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bstract

nophthalmos has many causes, and serious post-traumatic cases indicate the need for operation. Such diagnoses should be made objectively,
nd a robust method for quantifying the degree to which the globe has been displaced is key. Current methods of measurement, however, have
ong been considered unreliable and inconsistent, in particular with regard to interobserver variability. The aim of this paper therefore was
o review all these methods systematically, to analyse their reliability, and to compare them with others. The paper also includes a proposed
rotocol for the accurate and reliable measurement of protrusion of an eye, which aims to standardise the assessment of patients and to create

 uniform approach that will enable the selection of those who are most likely to benefit from surgical treatment. Analysis of the data showed
hat computed tomographic (CT) exophthalmometry is the most reliable, followed by the Mourits’ exophthalmometer, which performed better
han the other clinical methods. In the acute phase of orbital blowout fractures, the measurement of herniated tissue through a fracture defect

ay give a good prediction of the degree of enophthalmos that is likely to occur without surgical correction. Measurement of the herniated
olume and CT exophthalmometry should be the foundation for diagnosis and the planning of treatment. Three-dimensional imaging or

ourits’ exophthalmometers (which are reliable non-radiological methods) could be used in a follow-up protocol.

 2019 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved.

eywords: Enophthalmos; measurement of enophthalmos; exophthalmometer; enophthalmometer; enophthalmometry; exophthalmometry
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ntroduction

nophthalmos is generally considered to be the difference
f more than 2 mm in the position of two globes along the
nteroposterior axis of the orbit.1–3
Orbital blowout fractures are commonly associated with
acial trauma. They happen to a wide range of people and
re often the result of falls, interpersonal violence (such as
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omestic violence), and sporting injuries.4 Enophthalmos is
he most common sequel of these fractures,5,6 and can have a
otable influence on facial aesthetics and vision. Functional
ffects include diplopia, and difficulties with eyelid function
nd the production of tears.7 Acute clinical presentation may
nclude periorbital ecchymosis, diplopia, hypoaesthesia in
he maxillary distribution of the trigeminal nerve, intraorbital
mphysema, and retrobulbar haemorrhage.4

Primary enophthalmos can result from a congenital abnor-
ality. The mean difference between left and right orbital

olumes may be no more than 1.4%,8,9 so it is reasonable to

uggest that both should be similar.

Secondary enophthalmos is caused by a change in the
elation between the volume of the rigid bony cavity and

blished by Elsevier Ltd. All rights reserved.
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ts contents7,10 - for example, an enlargement of the cavity
ithout a change in the volume of the contents (an orbital
lowout fracture).

Measurements of enophthalmos (or exophthalmos) by
xophthalmometry can be further categorised as absolute (in
hich measurements are made on exact graduations and are
ften used for anthropomorphic reasoning), relative (in which
he degree of globe protrusion is compared to the contralat-
ral side of the same person), or comparative (in which a
hange in protrusion is compared over a period of time).11

Post-traumatic enophthalmos, which is still not entirely
nderstood, may have several causes that include an increase
n the volume of the bony portion of the orbit, or the loss of
etrobulbar fat and muscle into the orbital defect.12 It may not
e clinically evident immediately after correction of an orbital
lowout fracture because of haematoma or oedema,13,14 and
ay not show until two to three months later.15

easurement  of  enophthalmos

oth radiological and clinical assessments can be used to
easure the degree of enophthalmos. Table 1 shows the meth-

ds used to diagnose it.

linical  measurement
urrently, two methods are used to measure the degree of
nophthalmos. Hertel’s exophthalmometer2,16 measures the
rotrusion of the apex of the globe in relation to the lateral
rbital rim. However, potential errors, which include changes
n the position of the lateral orbital rim, and a parallax effect
hen the mirror is not correctly aligned, may occur. Use of a
ourits’exophthalmometer, which is similar to Hertel’s but
ith only one reflective prism instead of two, may reduce the

mount of parallax error.17,18 The Hertel’s exophthalmometer
as come under increasing scrutiny in recent years and there is

 growing amount of evidence to discredit its reliability.19–22

A similar device, Naugle’s exophthalmometer, uses the
uperior and inferior orbital margin.

adiographic  measurement
o plan for surgical correction, accurate and reliable iden-

ification and a quantifiable assessment of the abnormality
re required, and the main approach is currently based on
omputed tomography (CT).

Plain radiographs are inexpensive and easily accessible,

nd are usually taken as a first-line approach in the diagno-
is of orbital blowout fractures, but ophthalmologists often
refer to take a clinical impression to establish the need for

able 1
ethods used to diagnose enophthalmos.

linical Radiographic

ertel’s exophthalmometer Plain radiographs
augle’s exophthalmometer Computed tomography
eudde’s exophthalmometer Magnetic resonance imaging
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peration. Bhattacharya et al reported the use of preoperative
T in all patients who were thought to need surgical repair,
hich removed any benefit from the initial radiographs.23

lain radiographs therefore are not usually recommended for
uspected cases.4,23

Magnetic resonance imaging (MRI) has also been con-
idered useful for the assessment of orbital volumes, and
articularly of the soft tissues.7 It removes all risk of radia-
ion, but its availability, even in modern hospitals, is limited,
nd visualisation of bone is poor. Furthermore, metal leaves
ppreciable artifacts on MRI and, as the repair of fractures of
he orbital floor often involve the placement of a metal orbital
late, it is less than ideal for postoperative monitoring.

CT is therefore the current gold standard for assess-
ent. Modern technology has made it possible to create

-dimensional reconstructions of the skeletal structure from
hich data on the volume of the orbit can be extrapolated
bjectively, and the methods used to calculate orbital vol-
mes from these constructs are highly reproducible.8,24 CT,
owever, does have limitations. It typically delivers about 100
imes the radiation dose of a plain radiograph, and the involve-

ent of artifacts (such as motion or “streak” artifacts) can
ave a negative effect on the quality of the image, although
hese effects can be reduced with multislice CT.25

CT data can also be used to deduce the degree of enoph-
halmos directly. As with Hertel’s exophthalmometer, the
echniques used to calculate the position of the globe often
epend on the lateral orbital margin as a reference point.5,11,18

ortunately, these data give us the opportunity to try new
pproaches (which may prove reliable) to measure the degree
f proptosis without the need for an intact lateral orbital rim.
his can be achieved by the use of a mirror image of the
ontralateral side with the nasal septum as a midline,5,11,26

hich ignores a pathological lateral rim altogether26 or the
eed to measure an absolute distance from a line connecting
he styloid processes to the anterior corneal apex.27

hree-dimensional  imaging
hree-dimensional imaging can be used to measure facial
symmetry and the degree of enophthalmos. Nkenke et al
ompared it with traditional methods of measurement,11 but
hile they reported interesting and comparable results, the

esources that are necessary for 3-dimensional imaging in
articular, are not widely available, and this renders it less
han ideal.

urgical  planning

atients may require operations at different times after injury
in the acute or late stage, or possibly as a secondary inter-
ention after an initial procedure) and there is much debate
bout the best time to intervene. Those who require opera-
ion acutely after injury are selected on the basis of clinical

ymptoms such as enophthalmos, diplopia, and limited ocular
otility, as well as entrapment of the orbital contents.28–30

he most important indication for immediate operation is
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etrobulbar haemorrhage followed by persistent vomiting in
hildren (occlusogastric reflex). Operations for diplopia are
ypically completed two weeks after injury, once the perior-
ital swelling has subsided.

It has been suggested that of the patients who are treated
onservatively, 7%-10% develop enophthalmos3 and require
ubsequent management. Other indications for late treatment
nclude diplopia or limitation of gaze that does not resolve
ithin two weeks.31–33

ethod

his systematic review was made according to Preferred
eporting Items for Systematic Reviews and Meta-analyses

PRISMA) guidelines. The search of publications included
he MEDLINE, EMBASE, clinicaltrials.gov, and WHO
nternational Clinical Trials Registry Platform databases.
he terms were “measure enophthalmos” or “enoph-

halmometer” or “exophthalmometer” or “marginal reflex
istance and enophthalmos” or “computed tomography
nd enophthalmos”. The references of the retrieved full-
ext articles were then reviewed to find further studies

hat had not been identified by the primary search. Only
tudies in the English language were used, and the
nal search of all databases was completed on 21 May
018.

R

T
i

Poten�all y relevant ar�cles 
iden�fied: 1 800

(Medli ne: 7 13; Embase: 1083; 
Cli nical Trials: 1; WHO ICTRP: 3)

Records scree ned:
1623

A

Full-text ar�cles ass ess ed 
for eligibility:

29

Stud ies includ ed in 
systema�c review:

22

Fig. 1. Flowchart showing the s
nd Maxillofacial Surgery 57 (2019) 904–912

Clinical trials were included if they assessed the degree of
nophthalmos, compared methods of measurement, showed
eliability data for at least one method, included a detailed
escription of the techniques used, and gave quantitative data
hat were available for analysis.

Animal studies, those that assessed only individual pop-
lations to ascertain normal values, or reported qualitative
utcomes, and those that were incomplete, not available, or
ere reviews, were excluded.
Based on a combination of their title and abstracts, studies

ere selected from the initial search by a single reviewer
CN). Abstracts were reviewed for the inclusion of more than
ne method of measurement, or assessment of a method’s
eliability. If the title or abstract was unclear on this point,
he full paper was retrieved, but that was necessary in only a
ew cases.

Many studies did not include raw data. Those that
id were added together and, where possible, Pearson’s
orrelation coefficients and linear regression lines were
alculated. Correlation coefficients were defined as very
oor (0.00 – 0.30), poor (0.31 – 0.50), moderate (0.51

 0.70), good (0.71 – 0.90), or very good (more than
.91).

esults
he initial search yielded a total of 1800 results. After screen-
ng, 22 were finally included (Fig. 1).

Records removed as 
duplica�ons:

177

Records excluded: 1594
(Cli nical trial not on hu mans: 59 7

ss ess ed popu la�on normal values only: 71
No quan�fiable data on reliability or 

comparisons with other methods: 9 24
Not yet completed: 2)

Full-text ar�cles exclud ed: 7
(Paper not acc ess ible: 4

Paper requested but no reply: 2
Paper not in English: 1)

election of publications.
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eliability  data

ew studies had assessed the reliability of the methods used
o measure enophthalmos (Table 2).18,21,34–40

omparison  data

he results of the studies that compared methods of
easurement were more complicated, as different sta-

istical tests were used, and few included raw data
Table 3).7,11,18,26–28,33,36,37,39,41–45

So many variables have been compared and different inter-
retations made of the results, that it is difficult to draw any
alid conclusions. When considered in detail, however, we
an deduce that all the methods probably have a positive cor-
elation, except when 3-dimensional imaging is compared
ith Hertel’s exophthalmometry.

nalysis

here is a wide range of interobserver variation values for
ertel’s instrument (r  = 0.57 to 0.89).18,34,37 It is important

o recognise that the two studies with higher degrees of inter-
bserver variation investigated exophthalmometry in patients
ith no orbital disease. When abnormal orbits were included,

eliability dropped (r  = 0.57).
The only intraobserver quantitative data was from the
tudy by Delmas et al,18 which suggested a good correla-
ion (r  = 0.84), but again, this was recorded only in healthy
eople.

s
i
n

able 2
ata from all the studies that assessed the reliability of the methods.

ethod and first author Interobserver
variation (r)

Intraobserver
variation (r)

ertel’s exophthalmometry
Mourits34 0.89 

Musch21

Lam35

Delmas18 0.80 (95% CI 0.68
to 0.88)

0.84 (95% CI 0.75
to 0.90)

Chang36

Choi37 0.57 

eudde’s exophthalmometry
Delmas18 0.72 (95% CI 0.57

to 0.82)
0.86 (95% CI 0.78
to 0.92)

Chang 36

ourit’s exophthalmometry
Delmas18 0.89 (95% CI 0.83

to 0.94)
0.94 (95% CI 0.90
to 0.97)

T exophthalmometry
Vicinanzo38 0.66 (longitudinal) 

0.44 (vertical) 

Segni39 0.98
Ramli 40 0.99
Choi37 0.99
nd Maxillofacial Surgery 57 (2019) 904–912 907

Importantly, two studies showed that Hertel’s
xophthalmometry was associated with a learning
urve.18,21

Two papers assessed Leudde’s exophthalmometer. Del-
as et al suggested that there were good intraobserver, and

easonable interobserver, correlations,18 and Chang et al
uggested that the difference between observers was not
ignificant.36

Delmas et al again contributed to this review in terms
f the data gained about the Mourits’ instrument. They
uggested that it had the best reliability of all three
xophthalmometers.18 In accordance with their findings for
he other methods there was clearly the suggestion of a learn-
ng curve in terms of their reliability data.

Four studies assessed the reliability of CT data for
he measurement of enophthalmos.37–40 Vicinanzo et al

easured the size of the fracture, whilst the others used
arious (albeit similar) methods to measure the position
f the globe directly.38 Only Vicinanzo et al recorded
oor reliability data, which may suggest that the tech-
ique they used was not suitable. The other authors,
owever, proposed that there was a near perfect correlation
oefficient both for intraobserver and interobserver record-
ngs.

Overall, the reliability data suggest that the most con-
istent method for the measurement of enophthalmos is CT
ata. The most dependable non-radiological method is mea-
urement by a Mourits’ exophthalmometer, which may be

mportant to consider when repeated exposure to radiation is
ot appropriate.

Statistical significance
between measurements

Extra details

Intraobserver - No Healthy orbits only
Interobserver - Yes Difference partly attributed to

experience of observer
Intraobserver - No
Interobserver - Yes

Suggestion of experience as
important factor

Interobserver - No Only mean values appraised
Included pathological orbits

Suggestion of experience as
important factor

Interobserver - No Only mean values appraised

Suggestion of experience as
important factor

95% CI 0.46 to 0.88
95% CI 0.22 to 0.69
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Table 3
Correlations between methods used to measure orbital proptosis.

Method, first author and reference Correlation (r) p value Extra detail

CT cf Hertel
Afanasyeva27 0.988
Ramli 40 0.960 & 0.930 0.001 Healthy & proptotic orbits
Choi37 −0.706 <0.001 Different technique
Segni39 0.880 Mean p value from two observers
Nkenke11 2004 0.033 All patients with zygomatic fractures
Nkenke41 2003 0.232 & -0.795 Healthy & pathological orbits
Delmas 18 0.670 Mean of values

CT cf Leudde
Delmas18 0.603 Mean of values
Chang36 <0.05

CT cf Mourits
Delmas18 0.883 Mean of values

CT cf 3D
Nkenke11 2004 0.963 All patients with zygomatic fractures
Nkenke41 2003 0.237 & 0.958 Healthy & pathological orbits

CT cf CT herniated volume
Zhang26 0.005 Suggested location of fracture is important
Whitehouse5 0.870 0.001

CT cf CT volume change
Fan42 0.950 <0.001

CT volume change cf Hertel
Schuknecht43 0.901 0.0002 Results when used as a proportion of overall

orbital volume
Choi37 0.777
Ploder28 0.640 0.002
Jin33 <0.05

CT volume change cf MRI
volume change cf Hertel

Kolk7 <0.01 MRI data generally 10.8% higher than CT
CT fracture size cf Hertel

Sung44 0.812 <0.05
Choi37 0.739
Ploder28 0.690 <0.001
Lee45 0.825 <0.0001
Jin33 <0.05

3D cf Hertel
Nkenke11 2004 0.042 All patients with zygomatic fractures

41
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Nkenke 2003 0.012 & -0.707 

f: compared with.

omparability

able 4 shows the 18 studies that assessed
nd compared two or more ways of measuring
nophthalmos.5,7,11,18,26–28,33,36,37,39,40–46

From all the data collected, we can deduce that the corre-
ation between CT and Hertel’s exophthalmometry is highly
ariable, with coefficients r  = 0.033 - 0.988. This is likely
o be because of the nature of the disease being assessed
n each study. Both papers by Nkenke et al11,41 assessed
atients with zygomatic fractures, which will affect the read-
ngs from a Hertel’s exophthalmometer as the lateral orbital
im is disrupted. When these studies were removed, and only
atients with an intact orbital rim were included, the range

f correlation improved (r  = 0.670 – 0.988). This highlights
he problems that can arise from use of the Hertel’s instru-

ent.

s
p
p

Healthy & pathological orbits

Leudde’s and Mourits’ exophthalmometers have not been
idely researched as yet. Delmas et al18 suggested that
ourits’ was the most closely associated with CT exophthal-
ometry, and that Leudde’s showed the poorest correlation.
hey found that of all the clinical methods, the Mourits’
xophthalmometer had the strongest correlation with CT
ata, even though r  = 0.883, which was less than some of
he r  values recorded in studies on Hertel’s.

Another method, which is not widely used, is 3-
imensional mapping of the face and correlation with CT
ata. Nkenke et al seem to be the only group that has pub-
ished data on this and they showed a strong correlation
etween CT and 3-dimensional mapping exophthalmome-
ry in patients with orbital blowout fractures. However, there

eemed to be poor agreement when the data were used in
eople with healthy orbits, which may be because most peo-
le have a minimal or non-existent relative enophthalmos.
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Table 4
Studies that assessed and compared two or more ways of measuring enophthalmos.

Study title First author
and reference

Year of
publication

Outcomes

Computed exophthalmometry is an accurate and reproducible method for
the measuring of eyeballs’ protrusion

Afanasyeva27 2018 CT cf Hertel

Proptosis–correlation and agreement between Hertel exophthalmometry
and computed tomography

Ramli40 2015 CT cf Hertel

Comparison of exophthalmos measurements: Hertel exophthalmometer
versus orbital parameters in 2-dimensional computed tomography

Choi 37 2017 CT cf Hertel

Comparability of proptosis measurements by different techniques Segni39 2002 CT cf Krahn (Hertel)
Hertel exophthalmometry versus computed tomography and optical 3D
imaging for the determination of the globe position in zygomatic fractures

Nkenke11 2004 CT cf Hertel cf 3D

Relative en- and exophthalmometry in zygomatic fractures comparing
optical non-contact, non-ionizing 3D imaging to the Hertel instrument and
computed tomography

Nkenke41 2003 CT cf Hertel cf 3D

Comparative study of 3 exophthalmometers and computed tomographic
biometry

Delmas18 2018 CT cf Leudde cf
Hertel cf Mourits

Correlation between volume of herniated orbital contents and the amount
of enophthalmos in orbital floor and wall fractures

Zhang26 2012 CT cf CT herniated
volume

Prediction of enophthalmos by computed tomography after “blow out”
orbital fracture

Whitehouse5 1994 CT cf CT volume

CT assessment of orbital volume in late post-traumatic enophthalmos Schuknecht43 1996 CT cf CT volume
The Correlation between the degree of enophthalmos and the extent of
fracture in medial orbital wall fracture left untreated for over six months: a
retrospective analysis of 81 cases at a single institution

Sung44 2013 CT cf CT volume

Computer-assisted orbital volume measurement in the surgical correction
of late enophthalmos caused by blowout fractures

Fan42 2003 CT volume cf Hertel

Prediction of late enophthalmos using preoperative orbital volume and
fracture area measurements in blowout fractures

Choi46 2017 CT volume change cf
CT fracture size cf
Hertel

Evaluation of computer-based area and volume measurement from coronal
computed tomography scans in isolated blowout fractures of the orbital
floor

Ploder28 2002 CT volume change cf
CT fracture size cf
Hertel

Relationship between small-size medial orbital wall fracture and late
enophthalmos

Lee45 2009 CT fracture size cf
Hertel

Relationship between the extent of fracture and the degree of
enophthalmos in isolated blowout fractures of the medial orbital wall

Jin33 2000 CT Fracture size cf
CT herniated volume
cf Hertel

Clinical exophthalmometry: a comparative study of the Luedde and Hertel
exophthalmometers

Chang36 1995 Hertel cf Leudde

Secondary post-traumatic enophthalmos: high-resolution magnetic
resonance imaging compared with multislice computed tomography in
p

Kolk7 2007 CT volume change cf
MRI volume change
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f: compared with.

rrors in measurement will create a considerable disparity
n the correlation because of the small values measured, but
his is purely hypothetical. When all the data from CT and 3-
imensional exophthalmometry were collated,11,41 there was
o correlation between Hertel’s and CT or 3-dimensional
xophthalmometry but, as before, there remained a strong
orrelation between the latter two methods (Fig. 2).

Changes in volume within the orbit also seem to correlate
ell with the degree of orbital proptosis, particularly when
T exophthalmometry is compared with changes in orbital
olume on CT. The results were more variable when volume
ata were compared with Hertel’s measurements, but they
till showed a moderate to good correlation.
Finally, across several studies the size of the fracture,
s calculated from CT data, again showed a moderate to
ood correlation with Hertel’s exophthalmometry. When we

r
(
u

cf Hertel

ut the raw data together and assessed them as one data
roup,33,45 there was a good correlation coefficient (r  = 0.836
95% CI 0.7186 to 0.9069, p < 0.0001). We were also able
o create a linear regression line between the two methods
Fig. 3).

iscussion

he studies show that CT exophthalmometry seems to be the
ost reliable method of measuring proptosis of the globe.
his is most commonly done by measuring a perpendicular
xis to a horizontal line drawn between the two lateral orbital

ims.18 Sometimes when the lateral orbital rim is disrupted
such as in certain orbital fractures), a mirror image of the
naffected side can be a reference, using the nasal septum
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F
2

xophthalmometry (mm) and CTE = CT exophthalmometry (mm)).41

s a midline plane. This depends, however, on there being
o appreciable facial asymmetry or disease of the midface,
articularly of the nasal septum (Fig. 4). This is a simple
nd quick measurement that can be done without a specialist
adiologist. Most patients who present with a possible orbital
racture will have a diagnostic CT, and this will allow it to

e of double benefit as it could help to indicate the most
ppropriate management. o

ig. 4. Measurement of proptosis by computed tomography, showing axial proptos
4.0 mm in the left.18
halmos (E = 0.793A + 0.524, where HE = Hertel’s exophthalmometry (mm)
nd A = area of fracture (cm2)).33,45

While methods such as Hertel’s and Mourits’ exophthal-
ometers may not be as reliable as CT data, they enable

atients to be monitored frequently without the obvious risk
f exposure to radiation.

It is important to recognise that accurate use of these
linical exophthalmometers depends on experience.18,21 This
ocuses on the fact that accurate measurement is difficult,
nd if the results are to be trusted, it is a skill that must be
One of the most confounding issues when dealing with
rbital blowout fractures, is that in the acute phase there is

is (in reference to the lateral orbital rims) of 23.7 mm in the right eye, and
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11. Nkenke E, Maier T, Benz M, et al. Hertel exophthalmometry versus
computed tomography and optical 3D imaging for the determination of
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ften a considerable amount of intraorbital swelling,5,13,14,47

hich can result even if there is no relative enophthalmos,
egardless of fracture size. This makes assessment difficult
n terms of the optimal management plan, and some patients
ho are treated conservatively will subsequently develop late

nophthalmos and others may have operations that were not
ntirely necessary. Both are detrimental to the patient, and
ave an impact on hospital resources and finances. White-
ouse et al measured the degree of enophthalmos associated
ith the volume of herniated contents that resulted from an
rbital fracture, as measured on CT.5 They compared the
T volumetric data with CT exophthalmometry based on

he sagittal distance between a line that connected the lat-
ral orbital rims and the posterior surface of the lens. This
ould be assumed to be a reliable method in this group as
one of the patients had involvement of the zygoma or lateral
rbital rim. They showed a stronger correlation between the
wo methods when the observations were taken at least 20
ays after injury. This time delay may allow for a large pro-
ortion of the intraorbital swelling to reduce, and therefore
ives a more accurate prediction of long-term outcome.

The regression line created by these data could be applied
o patients who are assessed at an earlier stage, so that a
arge herniated orbital volume that is identified in the imme-
iate days after injury can help to estimate the final degree of
nophthalmos. This would be a useful tool in the early assess-
ent of orbital blowout fractures, and has been validated as

ccurate.24,48 It does, however, have some disadvantages: the
alculations usually require a degree of training in the use of
igital Imaging and Communications in Medicine (DICOM)

oftware, which is usually more complex than standard hos-
ital imaging viewers (that include picture archiving and a
ommunications system (PACS)). It is therefore not a simple
alculation that can be done in clinic, but something that must
e discussed with a radiologist or an appropriately trained
rofessional who has access to suitable software.

We also know that the size of the fracture and vol-
me of displaced tissue are likely to have a crucial role,
ut it has been postulated that the site of fracture may
lso have an important impact on outcome.26 Zhang et al
ssessed the correlation between the volume of herniated
issue and the degree of enophthalmos when fractures are
t different sites in the orbit. They found that the strongest
orrelation was when the fracture was behind the eye-
all equator (r = 0.989, p = 0.001) when compared with a
racture that was in front of it (r  = 0.324, p = 0.001). This
ay be because the support system for the eyeball is

ehind the orbit, and damage in this area may disrupt the
echanism.26,49

In conclusion, this review suggests that current best prac-
ice is to use CT data to extrapolate the degree of orbital
roptosis with the measurement method described above. In
cute orbital blowout fractures when long-term sequelae are
ncertain, CT data should be used to ascertain the volume

f tissue that has herniated through the fracture site, and this
nd Maxillofacial Surgery 57 (2019) 904–912 911

sed to predict the degree of enophthalmos with the following
quation, as described by Whitehouse et al:5

 =  0.77 V −  0.68

here, E = enophthalmos (mm) V = herniated volume (cm3)
The site of the fracture should also be considered, and

reater importance placed on fractures in the posterior aspect
f the orbit, which are less likely to require surgical inter-
ention. Until 3-dimensional imaging becomes more widely
vailable, Mourits’ exophthalmometers should be used for
ngoing reviews of patients with enophthalmos to limit the
xposure to radiation. To ensure that these observations are
eliable, clinicians should be trained to use the exophthal-
ometer appropriately.
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