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ABSTRACT

BACKGROUND: Examination of all 24 ribs on axial computed tomography (CT) slices might become a leeway and rib fractures (RF)
may easily overlook in daily practice. Rib unfolding (RU), a computer-assisted software, that promises rapid assessment of the ribs in a
two-dimensional plan, was developed to facilitate rib evaluation. We aimed to evaluate the reliability and reproducibility of RU software
for RF detection on CT and to determine the accelerating effect to determine any drawback of RU application.

METHODS: Fifty-one patients with thoracic trauma formed the sample to be assessed by the observers. The characterization and
distribution of RFs on CT images in this sample were recorded independently by the non-observers. Regarding the presence or ab-
sence of RF, CT images were assessed blindedly by two radiologists with 5 years (observer-A) and 18 years (observer-B) of experience
in thoracic radiology. Each observer assessed the axial CT and RU images on different days under non-observer supervision.

RESULTS: A total of |13 RFs were detected in 22 patients. The mean evaluation time for the axial CT images was 146.64 s for ob-
server-A and 119.29 s for observer-B. The mean evaluation time for RU images was 66.44 s for observer-A and 32.66 s for observer-B.
A statistically significant decrease was observed between the evaluation periods of observer-A and observer-B with RU software
compared to the axial CT image assessment (p<0.001). The inter-observer k value was 0.638, while the intra-observer results showed
moderate (k: 0.441) and good (x: 0.752) reproducibility comparing the RU and axial CT assessments. Observer-A detected 47.05%
non-displaced fractures, 48.93% minimally displaced (<2 mm) fractures, and 38.77% displaced fractures on RU images (p=0.009). Ob-
server-B detected 23.52% non-displaced fractures, 57.44% minimally displaced (<2 mm) fractures, and 48.97% displaced fractures on
RU images (p=0.045).

CONCLUSION: RU software accelerates fracture evaluation, while it has drawbacks including low sensitivity in fracture detection,
false negativity, and underestimation of displacement.

Keywords: Computed tomography (D036542); computer-assisted diagnosis (D003936); rib fractures (D012253); thoracic injuries
(D013898).

INTRODUCTION solid organ injury.? On the other hand, RF may be under-
estimated that it is only a reason for back pain sedated with
Rib fractures (RFs) occur in 10% of all traumatic injuries, mak-  analgesics.P!

ing them the most common presentation of thoracic injuries. . . .
g P l Computed tomography (CT) is a crucial step in the evalua-

tion of thoracic injuries.”! Examination of all 24 ribs on axial
hemothorax, extrapleural hematoma, pulmonary laceration,  CT slices might become a leeway and RF may easily overlook
pulmonary contusion, acute vascular injury, and abdominal in daily practice.’’ However, it should be kept in mind that

1 RF can lead to fatal complications such as pneumothorax,
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RFs, which at first appear insignificant, may worsen over time
if they are overlooked.!!

Rib unfolding (RU) technique, a computer-assisted software
that promises rapid assessment of the ribs in a two-dimen-
sional plan, was developed to facilitate rib evaluation. Intro-
duced in the early 2010s, this application is now commonly
found in PACS softwares./® With RU software, it is possible

to evaluate RF in addition to other focal lesions of the ribs.
[9-12]

In this study, we aimed to obtain two major outputs: First,
to investigate the extent to which we can rely on the RU ap-
plication to evaluate RF and second, to determine the accel-
erating effect to determine any drawback of RU application.

MATERIALS AND METHODS

This retrospective study was conducted in accordance with
the guidelines of the Declaration of Helsinki and approval for
this study was obtained from the Institutional Ethics Board
(GO 19/799). The written informed consent requirement
was waived by the Ethics Committee. The research and ob-
servation dates were set between September and November
of 2020.

Conceptualization and Study Population

The study population, consisting of patients who underwent
thorax CT due to trauma, was randomly selected from hos-
pital information system. The distribution of RFs for all pa-
tients, in all aspects, in this sample, was determined by two
researchers (with 15 and 22 years of experience in thorax
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radiology) who were not participants in the intra-observer
and inter-observer evaluations.

All images included in the study had no software or non-soft-
ware artifacts (Fig. 1). In addition, all patients included in the
study had no configurational or numerical rib abnormalities.

The general distribution of these fractures is shown in Figure
2.

Computed Tomography Technique, Data Acquisition,
and Post-processing

All CT examinations included in the study were performed
in the emergency radiology unit with 64 slices CT system
(Somatom Perspective 64, Siemens Healthineers®, Erlangen,
Germany). The decision to perform CT was made interdisci-
plinary, including emergency department as well as radiology
and thoracic surgery.

CT examinations performed after intravenous injection of
90-120 ml of iodinated contrast agent (300-350 mg/ml) at
a flow rate of 4 ml/s, with a delay of 35 s, followed by a
saline flush of 20 ml. CT acquisition parameters were as fol-
lows: Tube voltage: 120 kV, tube current determined with
optimized automatic exposure control system, collimation
thickness: 0.6—2 mm, tube rotation time: 0.6-2 s, and recon-
structed section thickness: 2 mm.

After bone tissue reconstruction of the 2-mm thick trans-
verse slices (60f Kernel-Siemens®), post-processing was
automatically performed; reformatted RU images were ob-
tained using a dedicated software (CT Bone Reading, Syngo.
via, version VB40B, Siemens AG Healthcare®, Germany).

Figure 1. Examples of some software-related artifacts. (a) The rib-unfolding image demonstrates an overlooked fracture due to the dis-
placed fracture of the 11th rib (arrow), which was manifested as a different bone by the software. (b) The motion artifacts cause the seg-
mentation error in the software and result in pseudobridging of the ribs. (c) The rib-unfolding image reveals oblique intervertebral spaces
(arrows) resulted from misinterpretation of costovertebral junctions by software in a patient with bilateral 11 ribs.
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General Distribution

" H3
22 pts w/ fx - 29 pts w/o fx
Mean Age:

Total: 1
Non-Displaced: 17 // Displaced ($2mm): 47 // Displaced (>2mm): 49
Right Hemithorax fx: 55 // Left Hemithorax fx: 58
Proximal Located fx: 50 // Middle Located fx: 46 // Distal Located fx: 17

Figure 2. General background data on the distribution of fractures for each rib.

Observer Evaluation

Regarding the presence or absence of RF, images blinded to
patient information were independently assessed by two radi-
ologists with 5 years (observer-A) and 18 years (observer-B)
of experience in thorax radiology. Both observers were
trained in the use of the CT bone reading application, which
consisted of a reading session with 20 patients with RFs and
normal ribs in which the axial CT images and the unfolded rib
display were shown side by side.

Each observer assessed the axial slices and RU images on
different days, under the supervision of non-observers who
were also assigned to record both the time and the ob-
servers’ results. Intra-observer testing was performed by one
observer 3 months after the first evaluation.

For each evaluation, time recording began after the images
were opened and prepared in the software (to avoid possible
bias from the workstation hardware) and ended after deter-
mining whether or not a fracture was present, cognitively. The

Observer - A

evaluation of RF was applied through all dimensions by rotat-
ing it 360° with the 3D spinning provided by the RU applica-
tion. Decimal seconds were not recorded. After each evalu-
ation, fractures were noted in terms of right or left side, rib
number, location (proximal/middle/distal third), and degree of
displacement, along with the observer’s assessment time.

Statistical Analysis

Data were summarized as mean * standard deviations or
median (range) for continuous variables, depending on the
distributional properties of the data. Normality of variables
was tested using the Kolmogorov—Smirnov test. Mann—Whit-
ney U-test was used for comparison of evaluation times. In-
ter-observer agreement for fracture detection per patient
was assessed with weighted kappa (k) analysis. Categorical
variables were evaluated with the Chi-square test or Fisher’s
exact test when applicable. For all tests, a two-tailed P < 0.05
was considered statistically significant.

Figure 3. Distribution of detection and displacement by observers for each rib.
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Table I.  Fracture and displacement detection rate with rib-unfolding technique between observers

The Number of Observer-At

Observer-Bt

Existing Fractures
Detection Rate

Detection Type

Detection Rate Detection Type

Non-displaced (n=17) 8 (47.05) 7 non-displaced (87.50%) 4 (23.52) 3 non-displaced (75.00%)
| minimally displaced (s2 mm) I minimally displaced (s2 mm)
Minimally displaced 23 (48.93) 19 minimally displaced 27 (57.44) 19 minimally displaced
(22 mm) (n=47) (<2 mm) (82.60%) (<2 mm) (70.37%)
4 non-displaced 8 non-displaced
Displaced (>2 mm) (n=49) 19 (38.77) 8 displaced (>2 mm) (42.10%) 9 displaced (>2 mm) (37.50%)
I'l minimally displaced (<2 mm) 24 (48.97) 15 minimally displaced (<2 mm)

Total (n=113) 44.2% (50/113)

48.6% (55/113)

1First column is the detection rate. Second column is about how the fracture displacement is observed.

RESULTS

Overall of 51 patients (M/F=28/23), 22 had at least one RF
and 113 of 1224 ribs were fractured. Of these fractures, the
number of non-displaced, minimally displaced (<2 mm), and
displaced (>2 mm) fractures were 17, 47, and 49, respectively.
Both observers correctly detected all fractures in axial sec-
tions. More detailed background data regarding the overall
number, type, and localization of RFs are shown in Figure 2.

Observer-A detected 50 of |12 RFs (44.2%), 8 of 17 non-
displaced fractures (47.05%), 23 of 47 minimally displaced
(22 mm) fractures (48.93%), and 19 of 49 displaced (>2 mm)
fractures (38.77%) using RU software (p=0.009). Observer-B
detected 55 of RFs (48.6%), 4 of 17 non-displaced fractures
(23.52%), 27 of 47 minimally displaced (<2 mm) fractures
(57.44%), and 24 of 49 displaced (>2 mm) fractures (48.97%)
on RU images (p=0.045). The overall detection rate of both
observers in detecting non-displaced, minimally displaced,

and displaced fractures on RU images was 58.8%, 80.8%,
and 34.6%, respectively. More detailed information about
the fracture and displacement detection rate of observers is
shown in Table |, which also presents the observer determi-
nation for the displacement degree of RFs. Furthermore, the
distribution of fractures detected by each observer is shown
in Figure 3.

Since no false-positive observation was presented by any ob-
server, 100% specificity and positive predictive value rates
were achieved for both observers. Apart from these results,
sensitivity, negative predictive value (NPV), and accuracy
rates are shown in Table 2. Observer B yielded higher di-
agnostic performance in the detection of RFs compared to
observer A.

General agreement was found for both inter-observer and
intra-observer measurements (p<0.001). Intra-observer re-
sults showed moderately consistent values for observer-A (k:

Table 2. Patient-based and rib-based rib fracture detection rate of observers using rib-unfolding softwaret

Patient based (%)

Rib based (%)

Observer-A Observer-B Observer-A Observer-B
True positive 9 16 50 55
True negative 29 29 1111 1111
False positive 0 0 0 0
False negative 13 6 63 58

NPV
Sensitivity

Accuracy

69.05 (61.17-75.95)
40.91 (20.71-63.65)
74.51 (60.37-85.60)

82.86 (70.95-90.53)
72.73 (49.78-89.72)
88.24 (76.13-95.56)

94.63 (93.74-95.41)
44.25 (34.91-53.89)
94.85 (93.46-96.02)

95.04 (94.12-95.82)
48.67 (39.16-58.26)
95.26 (93.92-96.38)

1Values in parentheses are 95% Cl. PPV: Positive predictive value; NPV: Negative predictive value, Cl: Confidence interval.
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Table 3. Inter-observer and intra-observer agreement results of rib-unfolding
evaluation
Observer-A Observer-B
Detected fracture (patient-based) 9 16
Missed fracture (patient-based) 13 6

Intra-observer agreement (k)

Inter-observer agreement (k)

0.441 (p<0.001)
0.638 (p<0.001)

0.752 (p<0.001)

0.441), while observer B showed more consistent values (k:
0.752). The inter-observer k value was calculated to be 0.638.
More detailed results are presented in Table 3.

The general timing data of the observers’ evaluations are
shown in Table 4. Mean time periods of evaluation for ob-
server-B in both axial CT images (119.29 s) and RU images
(32.66 s) were shorter than observer-A (146.64 s and 66.64
s, respectively).

DISCUSSION

In this study, we investigated the sensitivity and specificity of
RU software in the detection RF and fracture displacement
estimation as well as accelerator effect and reproducibility of
RU in RF evaluation by comparing axial CT images. The RU
software yielded limited ability to detect RF but shortened
the time of RF assessment.

The overall RF detection rate of observers in this study
yielded that approximately half of the RFs on RU images
may be missed, suggesting limited diagnostic performance of
this technique. Although we used similar methods, we found
lower sensitivity rates for both observers, in contrast to the
other studies, raising suspicion about the sensitivity of the RU
software. In the machine learning studies using the RU appli-
cation, images were evaluated over 2D images.['*'] However,
in our study, the observers’ evaluations were performed in
3D using the 360-degree rotation feature of the RU appli-
cation. The specificity of RU for RFs was found as 100.0%
probably due to designation of the study that excluded tho-
rax CT studies software-related or non-software-related

artifacts. However, similar studies have reported high values
for specificity (ranging from 92% to 98.2%) and NPV (ranging
from 95.7% to 98.62%), as in our study, which also shows
consistency.['3!1516]

For fracture detection, good inter-observer agreement
(x=0.638) was found, while intra-observer agreements were
rated as good (k=0.752 — observer-A) or moderate (k= 0.441
— observer B). Many articles investigating inter-observer re-
producibility in the literature reached similar results, ranging
between 0.71 and 0.86.1'3!>17]

The detection rate of RF on RU images varied between expe-
rienced and less-experienced observers in our study. Experi-
enced observer (observer B) detected a higher number of RF
(n=55, 49.1%) on RU images compared to observer A (n=50,
44.6%). These results suggest that the overall diagnostic per-
formance of RU software may be more enhanced when used
by a more experienced radiologist. However, some results of
this study point out opposite suggestions. First, the degree of
displacement of the in this study RFs caused different fracture
detection rates between observers. Although observer-B
performed higher detection rate for minimally displaced RFs
(57.44%) and displaced RFs (48.97), non-displaced fractures
were detected with higher detection rate by observer-A.
Second, the lower intra-observer agreement in observer-B
compared to observer-A suggests that RU images may be in-
terpreted differently in separate evaluation time periods even
by experienced radiologists, which limits the diagnostic re-
producibility of RU in the evaluation of RF. However, the high
inter-observer agreement for RU in our study, as noted in
previous studies, underlines its potential to improve the reli-

Table 4. Timing results of observers in assessment of rib fractures on computed tomography
Observer-A (less experienced) Observer-B (more experienced) p
Axial evaluation (s) RU evaluation (s) Axial evaluation (s) RU evaluation (s)
Meant 146.64 (95.55) 66.64 (60.71) <0.001 119.29 (66.11) 32.66 (11.87) <0.001
Median 113.0 44.0 91.0 30.0
95% Cl 119.77-173.52 49.57-83.72 100.69-137.89 29.32-36.00
Rangeg 485.0 (71.0-556.0) 252.0 (16.0-268.0) 277.0 (68.0-345.0) 56.0 (16.0-72.0)

TValues in parentheses are SD; }Values in parentheses are minimum and maximum timings; Cl: Confidence interval; RU: Rib Unfolding; SD: Standard deviation.
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ability of RU in the assessment of acute chest trauma.l'3!5-!7]

The RFs examined in this study were divided into non-dis-
placed (linear), minimally displaced, and displaced fractures.
The overall detection rate of the RF types showed a detec-
tion rate of 58.8%, 80.8%, and 34.6% for non-displaced, mini-
mally displaced, and displaced RFs, respectively. These results
indicate that RU images are most helpful for minimally dis-
placed RFs and may underestimate fracture displacement on
RU. To our knowledge, there is no other study in the litera-
ture that examines this extent of underestimation of fracture
displacement by RU. This situation is probably caused by the
flattening and continuity of the rib contours by the software,
which may lead to a reduction in the distance between the
displaced components of the fractured rib.

RU software reduced evaluation time for RFs. Accelerating
effects of the RU program in the assessment of ribs results
from two main facilities including demonstration of all ribs in
a single planar image and automatic numbering of ribs that
help to determine the sites of fractures.!"”] Previous studies
also noted the effect of RU in evaluation time of ribs for
fractures. Glemser et al.l” reported notably shorter mean
time (8.83+5.8 s) for RU compared to axial CT images
(43.53£22.55 5) in their forensic medicine study. The over-
all evaluation time of observer-B for either axial CT images
or RU images was significantly lower than observer-A as ex-
pected. RU software resulted in statistically significant reduc-
tion in evaluation time for experienced and less-experienced
radiologists which emphasizes the indisputable effect of RU
in shortening evaluation time for RF detection apart from ex-
perience of radiologists. Longer post-processing time of RU
compared to multiplanar image reformation time may be the
only disadvantage of the RU software.['’]

Our study has limitations. First, more observers could have
been included in the study. Second, the study could be repeated
on more than one sample. Third, we did not include images
with artifacts and pediatric patients in the study. Fourth, we
did not compare the diagnostic efficiency of RU with multipla-
nar reformatted, curved planar reformatted, and volume-ren-
dering images in RF detection. Fifth, diagnostic performance of
RU was not evaluated according to rib level and RF localization
(anterior, middle, or posterior part) in the fractured rib. Sixth,
even if the software has a high NPV, the software experience
of the observers may have a positive or negative impact on this
value. Last limitation of the study results from its retrospec-
tive design. Since this was a retrospective study, standard of
reference was established based on the findings of additional
reading of two senior radiologists rather than clinically match-
ing imaging findings with patient symptoms. Furthermore, no
other reference standard such as scintigraphy or magnetic res-
onance imaging was used since these imaging techniques have
no utility in acute trauma setting.

Conclusion

Although RU yields a complete overview of the chest on a
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single, clear, planar image, and speeds up the assessments of
RF, leading to faster detection of RFs, it also has drawbacks,
including false negativity and underestimation of fracture dis-
placement. In addition, users may need to take time to gain
experience with the RU software. Axial slice examination
should remain as a reliable tool for those who assess CT
more professionally, such as emergency radiologists, until RU
software is optimized.
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“Rib Unfolding” yaziliminin artilar1 ve eksileri: Travma hastalar1 iizerine giivenilirlik ve
tekrarlanabilirlik caligmasi
Dr. Ahmet Giirkan Erdemir,’ Dr. Mehmet Ruhi Onur,' Dr. llkay Sedakat Idilman,' Dr. Bulent Erbil,2 Dr. Erhan Akpinar’

"Hacettepe Universitesi Tip Fakiiltesi, Radyoloji Anabilim Dali, Ankara, Turkiye
2Hacettepe Universitesi Tip Fakiiltesi, Acil Tip Anabilim Dali, Ankara, Tiirkiye

AMAC: Aksiyel bilgisayarli tomografi (BT) kesitlerinde 24 kaburganin tamaminin incelenmesi fazla vakit alabilmesinin yani sira glinlik pratikte
kosta kiriklari kolaylikla gézden kagabilir. Kostalarin degerlendirmesini kolaylastirmak amaciyla, kostalari iki boyutlu bir planda hizli bir sekilde de-
gerlendirilmeyi saglayan, “Rib Unfolding” (RU) isimli bilgisayar destekli tani koyma yazilimi gelistirilmistir. RU yazilimini kirik tespiti igin kullanmanin;
guvenilirligini, tekrarlanabilirligini ve hizlandirici etkisini degerlendirmenin yani sira ve uygulamanin neden olabilecegi sorunlari belirlemeyi amagladik.
GEREC VE YONTEM: Galismada gozlemci olarak gérev almayacak olan arastirmacilar tarfindan, gégiis travmasi olan 51 hastalik rneklem olustu-
ruldu ve 6rneklem igerisinde kiriklarin karakterizasyonu ve dagilimi kaydedildi. Bu hastalarin BT goriintileri drneklemi olusturan radyologlar arasinda
yer almayan, 5 yillik (Gézlemci-A) ve 18 yillik (Gozlemci-B) toraks radyolojisi deneyimleri olan, iki radyolog tarafindan kiriklarin varligi, varsa tipi
(nondeplase/ deplase/ minimal deplase) ve degerlendirme sureleri agisindan degerlendirildi.

BULGULAR: 22 hastada toplam | I3 kirik saptandi. Aksiyel BT goriintiileri icin ortalama degerlendirme siiresi, gézlemci-A igin 146,64 saniye ve
gozlemci-B icin | 19,29 saniye idi. RU gorintiileri icin ortalama degerlendirme stiresi, gézlemci-A icin 66,44 saniye ve gdzlemci-B icin 32,66 saniye
idi. RU yazilimi destegi ile gozlemci-A ve gézlemci-B'nin degerlendirme periyotlari arasinda; aksiyal CT goriintl degerlendirmesine gore istatistiksel
olarak anlamli azalma gézlendi (p<0.001). Gézlemciler arasi k degeri 0,638 iken, gézlemci igi sonuglar RU ve aksiyel BT degerlendirmelerini karsilag-
tirirken orta (k: 0,44 1) ve iyi (k: 0,752) tekrarlanabilirlik gosterdi. Gozlemci-A, RU goriintilerinde %47.05 nondeplase kirik, %48.93 minimal deplase
(22 mm) kirik ve %38.77 deplase kirik saptadi (p=0.009). Gézlemci-B, RU goriintilerinde %23.52 nondeplase kirik, %57.44 minimal deplase (<2
mm) kirik ve %48.97 deplase kirik saptadi (p=0.045).

TARTISMA: RU yazilimi kirik tespitini oldukga hizlandirmakla beraber, diisiik sensitivite, yalanci negatiflik ve kirgin deplasman derecesinin dustik
gosterilmesi gibi dezavantajlar géstermektedir.

Anahtar sézclikler: Bilgisayar destekli tani; bilgisayarli tomografi; kosta kiriklari; toraks yaralanmalari.
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