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especially blood in the maxillary sinus increased the likelihood of fracture with the
inverse also being true.

The majority of facial fractures in this study were left to self-resolve. The
remainder of facial fracture patients received closed reduction, open reduction, closed
and open reduction, or had referrals for outpatient treatment. The presence of facial
fracture indicators in relationship to patient treatments and outcomes was examined.
Epistaxis, mechanism of injury, and soft tissue facial injuries were found not to be related
to facial fracture treatments. When comparing facial fracture patients with or without
blood in the sinus, those without the presence of blood were more likely to have fractures
left to self-resolve. Additional follow-up research may better reveal differences in these
patients along with reasons for the differences. In addition, further examination is needed
to determine what out-of-hospital treatments occurred and if study indicators can be
associated with treatment types and help improve facial fracture care.

In this study, approximately half of the facial fracture patients had a documented
direct or indirect clinical outcome related to fracture. The most common sequelae were
headaches, pneumocephalus, and vision issues, which have been mentioned in other
literature [7-9]. No differences were seen in patients based on epistaxis status, mechanism
of injury, soft tissue facial injury status, or blood in their sinuses status in regards to
sequelae. The study size did not allow for in depth analyses of individual clinical
outcomes due to their low prevalence. There was a demonstrated difference in LOS for
patients with blood in the sinus or soft tissue facial injury, with these patients having
longer median LOS. There was not any determined interaction between the presence of

soft tissue facial injury and TBI status, though longer LOS was further explained when
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considering the increased severity of the patient’s injuries (i.e., higher ISS). TBI status
did effect the LOS of patients with blood in their sinus with patients positive for both
having longer LOS. Discharge locations were not different for patients based on epistaxis
status, mechanism of injury, soft tissue facial injuries status, or blood in their sinus status.
These study data may help generate future hypotheses or more specific research work on
facial fracture sequelae since data on such topics do not currently exist. However,
determining potential impacts of facial fracture indicators on clinical outcomes may be a
difficult undertaking, since the attenuation of sequelae may not be possible solely through
establishing indicators of facial fracture. To address such issues, preventative factors may
need to be determined and endeavors implemented, which was beyond the scope and
purpose of this study.

5.2 Study limitations

Study subjects were ascertained along with many study variables using electronic
medical records. These sources were not primarily designed for research purposes and
could have had missing or incorrectly entered information. The outcome of facial fracture
could have been missing in patient medical records or not diagnosed at all. All relevant
medical records were reviewed in an attempt to ensure that missing facial fracture
information was not actually noted elsewhere within the medical records.

In the determination of blood in the sinuses, adjudicators were blinded to whether
or not the trauma patients had a diagnosis of facial fracture, actual ratio of cases to
controls, and presence of redundant cases and controls in the patient list. These actions
helped minimize the threat of test review bias [57]. These adjudicators may not have been

blinded to the underlying aims of the study. The quality of the CT readings and their
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interpretations were dependent on the adjudicators’ work. The use of intra- and inter-rater
analysis helped to rule out any such bias. Other medical conditions may coexist and
present as opacification of the sinuses. Providing a standard training session should have
helped minimize identification issues in images and helped ensure the appropriate use of
the study protocol and procedures. In addition, the adjudicators had a high degree of
education and experience in the area of scan interpretation. If apparent fractures were
visually present on head CT images, adjudicators were requested to look past this
information when examining for the presence of blood in the sinus.

An uncontrollable limitation of the study would be if blood in the sinuses was
originally used to diagnose facial fractures. This could have resulted in a potential form
of incorporation bias [57]. Pooled blood in sinuses has been referred to as an indirect
sign of fracture and should not have been used as the main means of diagnosing facial
fractures. There is no available standard information on the types of fractures that would
be directly associated with pooling blood, limiting such actions. After conferring and
confirming with the study center’s trauma surgeons, it seemed completely improbable
that patients would have had a fracture diagnosed solely by the presence of blood. The
unlikeliness of this bias is further establish by sinus blood being present in patients
without a documented facial fracture and not present in all documented facial fracture
patients.

It should also be kept in mind that study indicators such as pooling blood in the
sinuses or the presence of soft tissue injuries at the time of clinical assessment may have
led physicians to look more thoroughly for facial fracture. With the retrospective nature

of the study along with its dependency on predominantly secondary data, this issue could
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not be prevented. What was done to review this potential issue was to review all study
patients to examine the how many of them had blood in their sinus and received a
subsequent maxillofacial CT scan. These actions helped to better understand the chain of
events in care and revealed what appeared to be an association between indicators and
maxillofacial scans. The occurrence of this limitation inflates the predictive value of
blood in the sinus or other indicators if they are true indicators of facial fracture, since
they may have originally contributed to the discovery of the facial fracture. However, it
should be noted that some control study patients that received a maxillofacial CT scan did
not have any of the significant indicators of facial fracture. This implies that other
information must have been influencing clinician decisions to order subsequent CT scans
in some cases. These limitations could be further addressed in future studies by ordering
both head and maxillofacial CT scans for all patients in the study regardless to the
presence of facial fracture indicating data when attempting to uncover facial fractures.

The study attempted to evaluate and lessen influence of chance, errors (bias), and
potential confounding. Threats were minimized through the study design and analytical
approaches including multivariate analyses. It was not possible to definitively establish a
temporal relationship between indicators and a sustained facial fracture in this study, due
to the retrospective design. However, consistency, dose response (presence of multiple
indicators), plausibility, and statistical support in the sample data provided a high level of
evidence in addressing study aims.
5.3 Summary and recommendations

Significant indicators of facial fracture determined by the study’s final

multivariate regression model included mechanism of injury, epistaxis, periorbital
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contusion, open wound of the forehead, as well as blood in the ethmoid and/or maxillary
sinus. These indicators can be used in early patient assessment by clinicians in the
Emergency Department to help detect possible facial fractures. Based on study data,
patients injured in MVC who did not have any of the determined indicators of facial
fracture appeared to have little to no risk of fracture and represented the low risk group.
While the presence of multiple indicators for facial fracture markedly increased the
probability of fracture. This increase was also illustrated within the probability trees that
grouped patients by mechanism of injury and indicators. Study patients with blood in
their maxillary sinus and/or had multiple higher risk indicators of facial fracture
represented those at the highest risk for fracture. These patients also were more likely to
require surgical treatments for facial fractures.

Application of risk levels for facial fracture needs to occur in actual clinical
settings to help in understanding their strengths and limitations toward indicating facial
fracture status. These endeavors would help in understanding those patients that land in
the intermediate risk group. As of now the recommendation for patients in the
intermediate group should be comprehensive assessments using good clinical judgment.
Results from the presented study should not presumably take the place of CT scans or
clinical assessments in diagnosing facial fractures, but help guide clinicians’ assessments.

Study data revealed that half the facial fracture patients in this study had a clinical
outcome. These clinical outcomes along with discharge location were not associated with
the significant facial fracture indicators. It was demonstrated that many of the facial
fracture cases in the study had their fractures left to self-resolve with minimal care.

Though, blood in the ethmoid and/or the maxillary sinus proved to be associated with
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surgical treatment and referrals for facial fracture treatments, providing positive data for
future research in directing care.

Additional research on facial fracture should examine the significant indicators
demonstrated in this study in a prospective design with the goal of determining their full
clinical utility. These endeavors should use primary data collected for both patients with
and without facial fracture to ensure identical collection of all pertinent study
information. Administration of study procedures should also be identical including head
and maxillofacial CTs for all patients regardless of indicator status. Research should tease
out potential subgroups in the Other causal group of facial fracture using larger sample
sizes. This research should occur in comparable patient populations as well as in varying
trauma populations to establish the external validity of study findings in patients with
differing regional and trauma characteristics. These additional steps work toward
establishing the benefit of the indicators in a broader trauma community. Once finding
are validated, future research should also examine the indicators in patients with more
severe injuries, by extending the inclusion criteria in order to determine indicators’
accuracy in patients requiring greater or more urgent care.

Lastly, the presented study was not able to fully document subsequent outpatient
treatments of facial fracture injuries, since many treatments occurred at subsequent visits
or at other clinics. The study was also unable to directly link clinical outcomes to
particular facial fractures or indicators. A greater exploration into these areas as well as
determining impacts of fracture indicators on more comprehensively defined treatments
and clinical outcomes data would provide information of value that is not currently

available or completely accessible in this study.
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Table A.1 International Classification of Disease, VVersion 9, Clinical Modification
for facial fracture codes

802 Fracture of face bones

802.0 Nasal bones, closed
802.1 Nasal bones, open
802.2 Mandible, closed
Inferior maxilla
Lower jaw (bone)
802.20 Unspecified site
802.21 Condylar process
802.22 Subcondylar
802.23 Coronoid process
802.24 Ramus, unspecified
802.25 Angle of jaw
802.26 Symphysis of body
802.27 Alveolar border of body
802.28 Body, other and unspecified
802.29 Multiple sites
802.3 Mandible, open
802.30 Unspecified site
802.31 Condylar process
802.32 Subcondylar
802.33 Coronoid process
802.34 Ramus, unspecified
802.35 Angle of jaw
802.36 Symphysis of body
802.37 Alveolar border of body
802.38 Body, other and unspecified
802.39 Multiple sites
802.4 Malar and maxillary bones, closed
Superior maxilla
Upper jaw (bone)
Zygoma
Zygomatic arch
802.5 Malar and maxillary bones, open
802.6 Orbital floor (blow-out), closed
802.7 Orbital floor (blow-out), open
802.8 Other facial bones, closed
Alveolus
Orbit:
NOS
part other than roof or floor
Palate
Excludes: orbital:floor (802.6 )and roof (801.0-801.9)
802.9 Other facial bones, open
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Table A.2 List of codes for determination of LIPS-N diagnoses

LIPS-N Mnemonic International Classification of Disease, Version 9,
Clinical Modification

Lip laceration 873.43 or 873.53

Intraoral laceration 873.6 - 873.79

Periorbital contusion 921.2

Subconjunctival hemorrhage 372.72

Nasal laceration 873.2 - 873.39

*The Equivalent Abbreviated Injury Score codes were not included in list since they are
not as specific as using the written descriptions or the International Classification of
Disease, Version 9, Clinical Modification. Specifically, they do not note the place on the
head where the injury was located and provide vague information.
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Table A.3 Facial fracture patients by mechanism of injury, facial fracture risk, indicator status, and types of fracture

Risk" MOI Facial Fractures and diagnostics*
Fracture 1 2 3 4 5 6 7 8 9
Indicator
2 Assault  Periorb Orbit
3 Assault  Ethmoid Orbit Orbit
Maxillary
3 Assault Maxillary Malarand Malarand Zygoma  Orbital Orbit
maxillary — maxillary floor
blow-out
2 Assault Epistaxis  Nasal
closed
3 Assault  Ethmoid Orbit
Maxillary
2 Assault - Nasal
2 Assault - Zygoma
2 Assault Forehead  Zygoma
3 ATV Periorb Orbit Malar
Epistaxis and
Ethmoid maxillary
Maxillary
3 ATV Ethmoid Malar and Malarand Malar Nasal Nasal Nasal Zygoma Orbit Orbit
Maxillary maxillary maxillary and
maxillary
3 ATV Maxillary ~ Malar Malarand Zygoma  Orbit Orbit
Forehead and maxillary

maxillary



Table A.3 continued. ..

3

Bicycle

Bicycle

Bicycle

Bicycle

Fall

Fall

Fall

Fall

Fall

Fall

Fall

Ethmoid
Maxillary

Maxillary
Epistaxis
Ethmoid
Maxillary
Periorb
Forehead

Periorb
Epistaxis
Maxillary
Maxillary
Ethmoid
Maxillary
Periorb
Maxillary

Maxillary
Maxillary
Periorb
Periorb

Epistaxis
Ethmoid

Nasal open

Nasal

Nasal

Zygoma

Orbit

Superior
maxilla
Orbit
Malar and
maxillary

Orbital
floor blow-
out

Orbital
floor blow-
out

Nasal

Malar and
maxillary

Orbital
floor blow-
out

Malar and
maxillary

Nasal

Malar and
maxillary

Malar
and
maxillary

Malar
and
maxillary

Orbital
floor
blow-out

Orbit
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Table A.3 continued. ..

3

N

Fall

Fall

Fall

Fall
Fall
Fall

Fall

Fall

Fall

Fall

Fall
Fall

Periorb
Forehead
Maxillary
Periorb
Maxillary

Periorb
Maxillary
Ethmoid
Ethmoid
Maxillary

Maxillary

Epistaxis
Ethmoid
Maxillary
Maxillary

Maxillary

Periorb
Maxillary
Forehead
Epistaxis
Ethmoid
Maxillary

Malar and
maxillary

Orbital
floor blow-
out

Malar and
maxillary

Orbit

Malar and
maxillary
Malar and
maxillary
Malar and
maxillary

Malar and
maxillary
Malar and
maxillary

Malar and
maxillary
Orbit
Orbit

Orbit

Zygoma

Orbit
Malar and
maxillary
Zygoma

Nasal

Malar and
maxillary

Orbit

Nasal

Orbital
floor
blow-out

Orbit

Zygoma

Nasal

Orbital
floor
blow-out

Orbit Orbit

Orbit
Orbital Orbit

floor
blow-out

Orbit
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Table A.3 continued. ..

3 Fall Maxillary ~ Orbital
floor blow-
out
2 Fall - Zygoma
2 Fall Periorb Malar and Nasal
maxillary
3 Fall Periorb Nasal
Maxillary
Forehead
Ethmoid
2 Fall Ethmoid Orbit
3 Fall Periorb Orbit Malar and  Malar Malar
Forehead maxillary  and and
Maxillary maxillary maxillary
3 Fall Ethmoid Nasal Nasal Orbit Orbit
Maxillary
Epistaxis
Periorb
3 Fall Maxillary ~ Malar and Malar and Superior  Orbital Orbit
Epistaxis maxillary maxillary maxilla  floor
Periorb blow-out
3 Fall Ethmoid Nasal open Malar and
Maxillary maxillary
Epistaxis
Periorb
Forehead

2 Fall - Nasal



Table A.3 continued. ..

3

N

Fall

Fall

Fall
Inline
Skates

Horse
Kick
Horse
Kick
MVC

MVC

MVC

MVC

MVC

Maxillary  Orbit

Epistaxis Malar and
Maxillary — maxillary

- Nasal
Periorb Orbit
Maxillary
Ethmoid

- Malar and

maxillary

Maxillary ~ Malar and
Ethmoid maxillary
Ethmoid Nasal
Maxillary

Ethmoid Malar and
Maxillary ~ maxillary

Maxillary ~ Malar and
Ethmoid maxillary
Forehead

Forehead  Nasal

Epistaxis Nasal
Forehead

Orbit

Nasal

Orbital
floor blow-
out

Orbital
floor blow-
out

Nasal bones

Nasal

Malar Malar Zygoma
and and
maxillary maxillary

Orbit Orbit Orbit

Orbit

Orbit

Malar
and
maxillary

Zygoma

Zygoma

139



Table A.3 continued. ..

3

3

MVC

MVC

MVC

MVC

MVC

MVC

MVC

MVC

MVC

MVC

MVC

Periorb
Maxillary
Maxillary
Periorb
Ethmoid
Maxillary
Periorb
Ethmoid
Maxillary
Periorb
Ethmoid
Maxillary
Periorb
Forehead
Periorb
Forehead

Epistaxis
Periorb
Ethmoid
Epistaxis
Ethmoid
Maxillary

Forehead

Maxillary

Zygoma
Malar and

maxillary
Orbit

Orbit

Orbital
floor blow-
out

Orbit

Nasal
Nasal

Malar and
maxillary

Malar and
maxillary
Malar and
maxillary

Orbit
Orbit

Orbit

Orbit

Orbital
floor blow-
out

Malar and
maxillary

Malar and
maxillary

Orbit Orbit
Orbit

Orbit Zygoma  Zygoma

Orbit

Nasal Nasal

Palate Zygoma  Zygoma  Orbit

Orbit
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Table A.3 continued. ..

3

2

MVC
MVC

MVC

MVC

MVC

MVC

MVC

MVC
MVC —
Motorcyc
le

Object
Hit Them

Ethmoid
Maxillary
Epistaxis
Periorb
Ethmoid
Maxillary

Epistaxis
Forehead

Epistaxis
Periorb
Periorb
Forehead
Ethmoid
Ethmoid
Maxillary
Periorb
Periorb
Ethmoid
Maxillary
Epistaxis
Maxillary

Orbit
Orbit
Malar and
maxillary

Nasal

Nasal

Malar and
maxillary

Malar and
maxillary

Orbit
Malar and
maxillary

Malar and
maxillary

Malar and
maxillary

Nasal

Malar and
maxillary

Malar and
maxillary

Nasal

Orbit

Zygoma

Zygoma

Nasal

Zygoma

Nasal

Orbit

Zygoma

Malar
and
maxillary

Orbit Orbit

Orbit

Malar
and
maxillary
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Orbital
floor
blow-
out



Table A.3 continued. ..

3

3

Object
Hit Them
Object
Hit Them

Object
Hit Them
Object
Hit Them

Pedes-
trian
Struck by
auto
Pedes-
trian Hit
by auto
Self-
Inflicted

Maxillary
Forehead
Ethmoid
Maxillary
Periorb
Epistaxis

Forehead
Ethmoid
Maxillary
Maxillary
Ethmoid

Periorb
Forehead

Orbit

Malar and
maxillary

Nasal

Nasal

Malar and
maxillary

Nasal

Malar and
maxillary

Orbit

Malar and
maxillary

Malar and
maxillary

Orbit

Orbit

Nasal

Orbit Orbit
Orbital Orbit
floor

blow-out

142

Orbit

Orbit

MOI = mechanism of injury; MVC = motor vehicle collision; lip = lip laceration; periorb = periorbital contusion.

fRisk group levels: 1 = low; 2 = intermediate; 3 = high.

*Facial fracture diagnostics are as follows: unbolded fractures diagnosed with maxillofacial computed tomography scan;
bolded fracture diagnosed with head computed tomography scan; and gray shaded fractures diagnosed another diagnostic
modality.
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=] Facial Fracture Head CT Study Form

D: |1 Date: |12/16/2010

Blood In Sinus: ® ves O No

Select the affected sinuses by clicking on them in the image below. You may distinguish between the

How certain are you

left and right maxillary sinus.
that there is blood?

0% 100%
[V Left Maxillary
Sphenoid sinus WIRight Maxillary 100
™ Ethmoid 80
65

[¥ISphenoid

Ethmoid sinus
Maxillary sinus

Image from:
http://www.nationalpainfoundation.org/articles/614/what-

Facial Fracture Visible: ® yes O No

Location and Type of Nasal Fx

Fracture:

Visible Signs of
Traumatic Injury: ®ves ONo

Type and Location of Nasal Laceration

Injury:

Additional Notes on |n/a
the Image?

[ ] a0 ] o]

Figure A.1 Study form for adjudication of head CT scans
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ID: lo

Was a facial fracture

diagnosed? ONo @ vyes

How did the
Injury/fracture occur?
When did the fracture Unknown Known Fracture Date:
approximately occur? O Fracture Time:
How was the fracture
diagnosed?
Approximately what time Unknown Known Diagnosis Date:
was the fracture diagnosed? O ] Diagnosis Time:

Head CT Date:

When was head CT
performed?

Head CT Time:

Was a facial CT performed? © No

C) Yes

Face CT Date:

Face CT Time:

Soft Tissue Injury

Specifically Listed (Y/N)

Description in Other Words

(Y/N)

Lip Laceration (Cut) No O ves
Intral Oral Laceration (Cut inside the No 1 Yes
mouth)
Periorbital Contusions (bruise around
. No O Yes

ye)
Nasal Laceration (cut) No [ Yes
Subconjuctival Hemorrhage (broken
vessels under the transparent tissue ¥ No [ Yes
that covers the eye)
Other notable injury: No [ Yes

Figure A.2 Chart data abstraction form
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Figure A.2 continued...

Was a referral made? Did they see a maxillofacial surgeon? ®No O Yes

To Whom? Indicate
Maxillofacial Surgeons.

Fluid in sinus(es)
recorded? ® Yes

O No

Which Sinus(es)? [JLeft Maxillary [JRight Maxillary

(Check all that apply) [ ethmoid ~ [ISphenoid ~ [Frontal
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