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Abstract
Aim: This study aimed to evaluate the intraobserver and interobserver agreement of styloid process 
(SP) measurements on three-dimensional (3D) computerized tomography (CT) images between two 
experienced radiologists by using the concordance correlation coefficient (CCC) and coefficient of 
individual agreement (CIA) agreement statistical methods. 
Materials and Methods: Contrast-enhanced carotid CT angiography images of 68 patients, per-
formed between June 2015 and December 2015, were evaluated retrospectively. The length between 
the attachment point of the SP to the temporal bone and the distal end was measured on 3D CT 
images performed with a 64-slice CT scanner. Both the agreements between the two radiologists 
and the replicated measurements of each radiologist were calculated with the help of CIA and CCC 
agreement indexes.
Results: When CIA was used for agreement statistics, the two radiologists disagreed in the right and 
left measurements of the individual. When the CCC agreement statistic was used, there was a perfect 
agreement between the measurements of the two radiologists. 
Discussion and Conclusion: The variance values of between-subject and within-subject should be 
taken into consideration for each observer in cases of two replicated measurements. If these values 
show very large differences from each other, CCCtotal values may have been calculated larger than 
the real value. However, the CIA statistics value is more stable and when such a case is encountered, 
researchers are advised that between-subject and within-subject variances should be calculated due 
to the differences between the two replicated measurements of each observer. Therefore, the 22

WB  
rate should absolutely be taken into consideration. 
Keywords: disagreement; interobserver agreement; intraobserver agreement; replicated measure-
ment; styloid processes

Öz
Amaç: Bu çalışmada üç boyutlu bilgisayarlı tomografi (BT) görüntüleri üzerinde iki deneyimli radyolog 
tarafından alınan stiloid proses (SP) ölçümlerinin değerlendiriciler arası ve değerlendirici içi uyumunu, 
uyum istatistik yöntemleri olan konkordans korelasyon katsayısı (concordance correlation coeffici-
ent—CCC) ve birey uyum katsayısı (coefficient of individual agreement—CIA) metotları kullanılarak 
değerlendirilmesi amaçlanmıştır. 
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INTRODUCTION
Accuracy and precise measurements make up a quite 
important component for any appropriate study de-
sign. Ideally, a measurement or variable should be 
measured without an error. However, in many cases, 
it is impossible to reveal the true value of the quantity 
of what is to be measured with one measurement. In 
such situations, where it is impossible or very difficult 
to identify the true value, more than one measure-
ment can be taken from each subject or more than one 
observer/measurement tool/measurement method 
can be preferred (1–3). In a situation where multiple 
measurements have been taken from each subject, two 
different situations are handled in testing the agree-
ment between the measurements. The first of these is 
that the replicated measurements taken from the same 
subject do not change related to time, and the second 
is that the replicated measurements obtained from the 
same subject are stable, i.e., the measurement values 
do not show any difference (4,5). 

The styloid process (SP) is a cartilaginous bone lo-
cated on the inferior side of the temporal bone (6). SP 
is a part of the stylohyoid complex that is composed 
of the cornu minus of the hyoid bone, the stylohyoid 
ligament and the styloid process. The elongated styloid 
process or calcified stylohyoid ligament causes symp-
toms described by Eagle, known as Eagle’s syndrome 
(7). Dysphagia, otalgia, hemifacial or neck pain, 
change in the voice, foreign object sensation, pain in 
opening the mouth, discomfort during chewing are 
major symptoms (8). However, the symptoms may 
mimic other diseases in this region and clinical find-
ings may be insufficient for the diagnosis. Radiologic 
evaluation is needed to support the diagnosis and for 

the management of the disease. Therefore, the length 
and variations of styloid processes have been evaluated 
in various studies in the literature (7,9). Nevertheless, 
the attachment point of the SP to the temporal bone 
may not always be observed clearly, and the measure-
ments of SP may vary between radiologists. 

The biggest problem in agreement analyses is to 
decide on the statistical method to be used. In many 
agreement studies, it has been observed that tests 
like the Pearson correlation coefficient, the regres-
sion analysis or dependent samples t test are used for 
continuous measurements and that classical statistics 
methods like the chi-squared test and the Cohen’s 
kappa are used in categorical measurements. The cor-
relation coefficient gives the amount of the relation-
ship in continuous measurements, not the agreement 
between two variables. Also, a change in the scale of 
the measurement does not affect the correlation, but it 
certainly affects the agreement (10). Studies by Stralen 
et al. (2012) have revealed that systematic error is ig-
nored when the Pearson correlation coefficient is used 
while testing the agreement between two continuous 
measurement methods. Additionally, the effects of 
prevalence and bias effects are not removed as a result 
of using the Cohen’s kappa coefficient while testing the 
agreement between the two categorical measurement 
methods, and the different weighting calculations for 
disagreement cells are ignored (11). 

Agreement analyses are generally evaluated by us-
ing scaled or unscaled agreement measurements. If 
the result variable is in a continuous measurement, the 
mean squared deviation (MSD), the coverage prob-
ability (CP) and the total deviation index (TDI) are 
given as unscaled agreement measurements, and the 
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Gereç ve Yöntemler: Haziran 2015—Aralık 2015 döneminden, 68 
hastaya ait kontrastlı karotis BT anjiyografi görüntüleri geriye dö-
nük olarak incelendi. SP temporal kemiğe tutunma noktası ve dis-
tal ucu arasındaki mesafe, 64 kesitli bir BT cihazı ile gerçekleştirilen 
üç boyutlu BT görüntülerinde ölçüldü. Radyologlar arasındaki ve 
radyologların kendi tekrarlı ölçümleri arasındaki uyum, CIA ve CCC 
uyum indekslerinden yararlanılarak hesaplandı.
Bulgular: Uyum istatistikleri olarak CIA kullanıldığında, bireylerin 
sağ ve sol ölçümlerinde iki radyolog arasında uyum bulunmadı. 
CCC uyum istatistiği kullanıldığında ise iki radyoloğun tekrarlı öl-
çümleri arasında mükemmel bir uyum bulundu. 
Tartışma ve Sonuç: Her bir değerlendiriciden iki tekrarlı ölçüm 

alındığında, denekler arası ve denekler içi varyans değerlerinin 
dikkate alınması gerekmektedir. Eğer bu değerler birbirinden ol-
dukça büyük farklılıklar gösteriyorsa, CCCtotal değerleri gerçek 
değerden daha büyük bir değer olarak hesaplanacak ve elde edilen 
bu sonuçlar araştırmacıları yanıltacaktır. Böyle bir durumla karşı-
laşıldığında, CIA istatistiğinin çok daha kararlı olduğu ve denekler 
arası ve denekler içi varyans değerlerinin, her bir değerlendiricinin 
iki tekrarlı ölçümleri arasındaki farklılıklar üzerinden hesaplanma-
sı gerektiği araştırmacılara önerilir. Böylece, 22

WB  oranı mutlaka 
dikkate alınmalıdır. 
Anahtar Sözcükler: değerlendirici içi uyum; değerlendiriciler arası 
uyum; stiloid proses; tekrarlı ölçümler; uyumsuzluk 
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intraclass correlation coefficient (ICC), the concor-
dance correlation coefficient (CCC) and the coeffi-
cient of individual agreement (CIA) are given as scaled 
agreement measurements (2,12). 

Two popular methods used to evaluate the agree-
ment between the quantitative measurements taken 
from different observations are ICC and CCC. How-
ever, although CCC and ICC agreement statistics are 
similar statistics, there are some differences between 
them. One of these differences is that while the choice 
of observers in CCC is fixed, ICC is suggested to be 
fixed or random and requires ANOVA model assump-
tions, while CCC does not. Together with this, in situ-
ations where there are no replicated measurements, 
ICC and CCC give very close or the same results. ICC 
is generally described in the one- way or two-way 
variance analysis structure in case of interobserver 
changeability assumption, meaning that the observers 
are interchangeable. In such a situation, there is the ne-
cessity that all the correlations between pairs are with-
in error variance of all the observers and the replicated 
measurements of the observers are equal. King et.al. 
(2007) suggested CCC to evaluate the interobserver 
agreement in cases where there are replicated mea-
surements when the observer and the measure time is 
taken as fixed effect in the model (2,13–17).

CIA is a scaled agreement index based on an ac-
ceptable disagreement idea. Furthermore, most of the 
time, with the evaluation of disagreement, both in-
terobserver and intraobserver disagreements are eval-
uated. The intraobserver disagreement measures the 
consistency between the repeated measurements of 
the observer and the interobserver disagreement mea-
sures the consistency of the real differences between 
the measurements taken by the observers (18, 19). The 
agreement coefficient takes a value between 0 and 1. 
If the agreement coefficient takes a value close to 1, it 
means that there is a perfect interobserver agreement, 
if it takes a value close to 0, this means that there is 
almost no interobserver agreement (12,20). 

Accordingly, in this study we aimed to evaluate 
the intraobserver and interobserver agreement of SP 
measurements on three-dimensional (3D) CT images 
between the replicated measurements of two experi-
enced radiologists by using CCC and CIA agreement 
statistical methods. 

MATERIAL AND METHODS
Study population
In this study, contrast-enhanced carotid CT angiog-
raphy images of a total of 68 patients that were per-
formed between June 2015 and December 2015 were 
evaluated retrospectively. CTA examinations were 
performed for different indications such as diagno-
sis of vascular stenosis, vascular malformations, or 
follow-up after previous treatments. However, none of 
the patients were evaluated for clinical findings of the 
Eagle syndrome. 

The approval for the study was obtained from the 
ethical committee of our institute (Mersin University 
Clinical Research Ethical Committee; protocol num-
ber: 2016/237; date of approval: 14/07/2016). 

Imaging protocol and image analysis
CT examinations were performed with a 64-slice 

CT scanner (Toshiba Aquilion 64, Toshiba Medical 
Systems, Tokyo, Japan). Eighty cc nonionic contrast 
medium was administered via an antecubital vein. The 
Bolus tracking technique was used. CT parameters 
were as follows: tube voltage, 120 kVP; effective mAs, 
220; slice thickness, 0.5 mm. The images were trans-
ferred to the workstation and three-dimensional (3D) 
images were created with a DICOM imaging program 
(Vitrea; Vital Images) on the workstation. The length 
of SP was measured through the 3D images on the 
coronal plan (Figure 1). The length between the at-
tachment point of the SP to the temporal bone and the 
distal end was measured. The ossification of stylohyoid 
ligament connecting with SP at the distal end was also 
measured. All of the measurements were performed 
by two experienced radiologists on the same worksta-
tion at standard CT parameters and the radiologists 
were unaware of the patient information. There was a 
3-week period between the replicated measurements 
of the same radiologist. 

Concordance correlation coefficient (CCC)
Barnhart et.al. (2007) were the first to present the 

inter-CCC, intra-CCC, and total-CCC formulations 
for situations with multiple observers, where none of 
the observers is accepted as reference and where there 
are replicated measurements of each observer. Here, in 
cases where observers have taken only one measure-
ment from each individual, the obtained CCC value 
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equals the total CCC. Replicated data are not neces-
sary in the description of total-CCC. Although both 
between-subject ( 2

Bj) and within-subject ( 2
Wj) vari-

abilities are estimated for replicated data, total vari-
ability ( 222

WjBjj += ) can only be estimated for cases 
without replicated data. So, inter-CCC or intra-CCC 
cannot be estimated for cases without replicated data 
(2,3).

In cases where there are two observers and two 
repeated measurements, total-CCC, inter-CCC, and 
intra-CCC are calculated as in the following Equations 
1 to 3, respectively. Intra-CCC is equivalent with ICC 
(one-way random effect model) formulation for each 
observer (2,3). 

Here ( 21 µµ ) is the difference between the means 
and 12µ  is the pairwise correlation between measure-
ments from observer 1 and observer 2.

Coefficient of individual agreement (CIA)
In continuous measurements, for the cases where 

there are two observers/methods and none of the ob-
servers/methods constitutes a gold standard, CIA is 
stated as in Equation 4 (2,3).

In the case where the disagreement between the 
measurements taken from different observers are 
similar and the disagreement between the replicated 
measurements of the same observer are similar, it can 
only be said that there is a perfect agreement between 
the two observers. In other words, the individual dif-
ference between the measurements taken by different 
observers is relatively small and thus, this difference 
is close to the individual difference between the rep-
licated measurements of both observers. If the indi-
vidual difference between the measurements taken by 
different observers is relatively large and exceeds the 

difference between the replicated measurements of the 
same observer, it can be concluded that there is a poor 
agreement between the observers (2). 

The relationship between CIA and CCC
In the presence of only two observers and with the 

assumption that within-subject (
22

2
2

1 WWW == ) and 
between-subject (

22
2

2
1 BBB == ) variances of the two 

observers are equal, Barnhart et. al (2007) put forward 
the similar and different sides of these two coefficients. 
The difference between the means ( )21 µµ , within-
subject variance, between-subject variance, and cor-
relation coefficient ( 12µ ) with CIA and total-CCC is 
reformulated as in Equations 5 and 6 (3). 

When the formulations belonging to the two coef-
ficients are studied, it can be observed that as the cor-
relation coefficient increases, both coefficient values 
increase and these two coefficients decrease due to the 
increase of the difference between the means. However, 
these two coefficients show differences in within-sub-
ject and between-subject variances. Namely, when the 
within-subject variance increases ( 2

W), CIA increases 
while CCC decreases. According to the increase in the 
value of between-subject variance ( 2

B), CIA decreases 
while CCC increases. CIA is less affected by the rate 
of within-subject variability to between-subject vari-
ability ( 22

WB ) compared to CCC (2,3). CIA is mea-
sured with the difference between the means ( )21 µµ , 
between-subject variance and within-subject variance, 
and in such a case c

N  (3).
Statistical analysis
Normality controls belonging to continuous mea-

surements were tested by the Shapiro–Wilk test. The 
differences between the male and female mean ages 
and the difference between the radiologists related to 
each measurement was tested by the Student t test. The 
differences between right and left measurements of 
each radiologist were examined by the paired samples 
t test. Mean and standard deviation values were given 
as descriptive statistics. The relationships belonging to 
continuous measurements were tested by the Pearson 
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correlation coefficient. Furthermore, the agreement 
between the radiologists and the replicated measure-
ments of the radiologists were calculated with the help 
of CIA and CCC agreement indexes. Other statistics 
were calculated by using a demo version of the SPSS 
21 software package. The significant level was taken as 
p<0.05.

RESULTS
A total of 68 patients –22 (32.4%) females and 46 
(67.6%) males– were included. The mean age for 
the female and male patients was 58.1±14.2 and 
60.6±13.7, respectively, and there was no statistically 
significant difference between the two sexes in terms 
of age (p=0.485). Additionally, right and left measure-
ments of the patients were measured at two different 
times by two different radiologists. The descriptive 
statistics and p values belonging to these are given in 
Table 1. In the right and left measurements, a statisti-
cally significant difference was not observed between 
the measurements of each radiologists (p>0.05 for all), 
and we also studied whether there was a difference 
between the radiologists for each measurement taken 
at different times. Again, no significant difference was 
observed (p>0.05 for all). In conclusion, it was deter-
mined that there was no difference both between the 
measurements taken by the radiologists and between 
the measurements taken at different times. Besides, in 
the right and left measurements of the patients, the re-
lationship between the radiologists for each measure-
ment taken at different times was studied, and a statis-
tically linear relationship between the radiologists was 
identified (p<0.001 for all). 

The agreement statistics showing the agreement 
between the two replicate measurements of the two 
radiologists for the right and left measurements of the 
individual are presented in Table 2. In order to calcu-
late the agreement statistics according to the data, the 
between-subject and within-subject variance values of 
each radiologist were used. When variance values were 
examined, between-subject variability values were ob-
served to be quite larger than the within-subject val-
ues for both radiologists. So, when compared with all 
other CCC values, CIA value was calculated to be quite 
small. As the CIA value considers the within-subject 
variability rather than the between-subject variability, 
it is expected that this value is different from and even 
smaller than other agreement statistics. Besides, it was 
observed that between-subject variance values and 
within-subject variance values were quite close to each 
other for both radiologists.

In the existence of two observers and from the 
assumption of the equality of between-subject and 
within-subject variants of the two observers, CIA and 
CCCtotal statistics were calculated. Therefore, the differ-
ences between the two measurements of both radiolo-
gists were obtained. Within-subject and between-sub-
ject variances were calculated from these differences. 
Later, CIA and CCCtotal calculations were made for the 
right and left measurements. The results are shown in 
Table 3. There were no great differences between the 
within-subject and between-subject variance values. It 
is well known that depending on the increase of the 
within-subject variance, CIA value increases, CCCto-

tal value decreases, and depending on the increase of 
the between-subject variance, CCCtotal value increases, 
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Table 1. The descriptive statistics taken at two different times by two different radiologists and the Pearson correlation coefficient between 
the radiologists for each measurement.

                Right                   Left

1st Measurement 2nd Measurement Pa 1st Measurement 2nd Measurement Pa

Radiologist 1 26.31±9.59 26.14±9.41 0.127 26.92±10.03 26.86±9.86 0.691

Radiologist 2 26.03±9.39 25.98±9.36 0.505 27.13±10.06 27.03±10.03 0.155

Pb 0.863 0.916 0.901 0.920
r

(p*)
0.992

(<0.001)
0.991

(<0.001)
0.994

(<0.001)
0.990

(<0.001)
a: p values belonging to the differences between 1st  and 2nd measurements; b: p values belonging to the differences between the radiologists; 
r: Pearson correlation coefficient, p*: p values belonging to correlation coefficients
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while CIA value is known to decrease. Furthermore, 
CIA is known to be less affected from 22

WB  value 
compared to the CCCtotal value. From this, we can say 
that there is quite a high agreement between the radi-
ologists for the right and left measurements by look-
ing at the CIA values, and that there is a medium level 
agreement between the radiologists by looking at the 
CCCtotal values. 

DISCUSSION AND CONCLUSION
Radiographs, CT and cone-beam CT examinations, 
dried skulls were used to measure the length of SP in 
different populations. Panoramic radiographs are low-
cost and provide lower radiation exposure (21). How-
ever, on panoramic radiographs the origin of the SP at 
the lower part of the temporal bone may be hidden by 
shadows of the base of the skull and it may be difficult 
to detect (22). CT is generally the first choice imaging 
modality in case of clinical suspicion (23). Three-di-
mensional reconstruction is also accepted as the gold 
standard imaging modality (24). Nevertheless, even in 
CT examinations, the nonvisualization of the attach-
ment point of the SP may cause incorrect assessments. 
The interobserver and intraobserver agreement of SP 
measurements was evaluated especially in the studies 
performed with panoramic radiographs. Vieira et al. 
(2015) reported an interobserver agreement with an 
excellent (0.89) kappa coefficient related to the pres-
ence of belonged SP that was accepted as 30 mm or 
more in length (21). However, studies by Scaf et al. 
(2003) reported a moderate (r=0.52) intraclass cor-
relation coefficient value for interobserver agreement 

related to the measurement of belonged SP on pan-
oramic radiographs (23).

 Although CT is a cross-sectional imaging modali-
ty, to the best of our knowledge, the information about 
the interobserver and intraobserver agreement on the 
evaluation of SP with 3D CT is limited. In our study, 
when CIA was used for agreement statistics, the two 
radiologists disagreed in the right and left measure-
ments of the individual. When the CCC agreement 
statistic was used, there was a perfect agreement be-
tween the measurements of the two radiologists.

While the interobserver agreement is examined, 
different sources of disagreement between the observ-
ers have to be taken into consideration. The source 
of disagreement may arise from differing population 
means, differing between-subject variability, differing 
within-subject variability among observers, poor cor-
relation between measurements by observers (2).  Er-
dogan et al. (2016) examined the results of CIA in the 
presence of repeated measurements of two observers 
at low, medium and high within-subject variability for 
different sample sizes. They observed that CIA was not 
affected by sample size and repeated measurements, 
but affected by the magnitude of within-subject vari-
ability (25). In using the CCC and CIA for assessing 
agreement, one needs to consider the magnitude of 
the between-subject variability and within-subject 
variability. Barnhart et al. (2007) have stated that it 
has to be decided whether the within-subject vari-
ability is acceptable based on the subject matter for 
the considered measurement range. If it is in an ac-
ceptable case, especially when the between-subject 
variability is larger than the within-subject variability, 
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Table 2. The agreement statistics for right and left measurement
CIA CCCtotal CCCinter CCCintra1 CCCintra2 Correlation

Right 0.195 0.991 0.993 0.998 0.999 0.993

Left 0.281 0.992 0.994 0.996 0.999 0.994

( N ) ( c ) ( )(µc ) ( 111 ICCI = ) ( 122 ICCI = ) ( 12µ ) 

Table 3. Within-subject and between-subject variance for right and left measurement and agreement statistics

CIA CCC

Right 0.415 0.317 1.309 0.973 0.558

Left 0.500 0.606 0.825 0.985 0.446
2
B : between-subject variance; 2

W  : within-subject variance; CIA: coefficient of individual agreement; CCC: concordance correlation coef-
ficient

2
B  2

W  22
WB
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they support the use of CIA agreement statistic, and if 
it is not an acceptable value or cannot be decided, in 
order to comment they support the use of CCC and 
CIA agreement statistics together (3). Besides, studies 
by Pan et al. (2012) support that in the cases where the 
between-subject variability is large, the value of CCC 
is calculated to be inflated compared to the real value, 
and that in such cases CIA is more stable (26). Besides, 
studies by Barnhart et al. (2007) point out that if the 
between-subject variability varies greatly from a dif-
ferent population of the subject, the CCC values from 
these populations cannot be compared. In addition, 
they support use of the CIA agreement statistic if the 
magnitude of the between-subject variability relative 
to the within-subject variability is similar across these 
populations (3). 

As a result, when there are two replicated mea-
surements of two observers, the variance values of be-
tween-subject and within-subject should be taken into 
consideration for each observer. If these values show 
very large differences from each other, it has been put 
forward that CCCtotal values may have been calculated 
larger than the real value and that the results may 
mislead the researchers; and that in such cases, CIA 
statistics is more stable (25). When such a case is en-
countered, researchers are advised to calculate the be-
tween-subject and within-subject variances due to the 
differences between the two replicated measurements 
of each observer and that it is necessary to calculate 
agreement statistics starting from this point. For the 

comment of the results obtained to be more reliable, 
22
WB the rate should absolutely be taken into con-

sideration. Thus, the most correct agreement statistic 
results should be used. 
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