INTER- AND INTRATESTER RELIABILITY
OF RADIOGRAPHIC MEASUREMENTS OF SPONDYLOLISTHESIS
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Thirteen radiographic methods to measure spondy-
lolisthesis were assessed to determine :

1. whether or not the different methods were corre-
lated with each other ;

2. their precision in detecting vertebral displace-
ments ;

3. inter- and intrameasurer reliability among six
orthopedic surgeons. performing radiographic mea-
surements.

Several methods were found to be correlated with
each other in detecting spondylolisthesis on radio-
graphs. However, on simulated displacements only
three of them showed good correlation (r = 0.95,
p < 0.01). Intra- and intergroup correlations among
the orthopedic surgeons were equally good (r > 0.90 ;
p < 0.01).
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INTRODUCTION

Spondylolisthesis is a form of vertebral insta-
bility (11), with most of the slipping occurring
during the early stages of pubertal growth (1, 12,
23). Radiographic assessment is of primary im-
portance in studying and monitoring its evolution
(11, 15). Evaluation of a vertebral olisthesis is a
relatively simple procedure. Much care must be
put into it, especially when one is evaluating a
patient in the initial stages of the disease. Only
a few critical papers have been published on the
terminology of spondylolisthesis and on the mea-
surements to be applied in its monitoring (6, 26).
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Radiographic measurements of olisthesis can be
divided into three groups :

a. evaluation of the presence and entity of
spondylolisthesis ;

b. evaluation of the general attitude of the
lumbosacral spine ;

c. evaluation of the associated anatomopatho-
logical vertebral deformity.

Recently, interest has arisen in the accuracy and
reproducibility of several methods for the radio-
graphic measurement of vertebral deformities
such as scoliosis (5, 10, 18) and spondylolisthesis
(7, 8, 21).

Taking into account only the measurements
cited in group A, we have found 13 measurement
methods : Burckhardt (2), Capasso and Zanchini
(3), Capener (4), Finneson (9), Laurent and Einola
(12), Marique (14), Meschan (16), Meyerding (17),
Newman (19), Pipino (20), Sim (22), Taillard (23),
Ulmann (25). Each of them is based on different
geometrical concepts, and the entity of the spon-
dylolisthesis measured is thus different.

The purpose of this study was to report our
experience with :
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a. the measurement methods’ correlation among
each other ;

b. their precision in detecting vertebral displace-
ments ;

c. inter- and intratester reliability of the 6
orthopedic surgeons performing the measurements.

MATERIAL AND METHODS

Copies of 30 lateral standing radiographs of differing
quality taken of patients who had been admitted for
assessment and/or treatment of one-segment lumbar
or lumbosacral spondylolisthesis were made from orig-
inal films taken from the material of the clinical images
archive of the First Institute of Orthopaedics, University
of Naples. Six doctors divided in three groups of two,
according to their stage and choice of career, took part
to the study. They were :

a. fully trained clinical staff orthopedic surgeons ;
b. fully trained academic staff orthopedic surgeons ;
c. third-year residents.

The measurers were blinded as to the dates of the
radiographs and the identities of the patients. They
were instructed to measure each radiograph using in
a random order all the 13 different methods outlined
in the Introduction section. A small modification (the
calculation of a percentage index) was applied to the
Ulmann method (25). The participating doctors were
asked to measure the radiographs as they would in a
clinic, using their own markers and protractors. After
each measurement, the marker lines were to be wiped,
and another measurement to be carried out on the same
radiograph. The result of each measurement was re-
corded by the measurer on a prestamped sheet which
contained the identity of the measurer, the date of the
measuring session, and an alphabetical list of all the
methods. A second measuring session, using the same
methods and radiographs, was performed within one
week from the first.

The results of each measurement were entered in an
IBM compatible PC and analyzed using a commercially
available statistical program [Systat (13)]. Descriptive
statistics were calculated. Results were analyzed using
linear regression and one- and two-way analysis of
variance (ANOVA). The Wilcoxon matched-pairs
signed-ranks test was used to test the results of pairs
of observers. Kappa statistics were used as a further
index of the quality of measurement (24). Given the
perceived need of great accuracy, significance level was
set at p <<0.01.

Correlation among the different methods was cal-
culated by entering the mathematical average of the
results of each method for all the radiographs. Inter-
group correlation was calculated using, for each group,
the mathematical average of the measurements per-
formed with the same method.

The measuring capability of all the methods used
in this study, independently from the correlation among
them, was tested as follows : A designer produced three
anterior spondylolistheses of different entity, based on
normal radiographs, moving L5 by a number of
millimeters known only to him. All the 13 methods
were used, for a total of 234 measurements.

RESULTS

A total of 2340 radiographical measurements
were performed. All were considered for statistical
analysis.

Intragroup variability of the orthopedic surgeons

The intragroup variability was low. Linear
regression analysis gave a correlation of 0.92
(group A), 0.93 (group B) and 0.89 (group C)
(p = 0.005). Kappa coefficients were within 0.70
and 0.75.

Correlation among the 13 methods

The Meschan (16) method, involving angular
measurements, was excluded from statistical anal-
ysis as it is not homogeneous with the others. The
Meyerding (117) and Newman (19) methods were
excluded as they give only a grossly approximate
value. The correlation among the remaining 10
methods is shown in table 1.

Intergroup variability

All methods were used. Intergroup variability
was acceptable (kappa coefficient = 0.60). The
results of linear regression analysis are shown in
table II.

Accuracy of the methods

Intragroup variation was low (0.93 <r < 0.95),
and so the results were averaged and tested as
outlined in the intragroup variability section.
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Table 1. — Linear regression correlation among the different methods
in measuring vertebral displacement in 30 radiographs

1 2 3 4 5 6 7 8 9 10
1 1
2 -0.018 1
3 092 0.056 1
4 0.93 0.32 -0.91 1
5 0.23 0.80 0.48 -0.08 1
6 0.85 0.49 0.88 -0.07 0.70 1
7 0.79 0.22 0.96 -0.08 0.68 0.88 1
8 0.99 0.07 0.95 -0.09 0.35 0.90 0.85 1
9 -0.16 -0.46 -0.52 0.17 -0.88 -0.52 -0.73 -0.64 1
10 -0.21 0.77 0.10 0.32 0.89 0.31 0.36 -0.09 -0.85 1

1 = Ulmann ; 2 = Pipino ; 3 = Marique ; 4 = Burckhardt ; 5= Taillard ; 6 = Laurent and Einola ; 7= Capener ; 8 = Finneson ;

9 = Capasso and Zanchini ; 10 = Sim.

Table II. — Linear regression correlation of intergroup measurements
to assess a known olisthesis

1 2 3 4 5 6 7 8 9 10 11 12 13
lvs.2 | 055 | -090 | 095 [ -0.57 | -0.54 | 0.86 1 0.87 | 0.95 0.64 0.77 0.11 1
lvs.3 | 097 087 | 092 | -0.94 0.26 | 093 1 -0.80 | 0.82 0.56 0.77 | -0.59 1
2vs.3 | 057 | -087 | 099 | -071 0.74 | 098 0.92 | 0.96 0.98 090 | -0.65 1

1 = Ulmann ; 2 = Pipino ; 3 = Meschan ; 4 = Marique ; 5 = Burckhardt ; 6 = Taillard ; 7= Newman ; 8 = Sim ; 9 = Capener ;
10 = Finneson ; 11 = Laurent and Einola ; 12 = Capasso and Zanchini.

The Finneson (9), Laurent and Einola (12), and
Marique (14) methods are the ones better corre-
lated (r = 0.95, p = 0.003) with the displacement
known to the designer only. The Capener (4),
Pipino (20) and Ulmann (25) methods are signif-
icantly correlated as well (a=0.90, p = 0.005,
kappa coefficient 0.75 < k =< 0.82). The other me-
thods showed a lower correlation.

DISCUSSION

Thirteen radiographic methods, based on var-
ious geometrical principles, have been used to
measure vertebral olisthesis. To the best of our
knowledge, no study has been performed to
compare them, although some studies have been
carried out comparing intra- and inter-observer
variation using the Boxall method (7) and 7
methods (21). The results of this study show that
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both intra- and intergroup variability among the
measurers was low. Probably, as all the orthopedic
surgeons came from the same training source,
albeit at different stages of their careers, the quality
of training itself was quite homogeneous, the likely
variable being experience.

In the study of the correlation among the
various methods, the somewhat surprising result
is that the Capasso and Zanchini (3) and the
Pipino (20) methods are not significantly correlated
with any of the others. The first one is based on
completely different principles, as it does not take
into account the displacement of the margin of
the vertebral body, but the misalignment of their
centers. It is not possible to explain why the Pipino
method shows a poor correlation with the others,
as it is based on similar geometrical assumptions.

Third-year resdents show a slightly lower corre-
lation with the other two groups. This could be
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because of the length of their training. The trainees
involved in this study were third-year postgraduate
students, dedicating mainly to clinical duties. This
may have practical implications in training. It may
be advantageous to program some more time to
be spent in developing the radiographic measure-
ment ability of residents, as most of the measure-
ments are performed by orthopedic surgeons. The
environment where the measurements were per-
formed is a privileged one, in that, being a
university department, all orthopedic surgeons can
dedicate more time to nonclinical and research
duties, and much stress is put on the theoretical
bases of orthopedics. Probably, in both a research
and a clinical environment, special training should
be given for radiographic measurements. In order
to-minimize interobserver variability, radiographi-
cal measurements should be performed by one or
a few people only, possibly trained together and
actually working together.

From the results of this study, the most precise
and reliable methods are the Finneson (9), Laurent
and Einola (12), and Marique (14) methods. At
present, they are the ones routinely used in our
department.
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SAMENVATTING

G. CAPASSO, N. MAFFULLI en V. TESTA. Be-
trouwbaarheid van ronigentechnieken bij evaluatie van
de spondylolisthesis.

Dertien rontgentechnieken, gebruikt voor de meting
van spondylolisthesis, werden geevalueerd ter bepaling
van :

— het al dan niet bestaan van een correlatie tussen
de verschillende technicken

— de nauwkeurigheid bij het ontdekken van een
verplaatsing

— de betrouwbaarheid van de technieken onderling en
van de verschillende metingen, volgens een zelfde tech-
niek, bij 6 orthopedische chirurgen die radiologische
metingen van de spondylolisthesis uitvoeren.
Verschillende methoden bleken onderling goed gecor-
releerd bij het radiologisch opsporen van spondylolis-
thesis. Bij gesimuleerde verplaatsingen echter bestond
er een goede correlatie, alleen bij 3 technieken (r = 0,95,
p < 0,01). De verschillende correlaties van de technieken
onderling en van de verschillende metingen, volgens
dezelfde techniek, bij de orthopedische chirurgen, was
correct (r > 0,90 ; p <0,01).
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RESUME

G. CAPASSO, N. MAFFULLI et V. TESTA. Fiabilité
des méthodes radiographiques de mesure du spondy-
lolisthésis.

Treize techniques radiographiques de mesure du spon-
dylolisthésis furent évaluées pour déterminer :

— §’1l existe, ou non, une corrélation entre les diff-
érentes méthodes

— leur précision dans la détection des déplacements
vertébraux

— la fiabilit¢ de différentes mesures dan le temps et
des différentes techniques de mesure, employées par 6
chirurgiens orthopédistes qui évaluent radiographique-
ment le spondylolisthésis.

Les différentes méthodes de détection du spondylo-
listhésis présentent une bonne corrélation entre elles.
Cependant, dans la détection des déplacements simu-
Iés, 3 seulement présentaient une corrélation valable
(r=0,95, p<0,01). La corrélation des différentes me-
sures dans le temps et entre les différentes techniques,
employées par différents chirurgiens orthopédistes, se
révéla acceptable (r > 0,90 ; p << 0,01).



