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Abstract

Introduction:

Head trauma is a common cause of mortality and computed tomography of the brain (CT-Brain) remains
the gold standard investigation for head injuries. Locally a bony kernel is reconstructed routinely in
addition to a brain kernel on the assumption that it improves fracture detection. This additional kernel
increases scanning time, reporting time and storage required on picture archiving and communication
systems (PACS).

Aim:

The aim was to determine if a bony kernel is superior to a brain kernel for detecting fractures of the skull.

Objectives:

Objectives were to document patient and fracture characteristics seen locally, to identify patient and
fracture characteristics that may require the use of a bony kernel and to determine if the bony kernel needs

to be stored on a PACS.
Methods:

A retrospective study was undertaken. 216 CT-Brains were collected with associated demographic data and
mechanisms of injury, attempting to match fracture cases to controls. Two expert readers in consensus
formed a gold standard by evaluating all studies. The majority decision between three general readers was
then used to test for a difference between the kernels for fracture detection.

Results:

There was no significant difference in the sensitivity or specificity between the two kernels {(p=0.74 and
1.00). Interpersonal violence between adult males and pedestrian vehicle accidents in ambulant children
were noted to be common indications for CT-Brain requests locally.

Conclusions:

The use of only the brain kernel is advised in adults, resulting in decreased scanner time, reporting time and

required storage space on PACS. Further research is suggested to investigate its use in younger patients.
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1. Introductory Chapter:

1.1. Introduction

1.1.1. Head trauma and CT-brain imaging

Head trauma is one of the leading causes of death, especially in young adults, with over
1.5 million people being affected in the USA alone each year (1). More than 50% of
deaths related to trauma are as a result of head injury (2). Accidental head trauma in
children is common, leading to fifty thousand hospital admissions per year in the USA (3).
In South Africa, it is thought that the incidence of head trauma may be around 316 per
100000 persons per annum (4). Road traffic injuries, especially affecting children, and
interpersonal violence have been identified as significant problems (4, 5). The mortality

of South African head trauma patients may be higher than global comparisons (4).

Modern guidelines advise CT-Brain for most, if not all patients, who experience some
form of head trauma, enabling rapid assessment of intracranial injuries and fracture
extent (1, 3, 6, 7). Skull Radiographs are now obsolete in this setting (7, 8). CT-Brain is
widely available, quick, cost-effective and has the ability to accommodate unstable
patients (9). However, because the risk of fatality from low level falls in children has been
shown to be less than one in a million, it can be extrapolated that many normal brains are

scanned as a result of this accessibility (3).

The early and accurate identification of traumatic injury on CT-Brain is important,
especially when patients show limited symptoms, as these patients have the best

prognosis with early intervention (10). It has been shown that the presence of a skull



fracture is an independent risk factor for predicting intracranial haemorrhage, either at

the time of the initial CT-Brain or later in the clinical course (8, 11).

Several complications of skull fractures have been recognised, most of which may be
diagnosed on CT-Brain. These include: surface and brain haemorrhages, brain oedema,
CSF leakage, infections, pneumocephalus, cranial nerve injuries, hearing loss, arterial
dissection, dural venous sinus thrombosis and carotid-cavernous fistula. All of these
complications may manifest at any time after the actual injury (1, 2, 12, 13). Most of
these complications may only be recognised by their association with a specific skull
fracture. Some patient categories may be more at risk of complications associated with
skull fractures. Adolescents in particular are more prone to the development of
intracranial haemorrhage in the presence of a skull fracture {(11). Fractures with more

displacement show higher rates of complications (2, 10, 13).

Skull fracture detection using CT-Brain has been assumed to be close to 100%, with no
literature confirming this. The only attempts to provide information on the accuracy of
CT-Brain at diagnosing skull fractures arise from forensic pathological studies comparing
imaging to post mortem findings (1, 14). These studies have shown that it is difficult to
diagnose non-displaced fractures of the skull (14). Specifically, the anterior and middle
cranial fossa of the skull base, are the most difficult fractures to diagnose. In fact most
fractures of the minor wing of sphenoid are missed on CT-Brain (14). These missed
fractures were all confirmed at post mortem or surgery after CT-Brains were reported as

normal using bony kernels by radiologists (13, 14). Having said this, the diagnosis of



hairline fractures in the absence of complications or clinical symptoms, may be

superfluous, as the management may be conservative (14).

At many institutions a separate bony kernel is reconstructed in addition to a simple brain
kernel with the hope of improving fracture detection. This extra data set increases
reconstruction time and adds to the required hard disk storage space required on PACS.
It also would increase reporting time, as the radiologist has to review an additional series
of images. The aim of this study was to determine whether a bony kernel is superior to a
brain kernel for diagnosing fractures of the skull in patients who have sustained head

trauma.

1.2. Literature Review

1.2.1. CT-Brain techniques used in skull fracture detection

1.2.1.1. Brain and bone Kernel reconstruction:

A bony kernel is an edge-sharpening CT reconstruction algorithm obtained form the raw
data of a helical CT scan, which is designed to make bony structures appear sharper when
viewed using a bony window. A more standard brain kernel is desighed to smoothen
tissue margins and allows for greater viewing variability when assessing multiple tissue
types by making better use of a constellation of window settings (see figure 1.1) (6). A
brain kernel is used to visualise brain in better detail but can be used to image bone by
changing window settings. It is the standard method of CT-Brain reconstruction. When
reconstructing a bony kernel visualisation of brain detail is traded-off in order to see bone

to a better extent i.e. other tissue types will not be seen to an adequate extent when



changing from a bony window. Both kernels are stored as a separate stack of images on a
PACS system (i.e. a bony kernel will double the volume of hard disk space needed for

storage) (x500mb for both).

At many centres locally a bony kernel is reconstructed routinely in addition to a standard
brain kernel on the assumption that it improves fracture detection. This additional kernel

increases scanning time, reporting time and storage required on PACS.

Figure 1.1. a and b: Brain and bony kernel.
An example of a brain kernel (1.1a left) and corresponding bony kernel (1.1b right) axial image showing a

right sided parietal fracture. Note the ancillary finding of air in the scalp tissues.

1.2.1.2. Maximum Intensity Projection:
Maximum Intensity Projection (MIP) is a CT post-processing technique whereby all the
structures with a relatively high attenuation are displayed as more prominent using

thickened slices. It is typically used for the visualisation of vasculature, but recently has



been shown to have incidental applications for the identification of lung nodules and

bony fractures (1, 15).

It has been shown that the viewing of MIP reconstructions, made available through
advances in isotropic voxel CT imaging, have resulted in improved fracture detection rates
(6,9, 15). One study showed that when either inexperienced or experienced radiologists
reported head trauma CT-Brains using new thick MIP reformats, as apposed to using only
transverse sections, a significantly higher detection rate for fractures of the skull was seen
(1). Experienced radiologists tend to detect more fractures when not making use of post
processing tools such as Multi-planar Rendering (MPR), MIP or Volume Rendering as
apposed to their more inexperienced counterparts (1, 9). Emergency medicine clinicians
are much poorer at detecting fractures on radiographs and CT-Brains when compared to
radiology residents and radiologists (7, 8, 10, 14). MIP reconstructions may better

fracture detection rates among these clinicians.

1.2.1.3. Unfolded Iso-surface Curved MIP CT:

Unfolded Iso-surface Curved MIP CT reformat software, which creates a user friendly,
thickened view of the outer table of the skull vault or base using just a few images or
even only one image, has shown promise in closing the experience gap in fracture
detection (see figure 1.2) (1, 9). This is probably because 3D images appear more
descriptive and are more intuitive when presenting normal or pathological structures (9).
It is difficult to compare studies directly because different gold standards are used but

alternatives like Unfolded Iso-surface Curved MIP CT may be more worthwhile stored on



a PACS system than a full bony kernel reconstruction in addition to the original brain

kernel.

Figure 1.2. Unfolded Iso-surface Curved MIP.

An example of the image generated from the CT raw data (adaptedfrom Ringl, H. et. al.) (1).

1.2.1.4. Volume rendering, Surface Shaded Display and Multiplanar Rendering:
Volume Rendering (VR), Surface Shaded Display (SSD) and Multiplanar Rendering (MPR)
are usually only used in difficult cases when the fracture is not clearly seen on transverse
sections due to its complexity (9). Visualisation of complex fractures may be improved,
but the poor spatial resolution of CT comes into play when looking for small fractures
using these techniques (1, 16). These techniques may seem time-consuming to the
radiologist who has to wait for them to be rendered (1, 9). Reading of the transverse
sections alone may provide limited diagnostic capability, probably because vascular
channels and other misleading normal anatomical structures may mimic fractures in one
plane (1, 6, 9, 14, 15). Beam hardening artefacts may also imitate fractures unless

multiple planes are reviewed (10). An early study showed limited use for VR at identifying



skull base fractures (6). Having said this, it is however recommended that all fractures
seen on VR reconstructions be confirmed to be present on the transverse sections as well
(1, 6). VR is extremely useful in depicting the consequences of fractures of the middle

and inner ear for ENT surgeons (14, 16).

1.2.1.5. High-Resolution MPR CT:

High-Resolution MPR CT (HR-MPR) techniques obtained after the suggestion of possible
skull base fracture on ordinary CT-Brain {(e.g. by observing ancillary findings) or by
observing latent clinical sighs, improve the diaghosis of skull base fractures (see figure
1.3) (1, 6, 17). Itis suggested that HR-MPR reformats viewed with a bony kernel and a
slice thickness of less than 1,25mm and some overlap yield the highest accuracy in
detecting fractures of the skull base (6, 13, 17). Two studies confirm these findings: the
one having a sample of more than 800 patients (6, 17). It must be noted that these
studies are referring to thin slice and overlapping high resolution CT scans which require a
completely new scan and cannot simply be reconstructed from standard CT-Brain raw

data as opposed to a simple bony kernel.
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Figure 1.3. a and b: HR-MPR Computed Tomography.

An example of a patient with a transverse right temporal ridge fracture. Brain kernel image (1.3a top) from
a standard CT-Brain barely allows for visualization of the fracture. The HR-MPR image (1.3b bottom) shows
the obvious fracture extending into the right horizontal canal and facial nerve canal. The ossicles are also

dislocated. This patient presented with facial nerve paralysis after head trauma.

1.2.1.6. Comparison of imaging techniques:

One study comparing MIP, VR and HR-MPR techniques for the diagnosis of skull fractures
is available in the literature (6). This is a small study with a sample of only 130 cases. In
this study the authors concluded that HR-MPR reconstructions read using MPR and MIP
were more likely to identify fractures than solid or transparent VR images used in

isolation.

Standard MIP and VR images have also been compared for fracture detection and it has

been proven that MIP is the better option (1). However, MIP has shown limitation in the



assessment of the skull base with all its complex anatomy (1). HR-MPR reformats are the
gold standard when looking at the skull base. Schuknecht et al. suggested the importance
of very thin collimation (e.g. 0.75mm) HR-MPR scans of the anterior cranial fossa. These,
again, are very different from bony kernel reconstructions of raw data from standard CT-

Brains already undertaken for the general workup of head trauma (14, 18).

1.2.1.7. Miscellaneous factors affecting fracture detection:

Ancillary findings seen on CT-Brain assist in fracture detection. The most common
examples are mastoid or para-nasal sinus air-space opacification seen with most temporal
and anterior cranial fossa fractures respectively, and abnormal air seen adjacent to most
skull vault fractures from associated scalp injuries (14). Conversely it has been suggested
that the likelihood of a missed radiological finding on CT-Brain is higher if another

unrelated major finding distracts the radiologist (10).

It has been suggested that increased time spent looking for fractures may assist in their
improved detection and that radiologists may not be investing enough time in fracture
detection (6). There is no significant discrepancy seen between senior radiology residents

and consultant neuroradiologists in the interpretation of posttraumatic CT-Brains (2).

Factors affecting the storage of CT-Brain images after their acquisition may affect fracture
detection. Compression of CT images on a PACS system using “Lossy 60:1” compression
in order to save on permanent storage space has been proven to reduce the ability of
radiologists to diagnose fractures (19). Image compression using “Lossy 30:1” or

“Lossless” protocols do not affect fracture detection. Given the volume of data created in



medical imaging today these storage formats are helpful. CHBAH does not make use of
“Lossy 30:1” or “Lossless” image compression. Alternative methods are needed to save
oh permanent storage space. Compression of studies used to visualise fractures should
never be done by converting them into JPEG format as the loss of high-frequency

information will degrade the study (19).

The increasing volume of data generated by medical imaging is already a problem in the
first world (19). Some PACS vendors also charge on a per series or case basis. Therefore,
it can be extrapolated that strict protocols are needed in our setting to determine exactly

which series are most necessary to store on PACS.

1.2.2. Common head trauma sKkull fracture patterns
The direction of the transmitted force determines the complexity and nature of a skull

fracture. However, a few common fracture tracts have been identified (12).

Fronto-basal fractures of the skull base occur in 3 or 4 variations: an isolated linear
anterior skull base fracture along the lateral margin of the cribriform plate (type 1), a
linear fracture extending anteriorly into the fronto-nasal sinuses (type 2), and those
where there is comminution and involvement of the orbital roof (type 3) as demonstrated
in figure 1.4 (12, 13). Involvement of the cribriform plate is important as this related to
CSF leakage and pneumocephalus (12, 13). Identification of this fracture results in earlier
primary surgical repair of dural tears reducing morbidity and mortality (12, 13). Fractures

of the orbital roof are associated with numerous facial and frontal bone fractures (14).
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Figure 1.4. a, band c: Frontal basal fracture types.
Diagram of the three major frontal basal fracture types: type 1 (1.4a left), type 2 (1.4b centre) and type 3
(1.4c right) (adaptedfrom Manson P.N. et. al.) (12).

The temporal bone and the sphenoid bone are commonly fractured simultaneously and
when this occurs bilaterally one can assume severe head trauma and subsequent injuries
(2, 14). Unfortunately, it has been shown that these fractures are commonly missed even
when using HR-MPR bony reformats (6). Sphenoid fractures through the pituitary fossa
may be divided into an anterior transverse, a lateral frontal diagonal, a posterior

transverse or a mastoid diagonal pattern as shown in figure 1.5 (2).



Figure 1.5. a,b,c and d: Sphenoid basal skull fracture types.
Diagram showing the anterior transverse (1.5a left), lateral frontal diagonal (1.5b left, centre), posterior

transverse (1.5¢ right, centre) and mastoid diagonal (1.5d right) fracture types (adaptedfrom West, O.C. et.
al.) (2.

Temporal bone fractures are either longitudinal, transverse or mixed depending on their
orientation in relations to the longitudinal axis of the petrous ridge. Transverse fractures
are associated with sensory-neural hearing loss and longitudinal fractures with conductive

hearing loss (see figure 1.6) (16).

Figure 1.6. a and b: Temporal ridge basal skull fracture types.
Examples of a transverse (1.6a left) and longitudinal (1.6b right) basal temporal bone fracture. Note their

orientation to the petrous ridge.



1.3. Problem Statement

The additional reconstruction time required to reconstruct a bony kernel may contribute
to delayed patient throughput in a radiology department. Extra time spend reviewing the
additional image series by the radiologist results in decreased patient throughput. The
addition of an extra series data set is an additional cost when stored on a PACS system. If
a bony kernel is not superior to a brain kernel for the identification of fractures then it can
be assumed that not routinely reconstructing a bony kernel will result increased patient
through-put, decreased reporting time and increased cost effectiveness in a radiology

department.

After determining the extent to which trauma affects our population, understanding the
associations which go together with most skull fractures, after venturing into modern
alternatives for fracture detection and by knowing the common fracture patterns the

researcher has designed this study with the objectives defined below.

13



1.4. Aim of the study
The aim of this study is:
1. To determine whether a bony kernel is superior to a brain kernel for diaghosing

fractures of the skull in patients who have sustained head trauma.

1.5. Objectives of the study
The objectives of this study are:

1. To document characteristics of patients who sustain head trauma in South Africa
by documenting the age, gender and mechanism of injury sustained by the sample
and control groups.

2. To characterize fracture locations, segments and characteristics seen at CHBAH.

3. To identify fracture types and patient factors which may benefit from the use of a
bony kernel over a brain kernel for diagnosis.

4. To determine if only the brain kernel can be stored on a PACS system in an
attempt to improve cost-effectiveness.

5. To determine if only a brain kernel may be interpreted by a radiologist with a view

to the shortening of reporting times.
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2. Central Chapter:

2.1. Materials and Methods

A retrospective comparative study was undertaken at Chris Hani Baragwanath Academic
Hospital (CHBAH) between the 01 Jan 2013 and 31 Dec 2014. Random reports of CT-
Brains for head trauma were reviewed with the view of collecting case controls with no
fractures and cases reported with skull fractures. The patient name, hospital number,

age, gender, mechanism of injury as well as the date of study were recorded.

These studies were then retrieved from the PACS system if they contained both a brain
and bony kernel. All cases were exported in DICOM format onto an external hard drive
and then imported into “OsiriX DICOM Viewer Version 5.8.5” which was utilized to make
all studies anonymous through the allocation of a random study number. All studies were

also read using this DICOM viewer.

The CT Scanner used at CHBAH was a:
* Philips Ingenuity 128-slice CT Scanner: 70cm aperture, 80/100/120/140KVp
settings, 20—665mA range, and solid-state array detector with 128 detectors.
The scanning protocol parameters used for CT-Brain in head trauma are:
* 120KVp and 300mAs, reconstructed into both a brain and bony kernel using a slice
thickness of £1.0mm at intervals of £0.5mm. Rotation time is set at 1.0s with a

FOV of 140,0.

15



Two “Expert Readers” were used to form the gold standard by finding a consensus. Both
were senior radiologists with more than five years experience. Each CT-brain was
reported using a “Reporting Tick Sheet” that was developed by the principal investigator
and supervisor (Appendix B). The expert readers were allowed to view both the brain and
bony kernel, making use of all available post processing tools including window
manipulation, MIP, MPR and VR. Cases where a consensus was not reached were

resolved by facilitated discussion between the two readers.

Three “General Readers” were used in the study. These comprised a consultant
radiologist with more than five years post qualification experience, a senior registrar with
more than two years experience and a junior registrar with less than one year of
experience. All studies were read using only transverse sections at a window level of 350
and a width of 2700 Hounsfield Units (HU). The use of MIP, MPR and VR tools was
prohibited. First the brain kernel was read. One month later the bony kernel was read.
The majority decision between the three readers was taken as the result used for

statistical comparisons.

2.1.1. Study Sample

The study population comprised 216 selected patients who underwent CT-Brain for head
trauma at CHBAH between the 01 Jan 2013 and 31 Dec 2014. According to the Expert
Reader consensus 46.8% (n=101) of these cases were deemed to actually have one or

more fractures despite aiming for a case:control ratio of 1:1.

16



2.1.1.1. Inclusion Criteria
* The indication for CT-Brain had to be for head trauma.
* Both a brain and bony kernel reconstructed from the same raw data in the same

sitting had to be available.

2.1.1.2. Exclusion Criteria

* All CT-Brains containing more than three non-congruent fractures.

2.1.2. Data collection

All data were collected from all readers using a “Reporting Tick Sheet” (Appendix B) for
each case. The parameters recorded were those in the “Reporting Tick Sheet.” The skull
was divided into a skull base and skull vault as per standard anatomy. Each fracture was
described in terms of bony segments defined by the anatomical borders of the bones of
the skull. Although tick boxes were used, readers were asked to depict each fracture in
order to assist with interpretation. If two bony segments that were not adjacent to one
another were fractured then these counted as two separate fractures i.e. a congruent
fracture line traversing more than one contiguous bony segment was judged to be one

fracture.

The expert reader consensus formed the descriptive objective of this study and the gold
standard. Expert consensus was used to identify if the fractures were displaced or not.
Displacement was not tested between the three general readers. No specific definition of

displacement was provided to the readers.
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The general readers took part in two sets of readings. The first was for the brain kernel
and the second was for the bone kernel. These were taken one month apart and studies
were randomized once again to ensure the brain kernel did not affect the bone kernel
reading. General readers were prohibited from discussing cases and all the readers were

blinded to the identity of the other readers. This was undertaken to prevent bias.

All data were captured into a “Report Analysis Spreadsheet” whilst making use of
anonymously allocated study numbers. All descriptive interpretations and statistical

analyses were then drawn from this spreadsheet.

2.1.3. Statistical analysis

Data analysis was carried out with the assistance of a statistician. The statistical software
used was SAS (SAS Institute Inc., SAS Software, version 9.3 for Windows, Cary, NC, USA:
SAS Institute Inc. (2002-2010)). The 5% level of significance was used throughout, unless
otherwise specified. In all cases the majority decision between the general readers was

compared to the gold standard provided by consensus between the expert readers.

2.1.3.1. Sample size calculation

Sample size was calculated based on the primary research objective which was to
compare the proportion of correctly identified fracture cases between the brain and bony
kernels. McNemar’s test was utilized, using a 5% level of significance and a power of 80%.
In a study by Ringl et al. published in a core radiological journal the investigators
determined that when using only transverse sections, experienced readers could detect

70% of fractures, whilst when using a new MIP technique, 87% of fractures could be
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detected (1). Based on this information, the sample size for patients with fractures was
calculated to be 93 and given the aim for equal matching of controls; the required sample

size was 186. The actual sample size of 216 was thus adequate.

2.1.4. Ethics

Written consent for this study was obtained from the Head of the Department of
Radiology at CHBAH. The CHBAH Medical Review Board granted approval for this study.
Approval was granted for this study from the Medical Health Research Ethics Committee

of the University of the Witwatersrand {(Appendix A).

All investigations were originally undertaken for clinical indications. No additional
radiation exposure to patients or staff took place. No additional departmental or
governmental expenditure took place as a result of this study. Patient anonymity was
maintained at all times through the use of allocated study numbers. The decipher code
to these was stored on a password protected computer only accessible to the

investigator.
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2.2. Results

2.2.1. Characteristics of the sample group
A total of 216 patients were included in the study. Of these patients 46.8% (n=101) were

deemed to have one or more fractures by the expert readers.

2.2.1.1. Age:
The mean age of the patients was 29.5 years (0 =12.9 years). Their ages ranged from 6
months to 80 years. Age could not be determined in 4.6% of cases. The distribution of

ages is shown in figure 2.1.

Figure 2.1. Age distribution ofthe study group (in years).



Eighty-four percent (84.3%, n=182) of the patients were male, whilst only 15.3% (n=33)
were female. In 0.5% of cases the age could not be determined. Ninety-one percent

(90,9%, 101 of 111) of the patients who had a mechanism of assault were male.

2.2.1.3. Mechanism of injury:

Assault was shown to be the most common mechanism of injury at 51.9% (n=112). This
was followed by motor vehicle accidents (MVA) at 16.7% (n=36) and pedestrian vehicle
accidents at 16.2% (n=35). Gunshot wounds were an uncommon cause of head injury as
demonstrated in figure 2.2. Pedestrian vehicle accidents (PVA) followed by falls from

height were the most common indications for CT-Brain in children under 16 years of age.

60%

Assault Struck By  Fall From  Gunshot MVA PVA Unknown
Falling Height Wound
Object Mechanism of Injury

Figure 2.2. Distribution of mechanisms of injury ofthe study population.



2.2.1.4. Fracture type and location:

Forty-seven percent (46.8%, n=101) of the patients were deemed to have one or more
fractures. Of these 101 patients, 72.3% (n=73) had a single fracture, whiles 26.7% (n=27)
and 1.0% (n=I) had two and three fractures, respectively. Fifty percent (49.5%, n=50) of
the patients had displaced fractures. The most commonly fractured segment was the
frontal skull vault (59.4%; n=60), followed by the parietal skull vault (44.6%; n=45). The
frontal segment was the most common fracture location in the skull base (31.7% or n=32
patients) followed by very similar numbers shared between the temporal, sphenoid and
ethmoid skull base (n=19, 18 and 16 patients respectively). The basal occipital bone was

the least likely bone to fracture in this patient sample (figure 2.3).
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Figure 2.3. Fracture segment distribution in the patients with fractures.



2.2.2.1. Inter-reader reliability for the detection of patients with fractures:
The percentage of cases with fractures identified by each general reader is shown below

in table 2.1.

Table 2.1. Percentages of fractures found for each general reader.

Percent f patients with fractures (%):
Reader: ercentage of patients actures (%)

Brain kernel: Bony kernel:
1 421 440
53.7 52.8
3 44.9 44.0

Reader 2 stood out as having identified a higher proportion of patients as having one or
more fractures. To determine the agreement between readers, the Fleiss' Kappa for

multiple readers with a binary outcome was determined:

Where:

k = number of subjects (=216)

Yi = number of positive readings for subject i
kn(n - DFf(l - 7) n, = number of readings for subject /(=3)

= 1?-1 —
£ l"nk 20)

The raw agreement (i.e. that all three scored 0 or all three scored 1) between all three
readers was 75.9% and 86.5% for the brain and bony kernels respectively. The kappa
chance-corrected measure of agreement was 0.68 and 0.83, which corresponded to
'substantial' and ' almost perfect' agreement for the brain and bony kernels respectively

(21).



Cochran's Q statistic was used to test for inter-reader bias among the three general
readers. This was significant (p<0.0001) for both kernels, indicating significant bias
between the readers in determining the presence or absence of fractures. In order to
investigate these findings, the agreement and bias between each pair of readers was
reviewed to find reasons for the low kappa and significant bias between the three
readers. For each pair of readers, the cross-tabulation of their readings (Appendix C), the
chance-corrected kappa and the test of inter-reader bias (McNemar's test for two

readers) were determined as shown tables 2.2 and 2.3.

Table 2.2. The determination of agreement and bias between readers for the brain kernel.

Brain kernel:
Readers: Kappa: Interpretation of kappa: p'va':ﬂigrﬁz:,:rtae:f;s Q/
Overall 0.68 Substantial agreement <0.0001
lvs 2 0.53 Moderate agreement 0.0005
1vs 3 0.87 Almost perfect agreement 0.11
2vs 3 0.64 Substantial agreement 0.0023

Table 2.3. The determination of agreement and bias between readers for the bone kernel.

Bony kernel:
Readers: Kappa: Interpretation of kappa: p’va'll\'ﬂecﬁerrs;’f,:r;’;fss Q/f
Overall 0.83 Almost perfect agreement <0.0001
1vs 2 0.73 Substantial agreement 0.0004
1vs 3 1.00 Perfect agreement n/a
2vs 3 0.73 Substantial agreement 0.0004

From these two tables it is shown that for both kernels there was significant bias, and low
agreement, between readers 1and 2, and 3and 2. Readers 1and 3 agreed well and

there was no significant bias in their relative ratings. For both kernels, the cross-



tabulations showed that reader 2 showed a tendency to give more positive (presence of
fracture) ratings than readers 1 and 3. Thus there were clear differences between
readers 1and 3 on the one hand, and reader 2 on the other hand. However, these

differences were unlikely to have had much effect on the majority decision data.

2.2.2.3. Sensitivity and specificity of each reader for the detection of patients
with fractures:

Some significant differences were found between the three readers using McNemar's test

as shown in table 2.4.

Table 2.4. Sensitivity and specificity of each reader for both kernels.

Brain kernel:
Reader: Sensitivity (%): Specificity (%):
Estimate: 95% confidence interval: Estimate: 95% confidence interval:
1 84.2 75.6 - 90.7 94.8 89.0-98.1
2 87.1 79.0-93.0 75.7 66.8 - 83.2
3 94.1 87.5-978 98.3 93.9-99.8
Bony kernel:
Reader: Sensitivity (%): Specificity (%):
Estimate: 95% confidence interval: Estimate: 95% confidence interval:
1 92.1 85.0-96.5 98.3 93.9-99.8
2 91.1 83.8-95.8 80.9 72.5-80.6
3 92.1 85.0-96.5 98.3 93.9-99.8

For the brain kernel, the sensitivity for reader 1 was significantly lower than that of reader
3. This improved with use of the bony kernel in that there was no significant difference.
The specificity of all three readers differed significantly. For the bony kernel, the
specificity for readers 1 and 3 differed significantly from that of reader 2. It was
concluded that for the brain kernel, reader 3 did best and for the bony kernel, both

readers 1 and 3 did best.



2.2.2.4. The difference in proportion of patients with fractures detected
between kernels:

Using McNemar's test, it was shown that within each reader, there was no significant
difference in the proportion of patients identified with fractures using either kernel (table

2.5).

Table 2.5. Proportion of patients with fractures identified by each reader.

Percentage of patients with fractures (%): p-value for HO: no difference
Reader: . . . .
Brain kernel: Bony kernel: between proportions:
1 42.1 44.0 0.41
53.7 52.8 0.74
3 44.9 44.0 0.56

2.2.3. Comparing the use of both kernels using the majority decision data

for the general readers

2.2.3.1. Sensitivity and specificity:

The sensitivity and specificity for the detection of patients with fractures for the brain and
bony kernels are shown in table 2.6 below. There was no significant difference in the
sensitivity or specificity between the two kernels (McNemar's test; p=0.74 and 1.00,

respectively).

Table 2.6. Sensitivity and specificity ofthe brain and bony kernels.

Kernel: Sensitivity (%): Specificity (%):
rhet Estimate: 95% confidence interval: Estimate: 95% confidence interval:
Brain 93.1 86.2 - 97.2 98.3 93.9-99.8

Bony 92.1 85.0-96.5 98.3 93.9-99.8



There was no significant difference in terms of the proportion of correctly identified
patients with fractures between the two kernels. 95.8% and 95.4% of the brain and bony
kernel CT-Brains were correctly classified in terms of the presence or absence of a

fracture. The difference was not significant (McNemar's test; p=0.78).

The percentage of correct assessments for the ‘'number of fractures' and their 'location’
(fracture segment) for each kernel are shown below in table 2.7 and figure 2.4. Overall,
the classifications of the 'number of fractures,’ 'frontal skull base' and "parietal skull vault'
were most problematic for the two kernels. However, these were not significant
differences between the two kernels, with the exception of the 'number of fractures.’
The brain kernel was more accurate at determining the correct number of distinct

fractures (McNemar's test; p=0.022). The brain kernel was almost found to be

significantly better at identifying frontal skull vault fractures (p=0.052).

Table 2.7. Distribution of correctly and incorrectly identified fracture segments.

Brain Kernel: Bone Kernel: p-valuefor
. . . . HO: no
_ Incorrectly: Correctly: Incorrectly: Correctly: difference
Variable: between
n % n % n % n % brain and
bony
kernel:
Fracture (y/n) 9 4.2% 207 95.8% 10 4.6% 206 95.4% 0.78
Within cases:
Fracture (y/n) 7 6.9% 94 93.1% 8 7.9% 93 92.1% 0.74
Number of fractures 16 15.8 85 84.2% 27 26.7 74 73.3% 0.022
Skull base frontal 16 15.8 85 84.2% 15 1%9 86 85.1% 0.82

Skull Base Ethmoid 7 6.9% 94 93.1% 8 7.9% 93 92.1% 0.78
Skull Base Sphenoid 8 7.9% 93 92.1% 9 8.9% 92 91.1% 0.74
Skull Base Temporal 8 7.9% 93 92.1% 1 10.9 90 89.1% 0.26
Skull Base Occipital 5 5.0% 96 95.0% 5 5.0% 96 95.0% 1.00
Skull Vault Frontal 8 7.9% 93 92.1% 15 14.9 86 85.1%  0.052
Skull Vault Parietal 21 20.8 80 79.2% 18 1%8 83 82.2% 0.47
Skull Vault Occipital 1 109 90 89.1% 12 1%9 89 88.1% 0.56
Skull Vault Temporal 10 9.9% a1 90.1% 14 1%9 87 86.1% 0.21
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Figure 2.4. Distribution of correctly identified fractured segments for both kernels.

2.2.3.2. Comparing the correctly identified fracture group to the missed

fracture group:

The group of patients with correctly identified fractures was compared to the group with
missed fractures for each kernel to determine if the 'number of fractures/ 'displacement/
'location’ (fracture segment), 'age’ or ‘'mechanism of injury' could be identified as
independent significant risk factors for a missed fracture. For this analysis each location
was classified as either only present or absent (i.e. the number of fractures in each
segment and laterality were ignored) and only the assault and PVA groups of ‘'mechanism
of injury" were used as group sizes for the other mechanisms of injury were too small for

missed fractures. The group size for missed fractures was in fact extremely small, which



made the between group tests underpowered. Hence the results must be interpreted

with caution. The results are shown in table 2.8.

Table 2.8. Comparison of patients with fractures correctly identified to those that had missed

fractures.
Brain kernel: Bony kernel:
Variable:  Category: Missed: Identified: p-valuefor Missed: Identified: p-value for
between- between
n % n % group n % n % group
Within cases which - 94 difference 8 93 difference:
hadfractures(n=101)
Number 1 6 8.2% 67 91.8% 8 11.0% 65 89.0%
0.014
of 2 0 0.0% 27 100.0 ; 0 0.0% 27 100.0 0.17
fractures (phi=0.39)
3 1 100.0 0 0.0% 0 0.0% 1 100.0
Displace No 4 7.8% 47 92.2% 8 15.7% 43 84.3% 0.0058
1.00 )
ment Yes 3 6.0% 47 94.0% 0 0.0% 50 100.0 (phi=0.29)
skull Base No 7 10.1% 62 89.9% 7 10.1% 62 89.9%
0.09 0.43
Frontal Yes 0 0.0% 32 100.0 1 3.1% 31 96.9%
skull Base No 7 8.2% 78 91.8% 8 9.4% 77 90.6%
. 0.59 0.35
Ethmoid Yes 0 0.0% 16 100.0 0 0.0% 16 100.0
skull Base No 7 8.4% 76 91.6% 6 7.2% 77 92.8%
) 0.35 0.63
Sphenoid Yes 0 0.0% 18 100.0 2 11.1% 16 88.9%
skull Base No 7 8.5% 75 91.5% 8 9.8% 74 90.2%
0.34 0.35
Temporal Yes 0 0.0% 19 100.0 0 0.0% 19 100.0
skull Base No 5 5.3% 89 94.7% 6 6.4% 88 93.6%
- 0.07 0.09
Occipital Yes 2 28.6% 5 71.4% 2 28.6% 5 71.4%
Skull No 6 14.6% 35 85.4% 0.017 5 12.2% 36 87.8%
Vault ; 0.26
Frontal Yes 1 1.7% 59 98.3% (phi=0.25) 3 5.0% 57 95.0%
Skull No 4 7.1% 52 92.9% 8 14.3% 48 85.7% 0.0081
1.00 ;
vault Yes 3 6.7% 42 93.3% 0 0.0% 45 100.0  (phi=0.26)
Parietal : : :
Skull No 5 5.7% 82 94.3% 7 8.0% 80 92.0%
Vault 0.25 1.00
occipital Yes 2 14.3% 12 85.7% 1 7.1% 13 92.9%
Skull No 5 6.4% 73 93.6% 7 9.0% 71 91.0%
Vault 0.66 0.68
Temporal Yes 2 8.7% 21 91.3% 1 4.3% 22 95.7%
Female 1 10.0% 9 90.0% 2 20.0% 8 80.0%
Gender 0.53 0.18
Male 6 6.7% 84 93.3% 6 6.7% 84 93.3%
Assault 4 6.7% 56 93.3% 5 8.3% 55 91.7%
Mol 0.60 0.63
PVA 2 12.5% 14 87.5% 2 12.5% 14 87.5%



2.2.3.3. Findings of the risk factor analysis using the brain kernel:

Between the identified fracture group and the missed fracture group there was a
statistically significant difference with regard to the number of fractures identified on the
study (p=0.014). Patients with a frontal skull vault fracture were more likely to be
identified than those without one (p=0.017). Less than 100% identification was seen for
displaced fractures, occipital skull base and frontal, parietal and temporal skull vault
fractures. Both types of mechanism of injury showed less than 100% identification with

no significant difference between the two. These were all not statistically significant.

2.2.3.4. Findings of the risk factor analysis using the bony kernel:

Patients with displaced fractures were more likely to be identified than those with
undisplaced fractures (p=0.0058). Parietal skull vault fractures were also more likely to be
identified than missed (p=0.0081). Younger patients were more likely to have their
fractures identified compared to older patients (p=0.041). In this case ‘younger patients’
referred to those left of the mean for the age distribution. Less than 100% identification
was seen for a range of skull vault and base fractures and both mechanisms of injury, but

none of these findings were significant between the two groups.
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3. Concluding Chapter:

3.1. Discussion

3.1.1. Results in context

3.1.1.1. Head trauma in South Africa:

The average age of the study sample was 29.5 years as shown in figure 2.1. The majority
of patients were young adults and this was in keeping with global trends (4). It is
accepted that the most common cause of death in young adults is trauma and our study
is coherent with this given the likelihood of death from head trauma. Male patients were
more likely to suffer head trauma in our setting (n=182, 84.3%). Ninety-one percent
(90.9%, n=101) of the patients who presented with a mechanism of assault were in fact

male.

The most common mechanism of injury was assault. This suggests a high incidence of
interpersonal violence in our setting (4). From our experience, most of these were in the
form of blunt force trauma either with fists or with blunt objects. Bullet wounds formed a
small proportion of the mechanisms of injury documented in the study population {n=1,
0.5%) (figure 2.2). MVAs were a common mechanism of injury for head trauma in

keeping with global trends (n=36, 16.7%) (4).

Eleven percent (11.1% (n=24)) of the patients who suffered head trauma were less than
17 years of age. The most common mechanisms of injury in children were a fall from
height, especially in non-ambulant children {n=8), and pedestrian vehicle accidents (n=7)

in children who were ambulant. Whilst concerned parents could explain falls from height

31



in younger children, one must question the incidence of children involved in pedestrian
vehicle accidents. Previous studies have identified this issue as a significant problem and

this study further supports this opinion (4, 5).

3.1.1.2. Fracture patterns noted from results:

Interestingly 27.7% (n=28) of patients who had a fracture had multiple fractures. This
should encourage radiologists to not simply settle for satisfaction of search when a
solitary fracture is found on CT-Brain. Concerted efforts need to be made to search for

secondary fractures, as over one in four cases will have a one.

This study showed that about half (n=51, 50.5%) of fractures seen on CT-Brain were
undisplaced. Analysis of data from the bony kernel reading found that undisplaced
fractures were more likely to be missed than displaced fractures {p=0.0058). Radiologists
should scrutinize every segment of the skull to avoid missing these fractures. A reason for
these findings may be that undisplaced fractures are associated with fewer adjacent
ancillary findings. Further research is needed to confirm this. Use of the bony kernel did

not result in improved detection of undisplaced fractures in this study.

The skull vault was more commonly fractured when compared to the skull base. Not
surprisingly, the most commonly fractured bones were the frontal and parietal bones of
the skull vault. These are the largest and most exposed bones of the head. In the skull
base the frontal bones were most commonly fractured, usually from extension of a
frontal vault fracture into the skull base. This is significant because many of these

fractures could extend into type 2 or 3 fractures resulting in CSF sino-nasal leakage.
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Temporal bone skull base fractures were shown to be as common as the ethmoid and
sphenoid bone fractures suggesting that equal time should be spent reviewing these
areas. This study was underpowered for determining if specific mechanisms of injury
resulted in certain fracture locations in the skull base. However no specific trends were
noticed. There was no difference in detection of skull base fractures between both

kernels.

3.1.1.3. Comparing the bony kernel to a brain Kernel:

There was no significant difference in the sensitivity or specificity between the two
kernels (p=0.74 and 1.00). Even when looking for an improvement in fracture detection
for individual readers, there was no significant improvement for any of them. The use of

a bony kernel did not add any value other than simply making fractures appear sharper.

Although the study was underpowered for missed fractures of the skull, no trends were
seen to suggest any improvement in fracture detection with the use of a bony kernel for
specific fracture locations. One reason, which has been put forward for these findings,
may be that most clinically relevant fractures are accompanied by ancillary findings (14).
Examples include abnormal air adjacent to a fracture, pneumocephalus, blood in the
paranasal sinuses, localized scalp inflammation and opacification of the middle and inner
ear. This study shows that the brain kernel correctly identifies over 90% of ethmoid,
sphenoid and temporal bone fractures in isolation. In keeping with previous articles,
fractures of the frontal skull base were among the most difficult fractures to identify

(£85%) (figure 2.4) (14).
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Overall the sensitivity and specificity of the brain kernel alone were good at 93.1% and
98.3% respectively. These were actually higher than anticipated compared to previous
studies (1, 6). These results show that the brain kernel may be used in isolation. The
researcher suggests that, given the current literature on the topic and the finding that the
bony kernel does not improve fracture detection, only the brain kernel should be
routinely reconstructed. |n cases where a missed fracture is suspected by a clinician at a
later stage, an alternative study should be performed. An example of such a scenario
would be a patient with a facial nerve palsy and a previously normal CT-Brain post head
trauma. A HR-MPR CT of the temporal bones would add much more value despite the
additional radiation dose as suggested in previous studies (1, 6, 17). A similar scenario
would be a patient presenting with CSF rhinorrhoea after head trauma. These patients
would benefit more from a heavily T2 weighed 3D gradient echo MRI sequence (e.g. CISS)
than from exhausting efforts to delineate the fracture using a bony kernel.
Communication with the referring clinician when suggesting further imaging is

mandatory.

The finding of a significant difference between the numbers of fractures identified
between the missed fracture group and the identified fracture group when using the
brain kernel was largely due to one case where three fractures were missed on one study.
The researcher can only assume this was a reading error made by the general readers or

an error in study number allocation during randomization.

The use of a bony kernel in children less than 16 years of age did not improve fracture

detection. Numerous normal suture lines are present on the CT-Brain of a child and these
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are sometimes difficult to differentiate from fractures. It seems that the brain kernel
images were adequate to make this differentiation although this study was not designed
to test this in children specifically, and the number of children included in this study was
very small. The bony kernel may help differentiate an undisplaced fracture from a normal
suture line but further research is required to test this. The researcher therefore cannot
refute the use of a bony kernel reconstruction for children less than 16 years of age. The
addition of a HR-MPR CT would also add to radiation dose, which is better avoided in

children. Volume rendered images may also be beneficial in a similar manner (15).

This study showed a significant bias between the findings of the general readers from one

III

reader who tended to “overcall” fractures as can be seen in table 2.1. This reader was in
fact the most junior reader with less than one years experience. It may be the case that
junior radiologists may need a specific amount of training before reaching the capabilities
of their more experienced colleagues. The bony kernel alone did not change this

experience gap but other methods of image manipulation have shown promise in doing

so (1, 9).

3.1.2. Limitations of the study
* This study was eventually underpowered for determining risk factors for missed
fractures with regard to fracture location, fracture characteristics and patient
demographics. The reason for this was that not only was the study number
initially determined from the primary objective for the most part, but also the

likelihood of a missed fracture was actually much lower than expected from
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3.1.3.

previous studies (1, 6). The sensitivity for the brain kernel was 93.1% i.e. there
were few false negatives. The missed fracture groups were consequently very
small.

Sampling bias was a limitation of this study. The exact likelihood of a fracture
being found on a CT-Brain for head trauma in our setting is unknown to the
researchers knowledge. Therefore fracture cases were matched with control
cases.

This study was undertaken at a tertiary referral hospital with a level 1 trauma
centre. Minor head trauma not referred was subsequently not included in the
study. Patients with asymptomatic fractures may have not been investigated and
hence were not included.

A significant bias existed between the three general readers that was statistically
significant. However it had little effect on the outcome of the study because the

majority decision was taken between the three readers.

Current applications

There is no statistically significant difference in the detection of patients with
fractures of the skull between a brain and bony kernel. The author therefore
suggests that only a simple brain kernel is initially needed for the investigation of
head trauma. If clinical findings suggest the likelihood of a significant missed
fracture (most likely a frontal, ethmoidal or temporal skull base fracture) then

further investigation with HR-MPR CT or MRI is suggested where appropriate.
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* The detection of skull base fractures is not improved through the use of a bony
kernel.

* |tis suggested that a bony kernel be added to the routine reconstructions of a CT-
Brain for head trauma in children less than 16 years of age, in order to help
differentiate suture lines from fractures, until further studies are available.

* A bony kernel does not need to be routinely added to a brain kernel for storage on
a PACS system. This should directly improve on permanent hard disc storage
capacity and cost effectiveness as many vendors charge on a per image basis.

* Radiographers would shorten reconstruction times allowing for faster patient
throughput. Reporting times would also be shortened, as there would be one less

unnecessary reconstruction for the radiologist to review.

3.1.4. Future applications

* |Interpersonal violence amongst males is a major problem locally, with the most
common mechanism of injury being assault in this study. Further epidemiological
studies are necessary to ascertain why and how this occurs.

* The finding of a significant number of ambulant children presenting for
investigation of head trauma with the mechanism of PVA was worrying. Research
into local stressors, which put children at risk of the aforementioned, is advised.

* Radiologists are likely to detect fractures because of ancillary findings on CT-Brain.
This is likely the reason why no difference in detection of fractures was found

between kernels. Further research to ascertain which ancillary findings are
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specific for commonly missed fractures may provide guidance on how to avoid
these cases.

Clinical audit into the volume of CT-Brains done for head trauma in South Africa or
at CHBAH is advised. Determining the amount of patients found to have fractures
onh these studies could provide a baseline for comparison with international
standards. These studies would ensure that indications are sound, that patient
workup is cost-effective given local budget constraints, and that radiation
exposure is kept to a minimum.

Further research is required to determine if this study’s findings can be

extrapolated to children less than 16 years of age.
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3.2. Conclusion

This study shows that there is no statistically significant difference in the detection of
fractures between a brain and bony kernel in an adult population. A simple brain kernel
is all that is needed for a radiologist to adequately exclude fractures in a patient who has
suffered head trauma. A bony kernel does not need to be stored on a PACS system.
These findings should improve throughput of patients through the CT Scanner, allow for
shorter reporting times from radiologists and improve the cost effectiveness of PACS.
Bony kernel reconstructions should however be reviewed in cases where children have
sustained significant head trauma. |n cases where a missed fracture is likely on clinical
grounds, further imaging is suggested through the used of a HR-MPR CT of the area of
interest. The incidental finding of a local high incidence of interpersonal violence
necessitating the use of CT-Brain in particularly male patients needs further study. The
high incidence of pedestrian vehicle accidents amount young children must also be

addressed.
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Appendix C Inter-reader bias between general readers cross-

tabulation

Table of GR1_Brain_Kernel_Fracture_Present by GR2_Brain_Kernel_Fracture_Present

GR1_Brain_Kernel_Fracture_Present GR2_Brain_Kernel_Fracture_Present
0 1 Total
0 87 38
1 13 78
Total 100 116

Table of GR1_Brain_Kernel_Fracture_Present by GR3_Brain_Kernel_Fracture_Present

GR1_Brain_Kernel_Fracture_Present GR3_Brain_Kernel_Fracture_Present
0 1 Total
0 115 10
1 4 87
Total 119 97

Table of GR2_Brain_Kernel_Fracture_Present by GR3_Brain_Kernel_Fracture_Present

GR2_Brain_Kernel_Fracture_Presen GR3_Brain_Kernel_Fracture_Present
0 1 Total
0 90 10
1 29 87
Total 119 97

Table of GR1_Bone_Kernel_Fracture_Present by GR2_Bone_Kernel_Fracture_Present

GR1_Bone_Kernel_Fracture_Present GR2_Bone_Kernel_Fracture_Present
0 1 Total
0 97 24
1 5 90
Total 102 114

Table of GR1_Bone_Kernel_Fracture_Present by GR3_Bone_Kernel_Fracture_Present

GR1_Bone_Kernel_Fracture_Present GR3_Bone_Kernel_Fracture_Present
0 1 Total
0 121 0
1 0 95
Total 121 95

Table of GR2_Bone_Kernel_Fracture_Present by GR3_Bone_Kernel_Fracture_Present

GR2_Bone_Kernel_Fracture_Present GR3_Bone_Kernel_Fracture_Present
0 1 Total
0 97 5
1 24 90

Total 121 95
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