coefficient” of
this section and the expected agreement
by chance Pc of section “Calculation of
the kappa coefficient” of this section to
be inserted in the formula for the kappa
coefficient κ:

κ =
Po − Pc

1 − Pc

When we apply the kappa formula on
the data of the reproducibility study as
shownin. Fig. 9, theexpectedagreement
by chance Pc will be 0.51, the observed
agreement Po is 0.88. Inserting these
figures in the kappa formula leads to:

κ =
0.88 − 0.51
1 − 0.51

= 0.55

The prevalence of the index condition
Pindex in this study is 0.44 (see above)with
an observed agreement Po of 0.88 (see
above).

5. Interpretation of kappa
coefficient: general

The kappa coefficient, as a measure for
intra-observer or inter-observer agree-
ment, can be either negative or positive.
It can range between –1 and +1. Sev-
eral schemes are available to interpret
the kappa coefficient of a reproducibil-
ity study. The most widely used is the
scheme of Landis and Koch [11]. They
stated that kappa coefficients above 0.60
represent good to almost perfect agree-
ment beyond chance between two ob-
servers. In contrast, kappa coefficients
of 0.40 or less represent absence to fair
agreement beyond chance. Kappa co-
efficients between 0.40 and 0.60 reflect
a fair to good agreement beyond chance
(. Table 1).

However, the standards for strength
of agreement provided by Landis and
Kochis justanagreementabout thekappa
interpretation.

The same kappa coefficient can be
based on different values of the overall
agreement (Po). A very low or nega-
tive kappa coefficient can be the result of
a very high or low Pindex and does reflect
the quality of the agreement between two
observers about a diagnostic procedure.

This will be further explained below
in sections “Interpretation of kappa coef-
ficient: dependency of the overall agree-
ment” and “Interpretation of kappa coef-
ficient: dependency of the prevalence of
the index conditionPindex” of this section.

6. Interpretation of kappa
coefficient: dependency of the
overall agreement

As already mentioned in section “Def-
inition of the kappa coefficient” of this
section, the overall agreement is a very
important factor to interpret the kappa
coefficient of a reproducibility study. In
reproducibility studies, the overall agree-
ment Po reflects the proportion of sub-
jects in which the observers agree about
theoutcomeor judgementof thediagnos-
tic procedure. More precisely, it reflects
the total proportion in which both ob-
servers agree about positive and negative
found diagnostic procedure in the same
subjects.

In the example of . Fig. 14, the over-
all agreement Po is calculated by the sum
of the number of subjects in which both
observers judge the diagnostic procedure
positive and in which both observers
judge the diagnostic procedure negative,
divided by the total number of subjects
of the study. In our example the overall
agreement Po= (15+ 20) / 40= 0.88.

Many published reproducibility stud-
ies inM/MMedicine show low kappa co-
efficients without mentioning the overall
agreement data.

In . Fig. 10 the relation between the
kappa/Pindex curve and the overall agree-
ment is illustrated, with curves for two
different overall agreements Po.

In. Fig. 10a there is a veryhighoverall
agreementof 0.99, thewhole kappa/Pindex

curve is located above the 0.60 kappa cut
off level. In 98% the kappa coefficient is
≥0.6. In case a low overall agreement, the
kappa/Pindex curve will ultimately drop
under the 0.60 kappa cut off level line
and now the kappa coefficient will be
<0.6 (. Fig. 10b). Because a part of the
kappa/Pindex curve drops below the zero-
line, negative kappa coefficients can oc-
cur.

For instance, if the overall agreement
Po decreases from 0.98 to 0.79, the
kappa/Pindex curve slowly shift down-
wards and become finally located under
the zero line. The percentage with kappa
coefficients kappa coefficients ≥0.6 will
decrease from 99 to 0%. In . Fig. 11,
all kappa/Pindex curves of the Po interval
0.98–0.79 are depicted.

7. Interpretation of kappa
coefficient: dependency of the
prevalence of the index condition
Pindex

As already mentioned in section “Preva-
lence and the prevalence of the index
condition” of this section, the prevalence
of the index condition Pindex is a very im-
portant factor. Not only how to interpret
a kappa coefficient of a reproducibility
study, but the Pindex importantly can in-
fluence the level of the kappa coefficient.

In reproducibility studies, the preva-
lence of the index condition Pindex is syn-
onymous with the frequency of all pos-
itive judged diagnostic procedures (the
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Fig. 108 Relation between kappa coefficient andprevalence of the index condition.The dotted/
dashed horizontal line is the cut off level of 0.60.a The kappa/prevalence index curvewith anoverall
agreementPoof0.97. Thepart of the curveabove thehorizontal line represent 98%kappacoefficients
larger than 0.60. b The kappa/prevalence index curvewith an overall agreement Poof 0.77. The curve
does not cross the horizontal line, illustrating that 0%of the kappa coefficient exceed 0.60

index condition) by the observers. The
Pindex has to be calculated using a formula
(see section “Prevalence of the index con-
dition definition”). The relation between
the kappa coefficient and the Pindex is il-
lustrated in . Fig. 9.

The kappa/Pindex curve in . Fig. 12 il-
lustrates that if the Pindex is low (0.2) or
high (0.9), the matching kappa coeffi-
cients will be under the kappa cut off
line of 0.6. This means that in this study
sample, there are too few (low Pindex) or
too many (high Pindex) positively judged
diagnostic procedures. As stated in the
section “Interpretation of the kappa co-
efficient”, the standards for strength of
agreement provided by Landis and Koch
[11] (. Table 1) was just an accordance
about the kappa interpretation and with-
out a scientific base. The same kappa co-
efficient can be based on different values
of the Po and Pindex. A very low or nega-
tive kappa coefficient can be the result of
a very high or low Pindex and does reflect
the quality of the agreement between two
observers about a diagnostic procedure.

The relation between the kappa coeffi-
cient and Po and Pindex has consequences

for the interpretation of kappa coeffi-
cients in published reproducibility stud-
ies. As can be seen in . Fig. 13, the same
kappa coefficient can be located on the
left or right side of different kappa/Pindex

curves. Each kappa/Pindex curve has its
own Po value, ranging from an overall
agreement of 0.97 till 0.79. The kappa
coefficient 0.4 can be due to a low overall
agreement Po, of which the top of the
kappa/Pindex curves is on or below the
cut off line of 0.6 (inner curves near the
left red arrow). Besides, the kappa coef-
ficient 0.4 can also be due to a too high
or too low Pindex, of which the top of the
kappa/Pindex curves is above the cut off
line of 0.6 (outer curves near the right red
arrow) because these kappa/Pindex curves
have a high Po value.

The same is partly true for repro-
ducibility studies finding kappa coef-
ficients ≥0.6 without mentioning data
about Po and Pindex. Although authors
conclude, based on the scheme of Lan-
dis and Koch (. Table 1), a very good
reproducibility of the diagnostic proce-
dure and subsequently advice to use this
diagnostic procedure in daily practice,

they were just lucky that the prevalence
of the index condition Pindex was not
too high or too low. The Pindex is always
calculated after completing the study
and therefore is not known in advance.

8. Interpretation of kappa
coefficient: bias

Bias can be present when observers pro-
duce different patterns of ratings or out-
comes [12]. No systematic pattern of
scoring trends should be present by any
observer. Ifasolidtrainingphase is incor-
porated in the studyprotocol, bias should
not be a problem [13]. In the IAMMM
protocol a well-defined training phase is
incorporated.

Concluding, published reproducibil-
ity studies that do notmention the values
of the Po and Pindex and in which authors
concludedanabsenceofclinical valuebe-
cause of a low observed kappa coefficient
and using the standards for strength of
agreement provided by Landis and Koch
[14] have to be interpreted with caution.

How to deal with the relation between
kappa coefficient and Po and Pindex in re-
producibility studies will be elaborated
later (“The problem of the relation be-
tween the prevalence of the index con-
dition and the kappa coefficient”, section
“Influencing the prevalence of index con-
dition in advance”).

V. Developing reproducibility
studies: general aspects

1. Nature of the diagnostic
procedure to be evaluated in
a study

The first step, before starting a repro-
ducibility study of a diagnostic proce-
dure(s) in M/M Medicine, is to be clear
about the nature of the diagnostic proce-
dure(s) to be evaluated. In reproducibil-
ity studies and in daily medical practice,
it is essential to realise the difference be-
tween a diagnosis, a syndrome and rela-
tion with diagnostic procedures.

Diagnosis. In a genuine diagnosis, by
definition the aetiology and prognosis
of the disease are known, for instance
bacterial meningitis.
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Fig. 118 Relation between kappa coefficient
andprevalence of the index condition.The dot-
ted line is the cut off level of 0.60.The kappa/
prevalence index curveswith an overall agree-
ment Pobetween 0.97 and 0.79

Syndrome. A syndrome is a combina-
tion of signs and symptoms that appear
together in a high frequency in a cer-
tain population, for instance a sacroiliac
syndrome, low back pain. The aetiology
however is unknown or diverse.

Diagnosticprocedure.In(M/M)medicine,
diagnostic procedures are the constituent
parts of a whole diagnostic arsenal that
finally can lead to a particular diagnosis
or syndrome.

A diagnostic procedure is a proce-
dure, performed by a clinician, to iden-
tify and/or objectify in a qualitative (sub-
jective) manner a clinical symptom of
the subject. In both genuine diagnoses
and syndromes, diagnostic procedures
are needed. We can rarely rely one single
diagnostic procedure tomake a diagnosis
or define a syndrome.

For example, the single finding of
the absence of an Achilles tendon reflex
does not constitute a lumbar radicular
syndrome. The additional combination
of findings of radiating pain, sensory
deficit, motor deficit and a positive
Lasègue are necessary to make the con-
clusion of a lumbar radicular syndrome.
Since we are dealing with a syndrome,

Fig. 128 Relation between kappa coefficient
andprevalence index of the index condition
Pindex. The horizontal line is the cut off level of
0.60. The part of the curve above this line rep-
resent 51%of the kappa coefficients ≥0.60.The
blue dots indicate low kappa coefficients (hori-
zontal arrows) incaseofa lowPindex (left blue dot)
or a high Pindex (right blue dot)

the aetiology can be as well as an in-
tervertebral disc prolapse as a tumour
in the intervertebral foramen, both with
lumbar nerve root involvement. In our
daily practice we are dealing with many
non-specific clinical conditions, for in-
stance low back pain. Since in low back
pain 85% of the aetiology is lacking, we
have to principally rely on diagnostic
procedures to form syndromes of low
back pain.

Also, in our educational systems,
many diagnostic procedures are taught
to the students as a “diagnostic” proce-
dure. For instance, diagnostic procedure
for restricted passive cervical rotation.
The students just learn how to perform
the whole procedure of passive cervical
rotation (setting of the hand, applied
force etc.). Such a restriction can have
many reasons and it therefore gives no
information about a particular diagnosis
or syndrome as such.

Therefore, a combination of diagnos-
ticprocedureshastobeperformed,which
all together point in the same direction
towards a particular clinical syndrome
or diagnosis. In summary, before start-
ing a reproducibility studyof a diagnostic
procedure(s) inM/MMedicineobservers

Fig. 138 Relation between kappa coefficient
andprevalence of the index condition.The hor-
izontal dotted/dashed line is the cut off level of
0.60. The kappa/prevalence index curveswith
an overall agreement Pobetween 0.97 and 0.79.
Red dots represent all kappawith the same coef-
ficient of 0.4, but on different kappa/prevalence
index curves (see text)

have to agree about its nature and have
to realise that:
a. A single diagnostic procedure

is never related to a particular
diagnosis or syndrome.
In a reproducibility study of a single
diagnostic procedure, just the re-
producibility of the execution of the
whole performance of the diagnostic
procedure and the judgement of the
observers is evaluated (for instance
a positive or negative judged Patrick
Test).

b. Different diagnostic procedures are
related to a particular syndrome.
In a reproducibility study of a set of
diagnostic procedures, just the repro-
ducibility of the combination of the
different diagnostic procedures in rela-
tion to a “Syndrome” is evaluated (for
instance the absence [no] or presence
[yes] of a sacroiliac syndrome). In this
case the different diagnostic procedures
must be mutually independent for
the observers (see section “Combi-
nations of a few different diagnostic
procedures: mutual dependency”).

c. Several diagnostic procedures are
related to a particular diagnosis.
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Fig. 148 The results of a reproducibility study
with 40 subjects and twoobserversA and Bpre-
sented in a 2×2 contingency table (see text)

In a reproducibility study of a set
of diagnostic procedures, the repro-
ducibility of the combination(s) of
the different diagnostic procedures in
relation to a diagnosis are evaluated
(for instance the absence [no] or pres-
ence [yes] of international criteria for
rheumatoid arthritis of a knee). In this
case the different diagnostic procedures
must also be mutually independent
for the observers (see section “Combi-
nations of a few different diagnostic
procedures: mutual dependency”).

2. Number of diagnostic
procedures evaluated in
reproducibility studies

2.1 Too many diagnostic
procedures
Reproducibility studies in non-specific
clinical conditions, for low back pain,
sometimes evaluate a large number of di-
agnostic procedures at the same time, for
instance all diagnostic procedures in the
lumbar region. In these kinds of repro-
ducibility studies, many of the diagnostic
procedures at the end show low kappa
coefficients and subsequently it is con-
cluded that these diagnostic procedures
have no clinical value.

As already explained in the sections
“Interpretation of the kappa coefficient”
and “Interpretation of kappa coefficient:
dependency of the overall agreement”
(under “IV. Reproducibility studies:
kappa statistics”), the prevalence of the
index condition Pindex and overall agree-
ment Po influence greatly the final kappa
coefficient of a study. Since data ofPo and

Fig. 158 The results of a reproducibility study
with 40 subjects and twoobserversA and Bpre-
sented in a 2×2 contingency table

Pindex are frequently lacking in studies
evaluating many diagnostic procedures
at the same time, a definite conclu-
sion about the reproducibility of the
diagnostic procedures with low kappa
coefficients cannot be drawn.

The largest flaw of this kind of repro-
ducibility studies with many diagnostic
procedures is the absence of a training
period. As a consequence and very pre-
dictable, a low overall agreement Po is
obtained formany diagnostic procedures
and therefore a low kappa coefficient.

2.2 Combinations of a fewdifferent
diagnostic procedures: mutual
dependency
As mentioned already in the section “
Nature of the diagnostic procedure to
be evaluated in a study”, reproducibility
studies can also evaluate a combination
of diagnostic procedures in relation to
the existence of a particular syndrome
or diagnosis. In M/M Medicine, a com-
bination of diagnostic procedures is fre-
quently used in relation to sacroiliac syn-
dromes. It was also stated in paragraph 1
that the individual diagnostic procedures
in this combination have to be mutually
independent. Howtoevaluate themutual
dependency of the diagnostic procedures
investigated in reproducibility studies?

Mutual dependency of diagnostic pro-
cedures. Kappa statistics are normally
used for the agreement between ob-
servers—theinter-observerreproducibil-
ity—as illustrated in . Fig. 15. In this
example of a 2× 2 contingency table we
have two observers A and B.

Fig. 168 A 2×2 contingency table showing
the agreements anddisagreement between
Test I and Test II of the examined subjects of ob-
serverA to estimate themutual dependency
between Test I and Test II

The same kappa statistics can be used
to determine the mutual dependency
between diagnostic procedures used in
a study.

Instead of the two observers A and B,
we now use per observer (A) a set of
two diagnostic procedures (Test I and
Test II).Theagreement anddisagreement
betweenTest I andTest IIof the examined
subjects is likewise estimated in a 2× 2
contingency table (. Fig. 16).

Based on the data in the boxes of
. Fig. 16, a kappa coefficient can be cal-
culated. A kappa coefficient of ≥0.40
means that that there is a probability that
Test I and Test II (. Fig. 16) are mutually
dependent diagnostic procedures for ob-
server A. Also, in this case the values of
the Po and Pindex are necessary for proper
interpretation of the kappa coefficient.

The reason for such a mutual depen-
dence of tests is the fact that observer A
judges Test I positive, he subsequently
andunconsciously judgesTest IIalsopos-
itive. In a previous reproducibility study,
the problem of evaluating too many di-
agnostic procedures in the same repro-
ducibility study was illustrated [15]. In
this study, three observers were involved
and used 6 SI-Tests to make a final con-
clusion of the presence of an SI-joint dys-
function. The data of two observers A
and B are used as an example. In the
reproducibility study 6 SI-Joint Tests (I,
II, III, IV, V and VI) were used. Based on
the 6 SI-joint Tests observersA andBhad
to judge whether the examined subjects
have the SI-joint dysfunction syndrome
yes or no.

Manuelle Medizin 6 · 2019 463



Übersichten

Fig. 179 Kappa
coefficients be-
tween pairs of
SI-Tests I to VI,
subdivided per ob-
serverA and B (see
text)

Instead of showing a separate 2× 2
contingency table for each observer A
and B of all possible combinations of
two SI-Tests, the data are summarised in
one single table (. Fig. 17).

In the most upper black row, 6 SI-
Tests I to VI are listed. In the far-left
black column, these Tests I to VI are
also listed from top to bottom but now
in black. In the second left column, the
observers A and B within each SI-Test
row are listed. In the next columns to
the right the kappa coefficients for each
observer A and B per SI-Test I to VI
are shown. These kappa coefficients are
calculated based on the principles used
in the 2× 2 contingency table presented
in . Fig. 16.

. Fig. 17 has to be read in the follow-
ing way. If onewants to look for amutual
dependency between Test V and Test VI
of observer A, the first step is to follow
the black dashed/dotted line with arrow
to the right, starting from observer A in
left upper square till you reach the square
under number V of the SI-tests at the
top of the row. Next, from this position,
follow the vertical column of this Test V
downwards (blackdashed linewitharrow
downwards), till you reach the horizontal
row corresponding with Test VI of ob-
server A. The kappa coefficient you will
find in this case is +0.89 (see square right
lower corner of the table in the figure).
The kappa coefficient +0.52, depicted be-
neath that of +0.89 illustrates the same
relation between Test V and VI but now

for observer A. Both kappa coefficients
0.89 and 0.52 are above 0.40 and when
using standards for strength of agree-
ment provided by Landis and Koch, both
kappa coefficients demonstrates a possi-
ble mutual dependency of the diagnostic
procedures.

2.3 Combinations of a few
different diagnostic procedures:
mutual dependency of diagnostic
procedure and final “syndrome
diagnosis”
In M/M Medicine in general and the SI-
joint dysfunction syndromes in particu-
lar, reproducibility studies use combina-
tion of diagnostic procedures to make
a final judgement about the existence
of a clinical sign or syndrome. We use
again the example of a study mentioned
in section “Combinations of a few dif-
ferent diagnostic procedures: mutual de-
pendency” of this section. Observers A
and B had to judge, based on six SI-
Tests I to VI, the existence of a SI-joint
dysfunction syndrome—yes or no [16].

To evaluate which of the six SI-Tests (I
toVI) theobservers (unconsciously)have
used for their final judgement of SI-joint
dysfunction syndrome, kappa statistics
can be applied again.

The data for estimation of the mutual
dependency between a single SI-Test and
the final judgement of a SI-joint dysfunc-
tion syndrome (= syndrome diagnosis)
of Observer A are presented in a 2× 2
contingency table of . Fig. 18.

Fig. 188 A 2×2 contingency table showing
the agreements anddisagreement between
Test Iandthefinal“syndromediagnosis” (SI-joint
dysfunction syndrome) of the examined sub-
jects of observerA, to estimate themutual de-
pendency between Test I and this final “syn-
drome diagnosis”

Instead of showing a separate 2× 2
contingency table for each observer A
and B for all SI-Tests and the final con-
clusion of a SI-dysfunction syndrome,
the complete data are summarised in one
single table (. Fig. 19).

The kappa coefficients in the dashed
boxes in the right column are above 0.40
and when using standards for strength of
agreement provided by Landis and Koch,
that both observers mainly use (uncon-
sciously) SI-Test V and VI for their final
judgement. Observer A also probably
uses SI-Test IV for his final judgement.
The other SI-Tests I to IV are hardly
involved in the final judgement of ob-
server A and B.

Another flaw of reproducibility stud-
ies, evaluatingdifferentdiagnostic proce-
dures for the same clinical phenomenon
(for instancedifferentSI-Tests forSI-joint
dysfunction), is the fact that it is almost
never clear to what “functional system”
the different diagnostic procedures are
related. Pain provocation SI-Tests and
motion pattern SI-Tests (Vorlauf phe-
nomenon) are located in two different
functional systems: nociceptive system
and postural system. The outcome of the
diagnostic procedures have to be in the
same functional system as the diagnostic
procedure as such.

For instance, SI-joint provocation di-
agnostic procedures with the outcome of
a numeric pain score.

Reproducibility studies, using combi-
nations of several diagnostic procedures
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Fig. 198 Kappa coefficients of relation between separate SI-Tests I to VI and final judgement of the
existence of a SI-dysfunction syndrome, per observerA and B (see text)

to make a final judgement of the exis-
tence of a clinical sign or syndrome and
not evaluating the mutual dependency of
the diagnostic procedures and/or mutual
dependency of diagnostic procedures and
final judgement, have no clinical value.

The same is true for reproducibility
studies, evaluating a set of diagnostic pro-
cedures for a single diagnosis, advocate
the use of a minimal number of positive
diagnostic procedures to confirm the fi-
nal judgement, for instance, use 3 out of
6 diagnostic procedures.

Realising the amount of work of repro-
ducibility studies evaluating the many di-
agnostic procedures that have been devel-
oped in the six decades in M/M Medicine
it is advisable to evaluate only one di-
agnostic procedure in a reproducibility
study. Secondly, developing a new diag-
nostic procedure for M/M Medicine, it
is advisable to perform a reproducibility
study before publishing the new diagnostic
procedure.

2.4 Large number of different
diagnostic procedures in
a “diagnostic protocol”
In some reproducibility studies, the ob-
server(s) have to classify a subject within
a particular system using a diagnostic
protocol with a large number of diagnos-
tic procedures. A well-known example is

the McKenzie System that distinguishes
several different syndromes for instance
for low back pain [17–19]. However, fre-
quently the single diagnostic procedures
were not evaluated with respect to their
reproducibility properties. Although ob-
servers may agree to a large extent about
their final judgement to classify a subject
with the diagnostic protocol, it is unclear
what diagnostic procedure(s) or combi-
nation of diagnostic procedures the ob-
servers used for their conclusion. These
kindsofreproducibilitystudiesusingadi-
agnostic protocol with a large number of
diagnostic procedures have to incorpo-
rate only reproducibly proven diagnostic
procedures. Besides the mutual depen-
dency of the diagnostic procedures used,
their dependency with the final judge-
ment has to be evaluated in the statis-
tical analysis of the reproducible study
as illustrated in sections “Combinations
of a few diagnostic procedures: mutual
dependency” and “Combinations of a
few different diagnostic procedures: mu-
tual dependency of diagnostic procedure
and final ‘syndrome diagnosis’ “ (under
“V. Developing reproducibility studies:
general aspects”).

3. Hypothesis of the diagnostic
procedure in a reproducibility
study

Thehypothesis of a diagnostic procedure
as such can influence the final result of
a reproducibility study. More precisely,
there is a relation between the extent of
agreement (read kappa coefficient) and
the supposed hypothesis by the observers
participating in the study. In general,
hypothesis means what the observers as-
sumewhat their diagnostic procedure re-
ally is supposed to test. In case of a simple
hypothesis such as range of motion there
is no problem. The problem arises when
observers justadaptthehypothesisofadi-
agnostic procedure from their textbooks
or what they were taught in their M/M
Medicine courses. A well-known exam-
ple is the mobility of the sacroiliac joint
(SI-joint). InM/MMedicine, a vastnum-
ber of SI-joint Tests have been developed,
all supposedly testing the mobility of the
SI-Joint. Looking carefully and critically
at all these different SI-joint Tests, we
have to question whether all these di-
agnostic procedures evaluate the same
aspect of the SI-joint mobility, especially
because all these different SI-joint Tests
differ substantially in their performance.

Although it has been proven in ca-
daver studies that mobility of the SI-joint
exists [20–22], it is impossible, even for
the most experienced observer, to test
manually the mobility of the SI-joint.
Nevertheless, in many reproducibility
studies involving SI-joint Tests, this
incorrect hypothesis is still the start-
ing point. In a reproducibility study,
an incorrect hypothesis as such can
influence the observer agreement and
consequently the final kappa coefficient
of the study. Because it is essential to
understand the effect of the hypothesis,
two examples from previous performed
reproducibility studies are presented to
illustrate this phenomenon. In a former
reproducibility study 3 observers (A,
B, C), wanted to evaluate the repro-
ducibility of hypo-mobility of the SI-
joint, based on 6 SI-Tests (I to VI) [15,
23]. Their hypothesis of the used SI-
Tests was that all these diagnostic pro-
cedures could demonstrate the presence
or absence of mobility of a SI-joint.
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Fig. 208 Kappa coefficients of the inter-observer agreement (A↔B,A↔C,B↔C) in a reproducibility
studyperformedby threeobservers (A,B,C) using6SI-Tests (I toVI) tomake thefinal judgement about
themobility of the SI-joint (see text)

The three well-experienced observers
(all were M/M Medicine course leaders)
adapted the hypotheses of the 6 used
SI-Tests from literature. In . Fig. 20
the kappa results are listed between ob-
servers (A↔B, A↔C, B↔C), per SI-Test
(I to VI) and with respect to their final
judgement of the absence or presence of
a SI-joint hypo-mobility (SI-dysfunction
syndrome diagnosis).

Note all kappa coefficients between
pairs of observers are below 0.60 both
for the individual SI-Tests I to VI and
for the final judgement of the absence or
presence of a SI-joint hypo-mobility.

In a second reproducibility study [24],
the same two observers (A, B) from the
previous study mentioned above wanted
to evaluate the reproducibility of the SI-
jointdysfunctionbasedon3SI-jointTests
(Test I, Test II, Test III from the above-
mentioned first study). Observers first
renounce their previous hypothesis of
the used three SI-Tests, namely, that all
these three diagnostic procedures could
determine the extent of the SI-mobility.
Secondly, by very precisely looking at all
aspects of the performance of the diag-
nostic procedures and their judgement,
observers A and B concluded by mutual
deliberation that all three SI-Tests mea-
sured increased muscle tone of differ-
ent muscle groups related to the lumbo-
sacral-hip complex. Because no struc-
tural abnormalitieswere found, a SI-joint
dysfunction was assumed. Observers ar-
gued that increased muscle tone led to
motion restriction and resistance at the
end of the passive performed procedure.
Based on these 3 SI-Tests, the observers
had to judge whether or not SI-joint dys-
function existed. In . Fig. 21, the 2× 2
contingency table of this study is pre-

sented together with the kappa coeffi-
cient, prevalence of index condition and
overall agreement.

Note that the kappa coefficient has
risen to 0.70 just by changing the hy-
pothesis of three SI-Tests (I, II, III) used
in this reproducibility study. In the first
study(see. Fig. 20) thekappacoefficients
of SI-Tests I, II and III were 0.11, –0.08
and –0.05 respectively.

Whatever diagnostic procedure is se-
lected for a reproducibility study, step by
step the whole diagnostic procedure and
its final judgement has to be analysed for
observers to agree about what they think
the diagnostic procedure really tests.

Based on this agreement, the ob-
servers can define a more plausible
hypothesis for the diagnostic proce-
dure, which can completely contradict
the hypothesis stated in the literature.
Therefore, before analysing the diagnos-
tic procedure, sometimes the originally
described diagnostic procedure in the
literature has to be renounced.

4. Characteristics and number of
observers to be involved in a study

4.1 Number of observers
In published reproducibility studies, the
number of observers participating in the
study varies from 2 to sometimes 10. Be-
cause of a better clinical application of
a diagnostic procedure, some authors ad-
vocate theuse ofmore than twoobservers
in a reproducibility study. Authors sim-
ply argue that the more observers agree
about a diagnostic procedure, the bet-
ter the reproducibility properties of that
diagnostic procedure are.

However, this assumption is based on
a serious logical error. Reproducibility

Fig. 218 A 2×2 contingency table showing
theagreements anddisagreementbetweenob-
serverA and B about the existence of a SI-joint
dysfunction based on three SI-Tests (see text)

studies are primarily meant to provide
us with information about all the aspects
of the reproducibility properties of a di-
agnostic procedure. This means that the
numberofobservers in essencehasno re-
lation to the reproducibility properties of
a diagnostic procedure as such in a repro-
ducibility study. Before starting a repro-
ducibility study, the two observers have
to agree about all the details of the perfor-
mance of the diagnostic procedure and
its final judgement.

As will be explained in the repro-
ducibility protocol format (see “VII. Pro-
tocol format reproducibility study”) this
agreement is acquired by introducing
a training phase in the protocol format
of the study. If in a reproducibility study
several observers who have not passed
the training phase of the protocol are
used, the final low kappa coefficients
reflect more the personal interpretation
or the comprehension of the non-trained
observers instead of the reproducibility
properties of the evaluated diagnostic
procedure.

Therefore, only two observers are
needed in a reproducibility study if only
the reproducibility property of a diag-
nostic procedure have to be evaluated.

If a reproducibility study is meant to
evaluate the effect of educationon several
participating observers by implementing
several training phases in the study pro-
tocol, more than two observers can be
used to participate in the study [25].
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4.2 Characteristics of observers
In many reproducibility studies, ob-
servers with different levels of skills are
involved. These levels are used as a pre-
dictive or explanatory factor for the level
of the kappa coefficients found by the
different observers involved in the study.
For using observers with different levels
of skills in reproducibility studies, the
same objections count as for the idea to
use more than 2 of observers in a study.

Reproducibility studies are primarily
meant to provide us with information
aboutall the aspectsof the reproducibility
propertiesofadiagnosticprocedure. This
means that level of skills of the observers
in essence have no relationship with the
reproducibility properties of a diagnostic
procedure as such. Before starting a re-
producibility study, the observers have,
independently from their personal skills,
to agree about all the details of the perfor-
mance of the diagnostic procedure and
its final judgement in the training phase.

As will be explained in the repro-
ducibility protocol format (see “VII. Pro-
tocol format reproducibility study”), this
agreement is acquired by introducing
a training phase in the protocol format of
the study, in case only the reproducibility
properties of a diagnostic procedure have
to be evaluated. If in a reproducibility
study several observers who have not
passed a training phase of the protocol
are used, the final obtained kappa co-
efficient reflects for instance more the
personal interpretation of the well-expe-
rienced observer and the comprehension
of the evaluated diagnostic procedure
of the less experienced student instead
of the reproducibility properties of the
evaluated diagnostic procedure.

Over the years of their profession,
well-experienced practitioners in M/M
Medicine have unconsciously developed
their own personal interpretation about
the performance and about the judge-
ment of a diagnostic procedure. As
a consequence, their diagnostic pro-
cedure may differ from the originally
described diagnostic procedure in liter-
ature. In students, a lack of experience
with the diagnostic procedure may play
a role and influence the final kappa
coefficient. It is emphasised in our pro-
tocol format (see “VII. Protocol format

reproducibility study”, section “Training
period”) to implement a training phase
for each observer irrespective the level
of skill. Only then is standardisation
of the performance and judgement of
a diagnostic procedure guaranteed.

5. Number of subjects to be
involved in a reproducibility study

In previous editions of his protocol, a
total of 40 subjects in study phase was
arbitrarily chosen as a “statistical mini-
mum” to perform these kinds of studies.
From a practical point of view, a rounded
number of 40 was chosen to make these
kinds of reproducibility studies relatively
easy and cheap to perform. In general, it
was advised by a statistician that for sim-
ple reproducibility studies with dichoto-
mous outcome and using kappa statis-
tics, 40 subjects were sufficient. Nowa-
days, sample size calculations based on
statistical power are advised to estimate
study sample sizes. However, such calcu-
lations for sample size are only possible
in case a null hypothesis can be formu-
lated such as in randomised controlled
trials (RCT). Because kappa statistics is
not generally recommended for null hy-
pothesis testing, sample size calculations
based on power are not strictly relevant
in reproducibility studies with a dichoto-
mous outcome [13]. Instead and more
important are the size and stability of
the estimates determined by the width of
the confidence intervals. Kappa statistics
were designed for descriptive purposes
and as a basis for statistical inference,
but kappa statistics are typically not used
as a null hypothesis-testing statistic [13,
26]. Other approaches have been devel-
oped, butweremainlymeant formultiple
observers with a dichotomous outcome
variable [26].Very important to realize
and strongly related with the problem
of the sample size of a reproducibility
is the fact that the kappa coefficient of
a diagnostic procedure is not an abso-
lute measure as such. Its value is always
dependent on the prevalence of the in-
dex condition Pindex and to a lesser de-
gree on the overall agreement Po (see
“IV.Reproducibilitystudies: kappastatis-
tics”, sections “Interpretation of kappa
coefficient: dependency of the overall

agreement” and “Interpretation of kappa
coefficient: dependency of the preva-
lence of the index condition Pindex”). This
means that the samekappacoefficient can
have different levels of the Po and the
Pindex. Furthermore, in a reproducibil-
ity study, the kappa coefficient and Pindex

is only related with the positive judged
diagnostic procedures. In . Fig. 22, the
squares with data a (yes/yes), b (yes/no)
and c (no/yes) are exclusively decisive
for the final kappa coefficient. The data
d (no/no), illustrating thediagnostic pro-
cedures observers also agree about, is not
included in the kappa coefficient as mea-
sure for thereproducibilityofadiagnostic
procedure. Only the overall agreement
Po concerns both the positive and neg-
ative judged diagnostic procedures ob-
servers agree about and are depicted in
the squares a (yes/yes) and b (no/no).

The overall agreement Po as such is an
absolute measure and reflects more the
daily practice of a clinician dealing with
diagnostic procedures. As a clinician,
one wants to know how reproducible the
diagnostic procedure is, both for a posi-
tive and negative final judgement of the
diagnostic procedure. The overall agree-
ment Po is the most appropriate measure
for conveying the relevant information
in a 2× 2 table and is most informative
for clinicians [27]. However, when using
dichotomous outcomes, we have to re-
alise that the overall agreement Po is not
corrected for the chance. In the previous
IAMMM protocols a minimum level of
the Po was chosen to guarantee kappa
coefficients ≥0.6 in the final study [28].
If the Po of a reproducibility study is 0.79,
nokappacoefficient≥0.6canbeobtained.

Dependent on the level the percent-
age of kappa coefficients ≥0.60 will rise
(Po= 0.80: κ≥ 0.60 in 25%, Po= 0.82:
κ≥ 0.60 in 45%, Po= 0.83: κ≥ 0.60 in
52%). When the Po increases, the kappa/
prevalence index curves will simultane-
ously shift upwards (see . Fig. 23).

Since theoverall agreementPo isanab-
solute measure (in contrast to the kappa
coefficient as a relative measure [27]) re-
flecting more the daily reality of a clini-
cian, we focus in first instance on calcu-
lating a sample size for the overall agree-
ment Po. The first question we have to
answer is what, from clinical point of
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Fig. 228 Example a theoretical reproducibility
with n subjects and twoobserversA and Bpre-
sented in a 2×2 contingency table (see text)

view, is a clinically acceptable level for
Po? One important aspect is the fact that
results of reproducibility studies may not
changeclinicalpractice inaway that leads
to non-ethical poorer subject outcomes
[10]. However, being acceptable and/or
ethical are both relative issues becausewe
also accept inRCTs, showing a significant
effect of a treatment, a non-responder’s
percentage of 33% or higher. This an ev-
eryday reality in medicine that we have
to accept and the same is true for the
fact that a Po of 1.00 of a diagnostic pro-
cedure is in most cases not feasible in
M/M Medicine. Therefore, you can not
find a precise acceptable cut off level for
Po in the literature. This is the very rea-
son why many texts in the literature only
recommend acceptable levels of overall
agreement Po that range from 0.80 up to
0.90 [10, 29–31].

From clinical point of view, we have to
realise that inM/MMedicine, diagnostic
procedures are for a large part physical
examination procedures. They are the
constituent parts of a whole diagnostic
arsenal that finally can lead to aparticular
diagnosis or syndrome diagnosis. One
isolated diagnostic procedure in M/M
Medicine as suchnever results in apoorer
subject outcome. In M/M Medicine, we
rarely have to rely one single diagnostic
procedure to make a diagnosis or define
a syndrome diagnosis.

In our daily M/M Medicine practice,
we deal for a large part with many non-
specific clinical conditions with the con-
sequence that we have to rely a number
of many different diagnostic procedures.
Therefore, in M/M Medicine, a combi-
nation of diagnostic procedures has to
be performed, which all together point

Fig. 238 Relation between kappa coefficient
andprevalence of the index condition.The hor-
izontal dotted/dashed line is the cut off level of
0.60. The kappa/prevalence index curveswith
a too low overall agreement Poof 0.79 is located
beneath the cut off level line of 0.60. The kappa/
prevalence index curveswith overall agreement
Poof0.97 is locatedfarabove thecutofflevel line
of 0.60

in the same direction towards a partic-
ular clinical syndrome, syndrome diag-
nosis or differential diagnosis. Above-
mentioned clinical arguments about an
acceptable level for Po make a minimum
value of 0.80 for Po acceptable.

From statistical point of view aPo level
of 0.80 or higher can guarantee a kappa
coefficient ≥0.60. In case Po= 0.80, 25%
of the kappa coefficients are ≥0.60. With
a Po of 0.83, this percentage rises to 50%
(. Fig. 24).

Combining the two points of view,
aPo of 0.83 is advisable in reproducibility
studies with dichotomous outcomes.

To estimate a sample size for a par-
ticular Po the formula shown below.

SampleSizen =
Po (1 − Po) 1.96

ME2

ME stands for margin of error and
is used as meaning the radius of a con-
fidence interval. A confidence interval
(CI) is a type of interval estimate, calcu-
lated from the statistics of the observed
data that might contain the true value of
an unknown population parameter. In
other words, confidence interval means
a quantification of the level of confidence
that a particular parameter lies in the in-
terval.

Fig. 248 Relation between kappa coefficient
andprevalence index of the index condition
Pindex. The horizontal line is the cut off level of
0.60. The blue dots indicate low kappa coeffi-
cients (horizontal arrows) in case of a low Pindex
(left blue dot) or a high Pindex (right blue dot)

Depending on the levels of Po and the
margin of error ME, the sample size will
differ. In . Table 2 the sample sizes (n)
are shown for a ME of 0.1.

From . Table 2 it can be concluded
that with a constant ME of 0.1, a rise
in the Po level results in a decrease of
the sample size. However, the choice of
a particular ME value is arbitrary and
depends on how the digits after the dec-
imal point are rounded. In . Table 2 an
ME of 0.1 is used with only one digit
after the decimal point. In . Table 3 the
sample sizes are shown for the different
ME values and nowwith three digits after
the decimal point. In essence all these
ME values become 0.1 after rounding to
one digit after the decimal point is per-
formed. With a constant Po level of 0.83
different sample sizes are acquired due
to only slight changes in the ME level.
Note that a slight increase of theME level
from 0.100 to 0.116 decreases the sample
size from 54 subjects to the 40 subjects.
This number of subjects was used in the
previous IAMMM protocols.

In the study period the 0.50-Pindex

method is used to tackle the problem of
mutual dependency of the kappa coeffi-
cient and the Pindex (see “VI.The relation
between the kappa coefficient and the
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Table 2 Sample size estimation of an overall agreement reproducibility studywith amargin of
errorof0.1basedondifferentvaluesofPo. CIminandCImaxmarktheboundariesoftheconfidence
interval (CI)

Margin of
error (ME)

Po 1–Po Sample size CI min Po CI max Po

0.1 0.78 0.22 66 0.7 0.9

0.1 0.79 0.21 64 0.7 0.9

0.1 0.80 0.20 61 0.7 0.9

0.1 0.81 0.19 59 0.7 0.9

0.1 0.82 0.18 57 0.7 0.9

0.1 0.83 0.17 54 0.7 0.9

0.1 0.84 0.16 52 0.7 0.9

0.1 0.85 0.15 49 0.8 1.0

0.1 0.86 0.14 46 0.8 1.0

0.1 0.87 0.13 43 0.8 1.0

0.1 0.88 0.12 41 0.8 1.0

0.1 0.89 0.11 38 0.8 1.0

Table 3 Sample size estimation of an overall agreement reproducibility studywithdifferent
margins of error (ME) anda constantPo of 0.83. CImin andCImaxmark the boundaries of the con-
fidence interval (CI)

Margin of
error (ME)

Z-score2 Po 1-Po Sample
size

CI min Po CI max Po

0.125 3.8416 0.83 0.17 35 0.71 0.96

0.124 3.8416 0.83 0.17 35 0.71 0.95

0.123 3.8416 0.83 0.17 36 0.71 0.95

0.122 3.8416 0.83 0.17 36 0.71 0.95

0.121 3.8416 0.83 0.17 37 0.71 0.95

0.120 3.8416 0.83 0.17 38 0.71 0.95

0.119 3.8416 0.83 0.17 38 0.71 0.95

0.116 3.8416 0.83 0.17 40 0.71 0.95

0.111 3.8416 0.83 0.17 44 0.72 0.94

0.106 3.8416 0.83 0.17 48 0.72 0.94

0.102 3.8416 0.83 0.17 52 0.73 0.93

0.098 3.8416 0.83 0.17 56 0.73 0.93

prevalence of the index condition Pindex”,
section“Influencing thePindex inadvance:
the 0.5-Pindex method”). To apply the
0.50-Pindex method, it must be possible
to divide the sample size for the study
population by 4. Therefore, only samples
sizes 40, 44, 48 and 52 can be used in re-
producibility studies with a dichotomous
outcome and a Po level of 0.83. If one
regularly performs these kinds of studies,
a sample size of 52 is advised. In other
cases, the original used sample size of 40
is sufficient.

Based on an overall agreement study
(see protocol) with a calculated sample
size aPo canbe acquiredwith aproperCI
interval. Subsequently and based on the

same data the kappa (κ) coefficient can
be calculated as well. In this way, a re-
producibility study with a dichotomous
outcomeprovides youwith twomeasures
for the same interobserver agreement: an
absolute measure Po and a relative mea-
sure κ.

VI. Relation between the kappa
coefficient and the prevalence
of the index condition Pindex

1. Defining the Pindex problem

As already mentioned before and elab-
orated in “IV. Reproducibility studies:
kappa statistics”, section “Interpretation

of kappa coefficient: dependency of the
overall agreement”, one cannot correctly
interpret the kappa coefficient of a re-
producibility study without knowing the
prevalence of the index condition Pindex.
However, one of themajor disadvantages
of kappa statistics in reproducibility stud-
ies is the fact that the Pindex is not known
in advance. Only after completion of the
study can the Pindex be calculated. In all
reproducibilitystudiesusingkappastatis-
tics, there is always a risk that eventually
the Pindex will be far too high (too many
positive judgeddiagnosticprocedures)or
far too low (too few positive judged di-
agnostic procedures). In . Fig. 24 the re-
lation between the kappa coefficient and
the Pindex, is shown again.

In the example of . Fig. 25, the blue
dots illustrate the risk that, after com-
pletion of the reproducibility study, the
kappa coefficient appeared to be too low
(far under the cut off level of 0.60) as
a consequence of a too high Pindex value
(too high frequency of positive judged
diagnostic procedures in the study pop-
ulation) or too low Pindex value (too low
frequency of positive judged diagnostic
procedures in the study population).

Theoretically in this example, a Pindex

value of 0.50 is preferable because with
that value, the kappa coefficient will be
located at the topof the kappa/prevalence
index curve (. Fig. 25).

As can be seen in . Fig. 25, the
kappa/Pindex curve with a Po of 0.83 is for
a large part above the cut off of 0.6. In
reproducibility studies with a Po≥ 0.80,
the kappa coefficient corresponding with
a Pindex of 0.50 is by definition >0.60.
Therefore, we had to evaluate in advance
the influence of the Pindex in such a way
that eventually after completion of the
reproducibility study the Pindex will be
around 0.50.

2. Influencing the Pindex in
advance: the 0.50-Pindex method

In a fictitious reproducibility study with
a dichotomous outcome (yes/no), two
observers A and Bwanted to evaluate the
reproducibility of diagnostic procedure
(Test I). They used a study population
of total 40 subjects. Each observer ex-
amines his own 20 subjects with Test I
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Fig. 258 Relation between kappa coefficient
andprevalence index of the index condition
Pindex. The horizontal line is the cut off level of
0.60. The blue dots indicate low kappa coeffi-
cients (horizontal arrows) in case of a low Pindex
(left blue dot) or a high Pindex (right blue dot). The
red dot is the kappa coefficientwith a Pindexof
0.50 and a kappa coefficient above the cut off
level of 0.60

(. Fig. 26). Both observers were blinded
for the results of his colleague observer.
Both mutual communication and com-
munication with the examined subject
was not allowed.

Subsequently, each observer sent his
20 examined subjects to his colleague ob-
server. At the end, both observers have
examined 40 subjects with Test I. Due to
the blinding procedure, no bias can oc-
cur because there is always a 50% chance
that an observer will have a positive or
a negative test result when he examines
every subject sent to him from his col-
league observer. However, as stated be-
fore, the number of positive judged di-
agnostic procedures by both observers is
not known in advance. More precisely,
there is always a risk in this study format
to obtain a Pindex that is too high or too
low which can result in an undesirably
low kappa coefficient as ameasure for in-
ter-observer agreement. As explained in
“Defining the Pindex problem” of this sec-
tion, a Pindex of 0.50 is preferable because
the kappa coefficientwill be located at the
top of the kappa/Pindex curve (. Fig. 25).

We can take a fictitious reproducibil-
ity study, in which two observers A andB

Fig. 269 Flow
diagramof a repro-
ducibility studywith
twoobservers A
and B. Both ob-
servers perform
Test I in their own
subjects (nAand
nB). Both observers
send their subjects
to each other (dot-
ted arrows). Each
observer examines
a total of 40 subject
(see text)

wanted to evaluate the reproducibility of
a diagnostic procedure (Test I) in a study
population of 100 subjects. Suppose they
have trained the whole diagnostic proce-
dureofTest I andevaluated the standardi-
sationof their diagnostic procedure (final
judgementincluded)inasmallpilotstudy
(see “VII. Protocol format reproducibil-
ity study”, section “Training period”) and
succeeded tohaveanestimatedPoof0.85.

Instead of sending just 20 subjects to
each other as illustrated in. Fig. 26, both
observers A and B now send 25 sub-
jects with a positive Test I and 25 sub-
jects with a negative Test I to each other
(. Fig. 27). By this way observer B re-
ceives 50 subjects from observer A and
vice versa. Since the whole procedure
was blinded (mutual communication as
well as communication with the exam-
ined subject was not allowed) again ev-
ery subject sent by observer A had 50%
chance for observer B to have a positive
or negative judged Test I. Based on the Po

of 0.85 of the pilot study, observer B will
agree in 21 of 25 (0.85× 25= 21.25) sub-
jects with observer A having a positive
judged Test I and will disagree in 4 of 25
(0.15× 25= 3.75) subjects with a positive
judged Test I.The same can be calculated
for the negative judged tests. The same
situation exists for the subjects sent by
observer B to observer A. The end result
is that the observers agree in 42 sub-
jects with a positive or negative Test I
and disagree in 16 subjects. The data of
this fictitious reproducibility study can
be presented in a 2× 2 contingency ta-

ble (. Fig. 28). Based on the theoretical
data (figures in the squares in paren-
theses) shown in the 2× 2 contingency
table of . Fig. 28 the Po, Pindex and kappa
coefficient can be calculated. The over-
all agreement Po= 0.85 and Pindex= 0.50
withakappacoefficientof0.70. Thisficti-
tiousreproducibilitystudy, inwhich2ob-
servers sent 50% positive and 50 nega-
tive judged tests to eachotherunder strict
blinding circumstances, is the typical ex-
ample of what is called the 0.50-Pindex

method.
Thistheoretical formatofthe0.50-Pindex

method has been proven in a first re-
producibility study [32] and subsequent
studies using this method [33–37]. In
that first study, two observers P and E
evaluated the reproducibility of the Pas-
sive Hip Flexion Test. After a training
phase, they obtained an overall agree-
ment Po level of 0.88 in the pilot study.
In the final study phase, using the
0.50-Pindex method in 40 subjects, the
obtained a prevalence of the index con-
dition Pindex of 0.44 (. Fig. 29), which is
near the ideal Pindex value of 0.50.

As expected, the overall agreement
Po of 0.88 remained stable compared to
the value of the pilot study. A kappa
coefficient of 0.74 was obtained.

In summary, the 0.50-Pindex method
has been proven to be feasible and to
solve one of the main drawbacks of kappa
statistics used in reproducibility studies
with dichotomous outcomes and two ob-
servers.
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Fig. 278 Flowdiagramofareproducibilitystudyusingthe0.50-Pindexmethod. BothobserversAandB
performTest I in their own subjects. Bothobservers send25 subjectswith a positive judgedTest I (yes)
and25 subjectswithanegative judgedTest I toeachother.Basedon theoverall agreementof thepilot
study performed in advance of 0.85, the number of subjects they agree anddisagree about can be
calculated (see text)

Fig. 298 A 2× 2 contingency table showing
theagreements anddisagreementbetweenob-
serverPandEabout theexistenceofapositiveor
negative judged Passive Hip Flexion Test, using
the 0.50-Pindexmethod (see text)

VII. Protocol format repro-
ducibility study

As shown in . Fig. 30, an entire repro-
ducibility study can be subdivided into
five different periods, which have to be
successively completed. Each phase is
characterised by different components,
which are essential for that particular
phase. The presented protocol format is
developed for two observers evaluating
one single diagnostic procedure at a time
with a dichotomous outcome.

The arguments for this decision are
elaborated in “V. Developing repro-
ducibility studies: general aspects”, sec-
tion “Number of diagnostic procedures
evaluated in a reproducibility study”.

1. Logistic period

In the logistic phase, mainly agreements
about the study conditions, participat-
ing members and logistics of the repro-
ducibility studyare concluded (. Fig. 31).

1.1 Study conditions: participating
members and logbook
First of all, one has to form a research
group with members who are going to
participate in the reproducibility study.
Provide the members with this IAMMM
protocol. Discuss the main outline of
the purpose of the study. An important
issue of this phase is the introduction of
a logbook to be used during the whole
study. In this logbook all the agree-
ments between participating members
are recorded. In case of disagreement,
the observers can always check in the
logbookwhichpreviousagreementswere
made.

1.2 Study conditions: transparency
of responsibility
Secondly, an important aspect in this
phase is the nomination of one person
who has the final responsibility for the
whole reproducibility study. This person
in particular is responsible for updating
the logbook. Also, in this preparation
phase the sequence of authorship for the
publicationhas to be agreed. The respon-

Fig. 288 The2× 2contingency tableof thefic-
titious reproducibility studywithadichotomous
outcome (Yes/No) in 100 subjects showing the
agreements anddisagreement after using the
0.50-Pindexmethod resulting in a Pindexof 0.50
(see text)

sible person decides in cooperation with
the participating members who is do-
ing what during the study, for instance
developing an evaluation form for the
study.

1.3 Logistics study
An important issue is how to arrange
the logistics of a reproducibility study.
The best circumstances are when both
observers work in the same outpatient
clinic or institute and have consulting
hours at the same time. In the different
phasesof theprotocol, except the training
phase, it is easy to recruit subjects for the
study. This is essential because both in
the training phase (see section “Training
period”) and the study phase (see section
“Study period”) observers have to send
subjects to each other. Special arrange-
mentshave tobemade foranaspectof the
training phase, in which both observers
have to examine 10 subjects in detail to
agreeabout thediagnosticprocedureper-
formance and its final judgement. It is
advisable to reserve special time for the
training phase. Both the training and
the study phase can easily be performed
during the regular consulting hours of an
outpatient clinicwhenbothobservers see
their subjects at the same time.

1.4 Finance
In essence a reproducibility study re-
quiresnoextra financingoutside the time
spent by the observers in the different
phases of the protocol. Therefore, these
kinds of studies are feasible for all kinds
of clinics of M/M Medicine. No extra
support from statistical experts is needed
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Fig. 308 Flow chart of planning in different periods of a reproducibility study

Fig. 318 Logistic phase of the reproducibility protocol

Fig. 328 Training period of the reproducibility protocol

because an“excel”file is added in thispro-
tocol which automatically calculates all
the necessary results (Po, Pindex, kappa)
for publication (see “VII. Protocol format
reproducibility study”, section “Statistics
period”).

1.5 Approval by the local ethical
committee
In this phase, depending on the local eth-
ical regulation of patient participation in
studies, consent the local medical ethical
committee of your hospital or university
about the ethical aspects of your study

and the conditions for an informed con-
sent must be obtained.

In someuniversities, thefinal research
protocol, including a copy of the writ-
ten information about the study to the
subjects etc., must be forwarded to the
ethical committee.

Before doing so, be careful that all
the obligations related to this process are
fulfilled.

2. Training period

2.1 Observers and subject
recruitment
The training phase is a very essential
phase of the reproducibility study. In
this phase, the basis is created for a suc-
cessful outcome of the reproducibility
study. The first 6 items of the training
period are mainly dedicated to the mu-
tual agreement between observers about
all detailed aspects of the performance
and final judgements of the diagnostic
procedure they want to evaluate in the
reproducibility study. The best way to
train the diagnostic procedure is when
both observers participate in a session
in which they perform the diagnostic
procedure on the same subject. Com-
paring each other’s performance of the
diagnostic procedure and the definition
of their final judgement have to result for
a univocal performance of the diagnostic
procedure (. Fig. 32).

In general, only two observers (see
“V. Developing reproducibility studies:
general aspects”, section “Number of ob-
servers”) are needed andmaximal 10 dif-
ferent subjects. These subjects can be
randomly recruited from the observers’
own patient record files or medical staff.
No particular exclusion or inclusion cri-
teria are necessary for these 10 subjects.
One has to realise that in a reproducibil-
ity study of a diagnostic procedure, just
the reproducibility of the execution of
the whole performance of the diagnos-
tic procedure and its final judgement by
the observers are evaluated (for instance
apositive ornegative judgedPatrickTest)
and not the existence of a diagnosis!

Each observer can choose a sub-
ject—whowill have a positive or negative
outcome of the diagnostic procedure.

2.2 Selection of diagnostic
procedure(s) to be evaluated
Observers must agree upon which di-
agnostic procedure they wish to evalu-
ate in the reproducibility study. Before
a definite choice, the literature has to
be studied to determine whether the di-
agnostic procedure have been evaluated
before. The aspect of the number of di-
agnostic procedures to be evaluated has
been discussed in “V. Developing repro-
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Fig. 338 Semi-quantification by number of
fingersofthePassiveHipFlexion/AdductionTest
(see text)

ducibility studies: general aspects”, sec-
tion “Number of diagnostic procedures
evaluated in a reproducibility study”. In
general, it is advisable to evaluate one
diagnostic procedure at a time. In case
of more than one diagnostic procedure
is evaluated in the same reproducibil-
ity study, the 0.50-Pindex method cannot
be applied anymore (see “VI. The rela-
tion between the kappa coefficient and
the prevalence of the index condition
Pindex”, section “Influencing the Pindex in
advance: the0.50-Pindexmethod”). Inthis
case there is a risk that many diagnostic
procedures finally show lowkappa coeffi-
cientsbecauseof too lowortoohighPindex

values (see “IV. Reproducibility studies:
kappa statistics”, section “Interpretation
of kappa coefficient: dependency of the
prevalenceof the indexconditionPindex”).

2.3 Mutual agreement about
performance of diagnostic
procedure
After agreement upon which diagnostic
procedure will be evaluated in the study,
a preliminary description of the perfor-
mance of the diagnostic procedure takes
place. It is advisable to have the origi-
nal description of the diagnostic proce-
dure from literature. Subsequently, the
observers make the first own descrip-
tion of the diagnostic procedure. This
description must be very detailed and
specific, taking both the observer (exam-
iner) and the subject into account. Next,

the two observers start their session in
which they examine 10 subjects. Com-
paring each other’s performance of the
diagnostic procedure and the definition
of their final judgement have to result in
a univocal performance of the diagnostic
procedure.

It is advisable for the observers to start
in the first session with the performance
of thediagnosticprocedureoneachother.
The following elements of the diagnostic
procedure have to be discussed in de-
tail for later standardization of the entire
performanceof thediagnosticprocedure:
1. position of the subject
2. position of the observer
3. position or placement of the left and

right hand and/or fingers
4. direction of the passive or active

motion
5. anatomical landmark for the directed

motion
6. description final judgement

Theobservers by consensus have to agree
about all the details of the performance of
thediagnosticprocedure. Thisconsensus
has to be recorded in the logbook.

It is advisable for both observers also
to train the agreed performance of diag-
nostic procedure by routinely using this
diagnostic procedure in their daily prac-
tice.

2.4 Agreement about hypothesis
of diagnostic procedure
In “V. Developing reproducibility stud-
ies: general aspects”, section “Hypothesis
of the diagnostic procedure in a repro-
ducibility study”, we already discussed
that the hypothesis of a diagnostic pro-
cedure as such can influence the final
result of a reproducibility study. Most of
the diagnostic procedures mentioned in
textbooks andM/MMedicine course syl-
labuses are based on unproven hypothe-
ses. Therefore, in reproducibility studies
observers should ignore these unproven
hypotheses. Based on the detailed per-
formance of the diagnostic procedure,
observers have to agree about what the
diagnostic procedure actually tests. For
instance, the passive hip flexion adduc-
tion diagnostic procedure is supposed to
test the mobility of the SI-joint (textbook
hypothesis). Looking closely at the per-

formance of the diagnostic procedure, it
is much more plausible that the range
of motion of the passive hip flexion ad-
duction is dependent on the muscle tone
of different muscle groups related to the
lumbo-sacral-hip complex (working hy-
pothesis).

The same is true for diagnostic proce-
dures that include provoking pain. Some
of these pain-provoking diagnostic pro-
cedures are supposed to identify a partic-
ular anatomical structure as the source
for the pain, for instance the SI-joint.
However, in all kinds of SI-joint pain
provoking diagnostic procedures, many
different anatomical structures outside
the SI-joint can be the source for pain.
In this case, the best working hypothe-
sis is that different anatomical structures,
functionally related to the SI-joint, can
be the cause of the pain. In general, most
diagnostic procedures in M/MMedicine
are related to range of motion and do not
giverise toproblemsofdefiningthework-
ing hypothesis. In other cases, a work-
ing hypothesis of the diagnostic proce-
dure can be defined by the observers by
carefully looking at all the details of the
performance of the diagnostic procedure
being examined.

2.5 Agreement about the
final judgement of diagnostic
procedure
Both the agreements of the two observers
about the performance and the hypoth-
esis of the diagnostic procedure are de-
cisive for the final judgement of the di-
agnostic procedure. The observers have
to look carefully on how they normally
use thediagnosticprocedure intheirdaily
practice and in particular how they judge
a positive or negative result. Frequently,
and with very experienced practitioners,
this judgement happens almost automat-
ically. The participating observers have
to be very careful to look how they judge
a diagnostic procedure in daily prac-
tice and mutually compare these judge-
ments. Sometimes, a semi-quantitative
method is necessary. For instance, in
a reproducibility study of the Passive Hip
Flexion/AdductionTest the left/right dif-
ference was semi-quantified, using the
number of fingers to measure distance
between the chest and the knee [32].
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REPRODUCIBILITY EVALUATION FORM

Diagnos�c Procedure: Passive Hip Flexion/Adduc�on Test

Pilot Study ■ Study Period □

Subject Registra�on Number □□□□□ Male■ /Female□

Aim:

Number subjects: 20 (10 per observer)

Number Observers: 
Inclusion Criteria: 
Exclusion Criteria: 
Selec�on:
Blinding:

Consecu�ve
No mutual communica�on between observers and between 
subject and observer

Hypothesis Diagnos�c Procedure :

Performance Diagnos�c Procedure:

Semi-Quan�fica�on Outcome Diagnos�c Procedure (op�onal):

Judgement Diagnos�c Procedure:

Diagnos�c Procedure Le� posi�ve Right posi�ve
Passive Hip Flexion AdductionTest

Fig. 348 Example of reproducibility evaluation form used in the pilot study or studyphase

Fig. 358 Training period of the reproducibility protocol

In . Fig. 33 this semi-quantification of
Passive Hip Flexion/Adduction Test is
shown. The black hand represents the
number of fingers of the observer be-
tween the chest and the knee of the pa-

tient. The same procedure is repeated on
the left side.

The numbers of fingers of both sides
were estimated. A left/right difference of
more than one finger was decisive and it
was agreed that the side with the largest

number of fingers is the most restricted
side and labelled as a positive PassiveHip
Flexion/Adduction Test. Depending on
the diagnostic procedure, observers have
toagreeabouthowtheyjudgeadiagnostic
procedure to be positive or negative, and
whether it is necessary to semi-quantify
this judgement. In general, it is advisable
to look how observers have to use the di-
agnosticprocedure in theirdailypractice.
The decision about the judgement of the
diagnostic procedure is recorded in the
logbook.

2.6 Agreement about the blinding
procedure
Both in the pilot study and study pe-
riod, adequate blinding procedures are
essential. Except for diagnostic proce-
dures that evaluate pain, no communi-
cation between observers and between
observer and subject during the perfor-
mance of the whole diagnostic procedure
is allowed.

Of course, each observer, who has se-
lected a subject for the study, has to in-
form the subject about the aim of the
study, in accordance with the guidelines
of the local ethical committee.

2.7 Study evaluation form
Based on the results of the performance
andjudgementdiscussions, anevaluation
form is developed which has to be used
in the study (see . Fig. 34).

This evaluation form is used both in
a pilot study and in the study period. In
this form a brief overview of the study
is mentioned. But more importantly,
the details about the subject, the perfor-
mance, the semi-quantification and the
judgement of the diagnostic procedure
are recorded. At the bottom of the form
the positive judged side of the diagnostic
procedure can be recorded.

After the mutual agreement of all as-
pects of the diagnostic procedure, the
whole procedure has to be evaluatedwith
respect to the standardization. In other
words, do both observers keep the agreed
performance of the diagnostic procedure
in detail in a standardized manner as
filled out in the evaluation form (. Fig. 35
items 9 and 10).
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Fig. 368 The results of a theoretical repro-
ducibility with n subjects and twoobserversA
andBpresented ina2×2contingency table (see
text)

Both observers are scheduled for their
outpatient clinic at the same time and
place.

In advance, 40 evaluation forms are
made (20 forms for each observer).

For the pilot study each of the two
observers has to recruit during his out-
patient clinic programs 10 subjects out
of his outpatient programme.

In principle, all subjects with pain of
the locomotion system are suitable for
recruitment for the pilot study.

Eachobserverperformsthediagnostic
procedure in all the subjects of his poli-
clinic programme and selects subjects for
the study in which he is convinced that
the diagnostic procedure is positive or
negative.

As explained earlier, it is not neces-
sary to select subjects with complaints in
the same region in which the diagnostic
procedure under examination is located.
One has to realise that in a reproducibil-
ity study of a diagnostic procedure, just
the reproducibility of the execution of
the whole performance of the diagnos-
tic procedure and its final judgement by
the observers are evaluated (for instance
apositive ornegative judgedPatrickTest)
and not the existence of a diagnosis!

For each examined subject, the ob-
servers fill out one evaluation form with
the results and one form with only the
subject’s registration number. The latter
form is used by colleague observer who
examinesthepatientasasecondobserver.
When all 20 subjects have been examined
by both observers, the evaluation forms
are collected and the number of subjects
in which observers agree (Yes/Yes and

Fig. 378 Study period of the reproducibility protocol

No/No) are calculated according a 2× 2
contingency table is shownas in. Fig. 36.

The formula for Po based on the data
of . Fig. 36 is:

Po =
a + d
n

In the case the overall agreement is too
low, i.e. a Po< 0.80, the observers must
again go through a new training phase.

In the renewed training phase, 10 new
subjects must be examined in all details
with respect to the performance and the
judgement of the diagnostic procedure.
The recorded agreements of the logbook
now become very essential. Observers
have to look very carefully at all de-
tails, in particular, the semi-quantifica-
tion, which can lead to problems in inter-
pretation. If the problem(s) is identified,
anadaptation ismadeandrecorded in the
logbook. The evaluation form is adapted
and a pilot study has to be performed.

If again no Po≥ 0.80 is obtained, the
observers have again to go back to a sec-
ond renewed training period. If still no
substantial Po value ≥0.80 is obtained,
the observers have to discuss the contin-
uation of the reproducibility study.

Furthermore, they have to consider
whether the diagnostic procedure under
examination is suitable for educational
purposes because of a disputed transfer-
ability illustrated by the repeatedly found
Po< 0.80. Although the evaluation of the
diagnostic procedure can have a negative
result for its diagnostic value, the pub-
lication of these kinds of results is very
valuable for education systems in M/M
Medicine.

4. Study period with 0.50-Pindex
method

Proceeding to the study period indicates
that the Po value is ≥0.80 (advisable 0.83,
see section “Number of subjects to be
involved in a reproducibility study”) and

provided that the overall agreement will
be constant. In the study period, evaluat-
ing one single diagnostic procedure, the
0.50-Pindex method is used (see “VI The
relation between the kappa coefficient
and the prevalence of the index condi-
tionPindex”, section “Influencing thePindex

in advance: the 0.50-Pindex method”).
If more than one diagnostic procedure
is evaluated in the same reproducibility
study, there is always the risk of a very
low or very high Pindex resulting in an un-
wanted lowkappacoefficient (see “IV.Re-
producibility studies: kappa statistics”,
section “Interpretation of kappa coeffi-
cient: dependency of the overall agree-
ment”) (. Fig. 37).

4.1 Observers and subjects
recruitment
The same two observers from the train-
ing period perform the study period. Be-
cause the observers have to send subjects
to each other, it is preferable that both
observers work at the same clinic, so that
the programme of the clinic can be or-
ganised with respect to the study.

Each observer selects 20 subjects
from his policlinic programme, making
40 subjects in total. This means that
80 evaluation forms have to be made in
advance (40 per observer).

In principle all subjects with pain re-
lated to the locomotion system are suit-
able for inclusion to the study period.
Consequently, the observer performs the
diagnostic procedure on all the subjects
of his policlinic programme, except in
case the diagnostic procedure is related
to a particular disease entity with spe-
cial inclusion and exclusion criteria. He
chooses subjects inwhomhe is convinced
that the diagnostic procedure is positive
or negative.

This means that negative or positive
lumbar diagnostic procedures in subjects
with headache and or neck pain can also
be used for the study. Each observer
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Fig. 388 Flowdiagramofa reproducibility studyusing the0.50-Pindexmethod. First bothobserversA
andBperformTest I in theirown20 subjects andselect 10 subjectswithapositive and10 subjectswith
a negative diagnostic procedure (Test I). Subsequently, they send their ownpopulation of 20 subjects
(nA andnB) to each other. ObserverAwill now examine the population of observer B (nB= 20) andOb-
serverBwillexaminethepopulationofobserverA (nA= 20). Intotalboth,observerswill see40subjects
(nA+ nB)

Fig. 408 Statistic period of the reproducibility protocol

sends 10 subjects with a positive test and
10 subjects with a negative test to the
other observer according to the scheme
presented in . Fig. 38. The total study
population will be 40 subjects.

Whenthe40 subjectshavebeenexam-
ined by both observes, the results from
each subject’s evaluation forms are col-
lected by an independent person and
added to the 2× 2 contingency table. The
number of subjects in which observers
agree (Yes/Yes= a and No/No= d) and
disagree (Yes/No= b and No/Yes= c) are
calculated as shown in . Fig. 39.

4.2 Blinding procedures
An adequate blinding procedure is as es-
sential in the study period, as in pilot
study of the training period. The blind-
ing procedure is identical except for the
number of subjects to examine. This
means that, except for pain evaluating
diagnostic procedures, no communica-
tion is allowed between observers and
between subject and observer during the
performanceof thediagnosticprocedure.
Of course, each observer who has se-
lected a subject for the study has to in-
form the subject about the aim of the

study in accordance with the guidelines
of the local ethical committee. However,
the observer who receives a subject for
the study from his colleague is not al-
lowed to communicate with the subject
about the study at all. No communica-
tion is allowed between observers about
the examined subjects included in the
study period of the reproducibility study.
The best way is to have an independent
person collect the completed evaluation
forms directly after the examination of
the subject (. Fig. 40).

5. Statistics period

The independent person collects the
filled-out evaluation forms directly after
the examination of the subject by the
observers. The data obtained from the
evaluation forms are arranged according
the 2× 2 contingency table (a, b, c and d)
as shown in . Fig. 39. Subsequently, the
data has to be analyzed and the Po, Pindex

and kappa have to be calculated. For this
purpose, a spreadsheet that automati-
cally calculates all desired results (Po,
Pindex kappa, confidence intervals [CI])
can be downloaded from the IAMMM

Fig. 398 Example a theoretical reproducibility
with n subjects and twoobserversA and Bpre-
sented in a 2×2 contingency table (see text)

website. In this spreadsheet the data a, b,
c and d from the 2× 2 made contingency
table can are inserted in the first four
columns of the spreadsheet under the
labels a, b, c and d of the first row. All
desired results Po with CI, Pindex and
kappa with CI are calculated, the Pc in-
cluded.

The same spreadsheet can be used
for other calculations, for instance the
mutual dependency of diagnostic pro-
cedures when more than one diagnostic
procedure is evaluated (see “V. Develop-
ing reproducibility studies: general as-
pects”, “Combinations of a few different
diagnostic procedures: mutual depen-
dency”).

By copying entire row 2 to a next row,
other data can be filled out under labels a,
b, c and d.

6. Publication period

When writing a paper for publication of
the results of a reproducibility study, it is
essential that the reader is provided with
adequate information on what grounds
the authors based their final conclusion.

In rough outlines the format of a pub-
licationconsists of an introduction, a sec-
tion describing the materials and meth-
ods, another section with results and fi-
nally the discussion section.

6.1 Introduction section
In the introduction, the literature is re-
viewed regarding the diagnostic proce-
dures, their hypotheses and their reliabil-
ity. Previous articles are mentioned—if
any—, and possible problems with their
methodology can be used as supplemen-
tary arguments for performing the study.
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Fig. 418 Flow chart of planning in different phases of a reproducibility study

Additionally, at the end of the introduc-
tion the reasons and aims of the present
study are mentioned.

6.2 Materials and methods section
In this section, only the results of the
study have to be presented and no in-
terpretation of results. First of all, under
the heading Materials in this section all
the characteristics of the subjects have to
be mentioned such as:
1. Data about the source population

(hospital, outpatient clinic, special
clinic, etc.) and/or whether it is
a particular complaint group, syn-
drome or diagnosis group. In case of
normal subjects (students, staff) data
about recruitment procedures must
be mentioned.

2. Data about how the subjects were se-
lected from the source population (on
entrance, consecutive, every other,
non-selective sample procedure etc.)

3. Data about exclusion criteria of the
subjects

4. Demographic data (gender, age of
subjects or normal subjects) that are
recorded in the study.

5. Number of subjects or normal sub-
jects in different phases of the study.

6. Under the heading Methods in this
section all the characteristics of the
study format have to be mentioned
such as:

jIf in the Preparation Phase data
about the participating members of
the study is mentioned such as an
independent observer, ratification
by ethical committee, informed
consent, financial support, and the
use of a logbook to register the
consensus procedures.

jIf a Training Phase was used in the
study format

jDetailed data about the perfor-
mance of the diagnostic procedure.
It is not sufficient to simply refer
to a diagnostic procedure from the
literature.

jDetailed data about the hypothesis
of the diagnostic procedure of the
observers.

jDetailed data about the judgement
of the diagnostic procedure(s)
and/or semi-quantification.

jDetailed data about the conditions
for a final “diagnosis” in case of
several diagnostic procedures.

jNumber of diagnostic procedures.
jData about the characteristics of
the observers (experience etc.)

jIf a Pilot study for evaluation of
the protocol was used in the study
format.

jIf in the Study Period the
0.50-Pindex method was used.

jAt the end of the Materials and
Method Section data has to be

provided about the statistical
methods used in the study. In most
of the cases it will be the kappa
method.

jIf other statistical methods were
used, the reason why has to pre-
sented.

jIf in case of more than one diag-
nostic procedure was evaluated,
the analysis of their mutual de-
pendency has to be presented/
described (see “V. Developing
reproducibility studies: general
aspects”, “Combinations of a few
different diagnostic procedures:
mutual dependency”).

jIn the case of a final “diagnosis”
based on several diagnostic pro-
cedures, the mutual dependency
between a single diagnostic pro-
cedure and the final diagnosis has
to be analysed (see “V. Developing
reproducibility studies: general
aspects”, “Combinations of a few
different diagnostic procedures:
mutual dependency of diagnostic
procedure and final ‘syndrome
diagnosis’”).

6.3 Results section
In this sectiononly the results of the study
have to be presented and no interpreta-
tions of results.
1. Data about the demographic char-

acteristics of the population (gender,
age of subjects or normal subjects).

2. Data about the Po of the diagnostic
procedure(s) with confidence inter-
vals, margin of error (see “IV. Repro-
ducibility studies: kappa statistics”,
section “Definition of the kappa
coefficient”).

3. Data about the Pindex and not just
frequencies of the participating
observers (see “IV. Reproducibility
studies: kappa statistics”, section
“Prevalence and the prevalence of the
index condition”).

4. Data about the kappa coefficient
of the diagnostic procedure(s) with
confidence intervals.

5. Data about mutual dependencies of
diagnostic procedures per observer
in table format (see . Fig. 17).

6. Data about mutual dependencies,
final diagnosis and individual diag-
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nostic procedures per observer in
table format (see . Fig. 19).

7. Presentation of the raw data in 2× 2
contingency tables.

6.4 Discussion section
In this section results of the study are
discussed and compared with the results
from other reproducibility studies in the
literature. In the introduction section
these studieshavealreadybeendiscussed.
Explain why the present study has dif-
ferent results compared to those studies
from literature.

Formulate a clear conclusion with its
consequences for daily practice of M/M
Medicine. Essential in thediscussionsec-
tion is to mention the strong and weak
aspects of your study and make recom-
mendations to improve for future studies.
In case the reproducibility shows good
results it is important tomention the next
steps to be taken: study on validity, sen-
sitivity and specificity, on the predictive
value of a positive and a negative test
result, and likelihood ratio.

VIII. Golden rules for
reproducibility studies

In. Fig. 41 the scheme is presented again
to show the different aspects and peri-
ods of a reproducibility study on which
Golden rules for a reproducibility study
can be based. Reproducibility studies are
easy toperformandnot restricted to large
institutes like universities. Private prac-
tices or other institutes with two or more
practitioners in M/M Medicine are very
suitable for these kinds of studies.
Rule 1: Create a clear logistic and re-

sponsibility structure for the
reproducibility study in the
preparation phase. A single
person must be responsible for
the entire process of the whole
study including the logbook.

Rule 2: Use a logbook for the study.
Rule 3: Always include an exten-

sive training period in the
study protocol. Between ob-
servers, full agreement must
be achieved about all details of
the test(s) under examination.

Rule 4: Always include a pilot study in
the training period to evalu-

ate the standardization of the
performance of the diagnos-
tic procedure. It is also essen-
tial that this pilot study achieve
aPo≥ 0.80. Bydefinition, lower
Po values result in low kappa
coefficients.

Rule 5: Always repeat the pilot study
of 20 subjects in the training
phase in case of a Po< 0.80.

Rule 6: Preferred is the evaluation of
only one diagnostic procedure
in a reproducibility study.

Rule 7:
Rule 8: Alwayspresentrawdata in2× 2

contingency tables.
Rule 9: Always present the Po together

with the values of thePindex and
kappa coefficient.
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Fachnachrichten

Wilfried-Lorenz-Versorgungs-
forschungspreis für Arbeit zur
Koinzidenz von rheumatoider
Arthritis und Diabetes

Das Deutsche Netzwerk Versor-
gungsforschung (DNVF) e.V. vergibt
denWilfried-Lorenz-Versorgungsfor-
schungspreis für eine Untersuchung
zur Koinzidenz von Diabetes und
rheumatoider Arthritis. Die 20-köpfi-
ge Jury wählte im Gutachterverfah-
ren die Arbeit der Preisträgerin Dr.
Katinka Albrecht aufgrund des ver-
sorgungsrelevanten Themas und der
guten Einbindung in die vorhandene
Evidenz aus.

Versichertemit rheumatoider Arthritis mit
und ohne Diabetes mellitus wurden zu

ihrer rheumatologischen Versorgung und

Krankheitsbelastung befragt. 20 Prozent
der 2.500 befragten Personen mit rheuma-

toider Arthritis hatten auch eine Diabetes-

mellitus-Diagnose. Diabetes kam häufiger
vor bei Männern, bei älteren Menschen,

bei gleichzeitig bestehender Adipositas
und bei Personen mit einem niedrigen

Haushaltseinkommen. Von Diabetes und

Arthritis Betroffene wurden seltener von
Rheumatologen behandelt und seltener

mit Antirheumatika versorgt als Perso-

nen mit Arthritis, die keine zusätzliche
Diabetes-Diagnose hatten. Sie waren häu-

figer im Krankenhaus und hatten weitaus
häufiger weitere kardiovaskuläre Begleiter-

krankungen, Nierenerkrankungen sowie

Depressionsdiagnosen.

Die Studie bestätigt, dass Diabetes eine

häufige und relevante Begleiterkrankung
der rheumatoiden Arthritis ist. Die Betrof-

fenen haben eine hohe Wahrscheinlich-
keit für weitere Begleiterkrankungen und

benötigen eine gute fachärztliche Versor-

gung. Die Krankheitskontrolle der Arthritis
mit spezifischer antirheumatischer The-

rapie ist bei Patienten mit gleichzeitig

bestehendem Diabetes umso wichtiger,
um weitere Folgeschäden zu vermeiden.

Diana Alchanow,
Deutsches Netzwerk

Versorgungsforschung (DNVF) e.V.
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