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Interrater reliability of sonographic examinations of orbital fractures
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Abstract

Objective: The purpose of this study is to determine whether there are statistically significant variations among different observers when
examining fractures of the orbital walls.
Material andmethods:From December 2003 to April 2004, 28 patients with clinically suspected orbital fractures were examined by ultrasound
prospectively. The US images of the infra-orbital margins, the orbital floors, the medial and lateral orbital walls of each patient were reexamined
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y two independent investigators.
esults:Computed tomography revealed fractures of the orbital floor in 28 out of 31 patients (90.3%). The infra-orbital margins

ractures of 14 of 31 patients (45.2%). The ultrasound examinations of the orbits by the three examiners presented satisfactory
egarding sensitivity and specificity. There were no significant differences between investigators. There was good agreement
ltrasound examiners regarding the infra-orbital margins. This was not the case for the orbital floors.
onclusions: If there are clear cut clinical findings ultrasound examination could represent an alternative to computed tomograp
linical findings were indeterminate, computed tomography was essential as implicated by this study. Accordingly, further eva
ltrasound examinations of fractures of the orbital margins and floors are necessary.
2004 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Fractures and dislocations are frequent consequences of
raumas of the maxillo-facial area. The orbital floor is in-
olved in nearly all cases if mid-facial injury has been sus-
ained. Isolated fractures of the orbital floor, which are the
onsequences of direct injury to the eye are referred to as
blow-out” fractures. Computerized tomography (CT) in ad-
ition to conventional radiological examination still remains

he “gold standard” in the literature[1–4]. The disadvantages
f conventional radiological evaluations are that anatomical
tructures overlap[5–7]. This renders the interpretation dif-
cult. The disadvantages of CT are the higher cost and ra-
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diation exposure of the eye. The ultrasound (US) exam
tion of fractures of the orbital floor using a linear transdu
did not achieve satisfactory diagnostic information, bec
the transducer did not fit the orbital margin sufficiently cl
[8–13]. The use of a curved array transducer produced im
of satisfactory sensitivity and specificity[14–17]. These stud
ies, however, were conducted by only one examiner. To
vide information regarding the reliability of a specific meth
it is necessary to compare the findings of several exam

2. Objective

The aim of this study was to determine whether there
statistical differences among several examiners when e
ating fractures of the orbital walls by ultrasound (US).
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3. Materials and methods

Beginning December 2003 through April 2004, 28 pa-
tients with the clinical impression of a fracture of the orbital
floor and/or the infra-orbital margin were prospectively ex-
amined. Patients were included if one of the following clinical
criteria were fulfilled:

1. hematoma,
2. diplopia,
3. reduced mobility of the eye,
4. hyposphagma and
5. exophthalmos or Enophthalmos.

With each patient an axial thin-layer CT with coronal
reconstruction was done (GE® Multislice). The following
CT parameters were used: Helical CT with 1.25 mm slices,
reconstruction slice thickness 1.2 mm (MIP-Modus), pitch:
3.75 high quality (standard or bone). Only orbits with a clini-
cally suspected fracture were investigated. The findings were
evaluated by an experienced radiologist according to the fol-
lowing criteria:

1. fracture of the infra-orbital margin,
2. fracture of the orbital floor,
3. fracture of the medial orbital wall,
4. fracture of the lateral orbital wall.
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Fig. 2. Ultrasound investigation of the medial orbital wall. The transducer
is overlying the medial orbital rim.

was not evaluated. Sensitivity, specificity, accuracy and pos-
itive predictive value (PPV) as well as negative predictive
values (NPV) were determined with the aid of SPSS (SPSS®

Inc.). To compare the individual investigators a chi-square
test was performed. The result was interpreted as statistically
significant ifP had a value of <0.05. The interrater reliabil-
ity/interobserver variation was calculated using the lambda-
coefficient (λ) [18]. The value ofλ ranges from 0 to 1, where
0 stands for no reliability and 1 for maximal reliability.λ-
values below 0.4 represent poor reliability.λ-Values between
0.4 and 0.75 present good reliability.λ-Values above 0.75 are
considered very good reliability[18].

4. Results

4.1. CT-findings (reference)

Twenty-two patients (78.6%) were male, six patients
(21.4%) female. Maximum and minimum ages were 85 and
11 years, respectively. The mean age was 36 years. Three
patients revealed clinical evidence of fractures in both orbits.
Consequently a total of 31 orbits presented clinical evidence
of a fracture and were examined sonographicly. CT revealed
fractures of the floor in 28 of 31 orbits. In three orbits no
fracture was demonstrated. In 14 of 31 orbits (45.2%) infra-
o cture
o or-
b ted.
I
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The CT findings were accepted as reference. Subsequ
ach patient was sonographically evaluated by an e
ienced examiner with a curved array transducer (P
S03®/7.5 MHz) (Figs. 1 and 2). This US examination o

he orbits with clinically suspected fractures was done w
ut knowledge of the CT findings. Only those orbits wh
ad clinically suspected fractures were included in this s
he US images were reexamined independently by two in

igators without prior knowledge of the CT findings. The
nvestigation and re-investigation of the images included
valuation of the bony structures of the orbit, the soft-tis

ig. 1. Ultrasound investigation of the lateral orbital wall. The transduc
verlying the lateral orbital rim.
rbital margin fractures were detected. In 17 cases no fra
f the infra-orbital margins could be found. In nine of 31
its (29.0%) fractures of the medial orbital walls were no

n 15 orbits (48.5%) the lateral walls were fractured.

.2. Ultrasound findings of the infraorbital margin
Figs. 3 and 4)

US examination (initial examination) of the infra-orbi
argins showed 12 true-positive, 16 true-negative, one
ositive and two false negative diagnoses (Table 1). This
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Table 1
Results of the US examinations of the orbit on patients with a tentative diagnosis of a fracture by the original examiner and the two re-investigators.(Reference
CT)

Localisation Result Examiner 1
(initial examination)

Re-investigator 1
(secondary reading)

Re-investigator 2
(secondary reading)

Infra-orbital margin True-positive 12 11 12
True-negative 16 16 16
False-positive 1 2 2
False-negative 2 2 1

Orbital floor True-positive 26 26 26
True-negative 3 2 3
False-positive 0 1 0
False-negative 2 2 2

Medial orbital wall True-positive 8 9 9
True-negative 20 19 19
False-positive 2 2 1
False-negative 1 1 2

Lateral orbital wall True-positive 14 15 12
True-negative 14 13 16
False-positive 2 2 1
False-negative 1 1 2

presents a sensitivity of 86%, a specificity of 94% and ac-
curacy of 90%. PPV and NPV are 92 and 89%, respectively
(Table 2, Figs. 3–10).

The findings of re-investigators 1 and 2 (secondary read-
ing) are shown inTables 1 and 2.

Comparing the results of the US examinations of the infra-
orbital margin by the chi-square test one obtains between ex-
aminer and re-investigators 1 and 2P-values of 0.688 and
1.0, respectively (Table 3). Accordingly there are no sig-
nificant differences between the original examiner and the
two re-investigators. Comparing the findings of the two re-

Table 2
Statistical results of the examiner and the two re-investigators of US examination of orbits with clinically suspecter fractures

Localisation Examiner 1
(initial examination)

Re-investigator 1
(secondary reading)

Re-investigator 2
(secondary reading)

Infra-orbital rim Sensitivity 0.86 0.85 0.92
Specificity 0.94 0.89 0.89
Accuracy 0.90 0.87 0.90
PPV 0.92 0.85 0.86
NPV 0.89 0.89 0.94

Orbital floor Sensitivity 0.90 0.93 0.87
Specificity 1.00 0.67 1.00
Accuracy 0.94 0.90 0.90
PPV 1.00 0.93 0.86
NPV 0.60 0.50 0.94

M

L
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investigators yields aP-value of 0.688 (Table 3). Accord-
ingly there is no significant difference between the two re-
investigators. Considering the reliability of findings with the
aid ofλ-values (Table 4) one obtains aλ value of 0.714 when
comparing the CT-findings with the US-findings.

Accordingly there is good and very good reliabil-
ity. Comparing the original examiner with the two re-
investigators yields aλ-value of 0.636 (Table 4). This repre-
sents good reliability. Evaluation of the findings of the two re-
investigators yields aλ-value of 0.625. This likewise is good
reliability.
edial orbital wall Sensitivity 0.89
Specificity 0.91
Accuracy 0.90
PPV 0.80
NPV 0.95

ateral orbital wall Sensitivity 0.93
Specificity 0.88
Accuracy 0.90
PPV 0.88
NPV 0.93

eference: CT.
0.90 0.82
0.90 0.95
0.90 0.90
0.82 0.90
0.90 0.85

0.94 0.86
0.87 0.94
0.90 0.90
0.88 0.92
0.93 0.89
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Fig. 3. Ultrasound image of the normal anatomy of the infraorbital rim. The
arrows show the convex structure of the infraorbital rim.

4.3. Ultrasound findings of the orbital floor
(Figs. 5 and 6)

The US examination (initial examination) of the orbital
floors yielded 26 true positive, three true negative, one false
negative and no false positive findings (Table 1). This calcu-
lates to a sensitivity of 90%, a specificity of 100% and accu-
racy of 94%. PPV and NPV were 100 and 60%, respectively
(Table 2). The results of re-investigatiors 1 and 2 (secondary
reading) are shown inTables 1 and 2.

Analysis of the results of US examination of the infra-
orbital margin by the chi-square test comparing the examiner
and re-investigators 1 and 2 revealed 2P-values of 0.641
and 1.0, respectively (Table 3). This shows that there is no
significant difference between examiner and re-investigators.
If one compares the findings of the two re-investigators one
obtains aP-value of 0.649 (Table 3), which shows that there
is no significant difference of findings between the two re-
investigators.

Comparing the CT-finding with the US findings (reliability
of findings (λ-values) (Table 4) showsλ-values of 0.500 and
0.143, respectively. This represents poor reliability for re-
investigator 2.

F dou-
b ctured
r

Fig. 5. Ultrasound image of the normal anatomy of the orbital floor. The
double arrow shows the globe. The three arrows show the convex structure
of the orbital floor.

Fig. 6. Ultrasound image of an orbital floor fracture. The double arrow shows
the eyeball. The lower arrows show on the dislocated fragment. The upper
arrows show the unfractured area of the orbital floor.
ig. 4. Ultrasound image of a fracture of the infraorbital rim. The black
le arrow shows the fractured area. The white arrows mark the unfra
egion.
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Fig. 7. Ultrasound image of the normal anatomy of the medial orbital wall.
The arrows show the convex structure of the medial orbital wall. Compared
to the lateral orbital wall the medial wall shows more convexity.

Comparing the examiner with the two re-investigators one
obtainsλ-values of 0.200 and 0.091, respectively (Table 4).
This represents poor reliability.

Comparing the findings of the two re-investigators show
aλ-value of 0.091, indicating poor reliability.

4.4. Ultrasound findings of the medial orbital wall
(Figs. 7 and 8)

Sonographic exploration (initial examination) of the me-
dial orbital wall by investigator 1 revealed eight true-positive,
20 true negative, two false positive and one false nega-
tive findings (Table 1). This calculates to a sensitivity of
89%, specificity of 91% and accuracy of 90%. PPV and
NPV are 80 and 95%, respectively (Table 2). The results

F ated
f e un-
f

Fig. 9. Ultrasound image of the normal anatomy of the lateral orbital wall.
The arrows show the convex structure of the lateral orbital wall.

of re-investigators 1 and 2 (secondary reading) are shown in
Tables 1 and 2.

Comparison of US findings of the examiner and the two
re-investigators by chi-square test yielded aP-value of 1.000,
indicating no significant difference (Table 3). Calculating the
reliability of findings (Table 4) by CT and US showedλ-
values of 0.739 and 0.714, respectively. This represents good
reliability. Comparing the two US findings yielded aP-value
of 0.571 and 0.583, respectively. This represents good relia-
bility (Table 4).

F e ar-
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ig. 8. Ultrasound image of a medial orbital wall fracture. The disloc
racture is marked with a cross. The upper and lower arrows show th
ractured area of the medial orbital wall.
ig. 10. Ultrasound image of a lateral orbital wall fracture. The doubl
ow shows the dislocated fracture. The upper and lower arrows sho
nfractured area of the lateral orbital wall.
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Table 3
Statistical comparison (P-values) the results of the examiner and the two
re-investigators of US examination of the orbit with the aid of Chi-square
test

Localisation Re-investigator 1
(secondary
reading)

Re-investigator 2
(secondary
reading)

Infra-orbital
rim

Examiner 1 0.688 1.000

Re-investigator 1 0.688

Orbital floor Examiner 1 0.641 1.000
Re-investigator 1 0.649

Medial orbital
wall

Examiner 1 1.000 1.000

Re-investigator 1 1.000

Lateral orbital
wall

Examiner 1 1.000 1.000

Re-investigator 1 1.000

4.5. Ultrasound findings of the lateral orbital wall
(Figs. 9 and 10)

Regarding the US examination (initial examination) of the
lateral orbital wall investigator 1 achieved 14 true positive, 14
true negative, two false positive and one false negative finding
(Table 1). This represents sensitivity of 93%, specificity of
87% and accuracy of 90%. PPV and NPV are 88 and 93%,
respectively (Table 2). The findings of the re-investigations
1 and 2 (secondary reading) are shown inTables 1 and 2.

Comparison of these results with chi-square test (Table 3)
yieldsP-values of 1.000, which indicate no significant differ-
ence between examiner and re-investigators. Theλ-values of
the comparison of CT and US findings are 0.643, 0.778 and
0.765 respectively (Table 4), indicating good and very good
reliability. Theλ-values comparing the two US findings are
0.613 and 0.765, respectively. This represent likewise good
to very good reliability.

Table 4
Reliability of results (λ-values) of US examination of patients with clinically su

Localisation Examiner 1 (initia
examination)

Infra-orbital rim CT 0.714
Examiner 1 –

O

M

L

5. Discussion

Earlier reports of sonographic examinations of the orbit
did not differentiate among the orbital walls. They yielded
unsatisfactory results because of poor fitting of the linear
transducer to the curved orbital margins[8–13]. More re-
cent investigations, using a curved array (sector) transducer
[14–17], achieved sensitivities and specificities of 79–94 and
90–100%, respectively. The results of this investigation and
our investigators showed that with the exception of NPV all
statistical results were above 85%. These values are accept-
able and correlate with published work. The results of the
two re-investigators compare poorly with the original exam-
iner. This is particularly due to the low sensitivity of 67% of
re-investigator 1. Re-investigator 2, however, achieved sat-
isfactory results with threshold value reaching 85%, except
for one low NPV. It has to be discussed critically that only
patients with clinically suspected orbital fractures have been
included into the study, but the results show that there are
many patients with true-negative findings. This is a sign, that
not every clinically suspected fracture was confirmed by CT.
It has to be remembered that the original examiner has the
advantage, that the transducer can be moved and adjusted for
more precise imaging. The re-investigators were confined to
the static images. On the one hand, the re-investigators per-
forming the secondary readings have less information and it is
m do-
i dary
r rse,
t ical
a dur-
i lse
n e di-
a nitial
U tiga-
t oma.
O de-
fi the
Re-investigator 1 –

rbital floor CT 0.500
Examiner 1 –
Re-investigator 1 –

edial orbital wall CT 0.739
Examiner 1 –
Re-investigator 1 –

ateral orbital wall CT 0.724
Examiner 1 –
Re-investigator 1 –
spected orbital fractures

l Re-investigator 1
(secondary reading)

Re-investigator 2
(secondary reading)

0.778 0.778
0.636 0.636
– 0.625

0.143 0.500
0.200 0.091
– 0.091

0.739 0.714
0.571 0.583
– 0.583

0.643 0.778
0.765 0.613
– 0.613

uch more difficult to perform a secondary reading than
ng the initial examination. On the other hand the secon
eadings are not influenced by clinical findings. Of cou
he definite diagnosis should be a combination of clin
nd imaging diagnosis. It should further be noted that

ng this investigation relatively few false positive and fa
egative findings occurred and that even one single fals
gnosis influenced the statistical results. Further, the i
S examination is not truly blinded, because the inves

or can see clinical signs like hyposphagma or hemat
nly the evaluation of the secondary readings could be

ned as truly blinded, because no information about
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clinical findings and/or CT results were given to the re-
investigators.

This study shows that with uncertain clinical findings CT
is still absolutely required. Further prospective clinical stud-
ies are needed to eliminate the risk of unnecessary surgery
because of a false positive orbital fracture diagnosis. Compar-
ison of the examiner with the re-investigators and between the
re-investigators by chi-square analysis shows that the sono-
graphic findings do not significantly vary. Chi-square anal-
ysis indicates only, that there are no differences of findings
when reviewing all findings. It does not indicate, whether the
mistakes occur at the same type of patients.

Such statements can be made with the aid ofλ-values.
There is good to very good reliability regarding the medial
and lateral orbital walls. Likewise there is good to very good
interobserver reliability regarding the orbital floor. This indi-
cates that mistakes depend on the type of patients.

The sonographic examination of the orbital floor is a dif-
ferent matter.

Comparison among examiner and re-investigators show
poor interobserver reliability. In the current study two sec-
ondary readings of images were compared between each
other and the initial examination. The findings of the initial
clinical examination are very important and the comparison
between the re-investigators should be only interpreted as a
sign for the reproducibility and possibility of re-evaluation
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volume has to be determined preoperatively, which could be
only performed by CT.

The question remains whether US is an alternative to CT
in the case of “blow-out” fractures or uncomplicated zygo-
matic/orbital floor fractures? Regarding the indication for sur-
gical intervention the clinical examination is particularly im-
portant[19,20]. If there is a clear cut clinical picture US eval-
uation could represent an alternative to CT or conventional
radiography. Finally, it can be stated that US examination of
the orbit in patients with clinical evidence of a fracture of the
infra-orbital margin and/or the medial and/or lateral orbital
walls has good to very good reliability. The reliability of the
evaluation of the orbital floor remains unsatisfactory, while
sensitivity, specificity and accuracy remain acceptable. In this
regard further studies and improvement of technologies are
needed to provide acceptable results using US methodology.
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