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Abstract

Objectives: To evaluate the reliability of Tönnis angle and modified Tönnis angle on pelvic radiographs in adults.
Patients and Methods: Conventional anterior-posterior pelvic radiographs of patients were selected from the picture archiving
communication system (PACS) in the department of medical radiology of the Second Hospital of Shandong University. Tönnis angle
and modified Tönnis angle were measured. All measurements were performed by two experienced observers who worked indepen-
dently of each other. These measurements were performed again after one month. They were performed digitally using tools of the
PACS. Reliability of Tönnis angle and modified Tönnis angle was assessed by intraclass correlation coefficients and Bland-Altman
plot.
Results: A total of 142 patients (79 females and 63 males) with 284 hips were selected. Tönnis angle and modified Tönnis angle were
measured on the 284 hips by two observers. Intraclass correlation coefficients (ICCs) for intraobserver agreement of measurements
were 0.962 and 0.983 for Tönnis angle, and 0.971 and 0.984 for modified Tönnis angle. ICCs for interobserver agreement of measure-
ments were 0.936 for Tönnis angle and 0.932 for modified Tönnis angle. Bland-Altman plot suggested good interobserver agreement
of measurements for Tönnis angle and modified Tönnis angle.
Conclusion: Reliability of Tönnis angle and modified Tönnis angle was good according to ICCs and the Bland-Altman plot.
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1. Background

Adult acetabular dysplasia appears as a shallow acetab-
ular roof and a small weight-bearing area (1). A shallow
acetabular roof may lead to subluxation of the hip, and
even a completely dislocated “high-riding” hip. Weight-
bearing forces distributed over a smaller area of an ac-
etabular roof can easily damage the articular cartilage and
subchondral bone. Acetabular dysplasia is recognized as
a major risk factor of osteoarthritis in young adults (2-4),
and adult acetabular dysplasia with subluxation leads to
early osteoarthritis. Simultaneously, acetabular dysplasia
without subluxation also leads to osteoarthritis, but the os-
teoarthritic process may take decades to become evident
(5).

At present, radiography is always the initial examina-
tion in the diagnosis of adult acetabular dysplasia (6). Sev-
eral radiological parameters, such as the center-edge an-
gle (CE angle), Tönnis angle, and the femoral-head extru-
sion index (FHEI), have been utilized to diagnose adult ac-
etabular dysplasia (1, 7, 8). Tönnis angle has been described

with different terms in previous studies (1, 9-12), such as
weight-bearing acetabular index, Lequesne’s acetabular in-
dex, acetabular roof obliquity and horizontal toit externe
angle. It is one of the most common radiological parame-
ters used to evaluate the adult hip. It measures the obliq-
uity of the acetabular weight-bearing surface on a pelvic
radiograph. A Tönnis angle larger than 13 degrees is con-
sidered to diagnose acetabular dysplasia (9). The acetabu-
lar weight-bearing surface is also called acetabular sourcil
(1). The medial-edge of the acetabular sourcil is utilized to
measure the Tönnis angle. However, sometimes the sour-
cil’s medial-edge is not distinct (13), which causes inaccu-
racy or impossibility of Tönnis angle measurement. To
solve this problem, the modified Tönnis angle was created
as an improvement of the Tönnis angle (14). Modified Tön-
nis angle is a useful method, which can be used to diagnose
dysplasia of the acetabulum. It was reported that a diag-
nosis of acetabular dysplasia in the adult could be made
when a modified Tönnis angle was larger than 12 degrees
(14). The value of modified Tönnis angle is not its superi-
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ority over other radiological parameters, but its role of an
additional option for clinical applications, and it can some-
times replace Tönnis angle when the acetabular sourcil has
a blurred medial-edge on the radiograph (14).

However, it is important to evaluate the reliability of
modified Tönnis angle as a new parameter. Apparently, if
the modified Tönnis angle has poor repeatability of mea-
surement, it will not be utilized in clinical applications.

2. Objectives

The purpose of this study was to evaluate the interob-
server and intraobserver agreement of the measurement
of Tönnis angle and modified Tönnis angle on radiographs
in adults.

3. Patients and Methods

3.1. Patients

Conventional anterior-posterior pelvic radiographs of
patients were selected between December 2012 and Febru-
ary 2013, in The Second Hospital of Shandong University (Ji-
nan, China). These pelvic radiographs of patients had to
meet the criteria of Siebenrock et al. (15), including I. The
end of the coccyges and the middle of the symphysis pubis
should be arranged in a line and II. The distance between
the sacrococcygeal joint and the symphysis pubis should
be no more than 3.2 cm in men and 4.7 cm in women on ra-
diographs. Exclusion criteria were joint space narrowing,
hip joint dislocation, femoral head necrosis, fracture, tu-
mor, and hip arthroplasty. Hips with blurred medial-edges
of acetabular sourcils (the weight-bearing portion of the
acetabulum) on radiographs were also excluded (Figure 1).
This study was approved by the ethics committee of The
Second Hospital of Shandong University. Informed con-
sent was acquired from every patient.

3.2. Measurement

The pelvic horizontal plane was defined by a line link-
ing the inferior edges of the teardrops on radiographs (Fig-
ure 2). To measure Tönnis angle, a line was confirmed first,
linking the medial-edge of the acetabular sourcil and the
lateral-edge of the acetabulum. The angle between this
line and the pelvic horizontal plane (teardrop to teardrop)
formed the Tönnis angle (Figure 2).

Modified Tönnis angle was measured as follows (14).
First, a horizontal line, which was parallel to the pelvic hor-
izontal plane (teardrop to teardrop) and contact with the
highest point of the head of the femur was created. This
horizontal line intersected the acetabulum on the radio-
graph at a point. Then, an oblique line linking this point

Figure 1. Acetabular sourcil with blurred medial-edge on radiograph. The hips with
this type of acetabular sourcils were excluded from this study.

Figure 2. Measurement of the acetabulum on radiograph. 1, Line A represents
the horizontal plane of the pelvis, which links the inferior boundaries of the two
teardrops on the radiograph; 2, Angle B shows the measurement of Tönnis angle.
A line linking the medial-edge of the acetabular sourcil and the lateral-edge of the
acetabulum was confirmed. The angle between this line and the pelvic horizontal
plane forms Tönnis angle; 3, Angle C shows modified Tönnis angle. A line parallel to
the pelvic horizontal plane and contact with the highest point of the femoral head
was created. This line intersects the acetabulum at a point. Then another oblique
line extending from this point to the lateral-edge of the acetabulum was drawn. The
angle between these two lines represents the modified Tönnis angle; 4, S represents
the acetabular sourcil with distinct medial-edge, which could be used to measure
Tönnis angle.

and the acetabular lateral-edge was confirmed. The angle
between these two lines represented modified Tönnis an-
gle (Figure 2).

All measurements were performed by two experienced
observers, who independently measured Tönnis angle and
modified Tönnis angle without communication. Each
measurement was performed again after a month. Mea-
surements were achieved by the tools of the Huahai Med-
PACS picture archiving communication system (Huahai
Medical Info-Tech Co., Ltd., Xi’an, China).
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3.3. Statistics

Interobserver and intraobserver agreement of Tönnis
angle and modified Tönnis angle measurements were as-
sessed using the tool of intraclass correlation coefficients
(ICCs). This coefficient has values in the range of 0 to 1, and
values larger than 0.75 indicate satisfactory reliability.

Interobserver agreement of Tönnis angle and modi-
fied Tönnis angle measurements was further evaluated by
the tool of Bland and Altman plot. In this plot, the X-
axis showed the mean of the two values of one parameter
which were measured separately by the two observers, and
the Y-axis showed the difference between the two values. It
can say that interobserver agreement is good if the mean
difference is close to zero.

All data were statistically analyzed by SPSS 18.0 for Win-
dows (SPSS Inc., USA). The 95% confidence intervals (95%
CIs) were computed.

4. Results

142 patients including 79 females and 63 males were se-
lected, and 284 hips on radiographs were acquired. Their
age was 16 - 83 years old, and the average age was 47.6 years.

Tönnis angle and modified Tönnis angle were sepa-
rately measured twice by the two observers on radiographs
of the 284 hips, and four sets of measurement data were ob-
tained.

ICCs indicated very good intraobserver agreement of
radiographic parameter measurements, and all the values
were larger than 0.960 for both the Tönnis angle and the
modified Tönnis angle (Table 1).

Interobserver agreement of radiographic parameter
measurements was assessed by two methods. ICCs in-
dicated very good interobserver agreement of measure-
ments of Tönnis angle and modified Tönnis angle (Table
2). Furthermore, the Bland and Altman plot also indicated
good interobserver agreement of Tönnis angle and modi-
fied Tönnis angle measurements (Figure 3), with the mean
difference close to zero.

5. Discussion

In our study, both ICCs and the Bland and Altman plot
suggested good reliability of Tönnis angle and modified
Tönnis angle.

ICCs indicated very good reliability of Tönnis angle in
our study, with values of 0.962 and 0.983 for intraobserver
agreement of measurements, and 0.936 for interobserver
agreement of measurements. In previous studies, the in-
traobserver and interobserver agreement of Tönnis angle
measurements was reported to be satisfactory (16-19), and
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Figure 3. Bland-Altman plots. It was used to assess the interobserver agreement of
Tönnis angle (A) and modified Tönnis angle (B) measurements. The X-axis shows the
mean of the two values of one parameter which were measured separately by the
two observers, and the Y-axis shows the difference between the two values. The solid
line represents the mean difference and the two dotted lines represent the 95% con-
fidence intervals. Bland and Altman plots suggest good reliability of Tönnis angle
and modified Tönnis angle. It can say that interobserver agreement is good if the
mean difference is close to zero.

the data of the intraclass correlation coefficients (ICCs)
ranged from 0.72 to 0.93 for intraobserver agreement and
0.82 to 0.90 for interobserver agreement. Obviously, the
values of ICCs in our study are larger than the previous
data. The main reason is the exclusion of acetabulums
with blurred medial-edges of acetabular sourcils on radio-
graphs. Blurred medial-edges of acetabular sourcils on ra-
diographs can affect the accuracies of Tönnis angle (14), de-
crease the values of ICCs, and have negative effects on the
reliability of Tönnis angle.

The Bland and Altman plot suggested good interob-
server reliability of Tönnis angle in our study, and this re-
sult is consistent with previous studies. In a previous study,
the Bland and Altman plot method was used to evaluate in-
terobserver reliability of different radiographic parameter
measurements (16), and proved that Tönnis angle was also
reproducible with a wider confidence interval.

Modified Tönnis angle can also be used to diagnose
acetabular dysplasia, and the correlation between Tönnis
angle and modified Tönnis angle is also significant (14).
However, there were no previous studies about reliability
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Table 1. Intraobserver Agreement of Tönnis Angle and Modified Tönnis Angle Measurements

Observer 1 Observer 2

ICC 95%CI ICC 95%CI

Tönnis angle 0.962 0.952 - 0.970 0.983 0.978 - 0.986

Modified Tönnis angle 0.971 0.963 - 0.977 0.984 0.980 - 0.988

Abbreviations: ICC, intraclass correlation coefficient; 95%CI, 95% confidence interval.

Table 2. Interobserver Agreement of Tönnis Angle and Modified Tönnis Angle Mea-
surements

ICC 95%CI

Tönnis angle 0.936 0.924 - 0.946

Modified Tönnis angle 0.932 0.916 - 0.944

Abbreviations: ICCs, intraclass correlation coefficient; 95%CI, 95% confidence
interval.

of modified Tönnis angle, and whether it is important to
evaluate it. In our study, the Bland and Altman plot sug-
gested good interobserver reliability of the modified Tön-
nis angle, and ICCs also indicated very good reliability of
the modified Tönnis angle, with values of 0.971 and 0.984
for intraobserver agreement of measurements, and 0.936
for interobserver agreement of measurements. The values
of ICCs for reliability of modified Tönnis angle were appre-
ciably as large as Tönnis angle in our study, partly because
the measurement of the modified Tönnis angle is simple
and explicit on radiographs. Particularly, joint space nar-
rowing (JSN) and subluxation of the hips were excluded,
which could improve the reliability of modified Tönnis an-
gle in our study. Joint space narrowing and hip joint dislo-
cation can cause inaccuracy of modified Tönnis angle, and
adversely affect the measurement reliability.

In conclusion, modified Tönnis angle is a new param-
eter for radiographic evaluation of acetabular dysplasia,
and has fewer adverse factors that can affect the reliability.
In our study, there were very good intraobserver and inter-
observer agreement of Tönnis angle and modified Tönnis
angle measurements. Some adverse factors that may affect
the agreement of measurements were excluded, so the val-
ues of ICCs in our study are larger than the previous data.
Obviously, modified Tönnis angle is a reliable parameter,
and may play a more important role in adult acetabular
dysplasia diagnosis.
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