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At the time of writing there is no measuring scale for the severity of facial trauma that can effectively
summarize its clinical relevance, and can therefore be proposed as a definitive tool in trauma center
decision making.

This paper introduces a new, simple, comprehensive, and reproducible score for facial trauma, in
which its severity is expressed in relation to the surgical duration necessary for definitive treatment. This
parameter is identified as the most significant in expressing the commitment of care required. Statistical
validation of this comprehensive facial injury (CFI) score involved a sample of 1050 patients, treated by
the same team in two highly specialized trauma centers. It demonstrated a linear regression between CFI
score and surgical duration, and a high degree of accuracy in forecasting overall surgical time for each
type of facial injury.

The descriptive capacity of CFI score, and its extremely simple use, make it a perfect tool for wide-
spread application and for facilitating communication inside trauma centers. It also allows the classifi-
cation of homogeneous groups of patients d a prerequisite for benchmarking and effective analysis of
results.

The CFI model is definitively proposed for the classification of facial injuries, and therefore for the
integration of maxillofacial skills, within the trauma team.

© 2019 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The complex management of patients with multidistrectual
trauma requires the use of simple, comprehensive, measurable,
validated, and reproducible communication tools within the
multidisciplinary trauma team.
it, Emergency Department,
rda Hospital, Piazza Ospedale
.
da.it (G. Canzi), e.deponti@
. Novelli), f.mazzoleni@asst-
. Chiara), alberto.bozzetti@
zi).

axillo-Facial Surgery. Published by
The classification of injuries reported for patients with major
trauma, in terms of site distribution and anatomical impairment,
helps understanding of their impact on mortality and morbidity, as
well as the analysis of outcomes and the effectiveness of clinical
and organisational decision making for groups of patients with
comparable injury severity (Champion, 2002; Sanson, 2012).

Facial trauma is rarely associated with an increase in patient
mortality (Cannel et al., 1996). Current classification standards are
therefore limited in their description of real severity in this kind of
trauma, which usually occurs in patients with multiple concomi-
tant injuries, because additional commitment of resources is
needed.

The surgical strategy, length of stay in the intensive care unit,
timing and length of procedures, and how the treatment affects the
Elsevier Ltd. All rights reserved.
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recovery of the patient, all change according to the severity of the
injuries in the facial area.

There is currently no measuring scale for severity of facial
trauma that can effectively summarize these factors, and which can
therefore be proposed as a definitive standard among the maxil-
lofacial tools of the trauma team.

The aim of this study is to offer a new, simple, and complete
injury severity score scale for facial trauma, in relation to the
commitment of care necessary for the definitive treatment of the
different injuries. The study also validates the statistical signifi-
cance of the scale, using a sample of 1050 patients treated by the
same team in two highly specialized trauma centers.
Fig. 1. The CFI scale for estimating the severity of facial trauma.
2. Materials and methods

This study used a case series treated by a team of five surgeons,
who were experts in the treatment of traumatological maxillofacial
injuries, shared by two Level I trauma centers in Italy (Niguarda
Hospital in Milan and San Gerardo Hospital in Monza). It included
1050 patients d 793 male (75.6%) and 257 female (24.4%) d of all
ages (mean 38 ± 19 years; range 1e90) undergoing surgical treat-
ment for traumatic facial injuries. Patients without thorough
radiological documentation (traditional or CT), with soft tissue le-
sions treated under local anesthesia or on an outpatient basis, and
those who died before undergoing maxillofacial surgery or with
concomitant non-traumatic specialist pathologies, were not
included.

The data were collected using retrospective sampling from
January 2008 (date of formation of the inter-hospital specialist
team) to October 2015 (data collection starting date), and pro-
spective sampling from October 2015 to August 2016 (date of
sampling completion).

Analysis of computerized clinical documentation made it
possible to record, in a specific database, the duration of the sur-
gical intervention performed by the specialist team for the defini-
tive treatment of the traumatic injuries of each patient. At the same
time, the estimated individual score on the comprehensive facial
injury (CFI) scale of facial trauma severity (Fig. 1) was calculated
and recorded, along with the radiological diagnostic images stored
on specific hospital servers (for skeletal injuries) and the clinical or
photographic evaluation that had been systematically collected and
filed (for soft tissue injuries).

The scale displays as a kind of ‘check-list’, which offers an
anatomical and functional classification of the lesions. In terms of
anatomical classification, the facial area is divided into three hori-
zontal thirds:

� the lower third (consisting of the mandibular symphysis, body,
angles, vertical branches, and condyles, as well as the lower
dentoalveolar arch);

� the middle third (consisting of the upper maxilla and upper
dentoalveolar arch, zygoma, lateral and medial wall and floor of
orbits, and the nasal bones);

� the upper third (consisting of the orbital roof and frontal bone,
specifically for the involvement of the frontal sinus and its
drainage system).

The functional distinction requires two different estimated
scores for each anatomical area: a lower score for compound frac-
tures, generally needing conservative treatment or nonoperative
management; and a higher score for displaced fractures, for which
open reduction and internal osteosynthesis are usually required,
and thus more relevant treatments in terms of resource
commitment.
Each score (1e6) is reciprocally proportioned according to the
estimated a-priori duration of the procedure required for the
treatment of fractures in each area. The database compiler scrolls
through the list and gives a partial score based on the combination
of injuries reported by each patient. Soft tissue injuries are evalu-
ated separately and added to the score obtained for the three-thirds
skeletal injuries. Additional factors of severity are proposed for
comminuted fractures or loss of substances, including bone atro-
phy, which can increase the complexity and duration of corrective
surgery. The individual final score is obtained by collating the
partial results, according to the personal injury characteristics.

In this study, each score obtained was calculated by a specialist
at the time of the first evaluation of the patient or, if retrospectively
calculated by the database officer, was verified by comparison with
the score individually attributed by at least two of the fivemembers
of the surgical team. The overall sample was then divided into six
clusters according to the range of the CFI score:

Cluster 1: CFI �5.
Cluster 2: CFI between 6 and 10.
Cluster 3: CFI between 11 and 15.
Cluster 4: CFI between 16 and 20.
Cluster 5: CFI between 21 and 25.
Cluster 6: CFI >25.
The sample of 1050 patients was also divided into two groups:

� Model group d 500 patients undergoing surgery from January
2008 to November 2011.
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� Test group d 550 patients undergoing surgery from November
2011 to August 2016.
2.1. Statistical analysis

The continuous data for the two groups were compared using
the KruskaleWallis test, while the distribution of patients accord-
ing to the CFI categories was compared using Fisher's exact test. For
all comparisons, a p-value less than 0.05 was considered significant.

A statistical inference analysis was performed for the model
group, assessing the trend in mean and median values for the
dependent variable ‘surgical duration’, with respect to the inde-
pendent variable ‘CFI score’. The association between two contin-
uous variables was studied using the linear regression model,
evaluating the correlation coefficient and the R-squared coefficient
of determination.

The linear regression model obtained for the model group data
was then used in the test group to verify the predictability of the
dependent variable ‘surgical duration’, according to the CFI score
obtained by each patient for specific traumatic injuries. These data
were then compared with the actual scores, recorded in the data-
base, for duration of final surgery for the test group.

Finally, the degree of accuracy of CFI score categories was
calculated in order to predict the maximum duration of surgery
(average þ 1 SD for the model group in each category) and mini-
mum duration of surgery (average � 1 SD for the model group in
each category) when applied to the test group.
3. Results

Patient age and gender, sample size for each group and for each
cluster, and the absence of statistically significant differences be-
tween these characteristics, are shown in Table 1.

As in other published studies, patients of all ages and both
genders were studied (Bagheri et al., 2006; Zhang et al., 2006;
Zhaohui et al., 2008; Catapano et al., 2010). A specific score for
the pediatric population was deemed unnecessary because overall
surgical time (when surgical indication is given) is expected to be
the same for child and adult patients.

A box plot representation helped to highlight overlapping of
obtained results, in term of medians and the relative interquartile
ranges for overall surgical time, for each of model group and test
group cluster (Fig. 2). The rank test carried on each cluster was
irrelevant.

A corresponding increase in median surgical time with
increasing cluster number and pronounced conservation of inter-
quartile amplitude (relating to 50% of the patients belonging to
Table 1
Patient characteristics (*sum rank test, �Fisher's exact test).

Patient characteristics Model group (n ¼ 500)

Age (y):
mean ± SD 37 ± 18
median (range) 34 (3e88)
Gender:
male (%) 374 (74.8%)
CFI (No.)
1 190 (38.0%)
2 237 (47.4%)
3 40 (8.0%)
4 12 (2.4%)
5 6 (1.2%)
6 15 (3.0%)
each cluster in each group) were observed, at least for CFI scores up
to 20, corresponding to extremely serious and often heterogeneous
lesions. It was therefore possible to demonstrate linear regression
between the independent variable ‘totalized CFI score’ and the
dependent variable ‘surgical duration’ necessary for the definitive
treatment of the lesions described (considered a significant
parameter for expressing injury severity) in the model group, with
excellent correlation and R-squared determination (98.4%;
p < 0.0001) (Fig. 3).

This result was considered the reference for predicting the in-
dependent variable ‘surgical duration’ for each CFI cluster in the
test group. The results were then overlapped on the actual data
recorded for this second group, and the linear regression calculated.
The test group also confirmed linear regression between the two
variables, with highly significant correlation and R-squared co-
efficients (98.3%; p < 0.0001), adhering strictly to that obtained for
the model group (Fig. 3).

The significant matching of the two lines (confidence interval,
CI ¼ 95%), characterized by an identical slope, helps to further
demonstrate how results obtained in the model group can be
reproduced in the test group (Fig. 3). To further confirm this vali-
dation, the study aimed to determine the degree of accuracy for the
CFI score, based on the results obtained in the model group, in
forecasting the maximum and minimum surgical durations for
each cluster of scores in the test group (with cut-off equal to
average ± SD) (Table 2). The percentage of correctly classified cases
was extremely satisfactory (88.7% and 90.2%, respectively), with a
great degree of homogeneity of results for all score clusters
(Table 2).
4. Discussion

This study proposes a new model for classifying the clinical
severity of traumatic facial lesions, and validates it statistically. The
design phase established the fundamental requirements of a per-
fect model: simple to use (making its application available even to
non-specialistic team members); complete (classifying all types of
commonly observed facial trauma); highly informative (offering a
useful classification from a clinical andmanagement point of view);
reproducible (being valid in different places and at different times).
The simplicity of the CFI model, in describing a continuum of all
facial injuries found in daily clinical practice, makes it suitable even
for an already complex system like that of a trauma center.

Statistical validation showed the CFI score to be 88.7% accurate
in its ability to predict the maximum surgical duration necessary
for the specific injuries reported, and 90.2% accurate in its ability to
predict the minimum duration. This means that, starting from a
given CFI cluster, it is possible to predict the duration of surgery
Test group (n ¼ 550) p-value

38 ± 19 0.260*
36 (1e90)

419 (76.2%) 0.327�

211 (38.4%) 0.141�

243 (44.2%)
62 (11.3%)
17 (3.1%)
10 (1.8%)
7 (1.3%)



Fig. 2. Box plot comparison of the distribution, in the model group and in the test group, of surgical duration according to each CFI score cluster (1e6).

Fig. 3. Scatter plot of the duration of surgery as a function of total CFI score. The two
lines demonstrate a linear regression between the independent variable ‘totalized CFI
score’ and the dependent variable ‘median surgical duration’ for the model group
(triangles; R-squared ¼ 98.4%; p < 0.0001) and test group (rhombuses; R-
squared ¼ 98.3%; p < 0.0001), with a perfect match for all results in the two groups
(confidence interval, CI ¼ 95%).

Table 2
Estimate of accuracy in predicting maximum and minimum surgical duration (cut-off ¼

CFI category Estimated maximum
duration of surgery

Correctly classified Down-s

1 <116 183 (86.7%) 28 (13.3
2 <199 222 (91.4%) 21 (8.6%
3 <331 56 (90.3%) 6 (9.7%)
4 <530 15 (88.2%) 2 (11.8%
5 <557 9 (90.0%) 1 (10.0%
6 >557 3 (42.9%) 4 (57.1%
Total 488 (88.7%) 62 (11.3
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needed for injuries with same scored results (p< 0.0001). So the CFI
scale is able to correlate with the duration of surgical treatment for
each type of facial injury and, ultimately, with its clinical severity.

Aside from particular emergency conditions, traumatic facial
lesions rarely cause death regardless of how serious they are
(Cannel et al., 1996). Their real severity often results in more inte-
grative organizational and management requirements (especially
in patients with concomitantmultiple injuries), andmodification of
therapeutic strategies, timing and the sequence of treatment, sur-
gical duration, length of stay, and overall outcome. Indeed, existing
severity scores traditionally used for general trauma, such as AIS
and its derivatives (ISS, NISS, TRISS), introduce some conceptual
limitations when applied to facial trauma: insufficient classification
of fractures by location, number and type; absence of correlation
with the care commitment required for the treatment of classified
injuries; beingmainly applicable to the risk of death; and the lack of
interval scale for results (Baker et al., 1974; Wang et al., 1984; Boyd
et al., 1987; Copes et al., 1988; Champion et al., 1989; AAAM, 1990;
Rutledge, 1996; Osler et al., 1996; Osler et al., 1997; Brenneman
et al., 1998; Sacco et al., 1999; Lavoie et al., 2004; Tay et al., 2004;
Bouamara et al., 2006; Di Bartolomeo et al., 2011; Rayet al., 2014).

Maxillofacial literature provides numerous anatomical classifi-
cations of facial traumatic lesions, which describe the locations
average ± SD)

taged Estimated minimum
duration of surgery

Correctly classified Up-staged

%) >14 200 (94.8%) 11 (5.2%)
) >45 220 (90.5%) 23 (9.5%)

>131 47 (75.8%) 15 (24.2%)
) >201 13 (76.5%) 4 (23.5%)
) >229 10 (100.0%) 0 (0%)
) >295 6 (85.7%) 1 (14.3%)
%) 496 (90.2%) 54 (9.8%)
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involved and the types of displacement (Le Fort, 1901; Knight and
North, 1961; Rowe and Killey, 1968; Markovitz et al., 1991;
Dingman and Natwig, 1964; Spiessl and Schroll, 1972; Gonty
et al., 1999; Echo et al., 2010). However, these descriptive classifi-
cations do not provide useful information for the organization of
the multidisciplinary team.

Specific systems proposed for severity classification of facial
traumas are few, and have characteristic weaknesses. The cranio-
facial disruption score or Cooter and David Score (CDS) does not
classify each fracture and does not consider the soft tissue lesions;
it is, overall, a reductive, self-limiting, and arbitrary system, and its
use remains marginal today (Cooter and David, 1989). The facial
injury severity scale (FISS) has been validated with respect to an
economic outcome, meaning that the results are undermined by
the specific surgical strategy used and by the different socio-
political-economic context; it lacks a full classification of the
different kinds of fracture (Bagheri et al., 2006). The maxillofacial
injury severity score (MFISS), based on the anatomical-pathological
classification of AIS, has the aforementioned limits, and does not
consider fractures of the upper facial third, the nose-orbit-ethmoid,
and the zygomatic-orbitary area and, moreover, introduces func-
tional variables of severity that can potentially be resolved
completely with reconstructive surgery, thus nullifying its prog-
nostic power in terms of outcome (Zhang, 2006). The maxillofacial
injury severity score (MISS) results from the processing of the AIS-98
score, with which it shares intrinsic limits. Its calculation is
extremely demanding and difficult to propose to non-specialist
team members (Zhaohui, 2008). The facial fracture severity score
(FFSS) does not consider differences in terms of commitment in the
treatment of the specific sites analyzed, and is therefore excessively
simplistic in terms of information capacity (Catapano, 2010). The ZS
model (2012) was inspired by the FFSS and later by the CDS: the
current proposed version fails to include the involvement of the
soft tissues, vascular and nervous structures, and the upper facial
third (Ahmad, 2012).

In analyzing the aforementioned pre-existing severity classifi-
cation systems for facial trauma, we decided that the perfect tool is
a model that mitigates the weaknesses of the FISS. This agrees with
other analyses of the application of different severity facial trauma
scales, in which the FISS is so far considered to be the best
communication tool available within a multidisciplinary team
(Ramalingam, 2015; Sahni, 2016). Recently, the use of the FISS score
on a sample of 469 patients with facial trauma proved its predictive
ability in terms of length of stay and the likelihood of undergoing
specialist surgery (Alta et al., 2018). However, this score remains
extremely simplistic, and high scores are needed to reach highly
positive predictive values, for example with extensive injuries that
involve multiple facial areas.

The CFI model maintains the fundamental concept of measuring
severity of facial trauma in order to predict to the relevant surgery
for its treatment. In contrast with the FISS score, the care
commitment is expressed in terms of surgical duration in minutes.
This helps to make the results comparable and reproducible, even
in different socio-economic-health systems, while eliminating the
inherent bias of the costs of the materials used, the specific surgical
decisions, and the possible charges by the professionals involved.
FISS score limits have also been improved by expanding the clas-
sification of mandibular fractures, introducing additional factors of
severity for comminuted fractures and those with atrophy or loss of
substance (which can therefore increase the surgical difficulty and
duration), and introducing a simplified classification of soft-tissue
injuries. Moreover, the CFI score differentiates lesions deserving
surgical treatment from those undergoing non-operative manage-
ment, thus reducing the commitment of care needed. It was
initially assumed that more serious injuries require greater care,
longer interventions, and longer hospitalization, but this approach
has been criticized because of possible influences of operator-
dependent variables (experience, surgical skill, type of treatment
chosen) (Bagheri, 2006). The validation of a model in which the
dependent variable is expressed in these terms therefore required a
large sample and a reduced number of participating surgeons. In
this case, the Maxillofacial Surgery Unit, shared by Niguarda Hos-
pital in Milan and San Gerardo Hospital in Monza, represents the
perfect context, because the analysis of data involved only five
experienced surgeons, shared between two level I trauma centers,
with a wide range of cases.

The main statistical limitation of this study was the heteroge-
neity of the sampling (retrospective analysis from January 2008 to
October 2015 and subsequently prospective until August 2016). The
model is based on the analysis of radiological data and the clinical
analysis (or photographic documentation) of soft-tissue injuries.
Thus, its development involved an overlapping of outcomes
collected by different workers and at different times, limiting the
effect of prospective or retrospective sampling on this observa-
tional study.

5. Conclusions

The results obtained validate, with a great statistical signifi-
cance, the ability of the new CFI severity scoring system to predict
the relevance of care that definitive surgical treatment of facial
injuries requires. The descriptive capacity and the extreme
simplicity of the CFI model make it a perfect tool for a widespread
application, even by non-specialist team members within trauma
centers, facilitating communication skills in the context of hub-and-
spoke organizational models.

Within each team, the model allows numerous clinical appli-
cations, in which all the caregivers can self-predict, according to
simple data obtained from the primary evaluation of the patient
upon their arrival, the therapeutic strategies, timing and treatment
sequences, surgical duration, hospitalization, and overall outcome.

The CFI score allows the classification of homogeneous groups of
patients d a prerequisite for the effective analysis of results and
benchmarking.

The CFI model is proposed as a definitive tool for the classifi-
cation of facial injuries, and therefore for the integration of
maxillofacial skills within the trauma team.
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