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Background: The orbital floor (OrF) and infraorbital rim (IOR) repair in cases of complete destruction is
challenging mainly due to the fact that the defect length cannot be measured. The aim of the current
study is to develop a method of calculating the Orf length by using the gender and the lengths of the
medial, superior and lateral orbital walls (OrW) of the same orbit.
Material and methods: Ninety-seven (59 male and 38 female) European adult dry skulls were classified
! according to age: 20—39, 40—59 and 60 years and above. The length of each OrW was measured by using

Orbital floor . . . - . .
Infraorbital rim the direct dl.stance between the optic foramen and a landmark in gach grbltal rim. .
Orbit Results: A side asymmetry was detected for the lengths of the inferior, superior and medial Orw.
Although a gender dimorphism was detected, no correlation with the age was found. Using the Stepwise
multiple regression analysis two formulas were developed, one for the right and one for the left OrF with
coefficient of determination R? 0.43 and 0.57, respectively.
Conclusions: The proposed formulas represent a simple, applicable and individualized method to
calculate the OrF linear length in cases of complete destruction of the IOR and OrF, with accuracy and
without the use of expertise material. Such data may improve the surgery planning of orbital floor
fractures and complex orbital reconstructions.

© 2018 Published by Elsevier Ltd on behalf of European Association for Cranio-Maxillo-Facial Surgery.
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1. Introduction of the palatine and the zygomatic bones contribute posteriorly and

anterolaterally to the OrF (Balasubramanian, 2011). The anterior

The bony orbit is one of the most complex areas of the skull
(Hatcher, 2012) and is composed of four orbital walls (OrW) (roof,
floor, lateral and medial walls). The orbital floor (OrF) is bounded by
the maxillo-ethmoidal strut medially, by the infraorbital fissure
laterally, by the optic foramen (OF) posteriorly and by the infraor-
bital rim (IOR) anteriorly (Turvey and Golden, 2012). The main part
of the OrF is formed by the orbital plate of the maxilla, while a part
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surface of the OrF which is constituted by cortical bone is thick,
while the area of the maxillary sinus expansion is particularly thin
(Roth et al., 2010; Turvey and Golden, 2012).

The OrF and IOR may be simultaneously destructed by a
plethora of pathological entities, such as trauma [combined intra-
orbital and orbital rim fractures (Markiewicz and Bell, 2012; Reyes
et al., 2013), gunshots (Liliav and Kalimuthu, 2012)] and tumors
(benign-eosinophilic granuloma, leiomyoma, primary intraosseous
hemangioma, osteoblastoma and Giant-cell tumor and malignant-
rhabdomyosarcoma, neuroblastoma, osteosarcoma, chon-
drosarcoma, Ewing sarcoma, fibrosarcoma and metastatic tumors)
(Razek, 2011; Yan et al., 2012). Injury of the OrF and IOR may lead to
various functional and aesthetic complications that profoundly
affect the quality of life and well-being of the patient. Thus, the
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repair of the affected OrF in its exact previous morphology is crucial
(Peng et al., 2017; Markiewicz and Bell, 2012). In order to achieve
this goal, the knowledge of the OrF length and bony contour prior to
the injury is required. However, in cases of extensive destruction,
the reconstruction is extremely challenging (Nillson et al., 2018;
Markiewicz and Bell, 2012). In an effort to achieve the previous
shape of the affected orbit, a three-dimensional (3D) computed
tomography (CT) scan has been used to depict the uninjured side,
using it as a mirror-image for the reconstruction of the contralateral
injured side (Novelli et al., 2014; Fang et al., 2013; Bell and
Markiewicz, 2009). Even though the mirroring technique is
promising, the computer models are not widely available (Szymor
et al, 2016), they are costly and their use requires computer
expertise (Metzger et al., 2006). Mirroring further assumes equal
bony relations and distances between affected and unaffected side.

The aim of the current study conducted in European dry skulls
was to investigate the side differences of the OrF lengths; to esti-
mate the OrF length in a single orbit by using the lengths of the
medial, superior and lateral OrW of the same orbit; and to develop
an easy method of calculation of the OrF length. The estimated
length could then be used to check the result of the mirrored OrF
length in order to prevent the choice of a too long prefabricated
orbital floor implant.

2. Material and methods

Ninety-seven skulls (194 orbits) of a European modern adult
population were examined. The sample consisted of disarticulated
skeletons that were randomly selected from a cemetery for
research purposes and belonged to individuals who died between
1951 and 2000. Children, unknown and orbits with apparent ab-
normalities were not included in the current study, as they may
cause morphological changes that affect the relationship between
normal osseous structures of the orbit. The age at the time of death
and the gender of all specimens were known. The current research
was approved by the Research Ethics Committee of our Institutions.
The 59 male and 38 female skulls were classified into three groups
according to age: 20—39 (21 skulls), 40—59 (36 skulls) and 60 years
and above (40 skulls).

Considering that the OrF is a part of the orbital cavity, we hy-
pothesized that its length may have a direct correlation to the
lengths of the other OrWs of the same orbit. The lengths of the OrW
can be calculated only after the assumption of the conical shape of
the orbit. The OF represents the apex of the cone and the base is
formed from the supraorbital rim, the anterior lacrimal crest, the
infraorbital and the lateral orbital rims. The OrWs extend from each
orbital rim to the OF. Thus, for the OrW length measurement, a
constant osseous landmark was selected in each orbital rim and
from this point the linear distance to the OF was measured. The
lengths measurements were as follows (Fig. 1):

1. On the orbital roof, the distance from the inferior border of the
supraorbital foramen or notch (SOF/N) to the midpoint of the
superior border of the OF, (SOF/N -OF)

2. On the orbital floor, the distance from the crossing point of the
zygomaticomaxillary suture (ZMS) and the IOR to the midpoint
of the inferior border of the OF, (ZMS-OF)

3. On the lateral OrW, the distance from the inner border of the
frontozygomatic suture (FZS) to the midpoint of the lateral
border of the OF, (FZS-OF)

4, On the medial OrW, the distance from the midpoint of the
anterior lacrimal crest (MALC) (using the largest opening of the
nasolacrimal duct as a reference point) to the midpoint of the
medial border of the OF, (MALC-OF).

All measurements were made by using a flexible wire that was
adopted between the above landmarks and then its length was
calculated with a digital caliper (accuracy 0.01 mm). All the above
measurements were performed in the intact OrWs of each orbit.

2.1. Statistical analysis

The Wilcoxon test was performed for side symmetry.
Mann—Whitney test and the Independent sample t-test were used
to investigate gender dimorphism. ANOVA and Kruskall-Wallis
test were used for the correlation of the above parameters with
the age. The Pearson correlation was used to assess correlations
between the OrF length and the other orbital lengths. The multiple
regression analysis with a stepwise approach was used to investi-
gate the possibility of prediction of the OrF length using the other
measurements as independent variables. The statistical analysis
was performed using the SPSS for Windows version 20.0. The level
of statistical significance was considered at p < 0.05.

3. Results

Descriptive statistics of the OrW lengths (mean + SD, median,
minimum and maximum) are summarized in Table 1.

3.1. Statistical analysis regarding the side symmetry, gender and
age

The values for the ZMS-OF were 46.42 mm on the right and
45.30 + 2.65 mm on the left side with a statistically significant right
dominance (p = 0.0001). The lengths MALC-OF (p = 0.0001) were
longer on the right side, while the SOF/N-OF presented a left side
preponderance (p = 0.0001). A side symmetry was observed,
concerning the FZS-OF (p = 0.106). A gender dimorphism was
observed in all the measured parameters with a male preponder-
ance. The ZMS-OF lengths of male and female orbits were
47.32 + 3.37 mm and 45.36 + 2.39 mm on the right side (p = 0.002)
and 46.29 + 2.64 mm and 43.92 + 2.01 mm on the left side
(p = 0.0001), respectively. No correlation was found between the
OrW lengths and the age.

Fig. 1. The measurement of the length of each orbital wall.
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Table 1

Descriptive statistics of the orbital walls lengths according to side.
Lengths N p* Right N p* Left p**

Mean + SD Median Min- Max Mean + SD Median Min-Max

SOF/N-OF 92 0.200 4219 +2.71 42.14 35.45—-47.51 90 0.0001 43.46 + 4.34 43.26 36.65—75.00 0.0001
ZMS-OF 92 0.005 46.93 + 3.15 46.42 37.82—62.00 90 0.116 45.28 + 2.68 45.70 40.62—-51.99 0.0001
FZS-OF 92 0.200 4290 + 2.52 42.84 36.45—48.97 90 0.0001 43.23 + 4.87 4242 37.92—74.00 0.106
MALC-OF 91 0.0001 41.55 +3.10 41.39 25.05—47.66 88 0.200 41.03 +2.47 41.17 33.87—46.57 0.0001

N: number of the orbits measured, *: p value of the Kolmogorov—Smirnov test investigates the normality of the distribution, **: p value of the Wilcoxon test.

3.2. Pearson correlation analysis

The Pearson correlation analysis between the OrF length and the
other OrW lengths was performed on the right and left sides. A
strong positive linear correlation was observed between the OrF
length and the lengths of the other OrWs (FZS-OF, SOF/N-OF and
MALC-OF), on both sides with a level of significance at p < 0.01.
Thus, our hypothesis is confirmed (Table 2).

3.3. Multiple regression analysis

The multiple regression analysis was performed to investigate
the possibility of predicting the OrF length. In particular, a formula
that could predict the OrF length (dependent variable) by using as
independent variables the other orbital parameters of the same
orbit was developed. The goal was to create a formula that would
combine a high coefficient of determination (R%) and fewer possible
independent variables for an easier application. Thus, the stepwise
approach was selected in order to find the best combination of
independent variables that could predict the dependent variable.
The gender (0 = males, 1 = females), the age (divided in two
dummy variables) and the OrWs measurements (FZS-OF, SOF/N-OF
and MALC-OF) were used as independent variables in our model.
The correlations between variables were analysed for the existence
of multicollinearity (tolerance and vide infra-VIF) and no variable
was excluded. The multiple regression analysis was performed
separately for the right and left orbit as side asymmetry was
detected, and as a result two formulas were created.

Using the regression analysis for the length of the right-sided
OrF, the MALC-OF was the first independent variable entered in
the model and thus it was the largest predictor of the right-sided
OrF length. The SOF/N-OF was the second (and last) variable
entered in the model and together these variables statistically
significantly predict the OrF length, F (6, 97) = 28.82, p < 0.0001,
R? = 0.43 (Table 3). The equitation developed for the prediction of
the right-sided  OrF  length  was: ZMS-OF  right
(mm) = 11.557 + 0.532 x MALC-OF right (mm) + 0.305x SOF/N-OF
right (mm). A similar procedure was followed for the left-sided OrF
length. The independent variables entered in the model in order of

Table 2
Pearson correlations between the orbital floor (OrF) length and the other orbital
walls (OrWs) lengths on the right and left side.

r p

Right

ZMS-OF and FZS-OF 0.539 0.0001
ZMS-OF and MALC-OF 0.563 0.0001
ZMS-OF and SOF/N-OF 0.554 0.0001
Left

ZMS-OF and FZS-OF 0.542 0.0001
ZMS-OF and MALC-OF 0.652 0.0001
ZMS-OF and SOF/N-OF 0.618 0.0001

ZMS- zygomaticomaxillary suture, OF-orbital floor, FZS-frontozygomatic suture,
MALC- midpoint of the anterior lacrimal crest, SOF/N- supraorbital foramen or
notch.

statistical significance were: MALC-OF, SOF/N-OF, gender and FZS-
OF. These variables statistically significantly predict the left-sided
OrF length, F (6, 97) = 24.86, p < 0.0001, R? = 0.57 (Table 3).

The equitation developed for the prediction of the left-sided OrF
length was: ZMS-OF left (mm) = 12.308 + 0.342 x MALC-OF left
(mm) + 0.264 x SOF/N—OF left- 1.01x gender + 0.189 x FZS-OF left
(mm). The relationships between the measured OrF lengths and the
predicted OrF lengths by the above formulas on the right and left
sides are shown in Fig. 2a and b.

4. Discussion

The OrF is an area commonly affected after a traumatic or
neoplastic event. When the affected area is posterior to an intact
IOR, the implant size can be easily measured either by calculating
the dimensions of the defect using the CT scan of the affected orbit
(Piombino et al., 2010) or by using a waterproof paper ruler,
intraoperatively (Lim et al., 2012). In cases of complete destruction
of the OrF including the IOR, the above measurement techniques
cannot be used and methods such as the mirroring technique and
the use of the 3-dimensional pre-bent titanium mesh implants are
more appropriate (Metzger et al., 2006; Bell and Markiewicz, 2009).
The above two techniques estimate with accuracy the implant di-
mensions and the native bony contour, but some disadvantages
limit their use. The 3-D pre-bent titanium mesh technique requires
aluminum molds that are not individualized as only twelve
different patterns are used. The mirroring technique apart from the
fact that it is quite costly and requires computer expertise is based
on the assumption of the orbital symmetry. Our results warrant
caution if the OrF length is used based on the mirroring technique
without checking the reference landmarks on the affected side as
proposed.

In an effort to find a technique more easily applicable, we
developed a formula for the calculation of the OrF length that does
not require the use of expertise materials. Firstly we investigated

Table 3

The parameters of the multiple regression analysis of the orbital floor length using as
independent variables the MALC-OF and SOF/N-OF on the right and MALC-OF, SOF/
N-OF, gender and FZS-OF on the left side.

Variables B SE* p cre

Right
(Constant) 11.557 4.622 0.015 2.355—-20.759
MALC-OF 0.532 0.120 0.0001 0.293-0.771
SOF/N-OF 0.305 0.101 0.003 0.105—-0.506

Left
(Constant) 12.308 4.368 0.006 3.606—21.010
MALC-OF 0.342 0.116 0.004 0.110—-0.573
SOF/N-OF 0.264 0.113 0.022 0.039—-0.389
Gender -1.01 0.454 0.029 —1.913—(-0.105)
FZS-OF 0.189 0.194 0.049 0.001-0.377

* SE = standard error, ** CI = 95% coefficient interval for B.

ZMS- zygomaticomaxillary suture, OF-orbital floor, FZS-frontozygomatic suture,
MALC- midpoint of the anterior lacrimal crest, SOF/N- supraorbital foramen or
notch.
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Fig. 2. A- The relationship between the measured orbital floor (OrF) lengths and the predicted OrF lengths by the above formulas on the right side. B- The relationship between the
measured orbital floor (OrF) lengths and the predicted OrF lengths by the above formulas on the left side.

the occurrence of side symmetry between the orbital lengths. An
important finding of the current study was the existence of side
asymmetry regarding the OrWs lengths (ZMS-OF, MALC-OF and
SOF/N-OF). This finding indicates that the use of the OrF length of
an orbit for the depiction of the contralateral OrF length is inac-
curate. As a result, we developed two different formulas, one for
each side of the OrF length that included only variables of the same
side. In particular, the parameters used for the measurement of the
right-sided OrF length were the MALC-OF and the SOF/N-OF and for
the left-sided OrF length were the MALC-OF, the SOF/N-OF, the
gender and the FZS-OF. The main advantage of our technique is the
calculation of the OrF length measuring only three parameters in a
CT scan without the use of any additional material.

The use of the appropriate implant size is of paramount
importance for a favourable aesthetic and functional outcome of
the orbital repair. In order to avoid the major complication of the
implant migration and achieve the pre-damaged orbital status, an
implant of the exact length with the pre-damaged OrF length
should be used (Massaro-Giordano et al., 1998; Joseph and Glavas,
2011). In complete destruction of the IOR and OrF, the implant size
is extremely difficult to measure. Pathological conditions with
complete bony damage are high-velocity injuries (Markiewicz and
Bell, 2012), such as the combined intraorbital and orbital rim
fractures (Reyes et al., 2013) and gunshots (Liliav and Kalimuthu,
2012). In these cases of emergency, our formulas can calculate
the length before the damage in each individual and each orbit
directly and with accuracy.

In addition, our formula is applicable in different pathological
entities with osteolytic lesions (benign and malignant tumors and
infections) of the orbit (Lambertucci et al., 2009; Razek, 2011;
Gonzalez Ballester et al., 2012; Yan et al., 2012).

The current study has some limitations:

1. No study exists with the same design in order to compare our
results

2. The number of dry skulls is representative, but a higher number
of skulls might lead to a formula with more variables and a
higher statistical power

3. The formula calculates only the linear distance of the OrF length
without estimating the bony contour of the OrF

4. The study was conducted on dry skulls and its application on CT
scans is unknown

5. The formulas' application requires intact medial, superior and
lateral OrWs.

5. Conclusions

Orbital repair using the appropriate implant size is fundamental.
The calculation of the OrF length in cases of complete destruction of
the IOR and OrF is extremely challenging. The presented formulas
are an easy and applicable method for the calculation of the OrF
length by using gender and the lengths of the medial, superior and
lateral OrWs of the same orbit. Such data may improve surgery
planning of orbital floor fractures and complex orbital
reconstructions.
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