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Prediction of posttraumatic enophthalmos based on orbital volume measurements: a

systematic review

Abstract

Purpose: Enophthalmos greater than 2 mm is considered clinically relevant and may be
responsible for esthetic and functional morbidity. The difficulty has always been how to
accurately determine when the orbital wall displacement would lead to a clinically relevant
enophthalmos. None of the currently used techniques is able to accurately predict
posttraumatic enophthalmos (PE). The aim of this study was to systematically review the use
of orbital volumetric tools in the prediction of PE after orbital fracture.

Methods: The terms searched in each database were “(orbital volumetry) and enophthalmos”,
“volumetry and enophthalmos”, “volume and enophthalmos”, “volumetric and enophthalmos”.
The relationship between PE and orbital volume was assessed.

Results: The initial search yielded a total of 346 results. 14 papers were included and analyzed.
Every study stated a different numerical relationship between orbital volume (OV) and PE
with a mean enophthalmos of 0.80mm following a 1cm? increase of OV.

Conclusion: This review showed that most studies concluded on a direct relationship between
OV and PE, even defining the degree of PE in relation to the volume expansion.
Enophthalmos assessment based on radiological evaluation provides increased accuracy and
reproducibility compared to clinical measurement using an exophthalmometer. It is
notoriously difficult to determine when the orbital wall displacement will lead to a clinically

relevant enophthalmos. OV could be part of the set of arguments helping in the surgical or

conservative treatment decision.
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Introduction

Orbital fracture is common in facial trauma, occurring in 16% of all facial fractures,
and most frequently in males in their second decade of life!-?. It has to be properly managed as
vision is a sense of paramount importance and gaze is a major social interaction tool.
Mismanagement can therefore lead to severe functional, psychological and social
morbidity'2. However, surgery is not advocated in every case, since in the absence of clinical
symptoms the fracture usually heals spontaneously without complication'**. If the
impairment of ocular movement is easily detected immediately, posttraumatic enophthalmos
(PE) is usually diagnosed only at a later stage. Enophthalmos greater than 2 mm is considered
clinically relevant and may be responsible for esthetic and functional morbidity”~’. PE
pathophysiology is not entirely understood. It is linked to orbital volume modification due to
displacement of the orbital walls but orbital fat atrophy may also play a role®’. However, it is
difficult to accurately determine when orbital wall displacement leads to clinically relevant
enophthalmos.

Several methods using computed tomography (CT) imaging have been developed to

try to predict PE based on the fractured wall (medial or inferior)!®!'!, size of the fracture!>!>,

1617 "4 specifically designed line'®, or shape modifications to the

volume of herniated tissue
inferior or medial rectus muscle!*!. However, none of these techniques are able to predict
PE accurately, since they are all based on the analysis of a two dimensional image, whereas
the orbit is a three dimensional (3D) pyramid*? and CT imaging offers 3D data. The orbital
volume is about 30cm?, and the difference between both orbits of the same skull is within
0.6cm> 2. Considering only lines and areas instead of the volume of a 3D object can lead to

biased conclusions. It would seem that analysis of orbital volume modification might be a

reliable method of PE prediction. The main drawback is the difficulty of accurately measuring



orbital volume. This is because the orbit includes numerous foramina and fissures, has thin
bony walls and the base of the orbital pyramid, the aditus orbitalis, is open at the front.
Reproducibility requires a strict placement of these anatomical landmarks. Several techniques
have been developed to measure orbital volume: manual segmentation or planimetry, semi-
automatic and automatic methods. Planimetry, which has been used since the 1980s%*, is
based on the summation of manually-delineated areas obtained from a CT image®. It is
therefore extremely time-consuming to obtain an accurate result and the manual delineation
may lead to low reproducibility. A fully automatic method would therefore be preferable, but
as yet, only one automatic technique has been developed and its results were unsatisfactory?°.
Semi-automatic methods, such as stereology, are a good compromise as they rely on software
computation along with manual adjustments®’-?3. Several such pieces of software are currently
on the market as tools to measure orbital volume. Orbital volume measurements are becoming
increasingly popular as diagnosis, prognosis and therapeutic tools with the development of
mirroring techniques and patient-specific implants to treat orbital fractures or late PE**,
Accurate PE prediction would help surgeons in the management of orbital fracture, as
it would offer decisive insight on whether to perform surgery. The aim of this study was to
systematically review the use of orbital volumetric tools in the prediction of PE after orbital

fracture.



Material & Method

This systematic review was performed according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines®!. The following databases
were searched: MEDLINE, the Cochrane library, clinicaltrials.gov, and the WHO
International Clinical Trials Registry Platform. The terms searched in each database were
“(orbital volumetry) and enophthalmos”, “volumetry and enophthalmos”, ‘“volume and
enophthalmos”, and “volumetric and enophthalmos”. There were no limits in the search (even
publication dates), which was performed up to November 21, 2019. Studies were eligible if
the relationship between PE and orbital volume was assessed. Exclusion criteria were as
follows: case reports and studies with less than 15 patients, absence of orbital volume
measurements, language other than English, or when the full paper was not available.

Studies were first screened based on a combination of their title and abstract, with
double reviewing (authors MS and RN). The full paper was then reviewed and was included if
no exclusion criteria were met. The results concerning the relationship between PE and orbital
volume were assessed. This relationship was either expressed directly (enophthalmos in mm
responsible for a 1cm? increase in OV) or using the orbital volume ratio (OVR), defined as:

(the volume of the traumatized orbit) / (orbital volume of normal side) x 100.



Results

The initial search yielded a total of 346 results (Figure 1). From these, 48 were
duplicates, leaving 298 studies, out of which 262 were not eligible, since they did not assess
the relationship between OV and PE. Therefore, 36 full papers were reviewed; but of these,
six studies included less than 15 patients, six did not measure the OV, three were not in
English language (Italian, German and Chinese), and for a further three the full papers were
not available. A further four papers seemed eligible based on the title and the abstract but,
upon reviewing the full papers, the relationship between OV and PE was not assessed; hence,

they were not eligible. A final total of 14 papers was included and analyzed!!"!7323,

32,39,40

The results are shown in Tables 1 and 2. Three were prospective studies and two

included more than 50 patients*>?3, Patients had unilateral orbital wall blowout fracture in
each study except two: one included only orbital floor fracture®’ and the other included only

zygomaticomaxillary complex (ZMC) fractures*>. OV was measured mostly using planimetry:

either manual planimetry in the earlier publications®™* or software-aided

11,17,32,33,35-38 One

planimetry study used a semi-automatic method*. PE was assessed either

clinically using a Hertel’s exophthalmometer!!-33-33:37384041 o radiologically with CT 17364243
or MRI imaging®. One study used both clinical and radiological assessment’>. PE was

assessed at two time points following trauma: early PE was defined as being assessed less

32,34,42,43

than a month after trauma while late PE was defined as being assessed over a month

post-trauma'¥33%4! In two studies, PE was the inclusion criteria and timing regarding the

d17,40

initial trauma was not provide In late PE, studies evaluated conservative

tl 1,33,37,38 t34,39 h35,36,41 :

treatmen , surgical treatmen or bot early PE is assessed before a treatment

decision is made.

Eleven studies showed a correlation between OV and PE expressed either directly or



using the OVR. Every study stated a different numerical relationship between OV and PE
with a mean enophthalmos of 0.80mm following a 1cm? increase in OV (Figure 2). The mean
OVR leading to 2mm enophthalmos was 110.62% (Figure 3). Three studies did not find a

statistically significant correlation between OV and PE**!737,

The relationship between OV and enophthalmos was evaluated in subgroups of orbital
fracture, such as inferior fracture group (I), infero-medial fracture group (IM), and medial
fracture group (M), in some studies. The OVR leading to a 2mm enophthalmos was of
112.02% in the I group, 110.40% in the IM group, and 113.12% in the M group (112.18%
every group combined) in Choi et al.!!, the I group showing the steepest gradient relationship

between OVR and enophthalmos. Enophthalmos and OVR were more elevated in the IM

l.35 L 37

group according to Choi et al.””. Alinasab et al.”’ focused only on orbital floor fracture, which
may corresponds to the inferior and infero-medial fracture groups; however, they did not

found a statistically significant correlation.

These studies are all descriptive based on objective imaging and therefore bias may
arise from inter- or intra-observer variability in the measurement of OV. Ebrahimi et al.*?
analyzed this variability and found an inter-observer correlation coefficient of 0.87 when
assessing OV, 0.82 when assessing enophthalmos with CT scan, and 0.76 when assessing
enophthalmos with a Hertel’s exophthalmometer; and intra-observer variability was measured
at 0.93. It is the sole study to have performed this assessment. Another possible source of bias
is linked with enophthalmos assessment, which relies either on clinical evaluation using a
Hertel’s exophthalmometer or on radiological evaluation based on CT imaging. Ebrahimi et
al.’? is the sole study to have evaluated enophthalmos based on the two methods, and found
that clinical evaluation underestimated PE: following a Icm® increase of OV a mean

enophthalmos of 0.72mm was found when assessed with Hertel’s exophthalmometer versus

0.88mm when assessed with CT imaging (Figure 2).



There are also selection biases: timing of PE evaluation varies from early to late, and
patients were either at the initial trauma stage or after conservative or surgical treatment
(Table 3). The population analyzed is therefore heterogeneous. A 1cm? increase in OV was
deemed responsible for an enophthalmos of 0.85mm at an early stage, versus 0.72mm in late

PE (Figure 4).



Discussion

PE diagnosis at the initial stage is notoriously difficult. Algorithms trying to predict
PE and therefore to assign patients to conservative or surgical treatments traditionally rely on
herniated tissue volume and fracture surface®!>#*. This review showed that most studies found
a direct relationship between OV and PE, even defining the degree of PE based on the volume
increase. An algorithm of treatment of orbital blowout fracture based on OV measurement
recommends surgical treatment in every case of abnormal OV and recorded no PE in the

conservative treatment branch®.

Orbital fractures can be divided in inferior, infero-medial and medial orbit fractures.
No conclusion could be drawn based on the studies reviewed concerning their individual
relationship between OV and enophthalmos. Indeed, Choi et al. found non-concordant results
in their 2016'" and 2017°° publications: in the first, OVR is more elevated in medial orbit
fractures, whereas, in the second, OVR was more elevated in infero-medial orbit fractures.
The only study focusing exclusively to orbital floor fracture, which may encompass inferior
and infero-medial orbit fractures, found no statistically significant correlation between OV
and enophthalmos. More studies focusing on the relationship between each of these specific

fractures, OV and enophthalmos should be performed.

Interest in OV measurement has recently increased, since it can be performed in a
clinical setting. Once it has been measured for diagnosis and prognosis purposes, OV can also
be used for therapeutic purposes such as the design of patient-specific implants. Manual

planimetry, as performed in earlier studies?**!=*3

, 1s extremely time-consuming as it requires
manual tracing of complex borders in a slice-by-slice fashion. Therefore, it only has a place as

a research tool. Current software using thresholding, sampling points and volumetric

reconstruction offers a fast and accurate alternative, and could be used in a routine clinical



32,3346 Segmentation time has been evaluated as under 2 minutes for experienced

care
operators?’. Although CT imaging itself is objective, the measurements taken and the
determination of the sampling points used to define OV are still defined by the observer,
hence there may still be inter- and intra-observer variability leading to bias. However, this

variability has been evaluated as low>.

We found some assessment bias in PE measurement. PE can be assessed either
clinically with an exophthalmometer or radiologically with CT imaging. Only one study’?
compared both methods, and reported an underestimation using a Hertel’s exophthalmometer.
When comparing the results of the studies using a Hertel’s exophthalmometer with those
using CT imaging, this tendency to underestimate the enophthalmos clinically is also found
(Figure 2). The traditional method of PE evaluation relies on an exophthalmometer, such as
Hertel’s, Mourits’s and Naugle’s*®*°. The last two are more reliable as they do not use the
lateral orbital rim as reference, which can be displaced in the traumatic context. Measurement
using these devices is difficult, and accuracy is therefore strongly linked with experience,
leading to low reproducibility *>*°. CT scanning, which delivers an objective image, offers
both accuracy and reproducibility of enophthalmos measurements*®*°. Ebrahimi et al.*?> found
inter-observer variability to be greater in clinical assessment than in radiological assessment.
Therefore, further studies evaluating enophthalmos should use CT imaging in preference to a
clinical exophthtalmometer to enhance accuracy and reproducibility between studies. CT
evaluation of enophthalmos may use various measurement techniques, always based on an
axial slice in the neuro-ocular plane, such as: the zygomaticofrontal process baseline to the
back of the lens; the zygomaticofrontal process baseline to the cornea; the oculo-orbital index
(ratio a/b x 100, where “a” is the distance between the cornea and the zygomaticofrontal
process baseline and “b” is the total length of the ocular globe); and the distance between the

43,51

cornea and the optic foramen The measurement techniques based on the



zygomaticofrontal process baseline have the same drawback as Hertel’s exophthtalmometer
since they cannot be used in ZMC fractures where this process is fractured. The technique
used to evaluate enophthalmos radiologically is not stated in most of the studies analyzed. A

standardized procedure to assess enophthalmos is necessary to obtain reproducible results.

Other biases were linked with the timing of PE evaluation and the care provided
(initial evaluation, and after conservative or surgical treatment). Some studies measure globe
position less than a month after trauma (early setting) while others evaluated this more than a
month after trauma (late setting). Interestingly, enophthalmos following a lcm?® increase in
OV was more severe when measured in the early setting. This may be related to selection
bias: in the early setting every blowout fracture was included in the studies, whereas in the
late setting some studies included only patients undergoing conservative treatment and others
included patients undergoing surgery or both treatment. The population included in late PE
evaluation may be more heterogeneous since conservative treatment will not be offered to
patient with significant OV increase. It could be inferred that patients included in studies
concentrating on surgical treatment would have more severe orbital fractures. Moreover,
surgical treatment repairs the fractured orbital wall using grafted material, which varied
between studies: bone autograft, polydioxanone, and titanium patient-specific implant were
all used. There may be an effect linked to the material, especially since polydioxanone is a
resorbable material whereas bone autograft and titanium are not. A study evaluating patients
repeatedly (early and late setting) would be necessary to further characterize the relationship

between OV and enophthalmos in time.

The outcome was mostly represented as a direct correlation between OV expansion
and enophthalmos, although some studies used the OVR. For both methods, the issue is that
calculation of normal orbital volume is based on the non-fractured side. However, it has been

demonstrated that orbital volume is physiologically different between each side, within a

10



0.6cm® range?. Bearing this in mind, OV should not be the only factor on which to base
therapeutic decision. It should be used in combination with the volume of herniated tissue,

which is not affected by this physiological asymmetry.

11



Conclusion

OV and PE are directly correlated, according to most studies, with a mean
enophthalmos of 0.80mm following an increase of OV of lcm?®. Studies investigating
enophthalmos should favor radiological evaluation over clinical evaluation via
exophthalmometer for increased accuracy and reproducibility. It is difficult to determine
when the orbital wall displacement will lead to a clinically relevant enophthalmos. OV could
be part of the set of arguments helping in the surgical or conservative treatment decision.
However, if a direct correlation between OV and PE is clearly established, their precise
numerical relationship varies from one study to another and needs further characterization.
This study sought to review the correlation between OV and PE, its purpose was not to

provide the exact numbers to be used for OV restoration in orbital reconstruction.

12
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Number
of

Authors, |patient Significa
year included | Design | Outcome tivity
Ebrahimi 1cm3 increase of OV = 0.68mm clinical
etal., Prospec | enophthalmos (Hertel) and 0.71 mm radiographic | p <0.00
2019 96 | tive enophthalmos (CT) 01
Yang et Retrosp p=
al., 2018 161 |ective |OVR =106.85% = 2mm enophthalmos 0.001
Schonegg No statistically significant correlation between OV | p =
et al,, Retrosp | or OVR and enophthalmos either pre- or 0.201 (p
2018 44 | ective | postoperatively =0.329)
Choi and
Kang, Retrosp
2017 72| ective |OVR=112.82% = 2mm enophthalmos p <0.05
Sugiura
et al,, Retrosp |2.25cm3 of orbital volume = 2.0mm of
2017 47 | ective | enophthalmos p<0.01
Choi et Retrosp | 1% increase of OVR = 0.145mm enophthalmos
al., 2016 38 |ective |(OVR=112.18% = 2mm enophthalmos) p <0.05
Zhang et Retrosp | No statistically significant correlation between OV
al., 2012 23 |ective | and enophthalmos p >0.05
Alinasab
et al,, Retrosp | No statistically significant correlation between OV
2011 23| ective |and enophthalmos p > 0.05
Ahn et Retrosp p <0.00
al., 2008 35| ective | 1cm3increase OV = 0.84 mm enophthalmos 1
Kolk et Prospec
al., 2008 37| tive 1cm3 increase of OV = 0.93mm enophthalmos p <0.05
Fan et al.,, Prospec p <0.00
2003 16 | tive 1cm3 increase of OV = 0.89mm enophthalmos 1
Raskin et Retrosp =
al., 1998 30| ective |1cm3 increase of OV = 0.47 mm enophthalmos 0.0002
OV increase £ 2cm3 = 1 mm enophthalmos. OV

Yab et al., ) .
1997 Retrosp |increase >2cm3 and < 4cm3 = proportional p <

32 |ective |increase of enophthalmos 0.0001
Whitehou
se et al., Retrosp p <
1994 36| ective | 1cm3 increase of OV = 0.77 mm enophthalmos 0.001
Table 1
Authors | Type of OV Measurement Evaluation | Care when Measurem
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fracture of PE enophthalmos is ent time of
assessed PE
Ebrahi |Zygomatico- CT+
mi et maxillary Hertel
al., complex CT images: Mimics, |exophthal |Before treatment
2019 fractures planimetry mometer |decision 24 hours
Yang et |Orbital wall |CT images: 3D Hertel
al., blowout Workstation, exophthal |Conservative
2018 fracture planimetry mometer |treatment 3 months
Schone first
gg et Orbital wall | CT images: iPlan Hertel Preoperative and | appointme
al., blowout 3.0.5, semi- exophthal |Surgical treatment |ntand 6
2018 fracture automatic mometer | (PSI titanium) months
Choi Conservative and
and Orbital wall Hertel Surgical treatment
Kang, blowout CT images: Manual |exophthal |(unknown
2017 fracture planimetry mometer |material) 6 months
Sugiura | Orbital wall Conservative and
et al., blowout CT images: Mimics, Surgical treatment
2017 fracture planimetry CcT (bone autograft) 6 months
. CT images: Rapidia

glf.ml et Orbital wall | Image Post- Hertel
20,16 blowout processing system, |exophthal |Conservative

fracture planimetry mometer |treatment 6 months
Zhang | Orbital wall PE as an
et al., blowout CT images: Mimics, Conservative inclusion
2012 fracture planimetry CcT treatment with PE | criteria
Alinasa | Orbital floor Hertel
b etal., |blowout CT images: Volume | exophthal | Conservative >6
2011 fracture Viewer, planimetry | mometer |treatment months

CT images: Rapidia

,:rn et Orbital wall  |Image Post- Hertel
20,08 blowout processing system, |exophthal |Conservative

fracture planimetry mometer |treatment 3 months
Kolk et | Orbital wall
al., blowout MRI images: Manual Surgical treatment |3-4
2008 fracture planimetry MRI (PDS) months
Fanet | Orbital wall Hertel PE as an
al., blowout CT images: Manual exophthal |Conservative inclusion
2003 fracture planimetry mometer |treatment with PE |criteria
Raskin Conservative and
et al. Orbital wall Hertel Surgical treatment
1998’ blowout CT images: Manual |exophthal |(unknown

fracture planimetry mometer | material) > 4 weeks
Yab et |Orbital wall |CTimages: Manual Before treatment
al,, blowout planimetry CcT decision 10 days
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1997 fracture

Whiteh
ouse et | Orbital wall
al., blowout CT images: Manual Before treatment | Within 20
1994 fracture planimetry CcT decision days
Table 2

Design of Number of Control Evaluation of
Authors, year study patient group PE
Ebrahimi et al., 2019 Low Low No Very low
Yang et al.,, 2018 High Low No High
Schoénegg et al., 2018 |High Moderate No High
Choi and Kang, 2017 High Low No High
Sugiura et al., 2017 High Moderate No Low
Choi et al., 2016 High Moderate No High
Zhang et al., 2012 High High No Low
Alinasab et al., 2011 High High No High
Ahn et al., 2008 High Moderate No High
Kolk et al., 2008 Low Moderate No Low
Fan et al., 2003 High High No High
Raskin et al., 1998 High Moderate No High
Yab et al., 1997 High Moderate No Low
Whitehouse et al.,
1994 High Moderate No Low

Table 3
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Eligibility Screening Identification

Included

Records identified through
database searching

Additional records identified
through other sources

(n = 346) (n=0)
Records after duplicates removed
(n=298)
Records screened
(n=298) ’

'

Full-text articles assessed
for eligibility
(n =36)

Y

Records excluded
(n =262)

Studies included in
qualitative synthesis
(n=14)

Full-text articles excluded
(n= 22)
< 15 patients (n = 6)
no orbital volume
measurements (n = 6)
not eligible based on full text
(n=4)
full-text not available (n = 3)
full-text not in english (n= 3)




Figure 2 - Enophthalmos following a 1cm3 increase in orbital volume
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Figure 3 - Orbital volume ratio responsible of a 2 mm
enophthalmos
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Figure 4 - Enophthalmos following a 1cm3 increase
in orbital volume: assessment of early versus late
enophthalmos

late PE

aarly PE

0,00 0,20 0,40 0,60 0,50 1,00 1.0
Enophthalmos [mm)





