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Abstract
Purpose  To assess the diagnostic accuracy of physical examination findings and to construct clinical decision aids to discern 
emergency department patients without and with midfacial and mandibular fractures that require treatment.
Methods  A prospective multicentre cohort study was conducted in four hospitals in the Netherlands. Consecutive maxil-
lofacial trauma patients were included whereupon each patient underwent a standardized physical examination consisting 
of 15 and 14 findings for midfacial and mandibular trauma, respectively. The primary outcome was the decision whether 
to treat during the emergency department stay or within 24 h of admission. The diagnostic accuracy was calculated for the 
individual physical examination findings and ensuing clinical decision aids with the focus being on detecting midfacial and 
mandibular fractures that require active treatment.
Results  A total of 766 midfacial trauma patients were identified of whom 339 (44.3%) had midfacial fractures. Of those, 74 
(21.8%) required active treatment. A total of 280 mandibular trauma patients were identified of whom 66 (23.6%) had man-
dibular fractures. Of those, 37 (56.0%) required active treatment. The decision aid for midfacial trauma consisting of facial 
depression, epistaxis, ocular movement limitation, palpable step-off, objective malocclusion and tooth mobility or avulsion 
had a sensitivity of 97.3 (90.7–99.3), a specificity of 38.6 (35.0–42.3), and a negative predictive value of 99.3 (97.3–99.8). 
The decision aid for mandibular trauma consisting of mouth opening limitation, jaw movement pain, objective malocclu-
sion and tooth mobility or avulsion resulted in a sensitivity of 100.0 (90.6–100.0), a specificity of 39.1 (33.2–45.4), and a 
negative predictive value of 100.0 (96.1–100.0).
Conclusion  The clinical decision aids successfully identified midfacial and mandibular trauma patients requiring active 
fracture treatment and so may be useful in preventing unnecessary radiological procedures in the future.
Trial Registration  The study was registered at ClinicalTrials.gov with the identifier NCT03314480.

Keywords  Maxillofacial fractures · Physical examination findings · Diagnostic accuracy · Clinical decision aid · 
Treatment · Emergency service, hospital · Craniocerebral trauma · Signs and symptoms · Therapeutics
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Introduction

Midfacial and mandibular fractures are frequently found 
in trauma patients in the emergency department [1, 2]. 
Missing these fractures may have major long-term mor-
phological, functional and esthetic consequences. Upon 
entering the emergency department, each patient should 
be subjected to a structured assessment of the maxillofa-
cial region and the observed findings should be used to 
identify which maxillofacial patients may have midfacial 
or mandibular fractures [1].

Although various studies have focused on how physi-
cal examination findings can be used to predict midfacial 
and mandibular fractures [3–13] and to stratify patients at 
risk of fractures and subsequently requiring radiological 
imaging of the maxillofacial region, studies on identify-
ing patients that require treatment are limited [10, 11]. 
In today’s emergency department landscape, the primary 
assessment of trauma patients is mostly performed by 
emergency physicians and specialized trauma surgeons 
and, if maxillofacial fractures are diagnosed, an oral and 
maxillofacial surgeon is consulted to assess the need 
for active treatment. Therefore, early recognition of any 
fractures by all these health care professionals from the 
physical examination findings is required to deliver more 
accurate patient management. Moreover, it allows prior-
itization of other injuries and optimization of emergency 
department workflows. A clinical decision aid using physi-
cal examination findings could be used as a fast bedside 
strategy to single out patients with maxillofacial fractures 
that require treatment but, to date, no such clinical deci-
sion aid has been published.

Hence, this prospective multicenter REDUCTION-II 
study (REDucing Unnecessary Computed Tomography In 
MaxillOfacial INjury) was initiated with a twofold aim. 
First, to identify the diagnostic accuracy of physical exam-
ination findings in identifying midfacial and mandibular 
fractures that require treatment. Second, the construct a 
clinical decision aid with the focus being on successfully 
ruling out patients with midfacial and mandibular fractures 
requiring treatment in emergency department patients.

Materials and methods

Study design

A prospective observational cohort study was conducted of 
all emergency department patients suspected of midfacial 
and mandibular trauma between the period of May 2018 
and October 2019. The Medical Ethical Committee of the 

University Medical Center Groningen confirmed that the 
Medical Research Involving Human Subjects Act did not 
apply and local feasibility was approved for the participat-
ing hospitals. The study was performed in compliance with 
the Declaration of Helsinki and according to the FEDERA 
(Foundation Federation of Dutch Medical Scientific Socie-
ties) code of conduct. The study was registered at Clinical-
Trials.gov (NCT03314480) and reported according to the 
STARD guidelines (Standards for Reporting of Diagnostic 
Accuracy Studies) and Methodologic Standards for Inter-
preting Clinical Decision Rules in Emergency Medicine 
[14, 15].

Inclusion and exclusion criteria

All consecutive emergency department patients presenting 
with midfacial or mandibular trauma at the University Medi-
cal Center Groningen (level I), Isala hospital Zwolle (Level 
I), Isala Diaconessenhuis hospital Meppel (level III) and 
Nij Smellinghe hospital Drachten (level III) were included. 
Patients younger than 18 years of age and patients admitted 
for a second time for maxillofacial trauma within the period 
of inclusion were excluded. Patients were also excluded if 
the initial assessment was performed in another hospital or 
access to medical records was declined.

Physical examination and radiological imaging

All eligible patients received a standardized full physical 
examination of the midfacial or mandibular region. The 
physical examination consisted of 15 findings for midfacial 
trauma, and 14 findings for mandibular trauma. The find-
ings were consulted during the primary or secondary assess-
ment of the patient, and standardized for all the included 
patients according to a tripartite strategy consisting of an 
individual hands-on instruction, online educational tool and 
bedside use of a pocket card. The findings were scored as 
absent, present or not assessable. Further details regarding 
the process of standardization were provided previously by 
our research group. Patients suspected of midfacial fractures 
were examined using Computed Tomography (CT) or Cone 
Beam Computed Tomography (CBCT). Midfacial fractures 
were defined as any fracture of the frontal sinus, orbital rim 
and walls, maxillary sinus, zygomaticomaxillary complex, 
nasoorbitoethmoid (NOE) complex, nasal bone, Le Fort 
I, II, III complex, and maxillary dentoalveolar complex. 
Patients suspected of mandibular fractures were diagnosed 
with CT, CBCT or orthopantomography (OPT). Mandibular 
fractures were defined as any fracture of the symphyseal or 
parasymphyseal area, corpus, angle, ramus, coronoid pro-
cess, condylar process and dentoalveolar complex. Radio-
logical interpretation was performed without knowledge of 
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the radiological imaging outcome and the classification of 
fractures was performed by a board-certified oral and maxil-
lofacial surgeon (BvM).

Treatment and outcome measures

The primary outcome was the decision for treatment of 
midfacial or mandibular fractures as intended during the 
emergency department stay or within 24 h of admission. 
The decision of treatment was determined by a consultant 
oral and maxillofacial surgeon or otorhinolaryngologist. 
Decisions were made according to the usual care in agree-
ment with the treatment protocols of the Dutch Society of 
Oral and Maxillofacial Surgery (NVMKA) or Dutch Asso-
ciation of Otorhinolaryngology and Head & Neck Surgery 
(NVKNO) as consulted within the period of inclusion. The 
decision of fracture treatment was assigned to either a con-
servative or active intend. Conservative treatment included 
adequate analgesics, avoidance of nose blowing or holding 
the nose when sneezing, a soft non-chewing diet, and watch-
ful observation. Active treatment was divided into closed or 
open treatment. Closed treatment included reduction of nasal 
fractures under local anesthesia, nasal packing, intermaxil-
lary fixation, rigid and flexible splinting or appliances for 
dental injury. Open treatment included any surgical inter-
vention in which the patient underwent open reduction and 
internal fixation in an operation theater.

Secondary outcomes included the presence of skull 
fractures and dental injury. Skull fractures were defined 
as any fracture of the skull base, frontal, temporal, parietal 
or occipital bone diagnosed with a CT. Dental injury was 
defined as any clinical observed avulsion, luxation or frac-
ture of the maxillary or mandibular teeth.

Statistical analyses

The Statistical Package for the Social Sciences was used for 
the data analyses (IBM Corp. Released 2015. IBM SPSS 
Statistics for Windows, Version 23.0. Armonk, NY: IBM 
Corp.). Fracture outcomes were presented as frequencies 
and percentages. The individual physical examination find-
ings were presented as the proportion of patients diagnosed 
with a fracture, and patients diagnosed with any fracture 
requiring active treatment. For the subtypes of fractures, the 
physical examination findings were presented as the propor-
tion of total diagnosed midfacial and mandibular fractures. 
The diagnostic accuracy was calculated for each individual 
physical examination finding.

Principle component analysis (PCA) was used to con-
struct clinical decision aids consisting of physical examina-
tion findings, with the focus being on ruling out patients 
that require active treatment for midfacial or mandibular 
fractures. The PCA analysis was performed with subsequent 

promax rotation and Kaiser normalization and used to 
identify the underlying structure of the physical examina-
tion findings. The Bartlett’s test of sphericity and the Kai-
ser–Meyer–Olkin measure of sampling adequacy were con-
ducted to test whether the variables were uncorrelated in the 
correlation matrix and factors with Eigenvalues greater than 
one were initially retained for the analysis.

The physical examination findings selected to construct 
the clinical decision aids were based on a combination of 
factor loadings and the clinical considerations of findings 
related to fractures that require active treatment by two 
board-certified oral and maxillofacial surgeons (MD and 
BvM). Objective malocclusion and tooth mobility or avul-
sion were intentionally included in both clinical decision 
aids because they are essential findings for each patient 
suspected of midfacial and mandibular fractures requiring 
treatment. The contingency tables for the clinical decision 
aids were constructed with absent findings being recorded as 
‘negative’ whereas present, not testable and missing findings 
were recorded as ‘positive’.

Regarding the outcome of interest, a ‘positive outcome’ 
was defined as a patient whose fractures underwent active 
treatment (e.g., closed or open treatment), and a ‘negative 
outcome’ was defined as patients whose fractures were treated 
conservatively or patients who had been diagnosed as not hav-
ing a fracture. The diagnostic accuracy and corresponding 95 
percent confidence interval outcomes included: prevalence, 
pre-test probability, sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), positive likeli-
hood ratio (LR+) and negative likelihood ratio (LR−).

Results

Patient characteristics

A total of 993 patients were eligible for inclusion. Among 
this population, 766 patients had suffered a midfacial trauma 
and 280 patients had suffered a mandibular trauma. From 
the total population, 263 patients were identified with both 
a midfacial and mandibular trauma. Skull fractures were 
observed in 51 (5.1%) patients (Fig. 1). Dental injury of 
the maxillary teeth was observed in 83 (8.4%) patients, and 
dental injury of the mandibular teeth was found in 28 (2.8%) 
patients.

Treatment of midfacial fractures

Midfacial fractures were diagnosed in 44.3% (n = 339) 
of the patients. Zygomaticomaxillary complex fractures 
(n = 134), nasal bone fractures (n = 126) and orbital 
rim and wall fractures (n = 96) were the most common 
(Table  1). Among those diagnosed with a midfacial 
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fracture, 265 (78.2%) patients were treated conserva-
tively, 32 (9.7%) received closed treatment and 42 (12.4%) 
received open treatment. The treatment outcomes of the 
midfacial fracture subtypes are presented in Table 1. Con-
servative treatment occurred most commonly for patients 

suffering fractures of the frontal sinus (64.0%), orbital rim 
and walls (84.4%), maxillary sinus (86.7%), zygomatico-
maxillary complex (79.9%), nasoorbitoethmoid complex 
(70.6%) and the nasal bone (70.6%). Le Fort type fractures 
were generally treated surgically.
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Radiological imaging
Computed Tomography (n = 238)
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Orthopantomography (n = 32)

Pa�ents suspected of a midfacial or mandibular fracture
(n = 993)

Midfacial trauma 
(n = 766)

Mandibular trauma 
(n = 280)

Both midfacial and mandibular trauma 
(n = 263)

Full physical examina�on 
(n = 280)

Radiological imaging
Computed Tomography (n = 766)

Cone Beam Computed Tomography (n = 14)

Midfacial fracture
(n = 339)

No midfacial fracture
(n = 427)

Conserva�ve treatment
(n = 265)

Closed treatment
(n = 32)

Open treatment
(n = 42)

Conserva�ve treatment
(n = 29)

Closed treatment
(n = 4)

Open treatment
(n = 33)

Mandibular fracture
(n = 66)

No mandibular fracture
(n = 214)

Fig. 1   Flowchart of study patients

Table 1   Fracture outcomes Fracture type Total (n) Conservative treat-
ment (n (%))

Closed treat-
ment (n (%))

Surgical 
treatment (n 
(%))

Midface fractures 339 265 (78.2) 32 (9.4) 42 (12.4)
 Frontal sinus 25 16 (64.0) 0 (0.0) 9 (36.0)
 Orbital rim and walls 96 81 (84.4) 4 (4.2) 11 (11.5)
 Maxillary sinus 30 26 (86.7) 2 (6.7) 2 (6.7)
 Zygomaticomaxillary complex 134 107 (79.9) 0 (0.0) 27 (20.1)
 Nasoorbitoethmoid complex 17 12 (70.6) 1 (5.9) 4 (23.5)
 Nasal bone 126 89 (70.6) 24 (19.0) 13 (10.3)
 Le Fort I 9 4 (44.4) 1 (11.1) 4 (44.4)
 Le Fort II 8 2 (25.0) 0 (0.0) 6 (75.0)
 Le Fort III 6 3 (50.0) 0 (0.0) 3 (50.0)
 Dentoalveolar complex 15 6 (40.0) 8 (53.3) 1 (6.7)

Mandible fractures 66 29 (43.9) 4 (6.1) 33 (50.0)
 Symphyseal or parasymphyseal 24 6 (25.0) 0 (0.0) 18 (75.0)
 Corpus 17 5 (29.4) 2 (11.8) 10 (58.8)
 Angular 8 0 (0.0) 0 (0.0) 8 (100.0)
 Ramus 7 4 (57.1) 0 (0.0) 3 (42.9)
 Coronoid 4 1 (25.0) 0 (0.0) 3 (75.0)
 Condylar process 44 21 (47.7) 4 (9.1) 19 (43.2)
 Dentoalveolar complex 1 0 (0.0) 0 (0.0) 1 (100.0)
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Findings related to midfacial fractures requiring 
treatment

Facial depression (93.9%), ocular movement limitation 
(92.3%), infra-orbital nerve paresthesia (80.6%) and pal-
pable step-off (91.2%) were the physical examination find-
ings most often associated with the presence of a midfacial 
fracture (Table 2). The physical examination findings that 
were often seen with midfacial fractures requiring active 
treatment were facial depression (46.9%), palpable step-off 
(41.2%), objective malocclusion (39.1%), tooth mobility or 
luxation (35.4%) and ocular movement limitation (30.8%). 
The physical examination finding outcomes midfacial frac-
ture subtypes requiring surgical treatment are presented 
in Table 2.

Treatment of mandibular fractures

Mandibular fractures were diagnosed in 23.6% (n = 66) of 
the patients. Symphyseal or parasymphyseal (n = 24), cor-
pus (n = 17) and condylar process (n = 44) fractures were 
the most common mandibular fracture subtypes observed 
(Table 1). Regarding the patients that were diagnosed with 
a mandibular fracture, 29 (43.9%) were treated conserva-
tively, 4 (6.1%) received closed treatment and 33 (50.0%) 
received open treatment. The treatment outcomes of the 
different mandibular fracture subtypes are presented in 
Table 1. Ramus (57.1%) and condylar process (47.7%) 
fractures were often treated conservatively. Open treat-
ment was commonly observed for patients with fractures 
of the symphyseal or parasymphyseal area (75.0%), angle 
(100.0%), coronoid process (75.0%) and dentoalveolar 
complex (100%).

Findings related to mandibular fractures requiring 
treatment

Mouth opening limitation (61.4%), palpable step-off 
(94.1%), tooth mobility or avulsion (61.1%), objective 
malocclusion (66.7%), a positive axial chin pressure test 
(61.0%), and positive tongue blade bite test (68.2%) were 
the physical examination findings most often associated with 
the presence of a mandibular fracture (Table 2). The physical 
examination findings that were commonly seen with a man-
dibular fracture requiring surgical treatment were palpable 
step-off (82.4%), tooth mobility or avulsion (44.4%), objec-
tive malocclusion (42.9%), a positive tongue blade bite test 
(40.3%) and a positive axial chin pressure test (40.2%). The 
outcomes of physical examination findings for the specific 
mandibular fractures subtypes requiring active treatment are 
presented in Table 3.

Diagnostic accuracy

The diagnostic accuracy of the individual physical examina-
tion findings for both the midfacial and mandibular trauma 
patients who needed fracture treatment is presented in 
Table 4. The sensitivity of the findings for midfacial trauma 
patients was high for swelling, and specificity was found 
high for almost all physical examination findings except for 
swelling, laceration, periorbital hematoma and epistaxis. 
The NPV was high for all findings. The sensitivity of the 
findings for mandibular trauma patients was high for jaw 
movement pain, the angular compression test and the axial 
chin pressure test. High specificity was found for inferior 
alveolar nerve paresthesia, intra-oral hematoma, palpable 
step-off, tooth mobility or avulsion, and a positive tongue 
blade bite test. For jaw movement pain, a NPV of 100.0 and 
infinitesimal LR− was found. NPV was also found high for 
all other findings.

Clinical decision aids

Clinical decision aids were successfully constructed to dis-
cern patients with midfacial or mandibular fractures that 
require treatment. For midfacial trauma patients, the clinical 
decision aid consisted of facial depression, epistaxis, ocular 
movement limitation, palpable step-off, objective malocclu-
sion, and tooth mobility or avulsion. The aid had a sensitiv-
ity of 97.3 (90.7–99.3), a specificity of 38.6 (35.0–42.3), a 
NPV of 99.3 (97.3–99.8), and a LR− of 0.1 (0.0–0.3) when 
all the physical examination findings were observed as being 
absent. The decision aid helped in accurately picking out 
34.9% (n = 267) of the patients who required active treat-
ment for midfacial fractures. A total of 2 (0.3%) fracture 
patients were not identified, both of whom had nasal frac-
tures. The clinical decision for mandibular trauma patients 
consisted of mouth opening limitation, jaw movement pain, 
objective malocclusion, and tooth mobility or avulsion, and 
had a sensitivity of 100.0 (90.6–100.0), a specificity of 39.1 
(33.2–45.4), a NPV of 100.0 (96.1–100.0) and an infini-
tesimal LR−. The details of the clinical decision aids are 
presented in Table 5.

Discussion

Maxillofacial injury is frequently observed in patients 
admitted to the emergency department with trauma. Early 
recognition of maxillofacial fractures in these patients is 
essential, in particular because missing these fractures may 
lead to a decrease in esthetic and functional outcomes in the 
long term. Moreover, missing fractures that require surgical 
intervention could necessitate a secondary reconstruction, 
leading to additional healthcare costs, increased burden and, 
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potentially, a poor outcome. Subjecting each maxillofacial 
trauma patient to a structural physical examination may 
help in identifying or ruling out these fractures at an early 
stage of treatment. In this prospective multicenter study, we 
assessed the diagnostic accuracy of the physical examination 
findings for midfacial and mandibular fractures requiring 
active treatment. Clinical decision aids were constructed 
focusing on ruling out patients with these type of fractures, 
resulting in a NPV of 99.3% for midfacial trauma patients, 
and a NPV of 100.0% for mandibular trauma patients. When 
all the related physical examination findings in these clinical 

decision aids are absent means one can successfully rule out 
patients with midfacial and mandibular fractures requiring 
treatment.

Our study identified how individual physical exami-
nation findings are associated with different subtypes of 
midfacial and mandibular fractures that require active 
treatment. For example, midfacial fractures were found in 
almost every patient with facial depression and almost 50% 
of the treated fractures were associated with fractures of 
the zygomaticomaxillary complex. Another example is that 
mandibular fractures were frequently found in patients with 

Table 4   Accuracy of physical examination findings for midfacial and mandibular trauma patients requiring active treatment

Prev. prevalence, Sens. sensitivity, Spec. specificity, Pr. pre-test probability, PPV positive predictive value, NPV negative predictive value, 
LR+ positive likelihood ratio, LR − negative likelihood ratio
1 Excluding patients with both a midfacial and mandibular trauma

Midface Statistics

Sens. (CI) Spec. (CI) PPV (CI) NPV (CI) LR+ (CI) LR− (CI)

 Swelling 85.1 (75.3–91.5) 19.4 (16.6–22.5) 10.1 (8.0–12.8) 92.4 (86.9–95.7) 1.1 (1.0–1.2) 0.8 (0.4–1.4)
 Laceration 50.0 (38.9–61.1) 43.2 (39.6–46.9) 8.6 (6.3–11.6) 89.0 (85.2–91.9) 0.9 (0.7–1.1) 1.2 (0.9–1.5)
 Facial depression 33.3 (23.4–45.1) 96.1 (94.4–97.4) 46.9 (33.7–60.6) 93.4 (91.3–95.0) 8.6 (5.2–14.3) 0.7 (0.6–0.8)
 Peri-orbital hematoma 51.4 (40.2–62.4) 54.2 (50.5–57.9) 10.7 (7.9–14.4) 91.2 (88.1–93.6) 1.1 (0.9–1.4) 0.9 (0.7–1.1)
 Raccoon eyes 9.7 (4.8–18.7) 93.1 (90.9–94.7) 12.7 (6.3–24.0) 90.8 (88.5–92.7) 1.4 (0.7–3.0) 1.0 (0.9–1.0)
 Epistaxis 68.1 (56.6–77.7) 65.4 (61.8–68.9) 17.2 (13.3–22.0) 95.1 (92.8–96.7) 2.0 (1.6–2.4) 0.5 (0.3–0.7)
 Subconjunctival hemorrhage 15.2 (8.4–25.7) 91.0 (88.6–93.0) 14.5 (8.1–24.7) 91.5 (89.1–93.4) 1.7 (0.9–3.1) 0.9 (0.8–1.0)
 Ocular movement limitation 6.3 (2.5–15.0) 98.6 (97.3–99.3) 30.8 (12.7–57.6) 91.3 (88.9–93.1) 4.4 (1.4–13.9) 1.0 (0.9–1.0)
 Diplopia 8.1 (3.5–17.5) 97.6 (96.1–98.6) 25.0 (11.2–46.9) 91.6 (89.2–93.4) 3.4 (1.3–9.1) 0.9 (0.9–1.0)
 Infra-orbital nerve pares-

thesia
20.0 (12.1–31.3) 92.2 (89.9–94.1) 21.0 (12.7–32.6) 91.8 (89.4–93.7) 2.6 (1.5–4.5) 0.9 (0.8–1.0)

 Subjective malocclusion 1 12.5 (5.0–28.1) 97.2 (94.8–98.5) 30.8 (12.7–57.6) 91.8 (88.4–94.3) 4.5 (1.5–13.8) 0.9 (0.8–1.0)
 Objective malocclusion 1 0.0 (0.0–11.0) 98.5 (96.5–99.3) 0.0 (0.0–43.4) 91.2 (87.8–93.7) 1/∞ 1.0 (1.0–1.0)
 Tooth mobility or avulsion 23.0 (14.9–33.7) 95.4 (93.6–96.8) 35.4 (23.4–49.6) 91.9 (89.7–93.7) 5.0 (2.9–8.7) 0.8 (0.7–0.9)
 Palpable step-off 38.9 (28.5–50.4) 93.9 (91.8–95.5) 41.2 (30.3–53.0) 93.4 (91.2–95.0) 6.4 (4.2–9.7) 0.7 (0.5–0.8)
 Maxillary mobility 15.4 (8.6–26.1) 96.0 (94.2–97.3) 27.8 (15.8–44.0) 91.9 (89.6–93.7) 3.9 (1.9–7.6) 0.9 (0.8–1.0)

Mandible
 Swelling 67.6 (51.5–80.4) 67.1 (60.9–72.7) 23.8 (16.7–32.8) 93.1 (88.4–96.0) 2.1 (1.5–2.7) 0.5 (0.3–0.8)
 Extra-oral laceration 51.4 (35.9–66.6) 66.3 (60.1–71.9) 18.8 (12.4–27.5) 89.9 (84.7–93.5) 1.5 (1.1–2.2) 0.7 (0.5–1.0)
 Jaw movement pain 100.0 (89.8–100.0) 59.9 (53.6–65.9) 26.4 (19.5–34.6) 100.0 (97.4–100.0) 2.5 (2.1–2.9) 1/∞
 Mouth opening limitation 88.2 (73.4–95.3) 75.7 (69.9–80.7) 34.1 (25.0–44.5) 97.8 (94.6–99.2) 3.6 (2.8–4.7) 0.2 (0.1–0.4)
 Inferior alveolar nerve par-

esthesia
9.1 (3.1–23.6) 97.8 (95.0–99.1) 37.5 (13.7–69.4) 88.1 (83.6–91.6) 4.1 (1.0–16.5) 0.9 (0.8–1.0)

 Intra-oral hematoma 40.0 (24.6–57.7) 90.2 (85.7–93.4) 34.3 (20.8–50.8) 92.1 (87.9–95.0) 4.1 (2.3–7.3) 0.7 (0.5–0.9)
 Intra-oral laceration 56.3 (39.3–71.8) 81.4 (75.9–85.8) 29.0 (19.2–41.3) 93.2 (88.9–95.9) 3.0 (2.0–4.5) 0.5 (0.4–0.8)
 Palpable step-off 42.4 (27.2–59.2) 98.7 (96.3–99.6) 82.4 (59.0–93.8) 92.5 (88.5–95.1) 33.4 (10.1–110.0) 0.6 (0.4–0.8)
 Tooth mobility or avulsion 22.2 (11.7–38.1) 95.8 (92.4–97.7) 44.4 (24.6–66.3) 89.1 (84.6–92.3) 5.3 (2.2–12.5) 0.8 (0.7–1.0)
 Subjective malocclusion 1 89.5 (68.6–97.1) 64.1 (48.4–77.3) 54.8 (37.8–70.8) 92.6 (76.6–97.9) 2.5 (1.6–3.9) 0.2 (0.0–0.6)
 Objective malocclusion 1 68.4 (46.0–84.6) 77.5 (62.5–87.7) 59.1 (38.7–76.7) 83.8 (68.9–92.3) 3.0 (1.6–5.8) 0.4 (0.2–0.8)
 Angular compression test 

pain
97.1 (85.1–99.5) 73.0 (66.9–78.3) 34.4 (25.6–44.3) 99.4 (96.8–99.9) 3.6 (2.9–4.5) 0.0 (0.0–0.3)

 Axial chin pressure pain 97.1 (85.1–99.5) 78.3 (72.5–83.2) 40.2 (30.3–51.1) 99.4 (96.9–99.9) 4.5 (3.5–5.8) 0.0 (0.0–0.3)
 Tongue blade bite test 75.0 (50.5–89.8) 93.5 (88.5–96.4) 54.5 (34.7–73.1) 97.3 (93.3–98.9) 11.6 (6.0–22.4) 0.3 (0.1–0.6)
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malocclusion, most of whom had to be treated. Most of these 
patients presented with symphyseal, parasymphyseal and 
condylar process subtype fractures, supporting the fact that 
displacement of fractures in these regions cause traumatic 
misalignment of the dental arches. Specific physical exami-
nation findings can be highly effective in the diagnosis of 
maxillofacial fracture subtypes requiring treatment in emer-
gency department patients, and radiological imaging should, 
therefore, be strongly considered for them. Understanding 
these individual physical examination findings can be use-
ful for early identification of a patient at risk of midfacial or 
mandibular fractures.

In this study, we found that the sensitivity remained low 
for physical examination findings related to midfacial trauma 
whereas the sensitivity of the findings for mandibular trauma 
patients was high for jaw movement pain, a positive angu-
lar compression test and a positive axial chin pressure chin 
test. The specificity was high for most of the midfacial and 
mandibular physical examination findings, indicating that 
these findings are commonly absent among patients whose 
fractures can be treated conservatively or do not have a frac-
ture. This is supported by the fact that almost all the physi-
cal examination findings produced an exceptionally high 
NPV and, contrarily, a low PPV. Our results suggest that 
the absence of these physical examination findings means 
the unlikelihood of a midfacial or mandibular fracture that 
requires treatment. Therefore, these individual findings can 
be used to stratify patients into low or high-risk fracture 
groups.

Although individual physical examination findings can 
be useful, it is of particular interest how a combination of 
findings can perform as a clinical decision aid in the emer-
gency department. In our study, clinical decision aids were 
constructed with the aim to differentiate patients without or 
with midfacial or mandibular fractures that require active 
treatment (e.g., closed or surgical treatment). An approach 
was chosen in which the physicians assessed the physical 
examination findings not knowing the outcome of inter-
est, representing a blinded clinical workflow of assessing 
emergency department patients. The clinical decision aid 
constructed for midfacial trauma patients consisted of facial 
depression, epistaxis, ocular movement limitation, palpable 
step-off, malocclusion, and tooth mobility or avulsion. The 
absence of all these findings produced a sensitivity of 97.3%, 
a specificity of 38.6, and a NPV of 99.3%. The clinical deci-
sion aid only misdiagnosed two patients (i.e., false nega-
tives) with nasal fractures that required a closed treatment 
protocol. These two patients were missed despite includ-
ing palpation of the nasal bridge and epistaxis in the nasal 
related physical examination findings. Nasal fractures are 
commonly found in maxillofacial trauma patients, empha-
sizing the need to consider these fractures for each patient 
suffering any maxillofacial trauma. Moreover, because the 

nose projects from the face, any nasal fracture displacements 
may have important esthetic consequences. Nevertheless, the 
clinical decision aid accurately picked out the majority of 
patients with midfacial fractures that required active treat-
ment. Previous research is limited and preliminary focused 
on the diagnosis of orbital fractures requiring treatment. The 
authors of a prospective cohort study of 2262 emergency 
department patients with blunt orbital trauma constructed 
an orbital fracture risk score focusing on the need for emer-
gent surgical intervention [5]. One point was assigned for: 
orbital rim tenderness, periorbital emphysema, subconjunc-
tival hemorrhage, impaired extra-ocular movement, painful 
extra-ocular movement and epistaxis. The authors stated the 
risk score was successful as only three patients had been 
misdiagnosed. In another retrospective cohort study of 912 
orbital trauma patients, an orbital fracture risk score was 
constructed to predict the need for surgery [11]. One point 
was given for periorbital emphysema and male sex, and two 
points for diplopia and infra-orbital nerve paresthesia. A 
cutoff of two points was defined as the best compromise for 
the risk of surgical intervention, producing a NPV of 92.1% 
and a sensitivity of 82.5%.

The clinical decision aid we constructed for mandibular 
trauma patients consisted of mouth opening limitation, jaw 
movement pain, malocclusion, tooth mobility or avulsion. 
The clinical decision aid correctly discerned all the patients 
who did not require active treatment for mandibular fractures 
through the absence of the physical examination findings. To 
the best of our knowledge, no studies have been conducted 
focusing on such a clinical decision aid. Our clinical deci-
sion aids were only constructed with physical examination 
findings. The main advantage is that the decisions are con-
sistent, also for patients with unclear or unverifiable compo-
nents such as age, sex or mechanism of injury. The clinical 
decision aids allow for early bedside management during an 
early stage of the primary or secondary assessment. Maxil-
lofacial trauma patients often have concomitant injuries and 
our clinical decision aids might help in stratifying which 
injuries require prioritization for resuscitation. Moreover, 
the clinical decision aids can be used to identify the patients 
requiring a consultation with an oral and maxillofacial sur-
geon or an otolaryngologist.

Our study has several limitations. First, only those 
patients who had undergone radiological imaging were 
included. Nevertheless, we focused on patients who required 
active treatment and one would expect those not needing 
radiological imaging as having low fracture risks. Sec-
ond, the physical examination findings were assessed by 
emergency physicians with varying years of experience. 
In addition, these physician are less exposed to maxillo-
facial trauma patients compared to fully trained oral and 
maxillofacial surgeons that are more frequently faced with 
patients that require treatment. Nevertheless, we sought to 
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standardize the physician examination using a tripartite 
strategy to ensure that testing of the physical examination 
findings was conducted similar for each patient despite the 
profession of the assessor. Third, the treatment decision was 
established using Dutch treatment protocols. However, other 
international treatment protocols for maxillofacial and man-
dibular fractures might be different, which confines the gen-
eralizability of the clinical decision aids. Thus, these clinical 
decision aids should be validated by future research with a 
new population of patients.

In conclusion, the physical examination findings in the 
clinical decision aids focusing on patients with midfacial 
or mandibular fractures that require active treatment are 
diagnostically accurate The clinical decision aids can suc-
cessfully rule out emergency department patients with mid-
facial or mandibular fractures that require active treatment 
and so may be useful in preventing unnecessary radiological 
procedures.
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