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Intrarater Reliability in the Ultrasound
Diagnosis of Medial and Lateral Orbital

Wall Fractures With a Curved
Array Transducer
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Purpose: The aims of the study were to document the effectiveness of ultrasound (US) in diagnosing orbital
wall fractures when compared with computed tomography (CT) and to measure the intraobserver reliability
of US using a curved array transducer.

Materials and Methods: From December 2003 to March 2004, 13 patients with the clinical diagnosis of
an orbital trauma were investigated prospectively by CT (reference) and 2 US investigators. Both orbits were
investigated. Sensitivity, specificity, accuracy, and positive and negative predictive value were calculated. The
statistical difference between the 2 US investigators was calculated by a chi-square test. The interrater
reliability was calculated using the � coefficient. Values below 0.4 represent poor reliability, between 0.4 and
0.75 represent fair to good reliability, and a score � 0.75 is graded as excellent reliability.

Results: The comparison of the results of the 2 US investigators by the chi-square test showed P values of
.385 for the medial orbital wall and .638 for the lateral orbital wall, which shows no significant difference. The
�-value for the investigation of the medial orbital wall reached 0.429, 0.714, and 0.750. The �-value for the
investigation of the lateral orbital wall yielded 0.647, 0.750, and 0.882. These values show a good and
excellent inter-rater reliability.

Conclusion: The US investigation does not yet reach the diagnostic quality of CT. US could be a helpful
diagnostic imaging tool in cases with clear clinical symptoms. The results of the current study and the
previously published results imply that US has the potential to reach the same diagnostic quality as CT in the
future, but further studies must be performed to improve the diagnostic quality of the method.
© 2006 American Association of Oral and Maxillofacial Surgeons
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omputed tomography (CT) and conventional radiog-
aphy are described to be the most used diagnostic
maging methods for orbital fractures. Conventional
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68
adiography has several disadvantages like overlying
tructures1,2 which makes the interpretation of the
mages difficult. Therefore, conventional radiography
o longer plays an important imaging role for orbital
ractures in the 21st century; while CT is described in
he literature to be the gold standard in the imaging of
rbital fractures.3-11 The disadvantages of CT are the
ost and radiation exposure to the globe.9,12 The
onographic investigation (ultrasound [US]) of orbital
ractures seemed to be difficult because of the unsat-
sfying fitting of the transducer to the orbital

alls.8,13-23 Cost effectiveness is getting more and
ore important in the medical field all over the
orld. This leads to the question if cheaper alterna-

ives to CT exist. US is a cost-effective and widely
vailable diagnostic imaging method available in many
axillofacial departments. If US would show a satis-
ying diagnostic quality, the maxillofacial surgeon
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JANK ET AL 69
ould get a quick diagnosis within several minutes in
atients with suspected orbital fractures. Recently,
he use of a curved array transducer was suggested to
e an alternative method in the imaging of orbital
ractures regarding sensitivity and specificity.24-28 Es-
ecially in US imaging techniques, it is important to
egard not only 1 investigator but to compare 2 inves-
igators to get information about the intrarater reliabil-
ty of the imaging technique. Recently published re-
ults showed good and excellent intrarater reliability
n the diagnosis of orbital fractures regarding the
nfraorbital rim and the orbital floor by using a curved
rray transducer.29 We hypothesize that US could be
n alternative diagnostic imaging method in medial
nd lateral orbital wall fractures. The aims of the study
ere to document the effectiveness of US in diagnos-

ng orbital wall fractures when compared with CT and
o measure the intraobserver reliability of US using a
urved array transducer.

aterials and Methods

From December 2003 to March 2004, 13 patients
ith the clinical diagnosis of an orbital fracture were

nvestigated. Patients were recruited randomly from
he Department of Oral and Maxillofacial Surgery of
he Medical University of Innsbruck (Germany). The
tudy design was prospective using the following in-
lusion criteria: 1) hematoma; 2) diplopia; 3) reduc-
ion of globe motility; and 4) exophthalmos/enoph-
halmos. No control cases were added to the study.

The predictor variables were CT and US. The out-
ome variables were the presence or absence of a
racture of the medial and/or lateral orbital wall. CT
as used as the gold standard imaging diagnosis in the

tudy. Every patient underwent a CT investigation
sing an axial thin slice CT with a coronal reconstruc-
ion (GE multislice; GE Healthcare, Chalfont St Giles,
K). CT investigation was performed by an experi-
nced radiologist. The following parameters were
sed: 1.5 mm slices with 1.2 mm coronal reconstruc-
ion (pitch, 3.75, high quality, standard, or bone). The
S investigation was performed by 2 experienced
axillofacial surgeons. For the US investigation, a 7.5
Hz curved array transducer was used (Picker
S9300; Hitachi Medical Systems Europe, Zug, Swit-
erland).

CT and US investigation were performed with the
ollowing dual criteria: fracture of the medial and/or
he lateral orbital wall in both orbits. The medial wall
as defined as the orbital plate of the ethmoid bone

nd the lacrimal bone; the lateral orbital wall was
efined as the zygomatic bone and the greater wing of
he sphenoid. The radiologist performing the CT in-
estigation was blinded to the results of the clinical

nd US examination. The oral and maxillofacial sur- e
eon performing the US investigation was blinded to
he results of the CT investigation. Additionally, age
nd gender of the patients were collected.

Data analysis was computed using SPSS (SPSS, Chi-
ago, IL). Positive predictive value (PPV), negative
redictive value (NPV), sensitivity, specificity, accu-
acy, significance, and intrarater reliability were de-
ermined. Statistical significance was calculated by a
hi-square test. A result was considered to be signifi-
ant if P value reached the common value of � .05.
ensitivity is an index of the performance of a diag-
ostic test, calculated as the percentage of individuals
ith a disease who are correctly classified as having

he disease (ie, the conditional probability of having a
ositive test result given having the disease). A test is
ensitive to the disease if it is positive for the most
ndividuals having the disease.30 Specificity is an in-
ex of the performance of a diagnostic test, calculated
s the percentage of individuals without the disease
ho are classified as not having the disease (ie, the

onditional probability of a negative test result given
hat the disease is absent). A test is specific if it is
ositive for only a small percentage of those without
he disease.30 Sensitivity is calculated by including the
esults into the following formula: TP/TP � FN. Spec-
ficity is calculated as follows: TN/TN�FP (TP, true-
ositive results; TN, true-negative results; FP, false-
ositive results; FN, false-negative results).
Intrarater reliability was determined by calculating

he � coefficient for nominal data. Scores for statistical
easurements with the � coefficient range from 0 to

, where the former shows no reliability and the latter
erfect reliability.31 Values below 0.4 represent poor
eliability, between 0.4 and 0.75 represent fair to
ood reliability, and a score � 0.75 is graded as
xcellent reliability. Intrarater reliability is a measure
f association that reflects the proportional reduction

n error when values of the independent variable are
sed to predict values of the dependent variable. �
easures are suitable for general use. The idea under-

ying � measures is that it may be possible to predict
he category of 1 variable from knowledge of the
ategory of another variable.32

esults

The sample was composed of 13 subjects (9 male;
9%) and had a mean age of 38.9 years (range, 11 to
5 years). A total of 26 orbits were evaluated clinically
nd radiographically for evidence of orbital wall frac-
ures. Based on CT imaging, 6 subjects had a fracture
f the medial orbital wall and 8 subjects had a lateral
rbital wall fracture. Based on US, 6 subjects had a
edial orbital wall fracture and 8 subjects had a lat-
ral orbital wall fracture.



i
p
s
8
(
f
r
i
w
7

t
o
t
o
a
a
e
U
a

s
p

i
p
s

s
(
t
w
(
o
r
y

g
n

w
p
t
a
b
i

D

m
u
l
p
i
m
i
u
t

M

L

J Maxil

M

L

J

70 INTRARATER RELIABILITY IN ULTRASOUND DIAGNOSIS
MEDIAL ORBITAL WALL

Data analysis showed the following results: the US
nvestigation of investigator 1 was false-positive in 3
atients and false-negative in 1 patient. This leads to a
ensitivity of 83% and a specificity and accuracy of
5%. PPV and NPV yielded 63% and 94%, respectively
Table 1). The US investigation of investigator 2 was
alse-positive in 2 patients, while no false-negative
esult was found. The sensitivity and specificity of
nvestigator 2 were calculated to be 100% and 90%,

hile accuracy reached 92%. PPV and NPV yielded
5% and 100%, respectively (Table 2).
The comparison between investigator 1 and inves-

igator 2 by the chi-square test regarding the medial
rbital wall showed no significant difference between
he investigators (P � .385). The intra-rater reliability
f the medial orbital wall showed � values of 0.429
nd 0.714 for the comparison between the CT results
nd the US investigators, which means a good and
xcellent reliability. The comparison between the 2
S investigators showed a � value of 0.750, which
lso means an excellent reliability.

LATERAL ORBITAL WALL

Regarding the lateral orbital wall, CT investigation
howed a fracture in 8 orbits (30.8%), while in 18
atients (69.2%) no fracture was diagnosed.
Data analysis showed the following results: the US

nvestigation of investigator 1 was false-positive in 2
atients and false-negative in 1 patient. Therefore,
ensitivity and specificity yielded 88% and 89%, re-

Table 1. RESULTS OF THE CT AND US INVESTIGATION (

No. of Fractures
CT Investigation

No. of Fractures
US Investigation Sen

edial orbital wall
Fracture 6 8
No fracture 20 18

ateral orbital wall
Fracture 8 9
No fracture 18 17

ank et al. Intrarater Reliability in Ultrasound Diagnosis. J Oral

Table 2. RESULTS OF THE CT AND US INVESTIGATION (

No. of Fractures
CT Investigation

No. of Fractures
US Investigation Sen

edial orbital wall
Fracture 6 8
No fracture 20 18

ateral orbital wall
Fracture 8 8
No fracture 18 18
ank et al. Intrarater Reliability in Ultrasound Diagnosis. J Oral Maxil
pectively, while accuracy was calculated to be 88%
Table 1). PPV and NPV reached 63% and 94%, respec-
ively (Table 1). The US investigation of investigator 2
as false-positive and false-negative in 1 patient each

Table 2), which leads to a sensitivity and specificity
f 88% and 94%, respectively (Table 2), while accu-
acy reached 92%. PPV and NPV of investigator 2
ielded 88% and 94%, respectively (Table 2).
The comparison between the US results of investi-

ator 1 and 2 by the chi-square test showed no sig-
ificant difference.
The intrarater reliability for the lateral orbital wall
as calculated as follows: The � value for the com-
arison between the CT results and the US investiga-
ors yielded 0.647 and 0.750, which indicates a good
nd excellent reliability, while � for the comparison
etween investigator 1 and 2 yielded 0.882, which

ndicates excellent reliability as well.

iscussion

Ultrasound is an important diagnostic tool in the
axillofacial surgery in the soft tissue diagnosis. The

se of ultrasound for the investigation of bony lesion-
ike fractures in the midfacial region is not yet re-
orted frequently in the current literature. US is an

maging technique that could be performed by the
axillofacial surgeon by himself, because (especially

n Europe) most of the departments have their own
ltrasound machine. Therefore, it would be a diagnos-
ic imaging technique that leads to a quick diagnosis

TIGATOR 1)

US Specificity US Accuracy US PPV US NPV US

85 85 63 94

89 88 78 94

lofac Surg 2006.

TIGATOR 2)

US Specificity US Accuracy US PPV US NPV US

90 92 75 100

94 92 88 94
INVES

sitivity

83

88
INVES

sitivity

100

88
lofac Surg 2006.



w
a
t
s
a
i
r
v
r
a
s
n
w
s
t
o

i
t
p
b
u
f
p
l
o
p
c
q
a
t
O
s
F
t
p
s
s
a

F
m

J
M

F
l

J
M

F
T

J
M

F
T
a
u

JANK ET AL 71
ithin a few minutes. Recently, the use of a curved
rray transducer for the investigation of orbital frac-
ures was described.24-28 However, these studies
howed only 1 US investigator. To get information
bout the reproducibility of a method, intrarater and
nter-rater reliability must be investigated. Intrarater
eliability compares the results of 2 independent in-
estigators, while inter-rater reliability compares the
esults of 2 independent re-investigators diagnosing
lready existing images. As a result of the convex
hape of the transducer (Figs 1, 2) the imaging diag-
osis of the bony orbital structure is much easier than
ith the use of a linear transducer. In former studies,

ensitivity, specificity, and accuracy of the US inves-
igation of the medial (Figs 3, 4) and lateral (Figs 5, 6)
rbital wall reached values of more than 85% for both

IGURE 1. Position of the US transducer for the investigation of the
edial orbital wall overlying the medial orbital rim.

ank et al. Intrarater Reliability in Ultrasound Diagnosis. J Oral
axillofac Surg 2006.

IGURE 2. Position of the US transducer for the investigation of the
ateral orbital wall overlying the lateral orbital rim.
ank et al. Intrarater Reliability in Ultrasound Diagnosis. J Oral
axillofac Surg 2006.

J
M

nvestigators. These values are a sign for the diagnos-
ic quality of the method. The high rate of false-
ositive diagnoses in the current investigation has to
e discussed critically, because this could lead to an
nnecessary operative intervention. One reason for a
alse-positive diagnosis could be that the investigator
robably “expects” a fracture if there are clinical signs

ike hyposphagma or hematoma. Therefore, the aim
f further studies should lie in the reduction of false-
ositive diagnoses. The US investigators have to dis-
uss their false diagnoses to improve their diagnostic
uality and further retrospective studies computing
n error pattern analysis must be performed to reduce
he rate of false-positive and false-negative diagnoses.
f course, the technical features of the US machines

hould be improved as well to get a better resolution.
inally, the experience of the investigator grows with
he number of investigated patients. This leads to the
ersonal conclusion of the authors of the current
tudy, to perform an US investigation even if a CT
can already exists (just to improve the personal di-
gnostic quality of US). The US investigation is not

IGURE 3. Ultrasound image of an unfractured medial orbital wall.
he medial orbital wall shows an s-shaped structure.

ank et al. Intrarater Reliability in Ultrasound Diagnosis. J Oral
axillofac Surg 2006.

IGURE 4. Ultrasound image of a fracture of the medial orbital rim.
he double arrow shows the dislocation of the fracture. The lower
rrow shows the dislocated fragment. The upper arrow show the
nfractured area of the medial orbital wall.
ank et al. Intrarater Reliability in Ultrasound Diagnosis. J Oral
axillofac Surg 2006.
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72 INTRARATER RELIABILITY IN ULTRASOUND DIAGNOSIS
ainful for the patient and does not expose the pa-
ient to any radiation, so US should be performed if
he patient agrees.

The comparison between the 2 investigators by the
hi-square test showed no significant difference.
owever, the chi-square test does not give any infor-
ation if the investigators made the mistakes in the

ame patients or if the false diagnoses depended on
he investigators themselves. The intrarater reliability
as calculated to be good and excellent. These re-

ults could be interpreted that false diagnoses ap-
eared mainly in the same patients. One could state
hat the calibration of the method is good and that the
S investigation of the medial and lateral orbital wall

s a reproducible method with a high diagnostic value.
f these results are compared with recently published
esults29 regarding the infraorbital rim and the orbital
oor in the same cohort of patients, it is seen that the
esults concerning the infraorbital margin and the
rbital floor are comparable to the current study. In
he literature, the inter-rater reliability of the US in-
estigation of the infraorbital-rim and the orbital floor
s also described to be good and excellent.29

The results of the current investigation regarding
he intrarater reliability could also be compared with
he recently published results concerning inter-rater
eliability.33,34 These recently published results33,34

lso refer to the same cohort of patients as in the
urrent study, so one could state that the method is
eproducible. Inter-rater reliability33 for the investiga-
ion of medial orbital wall fractures showed a � coef-
cient of 0.571 and 0.538, which represents fair to
ood reliability while the � coefficient for the lateral
rbital wall yielded 0.765 and 0.631,33 which repre-
ents fair to good and excellent reliability. Compared
ith the current investigation, intrarater reliability of

IGURE 5. Ultrasound image of an unfractured lateral orbital wall.
he lateral orbital wall shows a continuous convex structure.

ank et al. Intrarater Reliability in Ultrasound Diagnosis. J Oral
axillofac Surg 2006.
he US investigation of medial and lateral orbital wall
J
M

ractures shows better results than inter-rater reliabil-
ty. These results show that it is difficult to re-inter-
ret existing US images, because a print of an US

mage is only a static view of the situation. If the
nvestigator has a real-time view on the screen, he can

ove the transducer to get a better overview, which
eems to allow a better diagnostic quality. One way to
olve this problem could be to save a video of the
hole US investigation.
The question is if the US investigation of the medial

nd lateral orbital wall could replace CT, which is
eported to be the current accepted gold standard
maging diagnosis of orbital trauma.3-11 The results of
his study imply that US does not yield the same
iagnostic quality as CT, yet further studies must be
erformed to reduce the high rate of false-positive
ates. On the one hand US is a cheap and widely
vailable method, but on the other hand medial and
ateral orbital wall traumas are often associated with
evere midfacial and/or intracranial trauma, and of
ourse, such injuries require a CT investigation. In the
uthors’ opinion, US is an alternative method in the
iagnosis of medial and lateral orbital wall fractures if
here is a clear clinical diagnosis with the suspicion of
single medial or lateral orbital trauma. US could also
e an alternative method to exclude a fracture in
atients with only light clinical symptoms. US of the
edial and lateral orbital wall is a method that re-

uires investigators with a high level of experience.
he decision for or against a surgical intervention
hould lie completely in the surgeon’s hand. The
axillofacial surgeon should decide by himself if he
ould perform a surgical intervention on the basis of

n US investigation or if a preoperative CT is required.
Therefore, US could be a helpful diagnostic imaging

ool in cases with clear clinical symptoms. The results
f the current study and the previously published

IGURE 6. Ultrasound image of a fracture of the lateral orbital wall.
he double arrow shows the position of the dislocation. The upper and
ower arrows show the lateral orbital wall.
ank et al. Intrarater Reliability in Ultrasound Diagnosis. J Oral
axillofac Surg 2006.
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JANK ET AL 73
esults imply that US has the potential to reach the
ame diagnostic quality as CT in the future, but fur-
her studies must be performed to improve the diag-
ostic quality of the method.
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