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The concepts of ‘globe’ and ‘orbit’, can suggest astrological stories about the universe, the 
stellar constellations or the navigation of celestial objects. Although this manuscript has 
been assembled in different parts of the world, the content has not much to do with the 
universe. The original meaning of ‘orbit’ is ‘ring’, which later evolved (i) to describe the 
elliptical path of a substance in space or (ii) as an anatomical name for the eye socket 
(‘ring around the eye globe’) [1]. 

 The anatomical orbit is centrally located at the intersection between the face (vis-
cerocranium) and braincase (neurocranium). The primary objective of the orbit is the 
protection of the globe function in order to maintain the perception of vision. This pro-
tection is assured by a refined bony and soft tissue construction. The bony pyramid is 
composed of a three-dimensional (3D) mosaic of seven embryologically different fa-
cial bones that vary in thickness. Foramina and fissures, such as inferior orbital fissure, 
nasolacrimal canal, and optic canal, perforate the walls. Entry to the orbit is outlined by 

Introduction

FIGURE 1 — ILLUSTRATION OF THE ORBITAL ANATOMY ON AXIAL (A),  CORONAL (B) AND SAGITTAL  

(C) SECTIONS OF AN MRI SCAN (T2 SPACE ZOOMIT SEQUENCE) | 1 :  intra-conal orbital fat ;  2 :  extra-conal 

orbital fat ;  3 :  globe; 4 :  lacr imal gland; 5 :  extraocular muscles ;  6 :  optic nerve. 
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a curvilinear margin, a strong outer ridge to preserve the contour, but fragile inner walls 
that can disperse the energy of a traumatic impact and preserve the globe integrity [2]. 

 The normal shape of the globe or eyeball is a nearly round sphere with an anteriorly 
convex bulge, although certain conditions can shorten or elongate the sphere. A variable 
part of the globe is situated inside the orbital cavity. The wall of the eyeball is three-lay-
ered. The most superficial layer is the sclera (continuous with the cornea at the anterior 
bulge) where the extraocular muscle tendons are inserted. The choroid is the middle 
vascular layer and the retina is the innermost layer. The largest chamber inside the globe 
contains the gel-like vitreous body [3].

 The globe is embedded in a cuff of soft tissue structures (figure 1). The orbital fat 
occupies most of the space inside the orbit. The fat of the orbit consists of extra- and 
intraconal disbursements. The abundance of fat facilitates the movement of the extraoc-
ular muscles (EOM) and maintains the projection of the eye in the orbit [2,3]. The EOM 
are comprised of six muscles: four rectus muscles and the superior and inferior oblique 
muscle. Except from the inferior oblique, all EOM originate at the annulus of Zinn in 
the orbital apex and travel anteriorly to insert into the globe sclera. The levator palpebrae 
superioris muscle also attaches to the annulus of Zinn, but its function is lid elevation, 
not globe movement. As the levator palpebrae muscle is positioned close by the superior 
rectus, both muscles are often described together as the ‘superior rectus-levator com-
plex’ [2]. The optic nerve connects the globe to the brains. It can be subdivided into four 
main parts: optic nerve head (i.e. intraocular part), intraorbital part, intracanalicular 
part and intracranial part. The intraorbital part of the optic nerve (approximately 25 mm 
in length) travels from the posterior part of the eyeball to the intraorbital opening of the 
optic canal. The optic nerve sheath that contains all three meningeal layers surrounds the 
intraorbital optic nerve [3]. The lacrimal gland is located in the superior lateral portion of 
the orbit and is contained with the periorbita. The gland could be divided in a palpebral 
and orbital lobe. The smaller palpebral lobe lies close to the eye, along the inner surface 
of the eyelid [2].

 These soft tissue structures, along with various nerves and blood vessels are incor-
porated inside the orbit to support the globe function. Every component can be affected 
by various pathological conditions like inflammatory diseases, traumatic injury or mass 
lesions. Along with the functional impact on the vision, these diseases will generate aes-
thetic and social impairments that highly burden the psychosocial status of the patient [4,5]. 
The eyes have a central role in personal interaction, facial recognition and emotional 
expression; hence the influence of ocular or orbital pathology on the quality of life can-
not be underestimated. Orbital diseases can cause a change of the globe position, leading 
to double vision or provoke permanent swelling around the eyes (see Figure 2). Patients 
with chronic inflammatory orbital diseases report a negative effect on their quality of 
life and emotional distress that is worse compared to patients suffering from diabetes or 
heart failure [4]. 

Introduction
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Introduction

An example of a well-known inflammatory orbital disease is Graves’ orbitopathy, which 
is extensively studied in the current thesis. This is an intriguing disease where various 
orbital components can be involved with a variable disease progression and complex 
treatment. Graves’ orbitopathy, also referred as dysthyroid/thyroid-associated orbitop-
athy or thyroid eye disease, is part of an autoimmune process that affects orbital tissues 
in a severe and potentially irreversible manner. Though its pathophysiology remains 
incompletely understood, two clinical phases can be distinguished including an active 
followed by an inactive phase [5,6]. Transition from the active phase to the later inactive 
stage is often spontaneous in mild cases or can be aided by immunosuppressive medical 
treatment and/or radiotherapy [7-10]. Edema and proliferation of the periocular tissues in 
the active inflammatory phase leads to retrobulbar tissue expansion and proptosis (fig-
ure 2). Additional ocular manifestations include eyelid retraction, chemosis, periocular 
edema and altered ocular motility. Severe disease progression can sometimes cause vi-
sion-threatening exposure keratopathy and compressive optic neuropathy. Activated or-
bital fibroblasts perpetuate these effects by fibrosis, leading to permanent disfigurement, 
diplopia, functional and social impairment [5,6]. One of the treatment options for inactive 
Graves' orbitopathy is surgical decompression, which aims to reduce the orbital content 
and/or expand the orbital volume in order to shift the position of the globe (decrease 
proptosis), improve muscular motility and increase visual acuity [11-13]. With exception of 
urgent surgical decompression in vision-threatening optic neuropathy or corneal ulcer-
ation refractory to steroids, rehabilitative surgery is reserved to the inactive phase. 
 
FIGURE 2 —  PATIENT WITH GRAVES' ORBITOPATHY BEFORE AND AFTER SURGICAL TREATMENT 

 

 

(a) Cl in ical pictures of a patient diagnosed with Graves’  orbitopathy and expl ic it  proptosis .  

(b) Cl in ical pictures after surgical orbital decompression with removal of the lateral orbital wal l    

and orbital fat .  Marked improvement of the globe posit ion.  

(c)  Three-dimensional reconstruct ion generated from a post-operative CT scan. The red sphere   

represents the pre-operative globe posit ion and the blue sphere the post-operative posit ion.
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 “What gets measured gets managed” 
 – Peter Drucker, 1954 

Similar to any medical condition, the orbital diseases have to be evaluated profoundly 
in order to manage them in the best possible way. Clinical tools have been developed to 
measure the orbital dimensions, to assess the soft tissues (e.g. inflammation and swelling 
of the eyelids or conjunctiva) or to document the position of the globe inside the orbit-
al cavity [14]. These tools are easily available and protocols have been recommended to 
obtain the outcomes as objectively as possible. The clinical information, however, only 
contains a fraction of the full picture and is bounded by 2D measurements of a complex, 
three-dimensional (3D) structure. Furthermore, the shortcomings inherent to these 
clinical methods will cause variability amongst different evaluators, hence making the 
results more subjective [15,16]. 

 A crucial way to advance clinical information is to supplement the evaluation of the 
orbit with objective imaging studies. Neuroimaging allows for a more extensive eval-
uation of the bony and soft tissue orbital structures [17,18]. Various imaging modalities 
have been introduced to assess the orbital condition. These methods are continuously 
developing to improve the accuracy and precision and support the disease management 

[19].  Plain x-ray images are the simplest and were most widely used to perform the in-
itial assessment. The absence of proper soft tissue visualization and restriction to only 
2D measurements make plain x-ray inferior to more contemporary methods. Since the 
introduction of Computed Tomography scan (CT), the potential for image analysis has 
expanded immensely. Nowadays, the CT scan is regarded as the gold standard of orbital 
imaging in most parts of the world [20,21]. The CT image acquisition has relatively low 
cost, is fast and accurate with a high spatial resolution. Paper-thin orbital bones can be 
clearly visualized and most orbital soft tissue structures can be easily differentiated. To-
gether with the increasing availability of CT data, the post-processing opportunities took 
a great leap forward [22-24]. The post-processing methods intend to convert the original 
data to enhance the interpretation of available information. Since the orbit is an irregular 
ellipsoidal concavity, volumetric rather than linear determinations are more accurate. 
For example, 3D bone reconstructions can be rendered from the original CT data, which 
makes it more accessible to evaluate complex displacements after skeletal trauma (figure 3).

Introduction
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FIGURE 3 — CT SCAN OF THE ORBITAL REGION | Coronal (a) and axial  v iew (b) with two-dimensional  

segmentation of the globe. The center of the sphere is automatical ly marked with a green dot (c) 

Three-dimensional reconstruct ion of the bony skeleton and spheres representing the globe.

 

 

Post-processing methods include, amongst others, the rendering of 3D bone/soft tis-
sue reconstruction, tissue outlining (‘segmentation’) according to the pixel grey value 
(Hounsfield Unit (HU)) and morphometric/volumetric analysis of a specific region of 
interest (ROI). The act of segmentation is an important topic when discussing post-pro-
cessing analysis and can be accomplished by a variety of methods [25]. This process will 
allow grouping the pixels and defining the boundaries of the ROI. The manual segmen-
tation technique requires the operator to determine the borders of the ROI on every 
single slice of the scan. There is a high level of control, but this approach is also time 
demanding and impractical for routine use [26]. Moreover, due to the irregular morphol-
ogy of orbital tissues, this method is associated with a high inter-observer variation and 
prone to bias according to the scan plane orientation [17,27,28]. More advanced methods 
like regional growing (RG) and multi-dimensional threshold (MDT) algorithms try to 
overcome these problems through a semi-automatic segmentation process [29,30]. With 
RG a seed is set in the ROI to define the reference tissue intensity, which is used by the 
software to cover the entire ROI (figure 4). MDT segmentation software requires a visual 
threshold range solely containing the target tissue to segment the ROI. These semi-auto-
matic segmentation techniques, with MDT probably superior to RG, proved to be more 
convenient and at least as accurate as manual segmentation [27].

Introduction
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FIGURE 4 — ORBITAL FAT SEGMENTATION AND 3D RECONSTRUCTION

 

(a) Orbital MRI scan (T2 Space ZOOMit protocol , sagittal orientation) obtained with a 3T scanner   

 and 64-channel head coi l .  

(b) Semi-automatic fat segmentation (green) performed with a region growing algorithm on an   

 axial  T 1  TSE Dixon sequence (fat images).  

(c)   Three-dimensional reconstruction of the orbital fat . The segmentation software automatical ly  

 generates the orbital fat volume.

The additional information obtained with image post-processing can support the di-
agnostic pathway, enhance treatment options and monitor the treatment response 

[31,32]. Furthermore, the development of specialised software made it possible to use this 
post-processing data and generate virtual simulations to support treatment decisions. 
Radiation exposure, however, is a significant drawback for orbital CT scanning. Lens 
opacification and radiation-induced cataract limits its clinical application for repeated 
scans [30,33]. Magnetic resonance imaging (MRI) emerged in the last decades as an addi-
tion to CT scanning. In the absence of radiation exposure, MRI provides excellent soft 
tissue contrast, with better delineation of the orbital tissues. Moreover, with MRI it is 
possible to obtain images in all possible (axial, coronal, sagittal and oblique) views with-
out changing the position of the patient’s body [27,29,34].

 Conventional MRI protocols use T1 weighted, T2 weighted and proton density 
weighted sequences mainly for morphological analysis. Advances in MRI hardware and 
new imaging protocols are emerging at high pace, introducing extra opportunities in 
post-processing methods and quantitative objectification (e.g. signal intensity ratios, 
fractionated anisotropy, mean diffusivity, volumetric analysis) [35]. 

 These non-invasive assessments are trending in many medical fields because they  
allow measuring specific tissue responses (e.g. disease activity) and can provide func-
tional tissue characteristics, supporting clinical diagnosis and treatment decision mak-
ing [36-38]. With the increasing use of MRI to evaluate the orbit, various protocols are being 
described and a consensus has yet to be reached. The more sophisticated the protocols, 
the more labour and resource intensive hence difficult to perform in everyday clinical 
practice. Additionally, MRI is a sensitive imaging technique prone to artifacts. Common 
artifacts are Gibbs ringing, which present parallel to the edges of abrupt intensity change 
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[39,40] and aliasing, where a body part outside the field of view is wrapped inside to the 
opposite side of the image [39] (figure 5). 

FIGURE 5 — MRI ARTIFACTS  
 
 

(a) T1 weigted TSE sequence, axial orientation, obtained with a 3T MRI scanner and loop coi l .  Gibbs  

 r inging artifacts (arrows) are vis ible at the posterior edges of the globe and along the inner side of  

 the extra ocular muscles. 

(b) MPRAGE sequence, axial orientation, obtained with a 3T MRI scanner and 64 channel head coi l .  

 Al iasing effect (arrows) inhibits good visual isation of the globe and medial part of the orbit . 

 
These artifacts are important to recognize because they could mask anatomical struc-
tures, constrain the segmentation process and should be differentiated from anatomical 
and functional tissue abnormalities. Various solutions could eliminate this artifacts 
such as image filters, though this goes beyond the scope of this research project and 
should be discussed with a MRI technician [39].  

 Although increasing evidence suggests the importance of post-processing analysis, 
results from various studies may be limited for extrapolation due to differences in scan-
ner performance, sequence acquisition, post-processing protocols or software applica-
tions. 

In conclusion, the orbit is a sophisticated space packed with many structures, which all 
have their distinct role. Image processing has the capability to enhance objective docu-
mentation of the orbital complex. However, if these outcomes are to be used as an indica-
tor for diagnosis and treatment planning, it is essential that the evaluation is accurate and 
reliable. Imaging protocols and post-processing methods should be validated and er-
rors implicit in the measurement technique must be defined. This thesis aims to explore  
the possibilities of processing orbital imaging studies. The introduction of reliable and 
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feasible post-processing techniques can ameliorate diagnosis and understanding of the 
mechanism in orbital disorders. These developments should lead to precise quantitative 
measurements, contributing to a patient-specific treatment.
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Rationale and objectives

Aim 1 

To improve the three-dimensional  
visualisation of the globe position  

in the orbit 

Rationale – Assessment of the globe po-
sition is an essential step in the manage-
ment of orbital diseases, yet current meth-
ods are limited to only one dimension and 
could be biased.

Hypothesis – By using computer tomog-
raphy (CT) data and three dimensional 
(3D) reconstruction technology, it is pos-
sible to illustrate the globe position shift 
in 3D and evaluate treatment outcome.

Methods – A new 3D model of the globe 
position will be created using consecutive 
CT scans and post-processing software 
(Mimics Medical 21.0, Materialise, Leu-
ven, Belgium). The clinical and imaging 
data from randomly selected participants 
(10 patients, 20 orbits) will be used for 
method validation. Additionally, the CT 
scans of five patients with inactive Graves’ 
orbitopathy who underwent bony orbital 
decompression surgery will be analysed 
according to the proposed method. De-
velopment of the virtual model and image 
analysis will be performed in collabora-
tion with the OMFS-IMPATH research 
group (KU Leuven). 

Aim 2

To assess the potential, consequences 
and complications of orbital fat removal 

in Graves' orbitopathy

Rationale – The orbital fat is packed be-
tween all orbital structures and contrib-
utes to support the globe position as well 
as to allow harmonious motion of the 
orbital components. Studying the effects 
of fat removal could enhance insights in 
the clinical consequences of volume alter-
ations and mechanisms of action that are 
important for reconstruction. 

Hypothesis – Selective extraction of orbit-
al fat will result in a predictable change of 
the globe position with a low risk for ad-
verse effects. 

Methods – To investigate the importance 
of orbital fat for the globe position, a sys-
tematic review (& meta-analysis) will be 
conducted on orbital fat decompression.  
The study protocol is prospectively reg-
istered at the international database of 
PROSPERO (CRD42018084472) and 
will comply with the Preferred Reporting 
Items for Systematic Reviews and Me-
ta-Analysis recommendations (PRISMA). 
Fat only orbital decompression will be 
included and relationship between lipec-
tomy, globe position and adverse effects 
(including diplopia) will be studied. 
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Aim 3

To investigate the contemporary  
methods of volumetric analysis  

in orbital MRI

Rationale – Various protocols have been 
reported to perform volumetric analysis 
of orbital structures on magnetic reso-
nance imaging (MRI). A lack of homoge-
neous and validated techniques prevents 
the common implementation in routine 
clinical practice. 

Hypothesis – A critical analysis of the 
current knowledge in orbital volumet-
ric techniques can define the pitfalls and 
contribute to the development of accurate 
and feasible protocols. 

Methods – A systematic review will be 
performed on post-processing volume-
try techniques in orbital MRI. The study 
protocol is prospectively registered at the 
international database of PROSPERO 
(CRD42019127698) and will comply with 
the PRISMA guidelines. MRI scanning 
characteristics (scan protocol and acqui-
sition details), and post-processing volu-
metry technique (software, segmentation 
methods and volume calculations) will be 
studied according to the region of interest 
(muscle, orbital fat, etc.).

Aim 4

To study the feasibility and accuracy  
of semi-automatic MRI based 

orbital fat volumetry 

Rationale – Measurement of orbital fat 
can be used as an early marker to assess 
disease severity, activity and to monitor 
effectiveness of therapeutic modalities 
over time. Orbital imaging is an impor-
tant tool to measure orbital fat, but there 
is no consensus on the use of different im-
aging modalities.

Hypothesis – If fat volume is to be used as 
an indicator for diagnosis and treatment 
of orbital disorders, it is important that 
correlation between computed tomogra-
phy (CT) and magnetic resonance imag-
ing (MRI) measurements are transparent 
and that the errors implicit in the meas-
urement technique are defined.

Methods – A retrospective, cross-section-
al study will include 5 healthy partici-
pants (10 orbits) and 6 patients diagnosed 
with Graves’ Orbitopathy. Patients who 
received both a standard orbital CT and 
MRI scan will be selected. Results of fat 
volumetry on MRI will be compared to a 
validated CT-based measurement meth-
od. Image analysis will be accomplished 
in collaboration with the radiological 
department (University Hospital Ghent) 
and OMFS-IMPATH research group (KU 
Leuven). 

Rationale and objectives
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Aim 5

To develop and validate a dedicated  
and accurate MRI protocol 

for orbital soft tissue volumetry

Rationale – Advances in magnetic reso-
nance imaging (MRI) hardware and de-
velopments in post-processing technolo-
gy make quantitative analysis increasingly 
valuable for diagnosis, evaluation of dis-
ease progression and treatment planning 
in orbital diseases. However, there is a 
lack of uniformity and validation of the 
proposed protocols. 

Hypothesis – Dedicated imaging tech-
niques can be selected to improve the 
post-processing accuracy in orbital MRI 
scans.

Methods – Twelve different orbital MRI 
protocols will be qualitatively evaluated 
on human orbits during a developmen-
tal stage. The most optimized protocols 
will be used for quantitative testing on an 
animal orbital model (fresh pig cadaver). 
Technique accuracy will be investigated 
by comparison with computed tomogra-
phy (CT) scan and tissue dissection. This 
work will be performed in cooperation 
with the Ghent Institute for Functional 
and Metabolic Imaging (Gifmi- Ghent 
University).   

Rationale and objectives
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Three-Dimensional Characterisation  
of the Globe Position in the Orbit

OR IG INAL  RESEARCH

 Abstract 

Aim — Current methods to analyse the globe position, includ-
ing Hertel exophthalmometry and computed tomography (CT), 
are limited to the axial plane and require the lateral orbital rim 
and cornea as landmarks. This pilot study aimed to design a 
method to measure the position of the globe in the axial, cor-
onal and sagittal plane and independent from orbital bony and 
corneal references. Methods — With the aid of three-dimen-
sional CT reconstruction technology, we determined the globe 
position in the orbit based on the center of the globe. Method 
validation was performed using data of consecutive orbital CT 
scans from the control group and from patients with Graves’ or-
bitopathy who underwent orbital decompression surgery with 
removal of the lateral orbital margin. Results — The inter- and 
intra-observer reliability was excellent with a high intraclass 
correlation coefficient (> 0.99, 95% CI [0.97; 1.00]). In the de-
compressed orbits, there was a statistically significant globe po-
sition shift along the anterior-posterior axis (P= 0.0005, 95% CI 
[0.63; 3.66]), but not along the medial-lateral and superior-in-
ferior axis. Conclusion — The 3D CT method can accurately 
and reliably characterise the globe position shift in the three 
dimensions without using orbital and corneal anatomical land-
marks. The method can be useful to determine the globe shift in 
proptosis, enophthalmos, hypoglobus and hyperglobus, even in 
the presence of strabismus and orbital bone defects.
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• Orbital disease

• Graves’ orbitopathy

• exophthalmometry

• proptosis

• computed tomography

AFF IL IAT IONS

1  Department of Head and Neck 

Surgery, Ghent University  

Hospital, Ghent, Belgium

2  Department of Oral and  

Maxillofacial Surgery,  

University Hospitals Leuven, 

Leuven, Belgium

3  OMFS IMPATH Research Group, 

Department of Imaging and 

Pathology, Faculty of Medicine, 

KU Leuven, Leuven, Belgium

4  Department of Oral and 

Maxillofacial Surgery, Radboud 

University Hospital, Nijmegen, 

The Netherlands

5  Department of Plastic and 

Reconstructive Surgery, Ghent 

University Hospital, Ghent  

Belgium

6  Department of Dental Medicine, 

Karolinska Institutet, Huddinge, 

Sweden

7  Department of Ophthalmology, 

University Hospitals Leuven, 

Leuven, Belgium

* The first two authors contribut-

ed equally and we wish to ac-

knowledge them with a shared 

first authorship.

R .  W I LLAERT  MD,  DMD* 1  2
   E .  SHAHEEN  MSC ,  PHD* 2 3

    J .  D EFERM MD,  DMD 4
   H .  VERMEERSCH  MD,  PHD 5

R .  JACOBS  DMD,  MSC ,  PHD 2 3  6
    I .  MOMBAERTS  MD,  PHD7 



26

The position of the eyeball in the or-
bit, also called globe position (GP), 
is an important marker in the diag-
nosis and follow-up of patients with 
Graves’ orbitopathy, orbital trauma, 
and orbital mass lesions. Standard-

ly, GP is assessed with the Hertel exoph-
thalmometer that measures the distance 
between the anterior vertex of the cornea 
and the zygomatic process of the lateral 
orbital rim in the axial plane [1]. Inter- and 
intra-observer user variability with Hertel 
exophthalmometry, however, is common 
owing to potential horizontal misalign-
ment and parallax error of the device [1–3]. 
Alternatively, the GP can be evaluated 
with two-dimensional (2D) computed to-
mography (CT) by measuring the vertex 
of the cornea perpendicular to the inter-
zygomatic line [2,3]. Both the Hertel and 
2D CT method require anatomical integ-
rity of the anterior aspect of the lateral or-
bital margin and assess the GP in the axial 
plane only [4].

 Other than the axial deviation, the GP 
can be deviated in the horizontal axis, as 
observed from increased interpupillary 
and CT digitalized interocular distances 
in patients with Graves’ orbitopathy and 
medial (nasal) shifting of the GP after 
orbital decompression [5,6]. On the oth-
er hand, deviations of GP in the vertical 
plane occur in orthotropic hypoglobus 
and hyperglobus associated with peri-or-
bital abnormalities and orbital decom-
pression surgery [7,8]. Horizontal and 
vertical deviations cannot be accurately 
detected with currently available tools. 
The aim of the study is to characterise the 
GP in the axial, horizontal and vertical 
plane, independent on bony orbital and 
corneal landmarks through the use of CT 
data and 3D reconstruction technology.

For this pilot study, the clinical and 
imaging data from randomly se-
lected participants (10 patients, 20 
orbits) (5 female; mean age 44± 21 
years) as controls were retrospec-
tively analysed. The participants 
had received two serial cranial CT 
scans, in this study called P1 and 
P2 scans, at a mean interval of 49± 
48 days, in the routine follow-up of 

intracerebral vascular disease (n=8) and 
cerebral (stereotactic brain biopsy) in-
tervention (n=2). The exclusion criteria 
included: orbital, peri-orbital and ocular 
pathology; previous ocular and peri-oc-
ular surgery; orbital trauma; previous ra-
diotherapy in the head and neck region; 
long-term use of systemic corticosteroids; 
and CT scans showing motion artifacts. 
After validation of the GP characterisa-
tion with the 3D CT method in the con-
trol group, the CT scans of five patients (7 
orbits) (2 female; mean age 52± 16 years) 
with inactive Graves’ orbitopathy and eu-
thyroidism who underwent bony orbital 
decompression surgery were analysed. 
Using a transcutaneous upper eyelid ap-
proach, the lateral rim and wall were re-
moved en-bloc, with additional removal 
of the lateral floor and orbital fat from the 
lateral inferior quadrant where required. 
Preoperative proptosis was measured 
with Hertel exophthalmometry. The CT 
scans of each patient were obtained before 
(P1) and after (P2) the orbital decompres-
sion at a mean time interval of 159± 122 
days. The non-decompressed orbits of the 
3 patients with Graves’ orbitopathy who 
had received unilateral decompression 
were not included in the study. The study 
adhered to the tenets of the declaration 
of Helsinki. Institutional review board 
approval and informed consents were ob-
tained (B670201733474).

Introduction

Willaert R. Around the globe. 25-34.

M
aterials and m

ethods



27

All CT scans were obtained through the 
multidetector technique with a field of 
view containing the orbital structures. A 
single volume of data was acquired in the 
axial plane at 1-2mm thickness (Supple-
mentary Table A). All non-contrast imag-
es were recorded in Digital Imaging and 
Communications in Medicine (dicom) 
format, anonymized and transferred to a 
workstation for the analysis.

SUPPLEMENTARY TABLE A — SPATIAL  

RESOLUTION DETAILS CT SCANS

Kernel H30s

Focal spots 1.2

Single Collimation width (mm) 0.6

aTotal Collimation width (mm) 38.4

Pixel spacing (mm, Mean±SD) 0.42 ± 0.03

Samples per pixel 1

Slice thickness (mm) 1 or 1.5 or 2

Reconstructed images (pixel) 512 x 512

Pitch factor 0.8

Three-Dimensional Characterisation of the Globe Position in the Orbit

(D) 
Detect changes in 

globe position  
between P1 and P3

FIGURE 1 . 1  — PROCEDURAL STEPS TO EVALUATE 3D CHANGES OF THE GLOBE POSITION

(A) 
Defining globe 

position in X, Y, Z 
for P1

(B) 
Registration of  

P2 on P1  
to produce P3

(C) 
Defining globe 

position in X, Y, Z 
for P3

FIGURE 1 .2 — CHARACTERISATION OF THE GLOBE POSITION BEFORE AND AFTER ORBITAL DECOMPRESSION | 

The posit ion of the left globe within the orbit as def ined on the preoperative CT scan (red circ le, 

P 1 )  and after orbital decompression with removal of the lateral orbital wal l  and r im (blue circ le,  P3). 

The center of the globe (red and blue dot for respectively,  P 1  and P3) was generated with software 

(Mimics 21 .0 innovation suite).  (A) A minimal lateral and infer ior globe deviat ion after decompression 

is shown in the coronal CT s l ide. (B,  C) Poster ior globe displacement after decompression is i l lustrat-

ed in the axial  and sagittal CT s l ides.  (D) 3D reconstruct ion of the globe and bony orbit i l lustrat ing 

the postoperative proptosis reduct ion.
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The 3D CT method for GP assessment comprised the following process (Figure 1.1 and 1.2):

(A) Defining GP for P1: The DICOM files were uploaded into Mimics Medical 21.0 software (Materialise, 
Leuven, Belgium). Contrast was adjusted for optimal visualization of the sclera. After centering the globe 
in 3 orthogonal planes, the slices with maximum globe diameter were identified. Four landmarks were 
used to create a sphere from the inner border of the sclera: the upper and lower border of the globe diame-
ter for the sagittal plane; the medial border at the level of the medial rectus muscle insertion for the coronal 
plane; and the optic disc entry into the sclera for the axial plane. The center of the globe was automatically 
generated by the software and was recorded in an X, Y and Z coordinate system, representing respectively 
the anterior-posterior, medial-lateral and superior-inferior direction.

(B) Registration of P2 on P1 to produce P3: The DICOM data from P1 and P2 CT scans were imported into 
Amira software (ThermoFisher Scientific, Massachusetts, USA). The base of the skull was identified on the 
P1 scan and a voxel based registration procedure was used to align the skull base from the P2 scan on the 
P1, obtaining a new registered dataset, called P3, that was exported in DICOM format [9,10]. The registration 
procedure prevented bias from variability in skeletal orientation and head positioning during scanning and 
ensured that possible changes in globe center are caused by a shift in GP.

(C) Defining GP for P3: The GP was determined by defining the globe center on the registered P3 DICOM 
dataset, following the same procedure as described in step (A).

(D) Evaluation of changes in GP: Changes in GP were detected by calculating the difference between the 
center of the globe of P1 and P3 for the X, Y and Z-axis. To present the 3D shift of the globe center as a 
single value, the Euclidean distance, i.e., the ordinary or straight-line distance between two points in Eu-
clidean space, was calculated.

 Statistical analysis

The data were analyzed using MedCalc 
statistical software (Version 12.0, Ostend, 
Belgium). For inter- and intra-observer 
variability tests, the mean and standard 
deviation (SD) of the error between two 
measurements were analyzed in the X, Y, 
and Z-axis separately, and the intraclass 
correlation coefficient (ICC) with 95% 
confidence interval (CI) was calculated 
(two-way mixed-effects model). The ICC 
estimate is interpreted as following: values 
of <0.5 represent poor reliability, values of 
0.5 to 0.74 moderate, values of 0.75 to 0.9 
good, and >0.90 excellent reliability [11,12]. 
There is a 95% chance that the true ICC 

value is included in the 95% CI. The mean 
and SD of the GP changes (i.e., differences 
between P1 and P3) were separately com-
puted for the X, Y, and Z-axis and the Eu-
clidean distance. The Mann-Whitney U 
test was used to compare changes of GP 
in the decompressed orbits with those of 
the control orbits. The mean, 95% CI and 
interquartile range (IQR) were calculated. 
Differences were considered statistically 
significant at P-values of <0.05. 

Willaert R. Around the globe. 25-34.
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 Reliability of globe position 
 characterisation

The results of the observer reliabil-
ity in characterising the GP are shown in 
Table 1.1. The mean error for inter- and 
intra-observer variability was <0.5 mm 
(SD <0.5 mm) for each axis, and the mean 
Euclidean distance error was <1 mm. The 
two-sided confidence interval of the ICC 
estimates of the inter-and intra-observer 
analysis for the P1 and P3 scans showed 
excellent agreement (0.97-1.00).

 Shift of the globe position

The GP shifts, i.e. changes in globe po-
sition between P1 and P3, of the control 
group (10 patients, 20 orbits) and decom-
pression group (5 patients, 7 orbits) are 
presented in Table 1.2. The mean shift in 
the control group does not exceed 0.6 mm 
in each orthogonal axis. In the decom-
pression group, a statistically significant 
GP shift between the pre-and postoper-
ative positions was recorded in the X-ax-
is (anterior-to-posterior shift) and in the 
Euclidean movement (>2.5mm, P< 0.001). 
GP changes along the Z-axis, i.e. superi-
or-to-inferior shift, are slightly elevated in 
the decompression group but do not reach 
a statistically significant difference. 

 The patients’ characteristics and their 
GP shifts, i.e. change in globe position 
between pre-and postoperative situation, 
are outlined in Table 1.3. Patients with se-
vere proptosis, i.e., Hertel measurements 
of 24mm and more, had the highest ante-
rior-posterior displacement (X-axis) and 
Euclidean change after decompression. 
Inferior displacement of the globe (Z-ax-
is) was observed in the orbits where the 
orbital floor was removed.

Exophthalmometry is a routinely 
performed exam in the diagnosis 
and follow-up of orbital diseases 
and disorders and relies on the dis-
tance from the corneal apex to the 

lateral canthal area in the axial plane. In 
this study we showed that 3D CT data can 
accurately and reliably characterise the 
GP in the three dimensions of space with-
out using orbital and corneal anatomical 
landmarks.

 While Hertel exophthalmometry is 
considered the standard, various alterna-
tive techniques have been introduced to 
measure GP. Fichter et al., and Takahashi 
and Kakizaki, investigated the horizontal 
GP using respectively digital pupillome-
try and keratometry between the two eyes 
[6,13]. Alsuhaibani et al. described a 2D CT 
technique to measure the distance be-
tween the medial parts of both globes in 
patients undergoing orbital decompres-
sion surgery [5]. Guo et al. proposed a CT-
based craniofacial 3D coordinate system 
to evaluate the axial GP in patients with 
thyroid orbitopathy [14]. The coordinate 
system, however, requires orbital bony 
landmarks, limiting its use in defects in-
volving the zygomatic process. Our meth-
od relies on the center of the globe without 
additional reference planes and is inde-
pendent of gaze direction. In particular, 
gaze cannot be accurately controlled in 
patients with strabismus and limited ocu-
lar motility. Moreover, it is practically im-
possible to repeat the same gaze between 
consecutive CT scans. Abnormal corneal 
position from strabismus influences the 
readings of Hertel and 2D CT exoph-
thalmometry but not of 3D CT GP char-
acterisation. The 3D CT method is not 
applicable when the eyeball morphology  
would change in between 2 consecutive 

Results

Three-Dimensional Characterisation of the Globe Position in the Orbit

D
iscussion



30

    X-axis 

AP (mm)

Y-axis 

ML (mm)

Z-axis  

SI (mm)

Euclidean 

error (mm)

P1  

Inter-observer variability

Mean± SD 0.34±0.21 0.32±0.22 0.30±0.28 0.65±0.22

IQR 0.20-0.46 0.17-0.37 0.09-0.36 0.47-0.78

  ICC (95% CI) 0.99 (0.97-1.00) 1.00 (0.99-1.00) 1.00 (0.99-1.00)

P1 

Intra-observer variability

Mean± SD 0.19±0.15 0.27±0.21 0.24±0.16 0.47±0.18

IQR 0.08-0.28 0.09-0.33 0.10-0.36 0.31-0.60

  ICC (95%CI) 1.00 (0.99-1.00) 1.00 (0.99-1.00) 1.00 (0.99-1.00)

 

P3 

Inter-observer variability

Mean± SD 0.38±0.28 0.36±0.27 0.50±0.36 0.80±0.41

IQR 0.17-0.50 0.18-0.37 0.25-0.60 0.51-1.17

  ICC (95%CI) 0.99 (0.97-1.00) 1.00 (0.99-1.00) 0.99 (0.97-1.00)

P3  

Intra-observer variability

Mean± SD 0.30±0.33 0.37±0.44 0.32±0.28 0.65±0.53

IQR 0.08-0.40 0.10-0.41 0.09-0.46 0.25-0.92

  ICC (95%CI) 0.99 (0.97-1.00) 1.00 (0.99-1.00) 0.99 (0.97-1.00)

 

AP: anterior-posterior; ML: medial- lateral ;  SI :  superior-inferior; P1 :  First CT scan; P3: Registered second CT 

scan; ICC: Intraclass correlation; SD: Standard deviation; IQR: Interquarti le range.

TABLE 1 . 1  — OBSERVER VARIABILITY TESTING AND MEASUREMENT ERROR OF 3D CT GLOBE POSITION  

CHARACTERISATION IN 20 HEALTHY ORBITS (CONTROL GROUP)

Willaert R. Around the globe. 25-34.
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TABLE 1.2 — COMPARISON OF SHIFT OF 3D CT GLOBE POSITION IN THE CONTROL AND DECOMPRESSION GROUP

Three-Dimensional Characterisation of the Globe Position in the Orbit

TABLE 1.3 — PATIENT CHARACTERISTICS AND 3D GLOBE SHIFT OF THE DECOMPRESSION GROUP

Age  

(years)

Side Hertel  

at P1  

(mm)

2D CT 

proptosis 

at P1 (mm)

Time interval  

surgery  

to P2 (days)

Orbital  

decompression 

procedure

X-axis 

AP (mm)

Y-axis 

ML (mm)

Z-axis 

SI 

(mm)

Euclidean  

change 

(mm)

44 L 24 23 58 Lateral wall, 

lateral rim, floor 

and fat removal

1.69* 0.74 2.56* 3.15

R 21 20 58 Lateral wall, 

lateral rim  

and floor 

removal

1.31* 0.55 1.32* 1.94

48 L 26 25 133 Lateral wall, 

lateral rim, floor 

and fat removal

5.27* 0.43 0.89 5.36

R 24 24 133 Lateral wall, 

lateral rim  

and fat removal

4.42* 0.00 0.24 4.43

65 L         21 20 70 Lateral wall  

and rim  

removal

1.17* 0.50 0.48 1.37

33 L 18 17 364 Lateral wall  

and rim  

removal

0.81 0.73 0.32 1.14

72 L 23 23 156 Lateral wall  

and rim  

removal

3.45* 0.22 0.37 3.48

  
AP: anterior-posterior; ML: medial-lateral; SI: superior-inferior. L: Left; R: Right. P1: Preoperative CT scan; P2: Postoperative CT 

scan. *GP changes of more than 1mm are considered clinically relevant.

  N  

(Orbits)

  X-axis 

AP (mm)

Y-axis 

ML (mm)

Z-axis 

SI (mm)

Euclidean change 

(mm)

Control  

group

20 Mean± SD 0.58±0.41 0.50±0.31 0.46±0.36 1.02±0.36

IQR 0.32-0.76 0.28-0.68 0.22-0.69 0.75-1.21

Decompression  

group

7 Mean± SD 2.59±1.78 0.46±0.27 0.88±0.83 2.98±1.59

  IQR 1.21-4.18  0.27-0.69 0.33-1.21 1.51-4.19

P-value 

(95% CI)

0.0005 

(0.63; 3.66)

0.87 

(-0.31; 0.24)

0.16 

(-0.12; 0.84)

0.0009 

(0.50; 3.26)

AP: anterior-posterior; ML: medial-lateral; SI: superior-inferior. SD: Standard deviation; IQR: Interquartile range; CI: Confidence 

interval. The P-values are calculated with the Mann-Whitney U test. 
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scans, e.g. after post-scleral buckling, 
staphyloma, and phthisis. The deviation 
of the globe center will inherently cause 
bias and inaccurate results. Otherwise, in 
distorted eyeballs that can be considered 
morphologically stable (e.g. refractive 
error), the center of the reconstructed 
sphere will be the same in every scan and 
the method could be applied accurately. 

 In the 7 decompressed orbits, GP 
changes were observed along the X-axis 
(anterior-posterior). Globe displacement 
along Y- (medial-lateral) and Z-axis (su-
perior-inferior), however, appears to be 
insignificant after removal of the lateral 
orbital wall and rim. Although decom-
pression with removal of the orbital floor 
can inadvertently result in orthotropic hy-
poglobus with the clinical sign of “setting 
sun” appearance of the globe, deepening 
of the superior sulcus and eyelid malpo-
sition, this was not encountered in our 
patients [7,8,15].

 Quantification of a vertical and hori-
zontal GP shift is hitherto estimated with 
a ruler. Our 3D CT method, however, al-
lows detection and quantification of the 
GP along these axes too.

 The 3D CT method to study GP has a 
high inter- and intra-observer reproduci-
bility, with a mean error not exceeding 0.5 
mm for each axis. ICC values of >0.9 are 
considered ideal to be used in a clinical 
setting. Compared to standard methods 
such as Hertel and 2D CT exophthal-
mometry, the 3D CT error can be con-
sidered acceptable for research purposes 
as well as for routine clinical use [1,2]. The 
Euclidean distance is a novel value to de-
scribe the globe shift. By combining the 
3D CT GP change of the axial, horizon-

tal and vertical axis, the Euclidean dis-
tance shift renders the 3D movement in 
one single value. The Euclidean distance 
shift was significantly increased after de-
compression surgery, with the amount 
corresponding with the amount of preop-
erative Hertel values. Therefore, it is likely 
a sensitive marker to expose unusual GP 
shifts, but future studies are needed to un-
derstand its relevance.

 There are several limitations of the 
study. The design requires consecutive CT 
scans. While orbital CT is routinely used 
for surgical planning of orbital trauma 
and Graves’ orbitopathy, the cumulative 
radiation dose remains a concern particu-
larly in children, young adults and preg-
nant women [15]. In the future, magnetic 
resonance imaging as a radiation-free al-
ternative can be studied for the purpose 
of 3D GP. Another limitation of this study 
was the lack of a gold standard for com-
parison. Correlations to Hertel and 2D 
CT exophthalmometry were not made as 
they rely on the lateral orbital rim, which 
was removed during the decompression 
in our study population. However, Her-
tel exophthalmometry will not pose any 
problems in patients receiving a 'rim-
sparing' deep lateral wall orbital decom-
pression. In the future, alternative devices 
such as the superior and inferior orbital 
rim-based exophthalmometer developed 
by Naugle and Couvillion can be used to 
validate our design in cases with damage 
to the lateral rim [16–18]. Furthermore, the 
series of decompressed orbits was small. 
While various techniques of orbital de-
compression are currently employed, the 
choice depending on specific conditions 
of the patient, surgeon’s experience and 
institutional tradition, we included in 
this study only those decompressed orbits 
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with a removed lateral orbital rim to illus-
trate the feasibility of the 3D CT method 
in these cases [19–21]. On the other hand, 
the sample size is equivalent to other val-
idation studies in virtual planning and 
computer-assisted analysis [22–24]. Finally, 
the presence of large orbital implants (e.g. 
titanium mesh after orbital trauma) could 
provoke image artefacts limiting the use 
of this technique.

In conclusion, 3D CT technology 
can accurately characterise the po-
sition of the globe in the orbit, in-
dependent of the lateral canthal area 
and cornea. As orbital decompres-

sion surgery assumes dramatic changes 
of GP along the axial axis, subsequent 
studies may focus on detecting changes 
of GP in the “unusual” axes, i.e. vertical 
and horizontal. This may be relevant in 
patients with hypoglobus, hyperglobus, 
and enophthalmos, and with concomi-
tant strabismus. In the future, improved 
documentation of the eyeball position 
can possibly assist surgical planning and 
monitor disease progression in patients 
with Graves’ orbitopathy, orbital trauma, 
and orbital mass lesions.
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Efficacy and complications of orbital fat decompression 
in Graves’ orbitopathy: a systematic review and meta-analysist 

SYSTEMAT IC  REV I EW

 Abstract 

In Graves’ orbitopathy, surgical decompression is often needed 
for functional and esthetic reasons. This meta-analysis assesses 
effectiveness and safety of only fat removal orbital decompres-
sion to treat exophthalmos in Graves’ orbitopathy. A systematic 
search was conducted in Pubmed/MEDLINE, Web of Science 
and Cochrane Library for studies published before August 2018. 
Random effects meta-analyses were applied, weighted means 
and weighted proportions with corresponding 95% confidence 
intervals (CI) were calculated. Study quality and quality of evi-
dence for each individual outcome was analyzed. Of 1908 initial 
records, thirteen observational studies were selected, represent-
ing 4820 orbits in 2583 patients. 

Weighted pre-operative Hertel exophthalmometry was 23.10 
mm (95% CI 21.77-24.43) and post-operative 19.31 mm (95% 
CI 17.81-20.81). The weighted mean difference was 3.81 mm 
(3.41-4.21). Five studies reported on improvement of diplopia 
after surgery, in 943 of 1165 patients (weighted proportion 0.50, 
95% CI 0.15-0.85). Persistent new onset diplopia was reported 
in 5 studies, or 124 of 1184 patients (weighted proportion 0.15, 
95% CI 0.03-0.27). No serious adverse events were reported. 
Results support the effectiveness and safety of fat removal or-
bital decompression to treat mild-to-moderate exophthalmos in 
Graves’ orbitopathy. Prospective and controlled trials are need-
ed to improve level of evidence.
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• Fat removal
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Graves’ orbitopathy (GO), also re-
ferred to as dysthyroid/thyroid-as-
sociated orbitopathy or thyroid eye 
disease, is part of an autoimmune 
process that affects orbital tissues in 
a severe and potentially irreversible 

manner. Though its pathophysiology re-
mains incompletely understood, two clin-
ical phases can be distinguished including 
an active followed by an inactive phase 
[1,2]. Transition from the active phase to 
the later inactive stage is often spontane-
ous in mild cases or can be aided by im-
munosuppressive medical treatment and/
or radiotherapy [3–6].

 Edema and proliferation of the peri-
ocular tissues in the active inflammatory 
phase leads to retrobulbar tissue expan-
sion and proptosis. Additional ocular 
manifestations include eyelid retraction, 
chemosis, periocular edema and altered 
ocular motility. Severe disease progression 
can sometimes cause vision-threatening 
exposure keratopathy and compressive 
optic neuropathy. Activated orbital fibro-
blasts perpetuate these effects by fibrosis, 
leading to permanent disfigurement, di-
plopia and functional, social and aesthetic 
impairment [1,2]. 

 Surgical decompression aims to re-
duce orbital content and/or expand or-
bital volume in order to shift the position 
of the globe (decrease exophthalmos), 
restore venous drainage, improve mus-
cular motility and increase visual acuity 
[7–9]. With exception of urgent surgical 
decompression in vision-threatening 
optic neuropathy or corneal ulceration 
refractory to steroids, rehabilitative sur-
gery is reserved to the inactive phase. An 
abundance of decompressive techniques 
encompassing both adipose and/or osse-

ous tissue removal have been described 
in literature [3,4,10]. Bone removal orbital 
decompression (BROD) would be char-
acterized by larger effect size (proptosis 
reduction), though more complications 
have been reported, such as diplopia, si-
nusitis, hypoglobus, cerebrospinal fluid 
leakage and infraorbital hypoesthesia 
[1,4,11]. As surgical indications expanded, 
less invasive techniques such as orbital 
fat removal became increasingly popular. 
As no bone is removed in fat removal or-
bital decompression (FROD), the poten-
tial for side effects could be minimized 
[12,13]. The Olivari technique was first de-
scribed in 1988 and remains the most 
cited method for adipose decompression  
[14]. Multiple surgical teams have reported 
favorable outcomes regarding safety and 
efficacy [1,3,4,8,10,15].

 At present, several approaches are 
in use, including combinations of fat re-
moval and single or multiple orbital wall 
decompression [10]. The choice of surgical 
technique mostly depends on person-
al training, experience and institutional 
tradition. It remains unclear which tech-
nique is superior, with regards to distinct 
disease presentations and a patient spe-
cific, tailored approach [16]. To our knowl-
edge, no previous or ongoing systematic 
review concerns orbital decompression 
via adipose tissue removal. This systemat-
ic review aims to identify and summarize 
the efficacy and safety of orbital decom-
pression by means of only adipose tissue 
removal for treatment of Graves’ orbitop-
athy.

Introduction
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A systematic review of literature 
was performed, compliant to the 
Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis 
recommendations (PRISMA). The 
study protocol was prospectively 
registered at the international da-
tabase of PROSPERO (registration 
number CRD42018084472). 

Primary outcomes were (i) description of 
post-operative exophthalmos and prop-
tosis reduction (quantitative, continuous 
data, clinical measurement recorded in 
millimeter); (ii) amount of fat removal 
(quantitative, continuous data, recorded 
in mL) and relation to proptosis reduc-
tion (iii) status of visual acuity (qualita-
tive data; no changes, better or worse) and 
(iiii) status of diplopia (qualitative data; 
no changes/worse, improved/resolved or 
new onset). Secondary outcomes consist-
ed of (i) changes in intra-ocular pressure 
(IOP) (quantitative; continuous data); (ii) 
assessment of additional sequelae or com-
plications (descriptive data); (iii) changes 
in quality of life (Qol) (quantitative; con-
tinuous data using validated checklists). 
Possible factors that could modify out-
come parameters such as smoking be-
havior, orbital radiation therapy and the 
use of imaging analysis, were additionally 
noted.

 Studies were eligible if they were orig-
inal papers, in English, German, Dutch 
or French, published before August 
2018, describing at least 4 orbits operated 
through orbital fat decompression as only 
surgical treatment option in GO patients. 
Included studies were selected on assess-
ment of surgical technique, reporting of at 
least one primary outcome and covering 
a minimum post-operative follow-up of 

three months. Non-interventional publi-
cations, including editorials, commentar-
ies, review articles and those not subject 
to peer review were excluded. 

 The Pubmed/MEDLINE, Cochrane 
Library and Web of Science databas-
es were searched for a combination of 
subject headings, in which a first term 
denominates Graves’ orbitopathy; asso-
ciated to a second term denominating 
fat decompression. No additional date or 
publication limits were applied. The ref-
erences of the included articles and the 
Web of Science citation index were cross-
checked to identify additional eligible ar-
ticles. (The complete search strategy can 
be found in Supplementary Table A). 

 Data collection

One author (RW) performed a first 
screening on title to remove all clearly ir-
relevant articles. Two authors (RW, TM) 
independently conducted selection on 
title and abstract, followed by full-text 
critical appraisal, applying the selection 
criteria to determine eligibility and final 
in- or exclusion. In the event of dupli-
cate publications, companion papers or 
an overlap between studies regarding the 
same patient population, only the most 
recent and complete study was included. 
Disagreements among reviewers were 
settled by additional discussions and by 
consulting a third reviewer (VN, NB) if 
necessary. Two reviewers (RW, TM) ex-
tracted data independently using stand-
ardized lists according to Cochrane Col-
laboration guidelines [17]. Research design, 
study period, demographic data (number 
of subjects and orbits, ethnicity, gender 
ratio, age range) and interventional data 
(indication for treatment, surgical tech-

A systematic review on orbital fat decompression
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nique, primary and secondary outcomes, 
length of follow-up) were recorded. 

 Quality assessment

The quality of each eligible study was crit-
ical appraised by two authors (RW, TM) 
independently using the Methodological 
Index for Non-Randomized Studies (MI-
NORS) criteria to assess non-RCTs [18]. 
The smallest study samples (less than 10 
patients or less than 20 orbits) were ana-
lyzed for quality using a modified DEL-
PHI checklist reported by Moga et al [19]. 
In addition, the quality of the evidence for 
each outcome was evaluated separately 
using the Grading of Recommendations 
Assessment, Development and Evaluation 
(GRADE) criteria and GRADEprofiler 
software [20]. 

 Because this review concerns one dis-
tinct surgical intervention while there are 
many alternative procedures described, 
we are aware of possible susceptibility 
bias (extend of treatment could depend 
on disease severity) and performance bias 
(surgical technique and outcome depends 
on skills and expertise of the operator) [21]. 
When appropriate, subgroup analyses 
were performed to check for outcome 
agreement between large studies (>= 50 
included orbits) and small studies. 

 Statistical analysis

Descriptive statistics and calculation of 
correlations between continuous out-
comes were provided using SPSS Version 
25.0, IBM Corp. Armonk, New York. Me-
ta-analysis was conducted using Stata MP 
version 14 (Stata Corporation, Texas), us-
ing the packages metan and metaprop [22]. 
If studies were judged to be clinically and 

methodologically sufficiently similar with 
at least 2 studies reporting the outcome, 
weighted means and weighted propor-
tions with corresponding 95% confidence 
intervals (CI) were calculated. Random 
effect meta-analyses are applied because 
of the expected high clinical and statisti-
cal heterogeneity. Statistical heterogeneity 
was assessed by visual inspection of forest 
plots and by examining of the I-squared 
(I2) statistic, with values above 75% con-
sidered as high heterogeneity [17,23]. 

Included studies

The search resulted in 1908 unique 
articles, of which 22 were included 

for qualitative assessment for inclusion 
(Figure 2.1). Nine studies were excluded 
because of overlapping study populations 
or insufficient reporting of outcome data. 
Thirteen observational studies were in-
cluded in the meta-analysis. One study 
was prospective [24]. Eleven articles were 
published in English, one in German [25] 
and one in French [26]. In terms of location, 
seven studies were European, four Asian 
and two North American. The study de-
signs and population characteristics of the 
included studies are described in Table 2.1. 

 Adipose decompression was per-
formed in 2583 patients on 4820 orbits. 
The smallest study included 5 orbits in 4 
patients [27], whereas the largest included 
2697 orbits in 1374 patients [28]. The earli-
est included study was published in 1998 

[15], whereas 6 studies were published in 
the last 10 years. Average age was 40.1 
years (range 15-80 years). Female to male 
ratio was 2.99:1 (range 1.0-7.0). Average 
follow-up was 32.6 months (range 3-132). 

Results
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 Risk of bias 

Two criteria were insufficiently reported 
in all articles: calculation of the study size 
and unbiased assessment of the study end-
points (Supplementary data - Table B1/2). 
All included studies stated a clear objec-
tive/aim, sufficiently described eligibility 
criteria, intervention, outcome measures 
and had an appropriate follow-up period. 
Three studies had one or more compara-
tive interventions [29–31]. 

Because all trials were non-randomized, 
all outcomes started at ‘low quality’ evi-
dence (Supplementary data - Table C). 
Two outcomes (Hertel exophthalmom-
etry and amount of orbital fat removal) 
were upgraded in GRADE score, as a clear 
dose-response relation was apparent. The 
level of evidence for all other outcomes 
(intraocular pressure, diplopia, visual 
acuity, complications) was downgraded 
as a large heterogeneity was present and 
patient numbers were lower.

FIGURE 2. 1  — PRISMA FLOW DIAGRAM | Databases were searched for relevant studies us ing predefined 

inclus ion cr iter ia.  After removing dupl icates and screening on t it le and abstract ,  89 ar t ic les were el ig ible 

for fu l l - text examination. F inal ly,  13 studies were considered suitable for inc lus ion in the meta-analys is .

A systematic review on orbital fat decompression
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AUTHORS, 

COUNTRY,  

YEAR 

DESIGN PERIOD OF DATA 

COLLECTION

INTERVENTION OR 

COMPARISION

N (PATIENTS) N (ORBITS)

Adenis et al . , 

France,  

1998 [ 15]

Retrospective, 

observational

1992-1996 FROD only 

(Modif ied Ol ivari 

technique)

25 41

Kazim et al . , 

US,2000 [32]

Retrospective, 

case ser ies

NR FROD only 5 8

Adenis et al . , 

France,  

2003 [26]

Retrospective, 

observational

1999 FROD only 

(Modif ied Ol ivari 

technique)

35 58

Ivekovic et al . , 

Croatia,  2005 

[27 ]

Retrospective, 

case ser ies

2003-2004 FROD only 

(Ful l- thickness 

anterior  

blepharotomy)

4 5

Balázs et al . , 

Hungary,  2006 

[25]

Retrospective, 

observational

1999-2004 FROD only 

(Modif ied Ol ivari 

technique)

33 50

Rober t et al . , 

France, 2006 

[24]

Prospective, 

observational

NR FROD only 

(Modif ied Ol ivari 

technique)

39 64

Richter et al . , 

Germany, 2007 

[28]

Retrospective, 

observational

1984-2004 FROD only 

(Ol ivari  technique)

1374 2697

Sagi l l i  et al . , 

UK, 2008 [30]

Retrospective, 

observational , 

comparative

NR Group I :  FROD  

(Lower eyel id  

approach) 

Group I I :  

FROD+2-wal l 

Group I I I : 

FROD+3-wal l

3

 

4 

 

4

6

 

7

5

Chang et al . , 

South Korea, 

201329

Retrospective, 

observational , 

comparative

2004-2008 Group I :  FROD 

(Lower eyel id  

approach) 

Group I I : 

FROD+2-wal l

13 

 

 

20

13 

 

 

20

Prat et al . ,  US, 

20159

Retrospective, 

observational

1990-2010 FROD only 

(Lower eyel id  

approach)

109 217

Li et al . ,  China, 

20157

Retrospective, 

observational

2009-2012 FROD only 

(Lower eyel id  

approach)

1 1 2 1

Cheng et al . , 

Taiwan, 20188

Retrospective, 

observational

2003-2014 FROD only 

(Lower eyel id  

approach)

845 1604

Woo et al . , 

South Korea, 

201731

Retrospective, 

observational , 

comparative

201 1-2014 Group I :  FROD 

(Lower eyel id  

approach) 

Group I I :  

FROD+2-wal l 

Group I I I : 

FROD+3-wal l

18 

 

 

1 1 

 

 

30

36 

 

 

22 

 

 

60
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GENDER  

(%M)

AGE (YEARS) 

MEAN 

(RANGE) 

FOLLOW-UP 

(MONTHS) 

MEAN (RANGE)

67 51 (27-72) 9 (3-28)

67 52 (27-67) >3

52 50 (27-77) 18

67

 

53 (44-78) >3

32 

 

48 ( 18-67) 37 (3-59)

50 53 (27-80) 6

20 

 

45 (22-75) 32 (6- 132)

Al l  patients : 

1 1 

 

 

 

 

Al l  patients : 

49 (32-70)

Al l  patients : 

>3

18 

 

 

67

45 

 

 

45 

Al l  patients : 

>36

39 

 

44 ( 15-73) >3

38 

 

45 (28-65) 22 ( 12-36)

33 

 

40 37

6 

 

 

0 

 

 

36

32 ( 17-55) 

 

 

37 (22-60) 

 

 

35 (20-59)

21 (3-40) 

 

 

21  (3-42) 

 

 

20 (3-50)

TABLE 2.1 — BASIC CHARACTERISTICS OF STUDIES 

PERFORMING ORBITAL FAT DECOMPRESSION  

FOR GRAVES’ ORBITOPATHY

M: Man. N: Number. FROD: fat removal orbital  

decompression. BROD: Bone removal orbital  

decompression. 

NR: Not Reported.
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 Hertel Exophthalmometry

Pre- and post-operative measurements 
by Hertel exophthalmometry (including 
standard deviations) were reported in 
9 of 13 included studies and mean dif-
ferences with standard deviations in 11 
studies enabling pooling the weighted 
means of 1812 treated orbits (Table 2.2). 
Weighted pre-operative Hertel exoph-
thalmometry was 23.10 mm (95% CI 
21.77-24.43) and post-operative 19.31 
mm (95% CI 17.81-20.81) (Table 2.3).  
The weighted mean reduction was 3.81 mm  

(3.41-4.21) (Figure 2.2); and both by in-
spection of the pre- and post-operative 
values and the pooled difference, it is ap-
parent that the gain was slightly higher in 
the larger studies. Heterogeneity values 
were high in all analyses.

 Resected adipose tissue

In 8 studies out of 13 included studies 
(1857 orbits) (Table 2.2), information on 
the amount of resected adipose tissue was 
available, with a pooled average resected 
volume of 5.09 mL (95% CI 4.18-6.01).  

TABLE 2.2 — SUMMARY OF MAIN OUTCOME PARAMETERS

AUTHORS N (ORBITS) PREOPERA-

TIVE HERTEL 

VALUE (MM)

MEAN ± SD

POSTOPERA-

TIVE HERTEL 

VALUE (MM)

MEAN ± SD

PROPTOSIS 

REDUCTION 

(MM) 

MEAN ± SD

AMOUNT 

ORBITAL FAT 

REMOVED 

(ML) 

MEAN ± SD

NEW ONSET 

DIPLOPIA 

(%)

DIPLOPIA 

BETTER OR 

RESOLVED 

(%)

Adenis et 

al [15]

41 24.5 ± 2.8 19.8 ± 2.5 4.7 ± 2.4 7.3 ± 1.9 2/11 (18) 5/14 (36)

Kazim et al. 

[32]

8 24.5 ± 2 21.3 ± 2.1 3.0 ± 1.3 ‘4 -6 mL’ NR NR

Adenis et al. 

[26]

58 NR NR 4.5 ± 2.0 7.2 ± 1.8 9/28 (32) 0/7 (0)

Ivekovic et 

al. [27]

5 22.8 ± 1.9 19.4 ± 1.5 3.4 ± 0.8 ‘> 6 mL’ 0/4 (0) NR

Balázs et al. 

[25]

50 24.3 ± 2.6 21.0 ± 2.3 3.2 ± 1.3 4.5 ± 1.1 0/20 (0) 7/13 (54)

Robert et al. 

[24]

64 24.3 ± 2.5 19.9 ± 3.1 4.4 ± 2.8 6.4 ± 4.5 NR NR

Richter et 

al.28

2697 24.3 ± (NR) 18.4 ± (NR) 5.9 ± (NR) 6.3 ± (NR) 89/440 

(20)

859/934

(92)

Sagilli et al. 

[30]

13 21.8 ± 2.0 18.9 ± 2.4 5.2 ± 1.3 5.4 ± 1.3 1/13 (8) NR

Chang et al. 

[29]

13 21.8 ± 2.0 18.9 ± 2.4 5.2 ± 1.3 5.4 ± 1.3 1/13 (8) NR

Prat et al. [9] 217 23.6 ± (NR) 20.3 ± (NR) 3.3 ± 1.5 3.2 ± (NR) 0/58 (0) 15/51 

(30)

Li et al. [7] 21 21.3 ± 3.6 17.0 ± 2.8 4.2 ± 1.3 4.0 ± 1.1 0/11 (0) NR

Cheng et 

al. [8]

1604 21.2 ± 1.6 16.9 ± 1.2 4.1 ± 1.3 4.5 ± 1.1 23/ 692

(3)

57/153

(37)

Woo et al. 

[31]

36 19.9 ± (NR) 16.3 ± (NR) 3.5 ± (?) 6.7 ± (NR) NR NR

 
N: Number. ;  NR: Not Reported. 
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A slightly higher amount of fat was resect-
ed in larger studies (5.59 mL 95% CI 4.51-
6.68) compared to smaller studies (4.59 mL  
95% CI 2.23-6.96) (Table 2.3). Six studies 
individually checked for a possible corre-
lation between amount of fat removal and 
proptosis reduction. One article reports a 
1:1 ratio [9], whereas 2 articles [7,8] describe 
a good prediction on Hertel change when 
using an equation which includes age, 
gender and preoperative diplopia, pro-
posed by Liao [13]. Because of the heteroge-
neity of the data, these correlations were 
not pooled by means of meta-analysis. 

 Visual acuity

Four of 13 studies (75 of 2524 patients) 
provided detailed information about pre-
and postoperative visual acuity [7,15,27,32]. 
Due to the small amount of patients and 
heterogeneity in patient population (in-
clusion of patients with and without optic 
neuropathy), this outcome was not sub-
jected to meta-analysis. 

 Diplopia

Diplopia and/or ocular motility distur-
bances were reported in 9 of 13 included 
studies [7–9,15,25–29] (2421 patients) (Table 2.2), 

FIGURE 2.2 — FOREST PLOT ILLUSTRATING THE POOLED MEAN PROPTOSIS REDUCTION  

AFTER ORBITAL FAT DECOMPRESSION | The post-operative change in Her tel exophthalmometry is  

calculated by random-effect meta-analys is ,  separately for large and smal l  study samples,  and presented 

with corresponding 95% conf idence intervals (CI ) .  Values are in mm.
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of which 3 studies [7,27,29] only included in-
dividuals without diplopia before surgery. 
All studies showed high heterogeneity in 
definition, assessment of ocular motility 
and occurrence of diplopia. The weighted 
proportion of individuals presenting with 
diplopia at the time of surgery was 0.41 
(0.15-0.68). Of these, 50% improved after 
surgery (0.50, 95% CI 0.15-0.85). Of those 
without diplopia before surgery 15% de-
veloped persistent new onset diplopia after 
surgery (0.15, 95% CI 0.03-0.27) (Table 2.4). 

 Intra-ocular pressure

Five studies reported on IOP values 

[15,24,25,27,30] yet only 3 studies reported both 
pre- and post-operative values with stand-
ard deviations required for meta-analysis 
[24,27,30]. The weighted mean pre-operative 

IOP (reported in 3/13 studies) was 17.22 
mmHg (13.57-20.87) and post-operative 
16.07 mmHg (15.26-16.88), with respec-
tively I2=97.3% and I2=16.7 (Table 2.3). 
Measurements of intraocular pressure 
were highly variable in timing and different 
measurement techniques were reported. 

 Other complications

Data on other complications was available 
in 9 of 13 studies included (Supplementary 
data - Table D); yet heterogeneously re-
ported, so only a descriptive (unweighted) 
overview is presented. After fat decom-
pression procedures in 2336 patients, a to-
tal of 161 other complications were report-
ed, of which 103 occurred in the largest 
study of 1274 individuals [28]. The cut-off 
for defining complications as ‘temporary’ 

TABLE 2.3 — WEIGHTED MEANS FOR EXOPHTHALMOMETRY MEASUREMENTS, EXCISED FAT VOLUME  

AND INTRA-OCULAR PRESSURE. 

 N  

STUDIES

N  

OR-

BITS

PRE- 

OPERATIVE

(95% CI)

I2 (%) POSTOPERATIVE

(95% CI)

I2 (%) MEAN  

DIFFERENCE

(95% CI)

I2 (%)

HERTEL MEASURE-

MENTS (IN MM)

11 1812 23.10

(21.77-24.43)

96.7 19.31 

(17.81-20.81)

97.8 3.81 

(3.41-4.21)

92.9

Small studies 8 94 23.04

(21.87-24.21)

78.5 19.33 

(18.33-20.33)

79.0 3.75 

(2.80-4.71)

91.3

Large studies 3 1718 23.25 

(20.77-25.72)

98.8 19.27

(16.29-22.24)

99.1 3.86 

(3.36-4.36)

95.0

AMOUNT OF FAT 

REMOVED (IN ML)

8 1857 5.09

(4.18-6.01)

98.1

Small studies 4 81 4.59

(2.23-6.96)

98.7

Large studies 4 1776 5.59

(4.51-6.68)

97.0

INTRA-OCULAR  

PRESSURE (IN MMHG)

3 75 17.22 

(13.57-20.87)

97.3 16.07

(15.26-16.88)

16.7

Small studies 2 11 16.08 

(12.67-19.50)

89.9 16.31 

(14.65-17.97)

53.7

N: Number. I2 : I-squared statist ic heterogeneity assessment. Weighted means with corresponding 95% con-

fidence intervals (CI) were calculated using random effect meta-analyses.
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TABLE 2.4 — WEIGHTED PROPORTIONS OF DIPLOPIA OCCURRENCE BEFORE AND AFTER SURGERY. 

N studies (*) n/N (patients) Weighted proportion 

(95% CI) 

I2 (%)

Diplopia before surgery 6 1172/2421

1

0.41 (0.15-0.68) 99.3

Diplopia resolved after surgery 6 (5*) 943/1172 0.50 (0.15-0.85) 98.7

Diplopia remained or worsened after surgery 6 (5*) 229/1172 0.50 (0.15-0.85) 98.7

No diplopia before surgery 6 1249/2421

1

0.59 (0.32-0.85) 99.3

New onset diplopia after surgery 9 (5*) 124/1277 0.15 (0.03-0.27) 95.0

(*) = Number of studies in weighted proportion since studies with proportion of 0 or 1 are disregarded. 

Weighted proportions are calculated by random effects analysis. N: Number. NR: Not Reported.  

I2 : I-squared statist ic heterogeneity assessment.

(n=80) and ‘permanent’ (n=81) varied 
between studies, from 3 to 6 months after  
surgery. Ten studies did not report any 
temporary complications, while the other  
3 reported temporary complications in 
0,01% to 16% of all patients [15,25,28]. The 
temporary complications which occurred 
in these studies included bleeding [25,28], 
infection [28], sensory nerve damage [15,25] 
and conjunctivitis/chemosis requiring 
treatment [28]. Four studies did not report 
any permanent complications [9,26,30,31], 
while the remaining 9 studies reported 
permanent complications in 2-22% of all 
patients. The permanent complications 
that occurred include sensory nerve dam-
age [25,28], palpebral position disorder [15,25],  
proptosis recurrence [8,28,29] and one pa-
tient with new onset presbyopia [7]. No loss 
of vision or other serious adverse events 
(CSF leak, hypoglobus, meningitis, sinus-
itis, scarification, lacrimal nerve damage) 
were reported.

 Quality of Life

Quality of life was not systematically de-
scribed in the included articles. Only one 
study assessed quality of life, in which the 
validated GO-Qol questionnaire was used 

in a small portion of the studied popula-
tion (n=43/845 patients, 5.09%) [8]. 

 Confounding

Smoking status was only assessed in 2 
studies. One mentions active smoking be-
havior in 16 of 154 patients (10.4%), with-
out further analysis [9], the other reports a 
multivariate analysis including smoking, 
though no significant association with 
treatment success (proptosis reduction 
and diplopia status) was objectified [8].

 In six included studies orbital radia-
tion therapy could precede surgical de-
compression [9,15,24,25,28,32]. All studies dis-
play a considerable variation in timing, 
indication and proportion of patients 
who are treated with orbital irradiation. 
Two studies [15,32] state no clear effect of 
radiotherapy on surgical outcome, while 
an increased risk of complications was 
reported in one study [28]. Another study 
suggests a history of radiation therapy 
could be of benefit and increase proptosis 
reduction [9]. 

 The application, timing and clinical 
consequences of orbital imaging (CT or 
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MRI) for fat removal is highly variable 
when analyzing the included studies. 
Some authors use pre-operative imaging 
analysis to select the most appropriate 
decompression technique [7,29,32], others 
define different subgroups based on im-
aging but perform lipectomy in all groups 
[8,9,15,24]. All studies where subgroups (fat- 
vs. muscle predominant or combined) 
were defined using orbital imaging, did 
not find a significant difference in propto-
sis reduction after performing fat removal 
decompression [8,9,15,24].

The results of this review indicate 
that an effective proptosis reduc-
tion is possible through orbital fat 
decompression in patients with 
mild-to-moderate Graves’ orbito-

pathy. No conclusive statements remain 
regarding impact of fat decompression on 
visual acuity, quality of life or intra-ocu-
lar pressure. To our knowledge, this is the 
first meta-analysis reviewing the effects of 
orbital decompression by only fat removal 
in GO. 

 Normal values of Hertel exophthal-
mometry range 15-20 mm. The average 
proptosis reduction achieved by two-wall 
orbital bone decompression is 4.0 to 5.0 
mm [10,11,16,33]. As this result compares to the 
outcome in the current analysis, FROD 
can be considered effective and clinical-
ly meaningful to reduce mild-to-moder-
ate proptosis. Only few reports included 
patients with severe proptosis (>26 mm) 
for FROD treatment. That is why many 
authors recommend a tailored approach 
when larger exophthalmos reduction 
is needed in severe proptosis. Either a 
per-operative, stepwise decompression, 
with additional bone removal when fat 
removal is insufficient [28,29,31,34] or stratifi-

cation based on preoperative evaluation 
is suggested [35–37]. The effect of adipose 
decompression on visual acuity and IOP 
in GO remains debated [38–41]. Due to the 
small number of patients, differences in 
clinical assessment and statistical hetero-
geneity, a very low level of evidence cer-
tainty is administered to these outcomes 
and additional research is needed. One 
important remark concerns the use of 
FROD in urgent decompression for vision 
loss caused by dysthyroid optic neuropa-
thy. Current therapeutic guidelines advise 
use of intravenous steroids for first-line 
medical decompression [42,43]. However, in 
cases of insufficiency or contraindication 
of corticotherapy, several authors report 
good results after FROD for urgent de-
compression in dysthyroid optic neurop-
athy [9,12,24,25,28,32]. 

 Some severe complications, as op-
tic nerve damage, cerebrospinal fluid 
leak and meningitis, are described after 
bony orbital decompression. None of 
these complications could be withheld 
after FROD. Overall, the selected studies 
presented the complications inconsist-
ently, which prevents meta-analysis and 
makes underreporting presumable. New 
onset or worsening diplopia is the most 
highlighted complication in this review 
results. Incidence reports of new onset 
diplopia in literature vary between 10% 
and 20% [11,16,33]. The exact pathophysio-
logical mechanism is debated, but dislo-
cation of the globe axis and disturbance 
of the extraocular muscle path make it 
probably more common following BROD 

[28]. In contrast to FROD, where removal 
of several adipose tissue pockets could 
maintain the central position of the globe, 
while possibly alleviating tension on the 
extraocular muscles. This review suggests 

D
iscussion
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a lower risk of new onset diplopia com-
paring to earlier reports and shows im-
provement after FROD in most patients 
with existing diplopia. However, no reli-
able prediction on change of diplopia sta-
tus is possible, whether or not this prob-
lem existed before FROD. Standardized 
measurement methods (interval time, 
scoring systems and technique) could 
provide new insights on development and 
prevention of diplopia status. 

 An interesting, yet complex, debate 
concerns the suggestion of a linear associ-
ation between adipose tissue removal and 
proptosis reduction, which could be very 
helpful in planning a tailored approach. 
Several included studies reported on this 
topic and their findings complement pre-
vious statements of a correlation between 
resected adipose volume and change in 
exophthalmometry [12,13]. However, in-
terpretation in terms of causality and 
individual prediction remains difficult. 
Many confounders, as ethnic anatomical 
differences, the role of patient subgroups 
(fat- or muscle predominance) and site 
of fat removal (post- or pre-equatorial 
fat) remain debated factors [28,37,44]. Future 
imaging studies with quantification of in-
tra-orbital tissue volumes could probably 
enhance understanding to make proptosis 
reduction more predictable. 

 GO may cause severe psychological 
impairment [45], thus surgical outcome and 
success of treatment go beyond reduction 
in proptosis. Quality of Life assessment 
may provide a novel approach to bypass 
the large variability in clinical measure-
ments. However, despite accumulating evi-
dence of its importance, this tool is not yet 
applied in routine clinical practice. Further 
research is required to intensify the clini-

cal implementation of Qol assessment as a 
major outcome parameter to evaluate sur-
gical interventions [7,8,45]. 

 It is important to point out that sev-
eral factors are believed to alter disease 
progression and possibly therapeutic out-
come, including smoking status and orbit-
al radiotherapy [46,47]. Orbital radiotherapy 
is a common preoperative treatment mo-
dality. An increase in adhesions due to fi-
brosis might increase procedure difficulty 
and could jeopardize outcome prognosis 

[48,49]. Due to underreporting and ambigu-
ous results, the impact of these factors on 
treatment outcome requires more inves-
tigation. Orbital imaging and computer 
analysis could improve treatment strategy 
and outcome of FROD. CT and MRI are 
performed to confirm diagnosis, though 
might be useful for treatment stratifi-
cation as well. Fat-, muscle- or mixed 
predominant edema types can be distin-
guished, greatly aiding in patient-specific, 
tailored surgical therapy. The application 
of orbital imaging, however, is variable 
and studies where subgroups were strat-
ified using orbital imaging, could not 
show a significant difference in outcome. 
Therefore, no consensus is reached over 
the added value of image-based segrega-
tion of subtypes of GO. 

 A large number of patients could be 
withheld from 13 studies with equivalent 
surgical procedures, but a great discrep-
ancy in study size was displayed. Sup-
plementary subgroup analysis revealed a 
slight increase of resected fat volume in 
the large cohorts, although the gain in 
proptosis reduction was not clinically rel-
evant. Another limitation is the absence 
of a gold standard technique to compare 
the results. A multitude of surgical (bone 
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and/or fat) decompression techniques 
have been described and no consensus 
exists on which surgical technique could 
be applied for which disease presenta-
tion. Other limitations inherent to this 
study are attributable to the inclusion of 
non-randomized, interventional studies. 
Extensive analysis of study quality and 
of evidence for each outcome parameter 
separately was performed to extract val-
uable scientific and clinical meaningful 
information. Despite high heterogeneity 
in reporting certain parameters (visual 
acuity, diplopia status and IOP) and risk 
of selection bias due to un-identified con-
founders, 2 main outcome measures (Her-
tel value and amount of fat removed) are 
recognized as moderate level evidence. 

In conclusion, orbital decompres-
sion by fat removal can be consid-
ered an effective procedure to treat 
mild-to-moderate exophthalmos in 
patients with Graves’ Orbitopathy. 

The current evidence is low to assume that 
orbital fat removal consistently improves 
the postoperative outcome in terms of 
intraocular pressure, diplopia, Qol and 
visual acuity. Future research should focus 
on well-designed, prospective studies with 
uniform clinical outcome assessment to 
improve data interpretation and synthesis. 
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SUPPLEMENTARY TABLE A — DETAILED SEARCH STRATEGY FOR PUBMED AND WEB OF SCIENCE

PUBMED SEARCH

 

The following key terms were combined with Boolean operators in the Pubmed search regarding Graves’ ophthalmopathy 

and adipose tissue removal. Mesh terms included ‘graves disease[MeSH]’, ‘graves ophthalmopathy[MeSH]’, graves disease’, 

‘graves ophthalmopathy’, ‘graves’, ‘dysthyroid’, ‘thyroid’, ‘thyroid-associated’, ‘exophthalmos’, ‘ophthalmopathy’, ‘eye disease’, 

‘keratopathy’, ‘orbitopathy’, ‘exophthalmy’, ‘proptosis’, combined with search terms as ‘fat removal’, ‘fat decompression’, ‘sur-

gical’, ‘surgery’, ‘decompression’, ‘removal’, ‘fat’, ‘lipectomy’ or ‘liposuction’. An additional search of the references of included 

studies was performed to find relevant studies.

PUBMED: Mesh terms : [graves disease] [graves ophthalmopathy] (“graves ophthalmopathy”[Mesh] OR “graves disease”[Mesh] 

OR “graves” [Tiab] OR “dysthyroid” [Tiab] OR “thyroid” [Tiab] OR “thyroid-associated” [Tiab]) AND (“orbitopathy” [Tiab] OR 

“exophthalmy” [Tiab] OR “exophthalmos”[Tiab] OR “ophthalmopathy”[Tiab] OR “ eye disease” [Tiab] OR “keratopathy” [Tiab] 

OR “proptosis” [Tiab]) AND (“fat removal”[Tiab] OR “fat decompression”[Tiab] OR “surgical”[Tiab] OR “surgery”[Tiab] OR “de-

compression”[Tiab] OR “removal”[Tiab] OR “fat”[Tiab] OR “lipectomy”[Tiab] OR “liposuction”[Tiab]) 

WEB OF SCIENCE SEARCH

 

WOS: TOPIC: (graves ophthalmopathy OR graves disease OR graves OR dysthyroid OR thyroid OR thyroid-associated) AND 

(orbitopathy OR exophthalmy OR exophthalmos OR ophthalmopathy OR eye disease OR keratopathy OR proptosis) AND (fat 

removal OR fat decompression OR surgical OR surgery OR decompression OR removal OR fat OR lipectomy OR liposuction). 

Timespan: All years. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
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SUPPLEMENTARY TABLE B — QUALITATIVE ANALYSIS 

 
1/ QUALITATIVE ANALYSIS MINOR CRITERIA 

MINORS 

Studies N=9 [7-9, 15, 23-25, 27, 30]

Not  

reported

Indequately 

reported

Adequately 

reported

Clearly stated aim 0 0 9

Inclusion of consecutive patients 0 3 6

Prospective collection of data 8 0 1

Endpoints appropriate to the aim of the study 0 0 9

Unbiased assessment of the study endpoint 0 9 0

Follow-up period appropriate to the aim of the study 0 0 9

Loss to follow-up less than 5% 0 0 9

Prospective calculation of the study size 9 0 0

Additional criteria in the case of comparative study N=1 [30]

An adequate control group 0 0 1

Contemporary groups 0 1 0

Baseline equivalence of groups 0 0 1

Adequate statistical analysis 0 0 1

A systematic review on orbital fat decompression
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2/ QUALITATIVE ANALYSIS MDELPHI SCORING SYSTEM 

MDELPHI SCORE  

Studies n = 4

27 29 30 32

TOTAL SCORE (x/36) 33 27 26 30

Is the hypothesis/aim/objective of the study stated in the abstract, introduction,  

or methods section?

2 2 2 2

Study population

Are the characteristics of the participants included in the study described? 2 2 2 2

Were the cases collected in more than one centre?  0 0 0 0

Are the eligibility criteria (inclusion and exclusion criteria) to entry the study explicit  

and appropriate? 

2 1 1 2

Were patients recruited consecutively? 1 2 1 1

Did patients enter the study at a similar point in the disease? 2 2 2 2

Intervention and co-intervention 

Was the intervention clearly described in the study? 2 2 2 2

Were additional interventions (co-interventions) clearly reported in the study? 2 0 2 2

Outcome measures 

Are the outcome measures clearly defined in the introduction or methods section? 2 2 2 2

Were relevant outcomes appropriately measured with objective and/or subjective  

methods? 

2 2 2 2

Were outcomes assessed before and after intervention? 2 2 2 2

Statistical analysis 

Were the statistical tests used to assess the primary outcomes appropriate? 2 2 0 0

Results and conclusions 

Was the length of follow-up reported?  2 2 2 2

Was the loss to follow-up reported? 2 0 2 2

Does the study provide estimates of the random variability in the data of relevant  

outcomes?

2 2 0 1

Are adverse events reported? 2 2 2 2

Are the conclusions of the study supported by results? 2 2 2 2

Are both competing interest and source of support for the study reported? 2 0 0 2

Willaert R. Around the globe. 37-58.
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SUPPLEMENTARY TABLE C — GRADE QUALITY ASSESSMENT  

1/ HERTEL EXOPHTHALMOMETRY

GRADE criteria Rating 

(circle one)

Footnotes 

(explain reasons for down-  

or upgrading)

Quality of the 

evidence 

(circle one)

OUTCOME: HERTEL EXOPHTHALMOMETRY

Study design RCT (starts as high quality) 

Non-RCT (starts as low quality)

Non-RCT

���� 

High

���� 

Moderate

���� 

Low

���� 

Very low

Risk of Bias 

(use the Cochrane  

Risk of Bias tables  

and figures)

No 

Serious (-1) 

Very serious (-2)

Plausible bias is unlikely to seriously  

alter the results. 

Inconsistency No 

Serious (-1) 

Very serious (-2)

Low degree of variability between  

studies, low heterogeneity (23%).

Indirectness No 

Serious (-1) 

Very serious (-2)

All findings apply to the review 

question. 

Imprecision No 

Serious (-1) 

Very serious (-2)

Sufficient number of participants,  

confidence interval indicates a  

meaningful benefit.

Publication Bias Undetected 

Strongly suspected (-1)

Limited publication bias is possible. 

Funnel plot is available

Other 

(upgrading factors, 

circle all that apply)

Large effect (+1 or +2) 

Dose response (+1 or +2) 

No plausible confounding (+1 or +2)

Dose-response relationship with 

adipose decompression
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2/ AMOUNT OF FAT REMOVAL

GRADE criteria Rating 

(circle one)

Footnotes 

(explain reasons for down-  

or upgrading)

Quality of the 

evidence 

(circle one)

OUTCOME: AMOUNT OF FAT REMOVAL

Study design RCT (starts as high quality) 

Non-RCT (starts as low quality)

Non-RCT

���� 

High

���� 

Moderate

���� 

Low

���� 

Very low

Risk of Bias 

(use the Cochrane  

Risk of Bias tables  

and figures)

No 

Serious (-1) 

Very serious (-2)

Plausible bias is unlikely to seriously 

alter the results.

Inconsistency No 

Serious (-1) 

Very serious (-2)

Low degree of inconsistency in 

narrative data, no large variations 

in the degree to which the outcome 

is affected. 

Indirectness No 

Serious (-1) 

Very serious (-2)

All findings apply to the review 

question.

Imprecision No 

Serious (-1) 

Very serious (-2)

Sufficient number of participants, 

confidence interval indicates a 

meaningful benefit. 

Publication Bias Undetected 

Strongly suspected (-1)

Limited publication bias is possible. 

Funnel plot is available.

Other 

(upgrading factors, 

circle all that apply)

Large effect (+1 or +2) 

Dose response (+1 or +2) 

No plausible confounding (+1 or +2)

Dose-response relationship with 

Hertel exophthalmometry

3/ INTRAOCULAR PRESSURE

GRADE criteria Rating 

(circle one)

Footnotes 

(explain reasons for down-  

or upgrading)

Quality of the 

evidence 

(circle one)

OUTCOME: INTRAOCULAR PRESSURE

Study design RCT (starts as high quality) 

Non-RCT (starts as low quality)

Non-RCT

���� 

High

���� 

Moderate

���� 

Low

���� 

Very low

Risk of Bias 

(use the Cochrane  

Risk of Bias tables  

and figures)

No 

Serious (-1) 

Very serious (-2)

Plausible bias is unlikely to seriously 

alter the results.

Inconsistency No 

Serious (-1) 

Very serious (-2)

Large variability, considerable  

heterogeneity (88%).

Indirectness No 

Serious (-1) 

Very serious (-2)

All findings apply to the review 

question.

Imprecision No 

Serious (-1) 

Very serious (-2)

Small number of total participants, 

wide confidence interval includes 

‘no effect’.

Publication Bias Undetected 

Strongly suspected (-1)

Only small studies included. No large 

studies available. Limited publication  

bias possible. Funnel plot is available. 

Other 

(upgrading factors, 

circle all that apply)

Large effect (+1 or +2) 

Dose response (+1 or +2) 

No plausible confounding (+1 or +2)

/
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4/ DIPLOPIA

GRADE criteria Rating 

(circle one)

Footnotes 

(explain reasons for down-  

or upgrading)

Quality of the 

evidence 

(circle one)

OUTCOME: DIPLOPIA

Study design RCT (starts as high quality) 

Non-RCT (starts as low quality)

Non-RCT

���� 

High

���� 

Moderate

���� 

Low

���� 

Very low

Risk of Bias 

(use the Cochrane  

Risk of Bias tables  

and figures)

No 

Serious (-1) 

Very serious (-2)

Plausible bias is unlikely to seriously 

alter the results.

Inconsistency No 

Serious (-1) 

Very serious (-2)

Large variability, considerable 

heterogeneity (98%).

Indirectness No 

Serious (-1) 

Very serious (-2)

All findings apply to the review 

question.

Imprecision No 

Serious (-1) 

Very serious (-2)

Wide confidence interval includes 

‘no effect’.

Publication Bias Undetected 

Strongly suspected (-1)

Limited publication bias possible. 

Funnel plot is available

Other 

(upgrading factors, 

circle all that apply)

Large effect (+1 or +2) 

Dose response (+1 or +2) 

No plausible confounding (+1 or +2)

/

5/ VISUAL ACUITY

GRADE criteria Rating 

(circle one)

Footnotes 

(explain reasons for down-  

or upgrading)

Quality of the 

evidence 

(circle one)

OUTCOME: VISUAL ACUITY

Study design RCT (starts as high quality) 

Non-RCT (starts as low quality)

Non-RCT

���� 

High

���� 

Moderate

���� 

Low

���� 

Very low

Risk of Bias 

(use the Cochrane  

Risk of Bias tables  

and figures)

No 

Serious (-1) 

Very serious (-2)

Plausible bias is unlikely to seriously 

alter the results.

Inconsistency No 

Serious (-1) 

Very serious (-2)

Large variability, considerable het-

erogeneity (91%). 

Indirectness No 

Serious (-1) 

Very serious (-2)

All findings apply to the review 

question.

Imprecision No 

Serious (-1) 

Very serious (-2)

Small number of total participants, 

wide confidence interval includes 

‘no effect’.

Publication Bias Undetected 

Strongly suspected (-1)

Only small studies included. No large 

studies available. Limited publication 

bias possible. Funnel plot is available.

Other 

(upgrading factors, 

circle all that apply)

Large effect (+1 or +2) 

Dose response (+1 or +2) 

No plausible confounding (+1 or +2)

/
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6/ COMPLICATIONS

GRADE criteria Rating 

(circle one)

Footnotes 

(explain reasons for down-  

or upgrading)

Quality of the 

evidence 

(circle one)

COMPLICATIONS

Study design RCT (starts as high quality) 

Non-RCT (starts as low quality)

Non-RCT

���� 

High

���� 

Moderate

���� 

Low

���� 

Very low

Risk of Bias 

(use the Cochrane  

Risk of Bias tables  

and figures)

No 

Serious (-1) 

Very serious (-2)

Plausible bias is unlikely to seriously 

alter the results.

Inconsistency No 

Serious (-1) 

Very serious (-2)

High degree of inconsistency in 

narrative data. 

Indirectness No 

Serious (-1) 

Very serious (-2)

All findings apply to the review 

question.

Imprecision No 

Serious (-1) 

Very serious (-2)

Inconsistent rapport of complications 

in narrative data. 

Publication Bias Undetected 

Strongly suspected (-1)

Narrative data, many small studies 

included. Funnel plot not possible. 

Other 

(upgrading factors, 

circle all that apply)

Large effect (+1 or +2) 

Dose response (+1 or +2) 

No plausible confounding (+1 or +2)

/

SUPPLEMENTARY TABLE D — TEMPORARY AND PERMANENT COMPLICATIONS (UNWEIGHTED PROPORTIONS)  

AFTER ORBITAL FAT DECOMPRESSION

N studies n/N patients (%)

Temporary Complication

Bleeding 225,28 13/1407 (0.01)

Infection 128 12/1374 (0.01)

Sensory nerve damage 215,25 9/58 (15.5)

Conjunctivitis/ chemosis requiring therapy 128 46/1374 (3.3)

Total temporary complications 315,25,28 80/1432 (5.6)

Permanent Complication

Sensory nerve damage 225,28 21/1407 (1.5)

Palpebral position disorder 215,25 13/58 (22.4)

Proptosis recurrence 38,28,29 46/2232 (2.0)

New onset presbyopia 17 1/11 (9.0)

Loss of vision 87,8,15,24,25,27,28,32 0/2336

Other (CSF leak, hypoglobus, meningitis, sinusitis,  

scarification, lacrimal nerve damage)

NR

Total permanent complications 97,8,15,24,25,27–29,32 81/2336 (3.5)

Overall complications 97,8,15,24,25,27–29,32 161/2336 (6.9)

N: Number. NR: Not Reported. CSF: cerebrospinal fluid
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A Systematic Review on Volumetric Analysis in Orbital MRI

 Abstract 

Aim — Volumetric analysis of orbital soft tissues with magnetic 
resonance imaging (MRI) can contribute to the diagnostic path-
way and understanding of the pathophysiological mechanism of 
orbital inflammation, trauma and tumors. It is not clear, how-
ever, which MRI method should be used for which condition. 
Methods — A systematic search was conducted in Pubmed/
MEDLINE, Web of Science and Cochrane Library for all studies 
published before November 2019. The review was prospectively 
registered, compliant to the PRISMA guidelines and included 
extensive quality control. Primary outcomes were (i) MRI scan-
ning characteristics (scan protocol and acquisition details), (ii) 
post-processing volumetry technique (software, segmentation 
methods and volume calculations), (iii) studied region of in-
terest (ROI). Secondary outcomes consisted of (i) clinical rele-
vance and indication for volumetric analysis and (ii) method of 
validation.  Results — Of 2830 initial records, 27 articles were 
selected, of which 48% were published in the last 5 years. Large 
heterogeneity exists in MRI characteristics as well as post-pro-
cessing technique. Technological advances drive an evolution 
towards more ‘dedicated’ volumetric methods according to the 
specific ROI and clinical indication. Volumetry of extraocular 
muscles and orbital fat is most common, but the ROI borders 
are variable. Sporadic studies report analysis of the globe, or-
bital cavity, optic nerve and lacrimal gland. Few studies include 
a proper validation such as phantom verification and observer 
variability of the proposed volumetry protocol. Conclusions — 
Proper understanding of all variables affecting the volumetric 
results is primordial for accurate interpretation of clinical and 
research outcome parameters. These study findings can contrib-
ute to a more solid translation of volumetric analysis. Increasing 
automatized volumetric techniques could provide more con-
venient and reliable ways of assessment.
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Imaging studies like computed 
tomography (CT) and magnetic 
resonance imaging (MRI) are in-
dispensable in the management of 
orbital mass lesions, inflammatory 
diseases, trauma and developmen-

tal disorders. MRI scanning of the orbit 
is commonly preferred to CT because 
the soft tissue resolution is much higher 
and any slice direction can be selected. 
In addition, the patient is not exposed to 
radiation[1,2]. Conventional MRI protocols 
mainly provide morphological character-
istics, which allow interpreting pathologic 
changes and describing the proper diag-
nosis. Developments in post-processing 
techniques, however, enhance the poten-
tial of MRI facilitating quantitative objec-
tification such as signal intensity ratios, 
fractionated anisotropy, mean diffusivity, 
and volumetric analysis. Non-invasive 
assessment of anatomical and functional 
anomalies support the understanding and 
differentiation of orbital pathologies [3]:  
to identify soft tissue inflammation of the 
retrobulbar tissue and the extraocular 
muscles [4];  to measure the enlargement of 
the extraocular muscles in Graves’ Orbi-
topathy [6]; or to document orbital fat vol-
ume changes in patients with Graves’ orb-
itopathy [7]. Post-processing analysis often 
necessitates specific imaging software 
and acquisition protocols. These tech-
niques are precise and reliable but also 
time-consuming and resource and labor 
intensive, hampering its routine clinical 
use. Although increasing evidence for the 
importance of post-processing, there is 
no current consensus on scanner perfor-
mance, sequence acquisition, post-pro-
cessing software, and unvalidated proto-
cols are use [8-10].

The aim of this paper is to review the cur-
rent knowledge on MRI post-processing 
techniques in orbital volumetry. We de-
scribe the contemporary volumetry meth-
ods according to the intra-orbital struc-
tures of interest. Technical developments 
in MRI hardware, availability of software 
and time investment are being taken into 
account to make recommendations and 
suggest improvements for future research. 

A systematic review of literature 
was performed, compliant to the 
Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis 
recommendations (PRISMA). The 
study protocol was prospectively reg-
istered at the international database 
of PROSPERO (CRD42019127698). 

  Primary outcomes were (i) MRI 
scanning characteristics (hardware, scan 
protocol and acquisition details), (ii) 
post-processing volumetry technique 
(software, segmentation methods and 
volume calculations), and (iii) studied 
regions of interest (ROI) (extraocular 
muscles, orbital fat, globe, optic nerve, 
orbital cavity and lacrimal gland). Sec-
ondary outcomes consisted of (i) clinical 
relevance and indication for volumetric 
analysis and (ii) method of validation for 
the proposed post-processing volumetry 
technique. 

 Studies were eligible if they were 
original papers written in English, Ger-
man, Dutch or French, published before 
November 2019, describing at least one 
intra-orbital ROI by quantitative volu-
metric assessment. Studies were includ-
ed if primary outcomes were reported. 
Non-interventional publications, includ-
ing editorials, commentaries, review arti-

Introduction

M
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ethods
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cles and those not subject to peer review 
were excluded. The Pubmed/MEDLINE, 
Cochrane Library and Web of Science da-
tabases were searched for a combination 
of subject headings, in which a first term 
denominates ‘Orbit’; associated to a sec-
ond and third term denominating ‘MRI’ 
and ‘post-processing’. No additional date 
or publication limits were applied. The 
references of the included articles and the 
Web of Science citation index were cross-
checked to identify additional eligible ar-
ticles. The complete search strategy can be 
found in Supplement A. 

 Data collection

One author (RW) performed a first 
screening on title to remove all clearly ir-
relevant articles. Two authors (RW, MD) 
independently conducted selection on 
title and abstract, followed by full-text 
critical appraisal, applying the selection 
criteria to determine eligibility and final 
in- or exclusion. In the event of dupli-
cate publications, companion papers or 
an overlap between studies regarding the 
same patient population, only the most 
recent and complete study was included. 
Disagreements among reviewers were 
settled by additional discussions and by 
consulting a third reviewer (JD or KO) if 
necessary. Two reviewers (RW, MD) ex-
tracted data independently using stand-
ardized lists according to the Cochrane 
Collaboration guidelines [11].

 Research design, study period, de-
mographic data (number of subjects and 
amount of orbits, study location) and in-
terventional data (ROI, MRI hardware, 
imaging protocol, acquisition details, seg-
mentation method and volume calcula-
tion) were recorded. 

 Quality assessment

The quality of the articles were critical-
ly appraised by two authors (RW, MD) 
independently using the Methodologi-
cal Index for Non-Randomized Studies 
(MINORS) criteria to assess non-Rand-
omized clinical trials [12].

Included articles

The search resulted in 27 English 
articles for qualitative analysis (Fig-

ure 3.1 - PRISMA flow Chart). The study 
designs and population characteristics are 
described in Table 3.1. The earliest includ-
ed article was published in 2000, whereas 
48% of articles were published in the last 
5 years.

 Quality analysis and risk of bias

All articles reported the objectives, end-
points and inclusion criteria, but did not 
prospectively calculate the study size. 
Eighteen studies were based on unvali-
dated measurement methods using new 
scanning protocols, software or segmen-
tation techniques. Therefore, there could 
be a high risk for bias in the assessment of 
study endpoints. (Supplement B). Eight-
een studies used comparative analysis 
with control groups.

  MRI scanning characteristics

From 2002 the images for orbital volum-
etry were obtained with a 1.5T MRI scan-
ner instead of the 1.0T. From 2014 the 3T 
MRI scanner was used in six articles (Ta-
ble 3.2-4). All but one study [13] reported 
the use of additional radiofrequency coils, 
head coil or surface loop coils, to improve 
signal-to-noise ratio. Two studies com-

 Volumetry in orbital MRI

Results
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bined both a head coil and surface loop 
coil [14,15]. The surface loop coil is a simple, 
receive-only loop wire, positioned over 
the ROI and commonly used for small 
body parts.  The head coil can have a var-
iable amount of channels from 1 to 64, to 
enhance signal sensitivity and parallel im-
aging, hence reducing acquisition time  [16]. 

 All studies provided a detailed ac-
quisition protocol including information 
about repetition time (RT), echo time 
(ET), matrix and field-of-view. The scan 
time ranged from 2.5 to 18.0 minute [17-18]. 
Slice thickness varied from 0.5-4.0 mm 
and most studies used continuous slic-
es with no or only minimal (0.1/0.3mm) 
interslice gap. Reported voxel dimensions 
varied from 0.13 to 3.00 mm3. Five studies 
reported the use of isotropic voxel dimen-
sions [6,9,19-21].

 Fourteen studies reported to control 
for gaze during the scanning process. 
Gaze control could be achieved by the 
use of a fixation target at the inside of the 
gantry, by instructing the patient to keep 
eyes in central gaze or close the eyes and 
maintain still in primary position.

 Post-processing technique

Tissue segmentation involves the process 
of outlining the ROI on the scan images. 
The included articles report a myriad of 
different software programs for manual or 
semi-automatic segmentation of the or-
bital tissues (Table 3.6-7). Three research 
groups operated with in-house developed 
software [13,19,22] and  twenty-one (77 %)  
used commercially or freely available 
post-processing software. One research 
group described the use of an overhead pro-
jector instead of computer software [23-24].  

Half of the included articles describe the 
use of a semi-automatic segmentation 
process combining multi-dimensional 
threshold (MDT) or region growing (RG) 
techniques with manual adjustments. To 
assess the actual volume of the segmented 
ROI, 63% of the articles (17/27) describe 
a volumetric calculation by multiplying 
the sum of the ROI cross-sectional areas 
by the image plane thickness [25]. Other 
articles performed volumetric analysis 
by multiplying the number of pixels by 
the voxel dimensions (6 studies) or used 
post-processing software to deduct the 
volume automatically.

 Extraocular muscles

The EOM were the most analysed ROI, in 
70% of the studies (19/27). Evaluations of 
the EOM volume are reported in the di-
agnosis and follow-up of inflammatory 
orbital diseases (e.g. Graves’ orbitopathy), 
for evaluation of limited eye motility and 
to study the changes in tissue morphology 
during eye movement/muscle contraction.

 T1 as well as T2 weighted sequenc-
es, both contrast-enhanced and non-en-
hanced, were used to measure muscles 
volumes (Table 3.2). Other less frequently 
used sequences included proton density 
weighted (PDw) [9], Magnetisation Pre-
pared - Rapid Acquisition Gradient Echo 
(MPRAGE) [19] and Cube-Fast Spin Echo 
(FSE) flex [20]. The orientation of the mus-
cle axis was the main factor to select the 
optimal scanning plane.  Axial, sagittal, 
coronal and ‘quasi-coronal’ (= perpen-
dicular to the long axis of each orbit/optic 
nerve) scanning planes are proposed to 
segment the particular EOM (Table 3.2). 
The volume can be evaluated for each 
muscle separately or all muscles together 
as a single volume (Table 3.5). Most au-
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FIGURE 3. 1  — PRISMA FLOW DIAGRAM

thors suggest calculating the EOM vol-
ume separately, although in 10 studies 
the levator palpebrae and the superior 
rectus were assessed together as the supe-
rior rectus-levator complex. The inferior 
oblique muscle is often discarded, as this 
muscle is the smallest and has an oblique 
orientation in all sections, which makes 
it difficult to accurately delineate. Eight 
studies analyse the partial muscle volume 
only including the muscle belly not the 
tendinous parts. Two studies assessed the 
total muscle volume of one orbit by sub-
tracting the other orbital tissues (globe, 

lacrimal gland, optic nerve and orbital fat) 
from the entire orbital volume [20,26].

 The most used techniques (in 12/19 
studies) for outlining the muscles was 
manual segmentation (Table 3.6). If a 
semi-automatic segmentation method 
was applied, it mostly involved an MDT 
method with manual adjustments on each 
slide.  The duration for muscle segmenta-
tion and volume calculation was report-
ed 4 to 7 min with the semi-automatic 
techniques, compared to 20 min with the 
manual technique [19].

 Volumetry in orbital MRI
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TABLE 3.1 — CHARACTERISTICS OF INCLUDED STUDIES

AUTHOR, DATE STUDY TYPE/

DESIGN

ROI PARTICIPANTS STUDY LOCA-

TION

STUDY GOAL

Firbank et al.,  

2000

Retrospective 

Case-control 

Method validation

EOM 26  

(incl. 19 controls)

Europe Define errors in EOM  

volumetry in GO

Firbank et al.,  

2001

Retrospective 

Case-control 

Method validation

EOM 6  

(incl. 1 control)

Europe Introduce new technique  

for EOM volumetry

Nishida et al.,  

2001

Retrospective 

Case-control

EOM 

Orbital fat

14  

(incl. 8 controls)

Europe Evaluate EOM and orbital fat  

volume changes in GO

Nishida et al.,  

2002

Retrospective 

Case-control

EOM 

Fat 

Orbital cavity

23  

(incl. 13 controls)

Europe Correlate exophthalmos with  

EOM and fat volume 

Szucs-Farkas et al.,  

2002

Retrospective 

Case-control 

Method Validation

EOM 55  

(incl. 20 controls)

Europe Identify the optimal EOM  

parameter to monitor  

treatment response in GO

Ortube et al.,  

2006

Prospective 

Case-control

EOM 46  

(incl. 10 controls)

North America Evaluate volume changes in  

EOM palsy

Lennerstrand et al.,  

2007

Retrospective  

Case-control

EOM 50  

(incl. 18 controls)

Europe Evaluate EOM volume in GO

Majos et al.,  

2007 (part I)

Retrospective  

Cohort

EOM 45 Europe Introduce new technique for  

EOM volumetry

Majos et al.,  

2007 (part II)

Retrospective  

Cohort

Orbital fat 

Eye globe

45 Europe Introduce new technique for  

orbital fat and eye globe 

volumetry

Kolk et al.,  

2008

Prospective  

Cohort 

Method validation

EOM 

Orbital fat 

Eye globe 

Orbital cavity

37 Europe Volumetric changes after  

orbital trauma

Clark et al.,  

2011

Prospective  

Case-control

EOM 48  

(incl. 36 controls)

North America Evaluate volume changes  

in EOM palsy

Clark et al.,  

2012

Retrospective  

Cohort

EOM 15 North America Correlate EOM volume to 

muscle contractility in healthy 

participants

Comerci et al.,  

2013

Retrospective  

Case-control 

Method validation

Orbital fat 24  

(incl. 12 controls)

Europe Introduce new technique for  

orbital fat volumetry in GO

Stojanov et al.,  

2013

Prospective  

Case-control

Orbital fat 100  

(incl. 50 controls)

Europe Correlate orbital fat volume 

and  

intra-ocular pressure to obesity

Buch et al.,  

2014

Retrospective  

Case-control

Lacrimal 

gland

25  

(incl. 12 controls)

North America Evaluate lacrimal gland volume  

in SCD

Hoffmann et al.,  

2014

Retrospective  

Case-control 

Method validation

Optic nerve 46  

(incl. 23 controls)

Europe Evaluate optic nerve volume  

in ICH

Schmutz et al.,  

2014

Prospective  

Cohort 

Method validation

Orbital cavity 11 Australia Compare MRI-based orbital  

3D model to CT-based model  

in orbital trauma

Loba et al.,  

2015

Retrospective  

Cohort 

Method validation

EOM 10 Europe Define normal EOM values for  

different gaze positions in 

healthy participants
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AUTHOR, DATE STUDY TYPE/

DESIGN

ROI PARTICIPANTS STUDY LOCA-

TION

STUDY GOAL

Shin et al.,  

2015

Prospective  

Case-control

EOM 74  

(incl. 12 controls)

North America Evaluate volume changes  

in EOM palsy

Clark et al.,  

2016

Retrospective  

Cohort

EOM 15 North America Correlate EOM volume to 

muscle contractility in healthy 

participants

Higashiyama et al.,  

2016

Retrospective  

Cohort

EOM 25 Asia Evaluate EOM volume to  

monitor treatment response 

in GO

Hu et al.,  

2016

Retrospective  

Case-control

Lacrimal 

gland

57  

(incl. 24 controls)

Asia Evaluate lacrimal gland volume  

in GO

Kaichi et al.,  

2016

Prospective  

Case-control 

Method validation

Orbital fat 39  

(incl. 30 controls)

Asia Evaluate orbital fat volume  

in GO

Suh et al.,  

2016

Prospective  

Case-control

EOM 38  

(incl. 19 controls)

North America Evaluate volume changes in  

EOM palsy

Higashiyama et al., 

2018

Prospective  

Cohort

EOM 

Orbital fat 

Eye globe 

Optic nerve

9 Asia Evaluate EOM and orbital fat 

volume to monitor treatment 

response in GO

Shen et al., 2018 Retrospective 

Case-control 

Method validation

EOM 

Orbital fat

20  

(incl. 10 controls)

Asia Introduce new technique for 

EOM and orbital fat volumetry

Tang et al., 2018 Retrospective 

Case-control 

Method validation

EOM 

Orbital fat 

Eye globe 

Optic nerve 

Lacrimal 

gland

30  

(incl. 15 controls)

Asia Evaluate volumetry accuracy 

with different segmentation 

techniques

ROI: region of interest 

ICH: idiopathic intracranial hypertension 

SCD: Sickle cell disease

 Volumetry in orbital MRI
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TABLE 3.2 — SCAN PROTOCOLS FOR EOM VOLUMETRY

Author, date MRI  

hardware

Coil Sequence Plane Slice 

thick-

ness 

(mm)

Inter-

slice 

gap 

(mm)

Scan 

time 

(min:sec)

Voxel  

dimensions 

(mm3)

Firbank et al.,  

2000

1.0T, Siemens Head coil T1w 2D SE Coronal 3 0.3 NR Anisotropic; 

2.43

Firbank et al.,  

2001

1.0T, Siemens Head coil 3D MPRAGE Coronal 1 0 8 Isotropic;  

1.00

Nishida et al.,  

2001

1.5T, Siemens Surface coil T1w SE Quasi-coronal 2 0 4-5 Anisotropic; 

0.50

Nishida et al.,  

2002

1.5T, Siemens Surface coil T1w Coronal+ 

Axial+ 

Sagittal

2 or 3 0 NR NR

Szucs-Farkas et al.,  

2002

1.0T,  

Shimadzu

Head coil T1w SE Axial 3 0 NR NR

Ortube et al.,  

2006

1.5T, GE Surface coil T1w Quasi-coronal 2 0 NR NR

Lennerstrand 

et al.,  

2007

1.5T, GE Head coil T1w SE Coronal 2 0 NR Isotropic;  

0.92

Majos et al.,  

2007 (part I)

1.5T, Siemens Head coil T1w SE Coronal +  

Axial

3 0.1 9:24 Anisotropic; 

3.00

Kolk et al., 2008 1.5T, Philips Head coil +  

Surface coil

PDw/ T2w Coronal+ 

Axial+ 

Sagittal

1 0 6:15 Isotropic;  

1.00

Clark et al., 2011 1.5T, GE Surface coil T1w/ T2w FSE Quasi-coronal 2 0 NR Anisotropic

Clark et al., 2012 1.5T, GE Surface coil T2w FSE Quasi-coronal 2 0 NR Anisotropic

Loba et al., 2015 1.5T, Siemens Head coil T2w Quasi-coronal 2 0 1:18 NR

Shin et al., 2015 1.5T, GE Surface coil T1w/T2w FSE Quasi-coronal 2 0 NR Anisotropic

Clark et al., 2016 1.5T, GE Surface coil T2w FSE Quasi-coronal 2 0 NR NR

Higashiyama et al.,  

2016

3.0T, Philips Head coil T2w SE Axial+ 

Sagittal

2.5 NR NR NR

Suh et al., 2016 1.5T, GE Surface coil T1w/ T2w FSE Quasi-coronal 2 0 NR Anisotropic

Higashiyama et al.,  

2018

3.0T, GE Head coil T2w SE Coronal+ 

Axial+ 

Sagittal

1.5 NR NR NR

Shen et al., 2018 1.5T, Philips Head coil T1w 3D FFE NR 0.8 0 NR NR

Tang et al., 2018 3.0T, GE Head coil Cube FSE flex Axial 0.5 0 5:59 Isotropic;  

0.13

NR: Not reported; GE: General Electric; 2D: two-dimensional; (F)(T)(C)SE: (fast)(turbo)(conventional)spin echo; FFE: fast field echo; 

MPRAGE: Magnetisation Prepared - Rapid Acquisition Gradient Echo; FS : fat suppression; PD : proton density
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TABLE 3.3 — SCAN PROTOCOLS FOR ORBITAL FAT VOLUMETRY

Author, date MRI  

hardware

Coil Sequence Plane Slice 

thick-

ness 

(mm)

Inter- 

slice 

gap 

(mm)

Scan  

time  

(min:sec)

Voxel  

dimensions 

(mm3)

Nishida et al.,  

2001

1.5T, Siemens Surface coil T1w SE Coronal 2 0 4-5 Anisotropic; 

0.50

Nishida et al.,  

2002

1.5T, Siemens Surface coil T1w Axial 2 or 3 0 NR NR

Majos et al.,  

2007 (part II)

1.5T, Siemens Head coil T1w SE Coronal +  

Axial

3 0.1 9:24 Anisotropic; 

3.00

Kolk et al.,  

2008

1.5T, Philips Head coil +  

Surface coil

PDw/ T2w Coronal+ 

Axial+ 

Sagittal

1 0 6:15 Isotropic; 

1.00

Comerci et al.,  

2013

1.5T, Philips NR T1w CSE/ 

T2w/  

PDw CSE

Axial 4 4 NR NR

Stojanov et al.,  

2013

1.5T, Siemens Head coil FLAIR Axial 0.5 NR 18 NR

Kaichi et al.,  

2016

3.0T, GE Head coil T2w FSE 

IDEAL

Axial 2 0 2:42 NR

Higashiyama  

et al., 2018

3.0T, GE Head coil T2w SE Axial 1.5 NR NR NR

Shen et al., 2018 1.5T, Philips Head coil T1w 3D FFE NR 0.8 0 NR NR

Tang et al., 2018 3.0T, GE Head coil Cube FSE flex Axial 0.5 0 5:59 Isotropic;  

0.13

NR: Not reported; GE: General Electric; 2D: two-dimensional; (F)(T)(C)SE: (fast)(turbo)(conventional)spin echo; FFE: fast field echo; 

MPRAGE: Magnetisation Prepared - Rapid Acquisition Gradient Echo; FLAIR : fluid attenuated inversion recovery; FS : fat suppression; 

PD : proton density; IDEAL: iterative decomposition of water and fat with echo asymmetry and least-squares estimation

 Volumetry in orbital MRI
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Seven articles included validation of the 
volumetry method, either by using a 
model (computer simulation or anatom-
ical), variability testing or comparison 
with other imaging techniques.  Semi-au-
tomatic techniques are reported to be suf-
ficiently accurate in a phantom controlled 
comparison [20,26], matching manual seg-
mentation [19,20] but are faster and more 
practical in use.

TABLE 3.4 — SCAN PROTOCOLS FOR EYE GLOBE, OPTIC NERVE, ORBITAL CAVITY AND LACRIMAL GLAND VOLUMETRY

Author, date ROI MRI  

hard-

ware

Coil Sequence Plane Slice 

thick-

ness 

(mm)

Inter- 

slice 

gap 

(mm)

Scan  

time  

(min:sec)

Voxel  

dimensions 

(mm3)

Nishida et 

al., 2002

Orbital 

cavity

1.5T,  

Siemens

Surface coil T1w Axial 2 or 3 0 NR NR

Majos et 

al., 2007 

(part II)

Eye globe 1.5T,  

Siemens

Head coil T1w SE Coronal+ 

Axial

3 0.1 9:24 Anisotropic; 

3.00

Kolk et al.,  

2008

Eye globe 

Optic nerve 

Orbital 

cavity

1.5T,  

Philips

Head coil + 

Surface coil

PDw/T2w Coronal+ 

Axial+ 

Sagittal

1 0 6:15 Isotropic; 1

Hoffmann  

et al., 2014

Optic nerve 1.5T,  

Siemens

Head coil+ 

Surface coil

T2w TSE Coronal 2 0 7:20 Anisotropic

Schmutz  

et al., 2014

Orbital 

cavity

3.0T,  

Siemens

Head coil T1w NR 0.5 0 5:00 Isotropic; 

0.13

Buch et al.,  

2014

Lacrimal 

gland

1.5T,  

Philips

Head coil T1w/T2w 

mixed TSE

Axial 3 0 9:50 Anisotropic; 

2.65

Hu et al.,  

2016

Lacrimal 

gland

3.0T,  

Siemens

Head coil T2w FS Coronal+ 

Axial

3 0 NR Anisotropic

Higashiyama  

et al., 2018

Eye globe 

Optic nerve

3.0T, GE Head coil T2w SE Axial 1.5 NR NR NR

Tang et al.,  

2018

Eye globe-

Optic nerve 

Orbital 

cavity 

Lacrimal 

gland

3.0T, GE Head coil Cube FSE  

flex

Axial 0.5 0 5:59 Isotropic; 

0.13

 

NR: ROI: Region of interest; NR: Not reported; GE: General Electric; 2D: two-dimensional; (F)(T)(C)SE: (fast)(turbo)(conventional)spin echo; 

FFE: fast field echo; MPRAGE: Magnetisation Prepared - Rapid Acquisition Gradient Echo; FLAIR : fluid attenuated inversion recovery; 

FS : fat suppression; PD : proton density; IDEAL: iterative decomposition of water and fat with echo asymmetry and least-squares 

estimationdensity

 Orbital fat

The orbital fat tissue is the largest com-
ponent in the orbit, divided in extraconal 
and intraconal components. The volume 
of orbital fat is the second most analysed 
ROI, to study the etiopathology and treat-
ment in exophthalmos/changes of globe 
position, in Graves’ orbitopathy and after 
maxillofacial trauma (Table 3.1). Regular 
T1, T2 and proton density (PD) weighted 
sequences are reported for determining 
the orbital fat volume (Table 3.3). Others 
suggest more specific sequences: CUBE 
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FSE flex, Fluid-attenuated inversion re-
covery (FLAIR) or a T2w FSE Iterative 
Decomposition of water and fat with 
Echo Asymmetry and Least-squares esti-
mation) (IDEAL).

 All studies calculated the entire orbital 
fat volume. One study on exophthalmos 
measurement in Graves’ orbitopathy sep-
arately evaluated the anterior orbital fat 
tissue, which is the amount of fat outside 
the bony orbital cavity [23]. The orbital fat 
volume could be assessed by manual or 
semi- automatic segmentation. Shen et al. 
combined two semi-automatic segmenta-
tion methods by first performing a MDT 
selection which could be manually adjust-
ed by a RG segmentatio [26]. This method 
enabled the distinction between fat tissue 
and orbital blood vessels. Higashiyama 
et al. and Ohji et al. included the lacri-
mal gland, vessels and connective tissue 
in the fat volume [10]. Another option is 
segmenting all except the orbital fat tissue 
(EOM, globe, lacrimal gland and optic 
nerve) and subtracting these structures 

from the whole orbital volume (Table 
3.5). Semi-automatic segmentation of the 
orbital fat is reported to take between 5 to 
15 min. Five studies validated the meth-
od for fat volumetry by testing the oper-
ator variability or studying the accuracy 
by comparing with a (virtual) phantom 
model. All studies reported a sufficient re-
liability of the proposed volumetric method. 

 Globe
 
The normal shape of the globe or eyeball 
is a nearly round sphere with an anteriorly 
convex bulge, although certain conditions 
can shorten or elongate the sphere. 

 To study the relation of the globe 
volume with exophthalmos Majos and 
co-authors outlined the outer contour of 
the globe on T1w images with a semi-au-
tomatic, MDT segmentation procedure 

[27]. Other studies assessed the globe vol-
ume as a part of more extensive post-pro-
cessing analysis: to evaluate volumetry 
accuracy with different segmentation 

TABLE 3.5 — VARIATION IN ROI SEGMENTATION BOUNDARIES

ROI N studies

EOM Separate muscle segmentation Complete muscle volume (belly+tendon) 7

Partial muscle volume 8

Not reported 10

All EOM together through subtraction method 2

Distinct muscle variations Inferior oblique muscle excluded 5

Superior and inferior muscle excluded 8

Levator palpebrae muscle included 10

< 3 muscles evaluated 2

Orbital fat Exclusive fat tissue segmentation 7

Fat volume through subtraction method 3

Lacrimal gland included in fat volume 4

 

ROI: Region of interest; EOM: extraocular muscles

 Volumetry in orbital MRI
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TABLE 3.6 — POST-PROCESSING DETAILS FOR MANUAL SEGMENTATION

Author, date Post-processing software Volumetric analysis Method 

validation

Nishida et al., 2001 ROI outlined with overhead projector.  

Cross-sectional area calculation with software. 

Summation of area method. NR

Nishida et al., 2002 ROI outlined with overhead projector.  

Cross-sectional area calculation with software.

Summation of area method. NR

Szucs-Farkas et al., 

2002

Software (NOS) specially developed for  

post-processing on MRI.

Summation of area method. Variability 

testing

Ortube et al., 2006 ImageJ (W.Rasband, National institutes of health, 

Bethesda, Maryland)-freeware.

Summation of area method. NR

Lennerstrand et al., 

2007

Measuring tools of workstation (Advantage  

Windows ®).

Summation of area method. NR

Clark et al., 2011 Image J (W.Rasband, National institutes of health, 

Bethesda, Maryland)- freeware.

Summation of area method. NR

Clark et al., 2012 Image J (W.Rasband, National institutes of health, 

Bethesda, Maryland)-freeware. Matlab  

(The Mathworks Inc., Natick, MA, USA).

Summation of area method. NR

Buch et al., 2014 3D slicer (version 2.6, http:www.slicer.org)-freeware. Multiplying number of pixels 

by the corresponding voxel 

volumes.

NR

Shin et al., 2015 ImageJ (W.Rasband, National institutes of health, 

Bethesda, Maryland)-freeware.

Summation of area method. NR

Clark et al., 2016 ImageJ (W.Rasband, National institutes of health, 

Bethesda, Maryland)-freeware.

Summation of area method. NR

Higashiyama et al., 

2016

ImageJ (W.Rasband, National institutes of health, 

Bethesda, Maryland)-freeware.

Summation of area method. NR

Hu et al., 2016 NR Summation of area method. Variability 

testing

Suh et al., 2016 Adobe Photoshop (Adobe Systems Inc., San Jose, 

CA, USA). Image J (W.Rasband, National institutes  

of health, Bethesda, Maryland)-freeware. Matlab. 

(The Mathworks Inc., Natick, MA, USA).

Summation of area method. NR

Higashiyama et al., 

2018

ImageJ (W.Rasband, National institutes of health, 

Bethesda, Maryland)

Summation of area method. NR

Summation of area method= multiply the 2D segmented area by the value of the slice thickness and sum all slices of the ROI. 

NR: Not reported. ROI: Region of interest. NOS: Not otherwise specified.
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TABLE 3.7 — POST-PROCESSING DETAILS FOR SEMI-AUTOMATIC SEGMENTATION

Author, date Post-processing software Volumetric analysis Method  

validation

Comments

Firbank et 

al., 2000

SunSparc (Sun Microsystems, California, 

USA) and DispImage package by David 

Plummer (University College London, UK).

Multiplying number of  

pixels by the correspond-

ing voxel volumes.

Virtual phantom 

validation + 

Variability 

testing

Firbank et 

al., 2001

Software written in Java  

(Sun Microsystems, California, USA).

Multiplying number of pix-

els by the corresponding 

voxel volumes.

Virtual phantom 

validation+ 

Variability 

testing

Mean  

processing 

time: 7.0 min. 

(vs. manual: 

20min)

Majos et 

al., 2007 

(part I)

ITK library (the Insight Software  

Consortium, The Insight Toolkit;  

http://www.itk.org;)-freeware.

Multiplying number of  

voxels by the correspond-

ing voxel volumes.

NR Mean  

processing 

time: 4 min.

Majos et 

al., 2007 

(part II)

ITK library (the Insight Software  

Consortium, The Insight Toolkit;  

http://www.itk.org)-freeware.

Multiplying number of  

voxels by the correspond-

ing voxel volumes.

NR Mean  

processing 

time: 5 min.

Kolk et al., 

2008

Easy Vision 4.3 (Philips, Best,  

the Netherlands) 

In-house developed software, NOS.

NR Variability 

testing+ 

Comparison 

with CT

Comerci et 

al., 2013

In-house developed software, NOS. Automatic calculation  

by software.

Virtual phantom 

validation + 

Variability 

testing

Processing 

time: 10 to 15 

min.

Stojanov et 

al., 2013

Adobe Photoshop (Adobe Systems Inc., 

San Jose, CA).

Multiplying number of  

voxels by the correspond-

ing voxel volumes.

NR

Hoffmann et 

al., 2014

Amira (ThermoFisher Scientific, 

Massachusetts, USA).

NR Variability 

testing

Mean  

processing 

time < 10min.

Schmutz et 

al., 2014

Amira (ThermoFisher Scientific, 

Massachusetts, USA) 

RapidForm 2006 (Inus technology,  

Seoul, Korea).

Automatic calculation  

by software.

Comparison 

with CT

Mean  

processing 

time: 4h with 

MRI vs. 1h 

with CT

Loba et al., 

2015

ImageJ (W.Rasband, National institutes  

of health, Bethesda, Maryland).

Summation of area 

method.

NR

Kaichi et al., 

2016

Virtual Place Raijin (AZE Ltd, Tokyo, 

Japan).

Automatic calculation  

by software.

Variability 

testing

Shen et al., 

2018

Mimics v15.0 (Materialise, 

Leuven, Belgium.

Automatic calculation  

by software.

Phantom  

validation

Tang et al., 

2018

ANALYZE, GE HDAW v. 4.4 workstation  

(GE Healthcare).

NR Phantom  

validation

 

Summation of area method= multiply the 2D segmented area by the value of the slice thickness and sum all slices of the ROI. 

NR: Not reported. ROI: Region of interest. NOS: Not otherwise specified.
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techniques or for the purpose of sub-
traction. Tang et al. used water images 
of a Cube FSE flex sequence to man-
ually trace the globe outer borders  [20]  
(Table 3.4). Kolk et al. used T2w as well 
as PDw sequences to semi-automatically 
(MDT) measure the vitreous body, thus 
assessing the inner border of the globe [9]. 
They report similar measurement results 
for both sequences with consistent inter-
preter reliability. 

 Optic nerve

The optic nerve is a cylindrical structure 
that extends from the globe to the middle 
cranial fossa, with an intraocular, intraor-
bital, intracanalicular and intracranial 
part. Hoffmann et al. measured the vol-
ume of the optic nerve sheath and that of 
the optic nerve in patients with idiopathic 
intracranial hypertension [14]. A coronal 
T2w sequence was obtained with a com-
bination of a head and surface coil (Table 
3.4). The optic nerve was outlined with a 
semi-automatic segmentation procedure 
and the inter-observer agreement was 
excellent for both the optic nerve and the 
optic nerve sheath volumetry. Two studies 
performed optic nerve volumetry as a part 
of subtracting procedure to analyse other 
ROI’s, obtained through more specific se-
quences like PDw [9] and CUBE FSE flex 

[20]. Both studies used a manual outlining 
of the optic nerve without specifications 
regarding the nerve sheath. 

 Orbital cavity volume

The orbital cavity is a conical structure 
with thin walls perforated by foramina 
and fissures. The base entry lacks an os-
seous border and is outlined by a solid, 
curvilinear orbital margin [28].

Schmutz et al. compared orbital cavity seg-
mentation on MRI with the conventional 
3D bone reconstruction on CT to gen-
erate a 3D orbital cavity bony model [21].  
They obtained T1w, isotropic MRI imag-
es with a standard head coil and defined 
the outer borders with a semi-automatic 
threshold-based segmentation procedure 
and manual adjustments (Table 3.4). It 
took 4 hours to perform the procedure 
on MRI compared to 1 hour with the CT-
based analysis.  Nishida et al., Kolk et al. and 
Tang et al. report a complete manual out-
lining of the orbital cavity by using a T1w, 
PDw and Cube FSE-Flex sequence [9,20,23].  
Accuracy and procedural time was not 
specified.

 Lacrimal gland

The lacrimal gland is located in the su-
perior lateral portion of the orbit and is 
divided in a palpebral lobe and an orbital 
lobe. There are three papers on volumet-
ric analysis of the lacrimal gland, includ-
ing patients with Graves’ orbitopathy 

[30] or sickle cell disease [29]. The lacrimal 
glands were studied with T2w, a T2w 
mixed turbo spin echo (TSE) sequence or 
the water images of a Cube FSE flex (Ta-
ble 3.4), all performed in the axial plane. 
None of the studies used isotropic voxels. 
The lacrimal gland lobes were always out-
lined as a whole entity by manual, and not 
threshold-based segmentation because 
of its inhomogeneous intensity [30]. Inter-
observer agreement was reported to be 
moderate-to-good [30].

The current report provides a com-
prehensive overview of the recent 
literature on MRI-based orbital vol-
umetry. It illustrates the historical 
trends and innovations of the MRI 

D
iscussion
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hardware and acquisition protocols. This 
review illustrates that orbital muscle and 
fat volumetry is regularly performed for 
clinically relevant indications as inflam-
matory orbital diseases or functional 
problems with extraocular muscles. On 
the other hand volumetric studies of the 
lacrimal gland, globe and optic nerve 
are only sporadically reported and care 
should be taken to interpret these results. 

 Post-processing analysis of radiological 
data is gaining importance in all fields of 
medicine [31]. Objective analysis is neces-
sary to allow definition and comparison of 
normalized volumetric data. While mor-
phometry on 2-dimensional images is the 
simplest, the 3D volume is considered to be 
more accurate [6,27,31]. This review confirms 
a common evolution towards more pow-
erful MRI devices, higher magnetic fields 
and the use of additional coils, which could 
enhance image quality. Surface coils can 
yield orbital images with high spatial res-
olution, but the signal strength decreases 
as the distance from the coil increases [18,32]. 
Likewise, images obtained with head coils 
produce a high signal-to-noise ratio allow-
ing accurate measurements. This review il-
lustrates a heterogeneous use of additional 
coils. It is not possible to determine which 
coil technique is superior for orbital vol-
umetry and to what extent they influence 
the volumetric results. It is expected that 
future improvements in MRI coil technol-
ogy, like the 64-channel head coil, and the 
introduction of increased magnetic fields 
with shorter echo-times will inherently 
affect the imaging quality hence improve 
measurement accuracy [33,34]. It would be 
valuable if details about additional coils 
were always provided in future studies to 
elucidate the possible advantages of these 
devices. 

The image sequence is another compo-
nent affecting volumetric measurements, 
as a sharp tissue contrast will improve 
segmentation accuracy. The included 
articles report a multitude of sequence 
protocols varying according to the ROI 
and the applied segmentation technique. 
Where some authors are able to use a 
single regular sequence (T1w or T2w) 
to analyse multiple ROI, others apply a 
dedicated protocol to enhance the tissue 
contrast facilitating the segmentation 
process of only one specific ROI. As stud-
ies report diverse MRI hardware vendors 
(GE Healthcare, Siemens, Philips, etc.), it 
should be pointed out that vendors can 
use different names for similar sequences, 
for example SPACE can be called CUBE 
(GE Healthcare, Milwaukee, Wisconsin) 
or VISTA (Philips Healthcare, Best, the 
Netherlands). Likewise, vendors can use 
the same name for a scanning sequence, 
but acquisition parameters could differ, 
resulting in significant deviations of the 
measurement results [18]. For this reason, 
care should be taken when comparing re-
sults obtained with different devices and 
it seems advisable to obtain consecutive 
scans of one patient always with the same 
device and scanning protocol. 

 Aside from the image sequence, oth-
er scanning variables could be of interest 
(Table 3.8). First, while most articles use 
anisotropic voxels, some authors suggest a 
3D isotropous protocol to be more appro-
priate for the volumetric measurement of 
orbital soft tissue. Isotropous voxels allow 
for image reconstruction in any plane 
depending on the orientation of the ROI 
leading to more precise measurements  [35].  
Second, the additional value for the use of 
contrast-enhanced images is questioned. 
Previous studies reported that non-en-
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hanced and contrast-enhanced sequences 
are both suitable for quantitative imaging 
[31,36].  However, avoiding the toxicity and 
cost of intravenous contrast could be an 
important argument for using non-en-
hanced images.  Finally, Gaze fixation 
is another relevant feature during MRI 
scanning of the orbits. A change in globe 
position will alter muscle positions and 
volumes also changing morphology of all 
adjacent tissue [31]. Furthermore, the eye 
movements could affect image resolution 
and introduce measurement errors [19,31]. 
A limited acquisition time is one of the 
most important factors to avoid motion 
artifacts, yet advanced sequences and an 
increased number of sequential sequences 
will lengthen the scanning protocol con-
siderably. Instructing the patient to keep 
the eyes gently closed – but not forced to 
avoid Bell’s phenomenon, during scan-
ning and limit the scanning time could 
reduce these artifacts. Additionally, the 
consistent use of fixation targets can ex-
clude eye motion and also eliminate dif-
ferences in eye position between consec-
utive scans. 

 Segmentation is an important step 
during volumetric analysis. This process 
will allow for grouping the pixels and de-
fining the ROI boundaries, which can be 
accomplished by a variety of methods [37]. 
Manual segmentation requires the opera-
tor to trace ROIs on each consecutive sec-
tion. Due to irregular morphology of or-
bital tissues, the manual segmentation is 
time-consuming and associated with high 
inter-operator variation [19,20]. To address 
these issues, semi-automated segmenta-
tion algorithms such as MDT and RG are 
commonly reported. With RG a seed is set 
in the ROI to define the reference tissue 
intensity, which is used by the software 

to cover the whole ROI. MDT segmenta-
tion software requires a visual threshold 
range solely containing the target tissue 
to segment the ROI. These semi-automat-
ic segmentation techniques, with MDT 
probably superior to RG, proved to be 
more convenient and at least as accurate 
as manual segmentation [20]. This review 
illustrates that orbital tissue segmentation 
is still challenging and time-consuming 
due to anatomical complexity. Currently, 
the manual segmentation is often report-
ed, as the application of more advanced 
segmentation techniques also depends on 
available software, use of dedicated scan-
ning protocols and operator expertise. 
More advanced imaging protocols and fu-
ture developments in segmentation could 
lead to more automated techniques, artifi-
cial intelligence and deep learning-based 
approaches, which could perform high 
quality segmentation of orbital tissue 
with a short processing time [14,38]. Follow-
ing segmentation, different techniques 
are suggested to calculate the actual ROI 
volume. The most popular technique is 
a ‘summation of area’ method, where the 
surface of each cross-section is multiplied 
by the slice thickness [25]. This method 
will inherently introduce bias because the 
measurement of a cross-sectional area is 
overestimated if the imaging plane is not 
perpendicular to the length axis of the 
ROI [6]. The drawbacks can be solved if 
software is used that automatically calcu-
lates the ROI volume after segmentation. 
This option is more practical, avoids bias 
and is probably more suitable for volu-
metric analysis. 

 There is currently no consensus on 
how to measure the muscle volume. The 
segmentation of a partial muscle volume 
will exclude all images where the muscle/
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TABLE 3.8 — PITFALLS AND RECOMMENDATIONS FOR ORBITAL VOLUMETRY

Pitfalls Recommendation

MRI scanning 

characteristics

Sequence/ 

scanning 

plane

Choice of sequence may affect the ROI 

contrast, the segmentation procedure and 

the volumetric outcome.

- Use sequence with highest ROI contrast  

  to enhance segmentation   

- Limit duration of scanning protocol.  

- Choose scanning plane in function  

   of ROI 

- Use same MRI hardware and sequence           

   for consecutive scanning

Coil Additional coils may influence image resolu-

tion and measurement accuracy

Head coil may be preferred to visualize 

apex and to improve procedure  

standardisation

Gaze during 

scanning

Gaze variation can cause volume changes Instruct patient to gently close eyes in 

neutral position during scanning or, pref-

erably, use fixation target inside gantry

Voxel Large variation exists in proposed voxel 

dimensions

Aim for isotropic voxel to allow good  

3D reconstruction images

Post-processing Software New software can be developed in house 

or various commercially available and free 

software are available  

Use validated software packages  

and methods

Segmentation 

method

Manual segmentation is largely applied in 

research, but impractical for routine use

More computer assisted methods allow 

routine use and can lower observer 

variability

Volume 

calculation

Accuracy may differ for various methods of 

volume calculation

Apply automatic volume calculation  

by the segmentation software

Method 

Validation

Many reports use non-validated methods in 

clinical studies

Use of validated methods or add  

validation part to the study

Extraocular 

muscles

Boundaries - Muscles can be evaluated separately  

  or together.  

- Complete or partial muscle volume. 

- Separate muscle segmentation is 

preferred.  

- Mention which muscles are included 

and what part of the muscle is analysed 

Orbital fat Boundaries Practical difficulties exist with segmenting 

fat tissue. It is probably easier, but less 

accurate, to apply a subtraction method

Use of high contrast scan protocol  

to facilitate more automatic fat  

segmentation

Globe Boundaries Segmentation of outer border (sclera) 

or vitreous body will alter the volumetric 

outcome

Select appropriate segmentation  

procedure for studied ROI

Optic nerve Boundaries Optic nerve as well as nerve sheath can 

be analysed

Manual segmentation is most practical 

for optic nerve volumetry

Orbital cavity Boundaries Different definition of anterior border will 

affect volumetric outcome

Define anterior border to determine 

‘bony’ volume vs. ‘whole’ (incl. soft tissue) 

volume

Lacrimal gland Boundaries Inhomogeneous intensity complicate (semi-) 

automatic segmentation

Manual segmentation is preferred for 

lacrimal gland volumetry

ROI: Region of interest. 3D: Three-demensional
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tendon is not clearly defined at the orbit-
al apex and scleral insertion. This meth-
od is easier to use in daily practice, but 
comparison of absolute results could be 
problematic.  The orientation of the mus-
cle-axis was reported to be the main factor 
to choose the optimal scanning plane for 
outlining the EOM. Significant differenc-
es of muscle volume can be found when 
analysis is performed in a sagittal, axial or 
regular coronal plane (perpendicular to 
the midsagittal plane) [2]. For this reason 
it is advised to use a ‘quasi-coronal’ plane, 
perpendicular to the long axis of the orbit 
thus almost perpendicular to the long axis 
of most EOM. On the other hand, total 
muscle volumetry using semi-automatic 
segmentation is an easier and faster pro-
cedure, although the accuracy will be de-
termined by the segmentation precision 
of all individual subtracted volumes. Fur-
thermore, it should be noted that the le-
vator palpebrae superioris muscle is often 
included in the EOM volume, which can 
affect the volume outcomes. Volumetry of 
orbital fat is challenging because the fat 
has no defined shape of its own and fills 
the spaces between other structures. This 
makes manual outlining laborious and 
prone to mistakes. Semi-automatic seg-
mentation methods in combination with 
dedicated scanning protocols that provide 
a sharp contrast between fat and adjacent 
tissue can provide a more feasible solu-
tion. Compared to the real volume, MDT 
segmentation of the orbital fat tends to 
underestimate [13,20,26], while RG will rather 
give an overestimation [20]. Conversely, fat 
volumetry by subtraction of the other or-
bital structures will likely give an overes-
timation of the true fat volume caused by 
difficulties to delineate smaller, non-fat-
ty orbital structures, such as the lacri-
mal gland, vessels and connective tissue. 

The optic nerve is a small and relatively 
well-defined structure, which allows easy 
and fast manual segmentation. Authors 
should specify measuring the nerve with 
or without the nerve sheath. When assess-
ing the orbital cavity volume, all foramina 
and fissures have to be manually outlined 
to generate a closed surface. Additional-
ly, the anterior border has to be defined. 
Some authors analyse the ‘whole’ orbital 
volume, i.e. the orbital soft tissues define 
the anterior border, whereas others only 
describe the ‘bony’ orbital volume, i.e. 
anterior border is defined by the orbital 
bony margins. Although a CT scan is gen-
erally considered to be superior for bony 
evaluations, the accuracy of an MRI scan 
was comparable. Nevertheless, there can 
be a considerable difference in procedur-
al time related to the increased need for 
manual adjustments on MRI images [21].

 Despite an extensive quality control 
of included articles, it should be stressed 
that 67% (18/27) of the studies did not re-
port any validation of the used volumetric 
method. That is why one should be care-
ful when interpreting absolute volumetric 
values or compare outcomes of ‘similar’ 
studies. This review specifically focused 
on the features determining the volu-
metric analysis. No correlations between 
the volumetric outcome and clinical data 
were studied. It was not possible to study 
these correlations or to perform a me-
ta-analysis because a large heterogeneity 
was noted for the used imaging protocols, 
selection of ROI borders and segmenta-
tion methods.
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In conclusion, contemporary litera-
ture illustrates the clinical and sci-
entific value for an accurate assess-
ment of orbital tissue volumes with 
MRI. Various protocols have been 
proposed and technical innovations 

unfold rapidly, making comparison of re-
sults unreliable. Proper insight in the cur-
rent trends and potential pitfalls is critical 
for planning or interpretation of volumet-
ric studies. MRI scanning characteristics, 
post-processing methods and ROI-specif-
ic boundaries have to be defined in detail 
and the use of validated protocols is rec-
ommended. Future research should focus 
on standardization of imaging protocols 
and automation of volumetric analysis.
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supplementary materials

 
SUPPLEMENT A — COMPLETE SEARCH STRING  

Search string PUBMED

 

("orbit" [mesh] OR "eye socket" [Tiab] OR “extraocular muscles” [Tiab] OR “extraocular muscles” [Tiab] OR “optic nerve” [Tiab] OR 

“orbital fat” [Tiab] OR “retrobulbar fat” [Tiab])

 AND  

("magnetic resonance imaging" [mesh] OR "MRI" [Tiab] OR "NMR" [Tiab] OR "MR Tomography" [Tiab] OR "fMRI" [Tiab]) 

AND  

("post processing” [Tiab] OR “post-processing” [Tiab] OR "volumetry" [tiab] OR "volumetric measurements" [Tiab] OR “analysis” 

[Tiab] OR “evaluation” [Tiab] OR “measurements” [Tiab] OR “sequence” [Tiab] OR "quantitative" [Tiab] OR "qualitative" [Tiab] OR 

"segmentation" [Tiab] OR “segment” [Tiab] OR "3D reconstruction" [Tiab] OR “signal intensity” [Tiab])

Search string Web of Science

TOPIC: (orbit OR eye socket OR extraocular muscles OR extraocular muscles OR optic nerve OR orbital fat OR retrobulbar fat) 

AND TOPIC: (magnetic resonance imaging OR MRI OR NMR OR MR Tomography OR fMRI)  

AND TOPIC:(post processing OR post-processing OR volumetry OR volumetric measurements OR analysis OR evaluation OR 

measurements OR sequence OR quantitative OR qualitative OR segmentation OR segment OR 3D reconstruction OR signal 

intensity)
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SUPPLEMENT B — MINORS CHECKLIST FOR INCLUDED STUDIES

Author, date Number  

of orbits

Clearly 

stated 

aim

Inclusion of 

consecutive 

patients

Prospective 

collection of 

data

Endpoint 

appropriate 

to the aim of 

the study

Unbiased  

assessment 

of the study 

endpoint

Firbank et al., 2000 52 2 1 0 2 1

Firbank et al., 2001 12 2 1 0 2 2

Nishida et al., 2001 28 2 0 0 2 0

Nishida et al., 2002 33 2 0 0 2 0

Szucs-Farkas et al., 2002 110 2 2 0 2 2

Ortube et al., 2006 46 2 1 0 2 0

Lennerstrand et al., 2007 84 2 0 0 2 0

Majos et al., 2007 (part I) 90 2 0 0 2 0

Majos et al., 2007 (part II) 90 2 0 0 2 0

Kolk et al., 2008 37 2 2 2 2 1

Clark et al., 2011 96 2 1 1 2 0

Clark et al., 2012 26 2 2 1 2 0

Comerci et al., 2013 48 2 1 0 2 2

Stojanov et al., 2013 200 2 1 0 1 1

Buch et al., 2014 50 2 1 1 2 1

Hoffmann et al., 2014 92 2 0 0 2 2

Schmutz et al., 2014 11 2 1 1 2 0

Loba et al., 2015 20 2 0 1 2 0

Shin et al., 2015 148 2 2 2 2 1

Clark et al., 2016 30 2 2 1 2 1

Higashiyama et al., 2016 25 2 0 0 2 2

Hu et al., 2016 90 2 2 0 2 1

Kaichi et al., 2016 78 2 1 2 2 1

Suh et al., 2016 38 2 1 2 2 1

Higashiyama et al., 2018 9 2 1 2 2 2

Shen et al., 2018 40 2 1 0 2 2

Tang et al., 2018 60 2 1 0 2 1

NA: Not Applicable; 0= not adressed; 1= partially adressed; 2= adequately adressed
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Follow-up peri-

od appropriate 

to the aim of 

the study

Loss of 

follow-up less 

than 5%

Prospective 

calculation 

of the study 

size

Additional criteria for comparative studies Total

Adequate 

control 

group

Contempo-

rary group

Baseline 

equivalent of 

groups

Adequate 

statistical 

analysis

2 2 0 2 2 2 2 18/24

2 2 0 1 2 2 2 18/24

2 2 0 1 2 2 2 15/24

2 2 0 1 2 2 2 15/24

2 2 0 2 2 2 2 20/24

2 2 0 2 2 2 2 17/24

2 2 0 1 2 1 2 14/24

2 2 0 NA NA NA NA 8/16

2 2 0 NA NA NA NA 8/16

1 1 0 2 2 2 2 19/24

2 2 0 2 1 1 1 15/24

2 0 0 NA NA NA NA 9/16

2 2 0 2 1 2 2 18/24

2 2 0 2 2 2 2 17/24

2 2 0 2 2 2 2 19/24

2 2 0 2 2 2 2 18/24

2 2 0 2 2 2 2 18/24

2 2 0 NA NA NA NA 9/16

2 2 0 2 2 2 2 21/24

2 2 0 NA NA NA NA 12/16

2 2 0 NA NA NA NA 10/16

2 2 0 2 1 2 2 18/24

2 2 0 1 2 2 2 19/24

2 2 0 2 2 2 2 20/24

2 1 0 NA NA NA NA 12/16

2 2 0 2 2 2 2 19/24

2 2 0 2 2 2 2 18/24
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Semi-automatic MRI based Orbital Fat Volumetry: 
Reliability and Correlation with CT

 Abstract 

Post-processing analysis can provide valuable information for 
diagnosis and planning of orbital disorders. This case-control 
study aims to evaluate the reliability of semi-automatic, or-
bital fat volumetry using magnetic resonance imaging (MRI). 
Two observers assessed the orbital fat volume using a standard 
MRI protocol (3T, T1w sequence) in 12 orbits diagnosed with 
Graves’ orbitopathy (GO) and 10 healthy control orbits. MRI 
and computed tomography (CT) based analysis were compared. 
Intraobserver variability was good (ICC 0.88; 95%CI [0.70, 
0.95]) and interobserver agreement was moderate (ICC 0.55; 
95%CI [-0.09, 0.81]), which corresponds to a mean percentage 
difference of 1.3% and 17.9% of the total orbital fat volume. 
Mean differences between MRI and CT measurements were 
respectively 1.1 cm3 (p= 0.064, 95%CI [-0.20, 2.43]) and 1.4 
cm3 (p=0.016, 95%CI [0.21, 2.56]) for the control and the GO 
group. MRI volumetry was strongly correlated with CT (Pear-
son’s r= 0.7, p< 0.001). We conclude that orbital fat volumetry 
is feasible with a semi-automatic segmentation procedure and 
standard MRI protocol. Correlation with CT volumetry is good, 
but considerable bias may derive from observer variability and 
these errors should be taken into account conform the purpose 
of volumetric analysis. Better definition of error sources may 
increase measurement accuracy. 
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Orbital fat involvement is a charac-
teristic feature and has been wide-
ly studied in patients diagnosed 
with inflammatory eye disease, like 
Graves’ Orbitopathy (GO) [1,2]. Fi-
broblast proliferation and adipo-

genesis increase soft tissue volume in the 
orbital cavity, contributing to proptosis 
and periorbital swelling, potentially lead-
ing to optic nerve compression [3–5]. In GO 
patients the amount of the volume incre-
ment of orbital fat is much larger than that 
of the extraocular muscles with the degree 
of exophthalmos being significantly relat-
ed to orbital tissue increase [2,6]. Measure-
ment of orbital fat can be used as an early 
marker to assess disease severity, activity 
and to monitor effectiveness of therapeu-
tic modalities over time [2,7–9]. 

 Therefore, orbital imaging is a valu-
able tool to support the diagnostic path-
way, during follow-up or prior to surgery 
in patients with GO [8,10]. Post processing 
of radiological images allows for objective 
detection of changes in orbital tissue vol-
ume. Accuracy of morphometric meas-
urement depends on the correct identi-
fication of intensity difference between 
the targeted volume and its surrounding 
tissues. Monitoring orbital fat volume is a 
challenging task because it has no defined 
shape of its own and merely fills the spac-
es between the better- defined tissues (e.g. 
eye ball, extraocular muscles and optic 
nerve) [2].  

 Consensus on the use of different im-
aging modalities has yet to be reached [8]. 
Computer tomography (CT) was always 
considered the gold standard for surgical 
planning due to the clear visualization of 
the bony orbit, fat and muscle tissue. Pre- 
and postoperative CT volumetric studies 

have been successfully used for the assess-
ment of orbital decompression surgery 

[8,11]. CT has been used to quantify the vol-
ume of extraocular muscles and orbital fat 
in GO [12,13]. Serial CT imaging, however, 
can cause radiation-induced cataract and 
lens opacifications limiting its clinical use 
in long term follow up of eye diseases [9,14]. 
Magnetic resonance imaging (MRI) pro-
vides excellent soft-tissue contrast, with 
better delineation of the orbital tissues 
and MRI can yield images in any plane. 
With the increasing use of MRI for evalu-
ating GO, various protocols are described 
for a safe and accurate measurement of 
adipose tissue with MRI [7,9,14–16]. Initially, 
only determination of two dimensional 
measurements was feasible, but techno-
logical advances and software-assisted 
volumetric measurement facilitated the 
process for three dimensional analysis 
[7,9,17]. Different segmentation techniques 
are developed to define the tissue borders 
and allow quantitative analysis. Due to 
the irregular morphology of orbital fat, 
the manual segmentation (i.e. tracing 
the tissue on each consecutive scan) is 
time-consuming and associated with high 
inter-operator variation [16,18]. Semi-au-
tomatic segmentation techniques try to 
address these issues, as the software will 
define the tissue outlines depending on 
reference tissue intensity. These semi-au-
tomatic techniques still need a variable 
level of manual adjustments, depending 
on the image quality and properties of the 
studied tissue. 

 If fat volume is to be used as an indica-
tor for diagnosis and treatment of orbital 
disorders, it is important that correlation 
between CT and MRI measurements are 
transparent and that the errors implicit in 
the measurement technique are defined. 

Introduction
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Currently it is not clear whether find-
ings from one imaging technique can be 
translated to another. Furthermore, orbit-
al imaging with CT or MRI can be use-
ful at different stages during follow up of 
the same patient. It would add great value 
to interpret disease evolution if results 
from both scans would be comparable. 
The measurement protocol should be 
easy to perform in routine clinical prac-
tice and involve post-processing software 
with a short learning curve. The aims of 
this study are (i) to analyse if it is feasi-
ble to use a standard MRI protocol and a 
semi-automatic segmentation technique 
to measure orbital fat volume in routine 
clinical practice and (ii) to what extent the 
results from MRI fat volumetry are com-
parable with a CT based analysis.

 Data collection

In this retrospective, cross-sectional 
study 12 orbits of 6 patients (3 fe-
male; mean age 55 ± 16 years) diag-
nosed with GO were consecutively 
selected between January 2017 and 
December 2018. All patients were 
evaluated in an inactive disease stage 
according to the EUGOGO guide-

lines 20. Patients were only included if 
they received both orbital CT and MRI 
scan as part of routine follow-up, with 
a maximum of 3 months between both 
scans (mean interval 8 ± 10 days). For all 
cases, CT scan was performed for surgi-
cal planning of an orbital decompression 
procedure.  Additionally, 5 control patients 
(2 female, mean age 44 ± 14 years) with 
10 healthy orbits were randomly selected. 
Imaging was performed in the context 
of head trauma (n=2) or cerebral inter-
vention (n=3). Patients were included if 
they were 18 years or older, received both  

orbital CT and MRI scan with a maxi-
mum of 3 months interval (mean interval 
16 ± 18 days). The exclusion criteria were: 
orbital and ocular pathology; previous oc-
ular and periocular surgery; orbital trau-
ma; previous radiotherapy in head and 
neck region; long-term use of systemic 
corticosteroids; and CT scans showing 
motion artifacts. The study adhered to 
the tenets of the declaration of Helsin-
ki. Institutional review board approval 
and informed consents were obtained 
(B670201733474).

 Scan protocol

GO patients and controls were scanned 
with current clinical standard of care 
protocols. Non contrast-enhanced, T1 
weighted images were obtained on a 1.5T 
or 3T MRI (Siemens Magnetom AVAN-
TO or PRISMA) in axial (TE: 2.78-7.8ms; 
TR: 251-356ms) and sagittal planes (TE: 
2.51-7.8ms; TR: 255-649ms) with stand-
ard head coil. Continuous slices of 3mm 
thickness were obtained. Patients were 
instructed to keep their eyes closed and 
adopt a neutral position of gaze during 
scanning.  All CT scans were obtained 
through the multidetector technique 
with a field of view containing the orbit-
al structures (Siemens Somatom AS). A 
single volume of data was acquired in the 
axial plane at 1-2mm thickness. All non 
contrast-enhanced images were recorded 
in Digital Imaging and Communications 
in Medicine 3.0 (DICOM) format, an-
onymized and transferred to a worksta-
tion for analysis.

M
aterials and M

ethods
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 Orbital fat segmentation  
 and volume measurements

Fat volume assessment on MRI was per-
formed on a commercially available post 
processing software package: Oleasphere 
(v3.0, Olea Medical, La Ciotat, France). 
The orbital fat volume of both eyes was 
measured on a workstation using on a 
21.3-inch flat-panel color-active matrix 
thin-film-transistor medical display (Nio 
Color 3MP, Barco, Kortrijk, Belgium) 
with a resolution of 2048x1536 at 76 Hz 
and 0.2115 mm dot pitch operated at 10 
bits. Two observers were trained and cali-
brated to analyze the orbital MRI scans of 
22 orbits. To do so, they were permitted to 
use enhancements and orientation tools 
such as magnification, brightness, and 

contrast to improve visualization of the 
landmarks. Each assessment required 15 
till 30 minutes. The Oleasphere software 
allowed for a semi-automatic, threshold 
based segmentation of different orbital 
structures. The orbital region of interest 
was obtained by manual delineation of the 
orbital cavity on each slice that contained 
orbital structures. The anterior border of 
the orbital cavity was delineated by the 
anterior lacrimal crest, frontozygomat-
ic suture, inferior orbital rim and frontal 
bone. A threshold based, region grow al-
gorithm was used to segment the orbital 
fat tissue and excessive components (e.g. 
fatty orbital bone marrow) were manually 
erased on each slide. Segmentation was 
performed on the axial slices, with visual 
control in the other orthogonal planes. 

FIGURE 4. 1  — SEGMENTATION AND VOLUMETRIC ANALYSIS OF THE ORBITAL FAT

(A)  Axial  s l ice of an orbital MRI scan (T1w, non contrast-enhanced) at the level of the optic nerve. 

(B)  Orbital fat segmentation (green) us ing a semi-automatic ,  threshold-based technique.  

(C)  Three dimensional reconstruct ion of an orbital  CT scan with facial  skeleton (pink) and orbital fat  

 volume (purple and yel low) us ing Mimics Medical 21 .0 software. 

(D)  MRI based 3D reconstruct ion of the segmented orbital fat t issue. 
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After segmentation, the Oleasphere soft-
ware automatically calculated the fat vol-
ume. 

 Fat volumetry on CT images was con-
ducted according to the validated protocol 
by Regensburg and colleagues [12]. DICOM 
files were uploaded into Mimics Medi-
cal 21.0 (Materialise, Leuven, Belgium). 
Contrast was adjusted for optimal visu-
alization of the orbital fat. The orbital fat 
was identified using a multi-dimensional  
threshold based segmentation method 
with the possibility of manual adjustment 
on each slide. A 3D reconstruction of the 
orbital fat was generated and saved as a 
stereolithography (STL) file. The software 
automatically calculated the fat volume. 

 Variability analysis

Two observers (BD, RW) with a varia-
ble level of expertise (respectively junior 
radiologist and head and neck surgeon) 
were blinded to the patients’ clinical con-
dition and independently performed the 
volume measurements. One observer 
(RW) repeated the procedure twice on 
different occasions to study the intra-ob-
server variability. Right and left orbit were 
examined separately.

 Statistical analysis

The data were analyzed using MedCalc 
statistical software (Version 12.0, Ostend, 
Belgium). Means and standard deviations 
of orbital fat volumes were calculated for 
each observer separately. For inter- and 
intra-observer variability tests, the intr-
aclass correlation coefficient (ICC) with 
95% confidence interval (CI) was calcu-
lated (two-way mixed-effects model). The 
ICC is interpreted as following: value of 1 
indicates perfect agreement; values of >0.9 
are considered ideal to be used in a clinical 
setting. Values of 0.75 - 0.9 represent good 
agreement, < 0.75 and ≥ 0.5 is moderate, 
and <0.5 is poor reliability [21,22]. Orbital 
fat volumes on MRI scans were compared 
with CT scans using a paired Wilcoxon 
signed rank test. A Mann-Whitney U test 
was used to compare the control and GO 
group for difference between MRI and 
CT volumetry. Bland and Altman method 
was used to calculate the mean difference 
and to evaluate the 95% limits of agree-
ments between fat volume measurements 
by CT and MRI [23]. Pearson correlation 
was calculated to study the correlation 
between the mean fat volume on MRI and 
CT. Mean, median and 95% confidence 
intervals (CI) were calculated when ap-
propriate. Differences were considered 
statistically significant at P-values of < 0.05.

TABLE 4.1 — REPRODUCIBILITY TESTING FOR ORBITAL FAT VOLUME MEASUREMENTS ON MRI

Orbital volume* (cm3) Observer 1 Observer 2 ICC (95%CI)

Interobserver variability 8.5±2.0 10.3±2.4 0.55 (-0.09;0.81)

Observer 2a Observer 2b

Intraobserver variability 10.3±2.4 10.3±2.1 0.88 (0.70;0.95)

 

* Variables are denoted as Means±SD.  

ICC: Intraclass correlation coefficient, outcome values: 0= no agreement, 1= perfect agreement; CI: confidence interval

Semi-automatic orbital fat volumetry
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Two trained observers analyzed 
the orbital MRI scans of 22 orbits. 
The mean orbital fat volume in the 
control group was 9.1 ± 1.9 cm3 on 

MRI scan compared to 10.2 ± 2.2 cm3 on 
the CT scan (mean difference 1.1 cm3, p= 
0.064, 95%CI [-0.20, 2.43]). The volume 
measurements for the GO group were 
respectively 10.3 ± 1.6 cm3 and 11.7 ± 
2.1 cm3 on MRI and CT scan (mean dif-
ference 1.4cm3; p=0.016; 95%CI [0.21, 
2.56]) (Figure 4.2). The mean difference 
between CT and MRI volumetry in the 
control group is not significant (Supple-
mentary Table A) when compared to the 
GO group (p= 0.722; 95%CI [-1.37, 1.06]). 

 The ICC values for orbital fat meas-
urement are presented in Table 3.1. Intra-
observer variability is good (0.88; 95%CI 
[0.70, 0.95]; p < 0.001) and interobserv-
er agreement is moderate (0.55; 95%CI 
[-0.09, 0.81]; p = 0.38). This represents an 
absolute mean difference of respectively 
0.13 cm3 and 1.72 cm3, corresponding to 
a mean percentage volume difference of 
1.3% to 17.9%. 

 Figure 4.3 illustrates the correlations 
between orbital fat volume measurements 
by MRI and CT. There is a strong positive 
linear correlation between the mean fat 
volume measurements on MRI and CT 
(r= 0.7, p< 0.001). The Bland and Altman 
plot (figure 4) illustrates the mean differ-
ence of orbital fat volume measurement 
between CT and MRI (mean difference 
1.3 cm3; 95%CI [0.58, 2.07]).  Relative to 
the mean orbital fat volume, this value 
corresponds to a mean percentage volume 
difference of 12%. 

Advances in orbital imaging and 
post-processing techniques with 
MRI and CT scan provide objective 
measurements to support diagnosis 
and treatment in orbital diseases. 

CT and MRI scan both have distinct char-
acteristics, but the use of MRI is increas-
ing, especially when sequential imaging 
is needed in chronic disorders. Extensive 
heterogeneity in the use of different im-
aging modalities and highly demanding, 
time-consuming protocols, however, 
hamper the routine clinical implementa-
tion and make comparison of results dif-
ficult. If measurement of orbital fat could 
contribute in the routine management of 
orbital disorders, it is paramount to study 
the feasibility of fat segmentation based 
on standard orbital MRI scans and inves-
tigate the agreement with the CT meas-
urements. 

 This study illustrates that a standard, 
T1 weighted orbital MRI scan can be 
used to estimate the orbital fat volume.  
A semi-automatic segmentation method 
is feasible in routine clinical practice by 
observers with a variable level of exper-
tise. Intra-observer agreement is good. 
Inter-observer variability, however, is 
moderate leading to a relative difference 
up to 17.9% of the total orbital fat volume. 
This inter-observer variability is higher 
compared to earlier reports on CT based 
analysis [12]. This could be explained by the 
definition of the tissue specific grey values 
at the start of the segmentation process. 
On the CT scan, Hounsfield units (HU) 
are universally used to define the tissue. 
These HU will stay the same in all cir-
cumstances. With the MRI based analy-
sis, however, the observer has to define a 
tissue specific grey value for every patient 
and in every scan. For this reason a stand-

D
iscussion

Results
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FIGURE 4.3 — SCATTERPLOT AND CORRELATION FOR ORBITAL FAT VOLUMETRY ON MRI AND CT SCAN | 

Pearson correlat ion (r)  and p-value are provided.

FIGURE 4.2 — RESULTS OF ORBITAL FAT VOLUMETRY ON CT AND MRI FOR GO AND CONTROL ORBITS | 

Means (with 95% conf idence interval)  and medians are provided.
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ard MRI protocol could be more prone to 
inter-observer differences. A strong posi-
tive correlation has been shown between 
fat volume measurements on MRI and 
CT scan. A tendency for underestimation 
of fat volume in MRI is observed, which 
corresponds with findings by Schmutz et 
al. who compared the orbital volume on 
CT and MRI [14]. The mean difference (1.3 
cm3) in fat volume between MRI and CT 
is in agreement with earlier reports com-
paring the intact orbital cavity volume 
on CT and MRI (differences of up to 1.5 
cm3), although the orbital cavity is prob-
ably easier to delineate than the fat tissue 

[14,24]. A volume difference greater than 1 
cm3 can be considered clinically relevant 
as studies on orbital fat decompression 
report an average globe displacement of 
1 mm for approximately 1 cm3 fat resec-
tion [25,26]. On the other hand, patients di-
agnosed with GO are reported to have an 

increase in orbital fat volume of 4.2 cm3 
to 6.6 cm3, which could be reliably detect-
ed by fat volumetry [27,28]. Therefore, the 
measurement error should be taken into 
account conform the purpose of volumet-
ric analysis.

 Inflammatory diseases of the orbital 
fat could have repercussions for imaging 
outcome, e.g. changing tissue intensities 
caused by edema or fibrosis. The success 
of the automatic segmentation process 
largely depends on differences in tissue 
intensities hence could be influenced by 
orbital diseases. When considering the 
possible influence of orbital tissue defor-
mation or inflammatory disease on vol-
ume measurement, results show no signif-
icant difference in measurement error for 
volume calculations in the control group 
compared to orbits affected by Graves’ 
disease. As this limits the causal role of or-

FIGURE 4.4 — BLAND-ALTMAN PLOT SHOWING THE MEAN DIFFERENCE (STRAIGHT LINE) AND 95% LIMITS OF 

AGREEMENT (DOTTED LINE) BETWEEN ORBITAL FAT VOLUME MEASUREMENT ON CT AND MRI .
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in line with universally accepted stand-
ards reported in literature [1,2,33,34]. The non 
contrast-enhanced sequence allows qual-
itative and quantitative analysis, avoiding 
toxicity and cost of gadolinium [35,36]. More 
advanced sequences and dedicated acqui-
sition protocols could probably allow for 
more detailed analysis and enhance the 
post-processing possibilities [7,9,16]. It is 
important to point out, however, that al-
though this could increase opportunities 
in research setting, these protocols can be 
highly demanding (staff, scan duration, 
availability, etc.), which makes everyday 
use infeasible [7,31]. Future research can 
clarify how a standard MRI protocol can 
be optimized (slice thickness, isotropic 
voxel, distance factor, etc.) for easier depic-
tion of orbital fat, lower the measurement 
error and still be efficient for routine use. 

 To our knowledge, this is the first 
study to compare a semi-automatic orbit-
al fat volume measurement on MRI and 
CT. Both imaging studies have specific 
advantages and can complement each 
other in the multi-modal management of 
orbital diseases. This report illustrates the 
pitfalls and shows to which degree the fat 
volumetry results can be matched. These 
insights may contribute to the increasing 
interest regarding the role of orbital fat 
tissue in the management of GO but could 
also give understanding to post-traumatic 
orbital changes. This study only includes 
fat volume analysis, while no correlations 
were performed with disease activity or 
severity.  This issue was already extensive-
ly discussed by others and goes beyond 
the focus of this study [7,9,30]. Considering 
the relatively small dataset, further stud-
ies will be required before these findings 
can be generalized. MRI measurements 
were compared with a CT based method, 

bital diseases, other reasons for measure-
ment inaccuracies could be related to the 
MRI protocol or segmentation method. 
The accuracy of volumetric measurement 
depends on an optimal protocol for the 
correct identification of intensity differ-
ence between the region of interest and its 
surrounding tissues [16]. Many MRI orbital 
protocols have been introduced for the 
volumetric measurement of orbital tis-
sues. Most studies estimate the orbital fat 
volume by a manual segmentation tech-
nique [1,2,29,30]. In this approach, the region 
of interest have to be defined on every sin-
gle slice, making it very time demanding 
and impractical [31]. Due to the irregular 
morphology of the orbital fat, this method 
is associated with high inter-observer var-
iability and is prone to bias according to 
the plane orientation of the scan [16]. Other 
studies address this problem by segment-
ing all but the orbital fat tissue (EOM, 
globe and optic nerve) and subtract these 
structures (which are easier to trace) from 
the whole orbital volume [2,15,32]. The re-
sulting volume, however, will also con-
tain other tissues like the lacrimal gland, 
vessels and connective tissue, which are 
difficult to distinguish from the fat, hence 
causing an overestimation of the true fat 
volume. More advanced methods like 
regional growing and multi-dimension-
al threshold algorithms try to overcome 
these problems through a semi-automatic 
segmentation process but require more 
dedicated MRI protocols [9,16,31].  A stand-
ard MRI protocol was selected for this 
study to facilitate availability and make 
retrospective analysis more feasible. The 
T1 weighted sequence ensures good con-
trast between fat and surrounding tissues 
and is considered first choice in standard 
orbital imaging. Images were acquired 
with a slice thickness of 3 mm, which is 

Semi-automatic orbital fat volumetry
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which was previously validated and con-
sidered the clinical reference standard [12]. 
It should be recognized, however, that this 
method also contains some error com-
pared to the actual anatomical volumes. 
In future research, authors plan to opti-
mize the MRI protocol, using anatomical 
specimens to compare with true tissue 
volume. 

In conclusion, this study illustrates 
the possibilities and the pitfalls of 
using a standard MRI protocol and 
a semi-automatic post-processing 
technique to measure the orbital fat 

volume. There is a good correlation with 
CT-based measurements, but the possible 
error should be considered. Moreover, the 
inter-observer variability has to be im-
proved to allow for implementation as an 
objective outcome indicator. Enhancing 
the imaging protocol, with sharper delin-
eation of tissue intensities, is believed to 
improve the accuracy and inter-observer 
agreement of MRI segmentation. Future 
research should focus on tissue specif-
ic MRI acquisition and post-processing 
techniques, keeping in mind that routine 
clinical use should be feasible.
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supplementary material 

SUPPLEMENT TABLE A — MEAN DIFFERENCE BETWEEN CT AND MRI VOLUMETRY FOR GO COMPARED TO 

CONTROL GROUP. 

Variable* (cm3) GO group Control group p-value** 95%CI

Volume error MRI vs. CT 1.9±1.4 1.6±1.1 0.722 -1.37; 1.06

* Variables are denoted as means±SD. ** differences between the two groups were tested with the Mann-Whitney U test.  

CI: confidence interval

Willaert R. Around the globe. 85-96.
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 Abstract 

Aim — Quantitative evaluation of orbital soft tissue volume is 
useful for analysing disease stages, treatment response and plan-
ning surgical treatment in various orbital disorders. Enhanced 
MRI methods and post-processing analysis could provide more 
accurate volume estimations. This study aims to develop and 
validate clinically feasible and accurate orbital magnetic reso-
nance imaging (MRI) protocols for semi-automatic soft tissue 
volumetry. Methods — A qualitative assessment of 12 different 
orbital MRI protocols (3T, Siemens Magnetom Prisma, 4-chan-
nel loop coils and 64-channel head coil) was performed in vivo 
in a human volunteer, who gave informed consent.  After se-
lection of the three most dedicated MRI protocols, volumetry 
accuracy and reproducibility was tested ex vivo in three fresh 
cadaveric pig heads. Six orbits were scanned with computed 
tomography (CT) scan and three dedicated MRI protocols: 
MPRAGE, T2 SPACE ZOOMit, T1 TSE Dixon. Commercial-
ly available post-processing software (Synapse 3D and Mimics 
21.0 innovation suite) was used to semi-automatically analyse 
the orbital soft tissue volumes (globe, extraocular muscles, or-
bital fat). Next, the same orbital structures were dissected to ob-
tain a gold standard of the volumes.  Volumetry was compared 
between the different MRI protocols, as well as between MRI, 
CT and the dissected volume. Intra-observer variability for the 
MRI-based volumetry was assessed using intra-class correla-
tion coefficient (ICC). Results — Compared to the gold stand-
ard, the most accurate volumetry of the extraocular muscles 
(mean difference (MD) 0.17 cm3, standard error (SE) 0.06 cm3, 
relative volume error 7%) and globe (MD -0.33 cm3, SE 0.12 
cm3, relative volume error 8%) was achieved on a T2 SPACE 
ZOOMit protocol. Orbital fat volumetry (MD -0.77 cm3, SE 
0.15 cm3, relative volume error 15%) was most accurate with a 
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T1 TSE-Dixon protocol. MRI-based volumetry of extraocular 
muscles and fat correlated better (Pearson’s r 0.87 (P= 0.02) and 
0.91 (P=0.01) respectively) with the true volume compared to 
CT-based measurements. Intra-observer agreement for MRI-
based volumetry was ideal (ICC > 0.9). Conclusion — Accu-
rate and reproducible volumetric analysis of orbital soft tissues 
is feasible when using dedicated MRI protocols. These findings 
can enhance the clinical implementation of orbital volumetry 
and facilitate evolution towards fully automated segmentation 
techniques. 

Willaert R. Around the globe. 99-125.
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Imaging plays an important role 
in the diagnosis and management 
of orbital diseases and disorders. 
Objective morphological findings 
are required in unclear or asym-
metric proptosis, in suspected op-

tic neuropathy and prior to surgery [1]. 
Computed tomography (CT) used to be 
the preferred imaging modality for or-
bital imaging because of good availabili-
ty, short investigation time and its ability 
to visualize bone and soft tissues [2,3]. The 
radiation exposure is, however, a disad-
vantage particularly when repeated scans 
are required in the follow-up of orbital 
diseases [4–6]. Besides the lack of ionizing 
radiation, magnetic resonance imaging 
(MRI) is gaining importance for its good 
depiction and supreme contrast in the 
evaluation of soft tissues [7–9]. Advances in 
MRI hardware (increasing field strength, 
availability of additional coils), develop-
ments of new sequences and post-pro-
cessing technology make quantitative 
analysis increasingly valuable for diagno-
sis, evaluation of disease progression and 
treatment planning in orbital diseases. 
Whereas ‘conventional’ MRI protocols 
mainly provide morphological charac-
teristics, new post-processing techniques 
enhance the potential of MRI as they fa-
cilitate quantitative objectification (e.g. 
signal intensity ratios, fractionated ani-
sotropy, mean diffusivity and volumetric 
analysis). This non-invasive assessment of 
anatomical anomalies and tissue respons-
es can provide clinically relevant informa-
tion for understanding and differentiating 
orbital pathologies [9,10]. Orbital volumet-
ric analysis is increasingly reported for 
all orbital tissues and can be useful in the 
management of different conditions such 
as Graves’ orbitopathy, trauma or muscles 
palsy  [5,11,12]. To date, various MRI proto-

cols with inherently different characteris-
tics have been reported to perform volu-
metric analysis. However, there is a lack 
of uniformity and the proposed protocols 
can be time consuming with difficulties 
to use in routine clinical practice. When 
volumetric analysis is required as an ob-
jective quantitative outcome for diagnosis 
and treatment planning, it should be clear 
which scanning protocols are most suit-
able and which level of accuracy can be 
reached.

 Therefore, the main objectives of 
this study are (I) to select the most opti-
mal MRI scanning protocols for orbital 
soft tissue volumetry and (II) to assess 
reproducibility and measurement accu-
racy when using these protocols with a 
semi-automatic segmentation method. 
These developments are expected to en-
hance precision and practical use of or-
bital volumetric measurements, thus fa-
cilitating their routine incorporation for 
clinical as well as research purposes.

This study consisted of two stages: 
development and validation. In the 
development stage, the most suita-
ble MRI protocols were qualitatively 
selected for assessing orbital tissue 
volumes. Followed by a validation 
stage to quantitatively evaluate the 
accuracy and reproducibility of the 
selected MRI protocols. 

 Development stage

One healthy volunteer was recruited 
(male, 31y). MRI scans (3T, Siemens 
Magnetom Prisma, Siemens Health-
care, Erlangen, Germany) were obtained 
with 4-channel loop coils (7 inch) or a 
64-channel head coil. The volunteer was 
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instructed to keep the eyes closed without 
movement during scanning. 

 A selection of 12 MRI scanning proto-
cols was obtained based on a comprehen-
sive review of recent literature and sug-
gestions by the MRI physicians and senior 
head and neck radiologist (Supplementa-
ry Table A). The default sequence param-
eters could be adjusted for the following 
acquisition characteristics: (1) pixel res-
olution, (2) slice thickness, (3) interslice 
gap (4) use of additional image post-pro-
cessing/reconstruction filters (3D mode, 
distortion correction, edge enhancement, 
smoothing) and (5) field of view. Acqui-
sition time for each sequence was kept as 
low as possible to avoid motion artifacts. 
All images were recorded in Digital Im-
aging and Communications in Medicine 
3.0 (DICOM) format, anonymised and 
transferred to a workstation for analysis. 
Two observers independently performed 
a qualitative image analysis to evaluate 
resolution, soft tissue contrast, image dis-
tortion, and quality of multiplanar recon-

structions.  Image quality was graded by 
using a 5-point Likert-like scale (1=poor, 
2=suboptimal, 3=acceptable, 4=good, and 
5=excellent) [13]. 

 Validation stage

The qualitative ratings of the 2 readers 
were averaged and the three most opti-
mized MRI protocols were selected based 
on the qualitative analysis: MPRAGE, T2 
SPACE ZOOMit and T1 TSE Dixon. Val-
idation of these protocols was performed 
with three fresh cadaveric pig heads 
(crossbreds from Duroc and Pietrain, 10 
weeks old, male). Efforts were made to 
maintain a physiological tissue tempera-
ture during MRI scanning to obtain the 
most realistic images. Next, CT scans of 
the cadaver heads were acquired through 
the multidetector technique with a field 
of view containing the orbital structures 
(Siemens Somatom AS). A single volume 
of data was acquired in the axial plane at 1 
mm thickness.  All images were recorded 
in DICOM 3.0 format and transferred to 

FIGURE 5. 1 .

(a) The pig cadaver head is posit ioned and stabi l ized ins ide the 64-channel head coi l  for MRI scanning. 

(b)  The orbital content is dissected with identif icat ion of ( 1 )  the extraocular muscles,  (2) the orbital fat ,   

 (3) the globe, (4) the optic nerve, (5) sk in and eyel ids,  (6) lacr imal gland.  

Willaert R. Around the globe. 99-125.
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a workstation for analysis. Finally, the or-
bital soft tissues were dissected to obtain 
the true volumes of the anatomical speci-
mens. During dissection, all intra-orbital 
tissue was exenterated and the compo-
nents of interest (orbital fat, extraocular 
muscles (EOM), globe) were carefully 
separated from other tissue (skin, lacri-
mal gland, optic nerve) (Figure 5.1). The 
volume of the anatomical specimen was 
assessed by submersion in a 10cc syringe 
with physiological saline solution. 

 The study adhered to the tenets of the 
declaration of Helsinki. Institutional re-
view board approval and informed con-
sent were obtained (B670201836944).

 Post-processing and 
 volumetric analysis

A senior head and neck radiologist (KO) 
analysed the MRI images with Synapse 3D 
(Fujifilm Co., Tokyo, Japan) software on 
two different occasions. A second observ-
er (RW, maxillofacial surgeon) performed 
the analysis of the CT images using the 
Mimics Medical 21.0 software (Materi-
alise, Leuven, Belgium). The workstation 
included a 21.3-inch flat-panel color-ac-
tive matrix thin-film-transistor medical 
display (Nio Color 3MP, Barco, Kortrijk, 
Belgium) with a resolution of 2048x1536 
pixels at 76 Hz. Enhancements and ori-
entation tools such as magnification, 
brightness, and contrast could be used to 
improve visualization of the landmarks. 
Each assessment required 15 to 30 minutes.

 The Synapse 3D software allowed for 
a semi-automatic, threshold based (re-
gion grow and multi-dimensional thresh-
old) segmentation of the different orbital 
structures. The software automatically 

recognizes muscle, fat and vitreous body, 
among other tissues. Intra-and extra-con-
al fat volumes were joined. All extraocular 
muscles were analysed as one volume. The 
globe volume was calculated by segment-
ing the intra-ocular fluid and vitreous 
body. Following the tissue segmentation, 
the volume was automatically measured 
on the workstation. A 3D reconstruction 
of the orbital fat, muscles and globe was 
generated and saved as a stereolithogra-
phy (STL) file. 

 Tissue volumetry on CT images was 
conducted according to the validated pro-
tocol by Regensburg et al. [3] using Mim-
ics software. The specific orbital tissues 
were identified using a multi-dimensional 
threshold based segmentation method 
with the possibility of manual adjust-
ment on each slice. Different masks were 
created for the total orbital tissue, orbit-
al fat (intra-and extra-conal) and rectus 
muscles. The software automatically cal-
culated the volume of the fat and rectus 
muscles. The globe volume was assessed 
by creating a sphere simulating the globe 
based on four points marking the border 
of the sclera and the volume of the sphere 
represented the globe volume [14]. 

 Statistical analysis

Mean differences (MD) and standard er-
ror of the mean (SE) of orbital tissue vol-
umes (orbital fat, extraocular muscles and 
globe) were calculated for MRI data, CT 
data and the anatomical specimens. The 
accuracy of the different MRI sequences 
was determined by a comparison of the 
volumetric values between MRI and ana-
tomical specimen. P-values were calculat-
ed using a paired sample t-test. Pearson’s 
correlation coefficient was calculated to 
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study the correlation between the volu-
metric values on MRI or CT and the an-
atomical specimen. The intraclass corre-
lation coefficient (ICC) using a two-way 
mixed-effects model was applied to study 
the intra-observer variability. ICC can be 
interpreted as following: value of 1 indi-
cates perfect agreement; values of >0.9 are 
considered ideal to be used in a clinical 
setting. Values of 0.75 - 0.9 represent good 
agreement, < 0.75 and ≥ 0.5 is moderate, 
and <0.5 is poor reliabilit [15,16]. Right and 
left orbits were examined separately. Data 
was analysed using Statistical Package for 
Social Science (SPSS) (version 25.0; SPSS 
Inc., Chicago, IL, USA) and Jamovi (Ver-
sion 1.2, retrieved from https://www.jam-
ovi.org). A P-value <0.05 was considered 
significant.

 Development stage results

Datasets from 12 different MRI 
scanning protocols were obtained 

from one human orbit (Supplementary 
Table A; Supplementary Figure A). In nine 
scanning protocols, the surface loop coil 
was used with bilateral (n= 7) or unilater-
al (n=2) activation. The remaining three 
protocols were acquired with a 64-chan-
nel head coil. Pixel resolution ranged 
from 0.2x0.2 mm to 1.0x1.0 mm and 
half of the protocols contained isotropic 
voxels (i.e. same intensity and dimension 
regardless of the plane of reconstruction). 
Slice thickness varied from 0.5 mm to 3 
mm with no or only minimal (0.6 mm) 
interslice gap.  Different post-processing 
filters (e.g. 3D mode, distortion correc-
tion, smoothing) were used according to 
the specific acquisition protocol. Mean 
acquisition time was 4 min. 3 sec. (range 
2 min. to 7 min. 4 sec.).

Results of the qualitative evaluation of 
these acquisition protocols are provided in 
Table 5.1. When compared to the surface 
coil, images obtained with the 64-channel 
head coil provided superior resolution of 
the orbital tissues (Figure 5.2). Figure 5.3 
shows how selection of a distinct protocol 
can optimize the tissue contrast in func-
tion of the analysed region of interest. The 
datasets consisting of isotropic voxel size 
and low slice thickness provided the best 
multiplanar reconstructions (Figure 5.4). 

 Validation stage results

Table 5.2 shows details of the three select-
ed dedicated acquisition protocols. The 
original T1 TSE (Turbo Spin Echo) Dixon 
sequence was modified to create a more 
isotropic voxel (from 0.6x0.6x1.5 mm to 
0.7x0.7x1.2 mm) and the interslice gap 
was removed. Only the 64-channel head 
coil was used. 

 Table 5.3 and Figure 5.5 illustrate the 
volumetric difference when comparing 
the anatomical specimens to the image 
analysis with the different MRI protocols. 
Accuracy of the volumetric analysis with 
the T2 SPACE (sampling perfection with 
application-optimized contrasts by using 
flip angle evolution) ZOOMit protocol 
was superior for the extraocular mus-
cles (MD 0.17 cm3) and the globe (MD 
-0.33 cm3), representing respectively 7% 
and 8% relative volume difference com-
pared to the true volume. The T1 TSE 
Dixon protocol provided the most accu-
rate results for the orbital fat measure-
ments (MD -0.77 cm3, relative volume 
difference of 15%). Overall, MRI analysis 
tended to underestimate the real volume. 
Measurement errors were most explicit 
for the fat volume analysis (15 to 38% rel-
ative volume difference).

Results

Willaert R. Around the globe. 99-125.
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FIGURE 5.2. — INFLUENCE 

OF COIL SELECTION ON 

THE QUALITY OF ORBITAL 

MR IMAGES |  Al l  images 

were obtained with a T2 

SPACE ZOOMit ,  isotropic 

voxel (0.5 mm) protocol . 

Image resolut ion improves 

when using the 64-channel 

head coi l  (c)  compared to 

uni lateral left loop coi l  (a) 

or bi lateral loop coi l  (b).

FIGURE 5.3. — TISSUE CON-

TRAST OPTIMISATION IN 

FUNCTION OF THE REGION 

OF INTEREST 

(a) A T2 SPACE ZOOMit  

 sequence depicts the  

 globe and extraocular  

 muscles very detai led.  

 

(b) A T1 TSE Dixon  

 sequence (fat images)  

 produces a sharp  

 contrast between the  

 orbital fat and  

 surrounding t issues. 

MRI Protocol for Orbital Soft Tissue Volumetry
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Pearson correlation coefficients were il-
lustrated in Figure 5.6 for the most accu-
rate MRI protocols (T2 SPACE ZOOMit 
for EOM and globe; T1 TSE Dixon for 
orbital fat) and the CT, compared to the 
anatomical specimen. All image-based 
measurements, except fat volumetry on 
CT, illustrated a strong positive corre-
lation with the true volume (Pearson’s r 

0.83-0.99). MRI volumetry of EOM and 
fat correlated better with the true volume 
compared to CT-based measurements. 
For the volumetric measurement of the 
globe, however, analysis on CT illustrated 
an almost perfect agreement with the vol-
ume of the anatomical specimen (Pear-
son’s r= 0.99).

TABLE 5.1 .  — QUALITATIVE EVALUATION OF MRI SCANNING PROTOCOLS IN THE DEVELOPMENT STAGE

Sequence Coil Imaging 

Plane

Pixel

(mm)

Slice 

thickness 

(mm)

Image 

resolution

Soft 

tissue 

contrast

Image  

distortion

Multiplanar  

reconstruction

MPRAGE Bilateral  

loop coil

Coronal 0.5x0.5 0.5 3/3 3/2 No 4/3

T2 SPACE  

ZOOMit

Bilateral  

loop coil

Coronal 0.5x0.5 0.5 3/2 3/3 Inhomoge-

neity  

at right side

3/3

T1 TSE Unilateral (L) 

loop coil

Transversal 0.2x0.2 1.5 2/1 2/2 Gibs ringing 1/2

T2 SPACE  

ZOOMit

Unilateral (L) 

loop coil

Coronal 0.5x0.5 0.5 3/3 3/3 Inhomogeneity 

and wrap 

around at 

right side

3/3

T1 SE Bilateral  

loop coil

Transversal 0.3x0.3 3.0 3/2 3/3 Gibs ringing 1/2

T1 TSE 

Dixon

Bilateral  

loop coil

Transversal 0.6x0.6 3.0 3/3 4/3 No 1/1

T1 VIBE

Dixon

Bilateral  

loop coil

Coronal 1.0x1.0 1.0 2/1 3/3 Chemical shift 

artifact

2/2

T1 TSE

Dixon

Bilateral 

loop coil

Transversal 0.6x0.6 1.5 3/3 4/3 No 2/2 

T2 TSE

Dixon

Bilateral 

loop coil

Transversal 0.8x0.8 3.0 3/2 3/3 No 1/1

MPRAGE 64-channel

head coil

Coronal 0.5x0.5 0.5 4/3 4/5 3D aliasing / 

wrap around 

artifact

4/3

T2 SPACE  

ZOOMit

64-channel

head coil

Coronal 0.5x0.5 0.5 5/4 5/5 No 4/5

T1 TSE  

Dixon

64-channel

head coil

Transversal 0.7x0.7 1.2 5/5 5/5 No 3/4

 

Quality rating (Observer A/B): 1: poor; 2: suboptimal; 3: acceptable; 4: good; 5: excellent.  

MPRAGE: magnetization-prepared rapid gradient-echo; SPACE: sampling perfection with application-optimized contrasts by 

using flip angle evolution; (T)SE:  (Turbo) Spin Echo; VIBE:  volumetric interpolated breath-hold examination. L: Left.

Willaert R. Around the globe. 99-125.
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TABLE 5.3. — VOLUMETRIC DIFFERENCE WHEN COMPARING ANATOMICAL SPECIMEN WITH VOLUME  

ANALYSIS BY THE DEDICATED MRI PROTOCOLS

TABLE 5.4. — INTRA-OBSERVER REPRODUCIBILITY FOR MRI VOLUMETRY

Measurement error (cm3)  

for MRI analysis

MPRAGE T1 TSE Dixon T2 SPACE ZOOMit

EOM Mean difference (SE) -0.57 (0.08) -0.43 (0.09) 0.17 (0.06)

95% CI -0.76; -0.37 -0.66; -0.21 0.02; 0.31

Relative difference 24% 18% 7%

P-value <0.001 0.004 0.030

Globe Mean difference (SE) -0.92 (0.11) -1.10 (0.14) -0.33 (0.12)

95% CI -1.21; -0.62 -1.47; -0.73 -0.65; 0.04

Relative difference 22% 26% 8%

P-value <0.001 <0.001 0.070

Orbital fat Mean difference (SE) -1.72 (0.15) -0.77 (0.15) -1.8 (0.16)

95% CI -2.10; -1.33 -1.03; -0.44 -2.22; -1.38

Relative difference 36% 15% 38%

P-value <0.001 0.001 <0.001

MPRAGE: magnetization-prepared rapid gradient-echo; SPACE: sampling perfection with application-optimized contrasts by 

using flip angle evolution; TSE: turbo spin echo.  EOM: extraocular muscles; 95% CI: 95% confidence interval of the difference  

in the study sample; SE: standard error. The P-values are calculated with the paired sample t-test.

EOM Globe Orbital fat

ICC 0.92 0.96 0.94

95% CI 0.530-0.989 0.002-0.996 0.588-0.992

EOM: extraocular muscles; ICC: intraclass correlation coefficient (two-way mixed effects model); CI: confidence interval

TABLE 5.2. — ACQUISITION DETAILS OF THREE DEDICATED MRI SEQUENCES

Sequence Coil Imaging 

Plane

Matrix  

(mm)

Pixel 

(mm)

Slice 

thickness 

(mm)

Interslice 

gap (mm)

TE/TR 

(msec)

Scan 

time 

(min:sec)

Filter

MPRAGE Headcoil Coronal 263 

x350 

x350

0.5 

x0.5

0.5 0.25 3.33 

/1520

4:37 - 3D mode 

- Distortion correction

T2 SPACE 

ZOOMit

Headcoil Coronal 263 

x350 

x350

0.5 

x0.5

0.5 0 127 

/1000

4:14 - 3D mode 

- Distortion correction

T1 TSE 

Dixon

Headcoil Axial 180 

x164 

x34

0.7 

x0.7

1.2 0 14 

/1230

6:08 - 3D mode 

- Distortion correction 

- Edge enhancement 

- Smoothing

TE: echo time; TR: repetition time; MPRAGE: magnetization-prepared rapid gradient-echo; SPACE: sampling perfection with 

application-optimized contrasts by using flip angle evolution; TSE: turbo spin echo
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Intra-observer agreement was ideal (ICC 
> 0.9) for volumetric analysis using the 
most accurate MRI protocols (T2 SPACE 
ZOOMit for EOM and globe; T1 TSE 
Dixon for orbital fat) (Table 5.4).

Volumetric assessment of the orbital 
tissues can be helpful in monitoring 
disease progress, to evaluate ther-
apeutic response, for virtual treat-
ment planning or for the definition 

of normal values. MRI can be considered 
the optimal technique for (sequential) or-
bital imaging as it does not involve ion-
izing radiation, has excellent soft tissue 
contrast and can render images in any 
plane [7]. MRI protocols are continuously 
developing and advancing, hereby in-
creasing post-processing opportunities. 
The goal of this study was to find the most 
accurate MRI acquisition protocols to 
perform orbital volumetry. 

D
iscussion

FIGURE 5.4. — IMAGE QUALITY EVALUATION AFTER MULTIPLANAR RECONSTRUCTION | Al l  images were 

obtained with bi lateral act ivated surface loop coi ls . 

Original scanning orientation (a) and reconstructed images (d,  g) of a T1  SE sequence with anisotropic 

voxel s ize (0.3x0.3x3.0 mm). Original scanning orientation (b) and reconstructed images (e, h) of a T1 VIBE 

Dixon sequence (fat images) with isotropic voxel s ize ( 1 .0x1 .0x1 .0 mm).  Original scanning orientation (c) 

and reconstructed images (f,  i )  of a T2 Space ZOOMit sequence with isotropic voxel s ize (0.5x0.5x0.5 mm).
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To answer this research question, the 
current study first screened a multitude 
of MRI acquisition protocols for the best 
image quality. In contrast to various stud-
ies advocating the use of surface loop coils 
for orbital imaging [11,17,18], the images ob-
tained with the 64-channel head coil pro-
vided superior image quality. Additional-
ly, the qualitative analysis suggested using 
(nearly) isotropic voxels (0.5 to 1 mm) to 
obtain a good multiplanar reconstruction. 
This is important in volumetric measure-
ments, as high quality reconstructions 
allow for accurate and simultaneous tis-
sue segmentation in the three orthogonal 
planes. This could also be achieved by ac-
quiring additional scans in every desired 
plane, but that would inherently lengthen 
the entire imaging protocol. When spatial 
resolution was less than 0.5 mm more ar-
tifacts like truncation or Gibbs ringing, 
were noticed. These artifacts, parallel 
to the edges of abrupt intensity change, 
are caused by data clipping at the edg-
es of the acquired k-space [19,20]. They are 
more common at higher field strengths 
with proportionally increased signal-to-
noise ratio and can be reduced by either 
increasing the spatial resolution or by ap-
plying reconstruction filters to smoothly 
reduce the signal at the edges of k-space 
[20]. Aliasing (or wrap-around) is another 
common artifact, which was also seen in 
the protocols used for this study. It can 
occur whenever any part of the body ex-
tends outside the field of view and a signal 
produced by this structure reaches the re-
ceiver coil [19]. The body part outside the 
field of view is wrapped inside to the op-
posite side of the image and could mask 
anatomical structures. Various solutions 
could eliminate aliasing, e.g. filters or field 
of view increase, and should be discussed 
with the MRI technician [19]. Image dis-

tortions due to eye movements are par-
ticularly important in orbital imaging. A 
change in globe position will alter muscle 
positions and volumes, hence, also change 
morphology of all adjacent tissues [18]. A 
limited acquisition time is one of the most 
important factors to avoid motion arti-
facts. The T1 TSE Dixon was the lengthi-
est of the dedicated protocols (6 min) and 
this should be taken into account when 
subjecting a patient to multiple consec-
utive sequences in the same scan cycle. 
For this reason, especially for quantitative 
analysis, it can be recommended to use a 
fixation target during scanning. 

 The following dedicated 3D protocols 
were selected based on the findings from 
the qualitative analysis: (I) MPRAGE is 
a 3D T1 weighted sequence and is one 
of the most widely used sequences for 
brain volumetry. It is an inversion recov-
ery fast gradient recalled-echo sequence 

[21] with a very short echo and repetition 
time.  Gradient echo techniques allow for 
rapid acquisition of 3D images [22] and this 
sequence has been reported previously 
to measure the EOM and orbital fat vol-
ume with a semi-automatic segmenta-
tion method [23,24]. (II) T2 Space ZOOMit: 
Space is a 3D fast spin echo sequence with 
variable flip-angle refocusing pulses. The 
sequence has been reported for detection 
and volumetry of brain metastasis [21,22] 
and has also been described more recent-
ly to provide an accurate semi-automatic 
segmentation of the EOM and orbital fat 
volume [12]. The ZOOMit function reduces 
artifacts by using a simultaneous parallel 
radiofrequency pulse sequence. This new 
technique minimizes the negative effects 
of folding artifacts and provides high 
image quality, decreased distortion and 
blurring, decreased motion and flow ar-
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FIGURE 5.5. — ACCURACY OF THE DEDICATED MRI ACQUISITION PROTOCOLS | Boxplots with medians and 

means (x) represent the volumes of the anatomical specimen and volumetr ic analys is with the different 

MRI protocols .  Volumetr ic analys is of the extraocular muscles and globe with the T2 SPACE ZOOMit pro-

tocol equals most to the anatomical specimen volume. Analys is of the fat volume is most accurate by 

using the T1 TSE Dixon protocol . 

MPRAGE: magnetizat ion- 

prepared rapid gradient- 

echo; TSE:  turbo spin echo; 

SPACE: sampl ing perfect ion 

with appl icat ion-optimized 

contrasts by using f l ip 

angle evolut ion.
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FIGURE 5.6. — SCATTERPLOT FOR CORRELATION OF VOLUMETRY ON MRI OR CT SCAN WITH THE TRUE  

ANATOMICAL VOLUME | L ine of best f i t  (black) and conf idence interval (grey) are i l lustrated.  

Pearson correlat ion (r)  and p-value are provided.
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tifacts, increased spatial resolution, and 
faster scanning. The protocol has poten-
tial to detect and evaluate smaller lesions, 
especially in areas prone to susceptibility 
artifacts and was reported for the diag-
nosis of optic neuritis [25]. (III) The Dix-
on technique exploits the chemical shift 
differences of water and fat, and is able 
to separate water and fat proton signals 
to generate in-phase and out-of-phase 
images. These images are then used to 
calculate “fat-suppressed” water-only and 
“water-suppressed” fat-only images, ren-
dering four series of images in a single 
acquisition. This saves time and the fat/
water suppression is more robust with less 
artifacts [26]. Other advantages of the Dix-
on technique are that it can be acquired in 
T1, T2 and proton density and with spin 
echo as well as gradient echo techniques. 
This technique has been proven success-
ful for orbital fat volumetry in Graves’ or-
bitopathy [5].

 Many studies report the use of vari-
ous MRI protocols for orbital volumetry, 
but few studies actually use a validated 
protocol. Tang et al. used both fatty and 
lean phantoms to assess accuracy with a 
Cube Fast Spin Echo flex sequence (3D 
T1 weighted sequence) [12]. They report-
ed a measurement error of 9.2% to 12.6% 
for a semi-automatic segmentation in the 
fatty phantoms and 10.3% to 14.1% in the 
lean phantoms. Shen et al. described and 
validated a T1 weighted Fast Spin Echo 
(comparable to MPRAGE) MRI protocol 
on a phantom consisting of butter and 
chicken wings [23]. They reported an abso-
lute relative error of 2.8% to 4.6% for fat 
volumetry and 0.7% to 4.1% for muscle 
volumetry. The use of phantom models al-
lows for an optimal assessment of the true 
volume, but bypasses the difficulties asso-

ciated with segmentation of orbital tissues 
in a clinical setting, explaining the lower 
error values. In particular, the segmen-
tation of the orbital fat is prone to varia-
bility because fat fills the spaces between 
other tissues and has no defined shape 
of its own [17]. This probably explains the 
largest error for fat volumetry (mean rel-
ative difference 15%) in the current study. 
Use of the T2 SPACE ZOOMit sequence 
was most favourable for the estimation of 
the EOM (mean relative difference of 7%) 
and globe volume (mean relative differ-
ence of 8%), which is in line with previous 
reports [12,23,24]. Except for the EOM vol-
ume, the current study confirms earlier 
studies stating that MRI tends to under-
estimate the true volume [7,12,23]. Semi-au-
tomatic volume measurements with the 
selected MRI protocols showed to be 
very reproducible. This is an important 
finding because the successive changes 
in tissue volume have more clinical rel-
evance compared to the absolute values 
of a single measurement.  It has to be 
noted that morphometric discrepancies 
may occur when different sequences are 
used. This is confirmed by this study, even 
for well-defined structures as the globe. 
There are several implications for the clin-
ical practice. First, consecutive scanning 
for orbital diseases should ideally be per-
formed with the same scanning protocol. 
Second, one must be very cautious when 
comparing volumetric measurements ob-
tained with different sequences. Moreo-
ver, comparison of absolute volumetric 
values between different studies is not 
recommended as the measurement error 
could exceed other detectable sources of 
volumetric change. 

 Different vendors may provide varia-
ble acquisition protocols, with the same 
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or different labels, e.g. SPACE can be 
called CUBE (GE Healthcare, Milwaukee, 
Wisconsin) or VISTA (Philips Healthcare, 
Best, the Netherlands). Application of 
these different protocols may result in dif-
ferent outcomes, although the same trend 
can be expected. Moreover, every acqui-
sition protocol has some default parame-
ters and it is not always possible to mod-
ify these without restrictions or causing 
additional artifacts (e.g. when aiming for 
isotropic voxels). This should be clarified 
with the service engineer, technician and 
radiologist before implementing a specific 
volumetry protocol in clinical practice.

 The current study findings illustrate 
that MRI measurements for EOM and 
fat correlate better to the true volume 
than CT-based measurements. This is 
most pronounced for orbital fat volume 
and emphasizes the value of using the 
most optimal protocol (T1 TSE Dixon). 
This protocol results in a strong contrast 
between fat and other tissue, hereby op-
timizing the semi-automatic segmenta-
tion process and outcome accuracy. Re-
garding the globe volume, the correlation 
between MRI and anatomical specimens 
was lower than compared with the CT. 
The reason could be that the MRI-based 
segmentation outlined the inner border 
of the globe rather than the outer border, 
which was measured with CT volumetry 
and also when calculating the anatomical 
volume by submersion. 

 Some limitations should be consid-
ered when interpreting the results. The 
number of orbits to analyse the measure-
ment accuracy was limited. Although ef-
forts were made to maintain the normal 
body temperature in the cadaveric tissue, 
temperature changes could influence 

MRI signals, introducing measurement 
bias. The orbital volume of the inves-
tigated cadavers is 2 to 3 times smaller 
than in human orbits, which demanded 
longer segmentation time. No imaging 
protocols with admission of intravenous 
contrast were used in this study.  The non 
contrast-enhanced sequences, however, 
allowed for quantitative volumetric anal-
ysis, avoiding toxicity and cost of gadolin-
ium [27,28].

In conclusion, the current study il-
lustrates that volumetry of orbital 
tissues is clinically feasible, accurate 
and reproducible when using dedi-
cated MRI protocols. It is critical to 
select the most optimal sequence 

and acquisition parameters as different 
protocols can cause variable volumetric 
outcomes. The most optimal volume-
try protocols are hereby suggested (T2 
SPACE ZOOMit for EOM and globe; 
T1 TSE Dixon for orbital fat), but future 
studies should confirm these recommen-
dations by integrating these protocols in 
clinical practice. Furthermore, the study 
results could serve as a basis to initiate 
fully automated segmentation techniques 
enhancing post-processing accuracy and 
practical implementation. 
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SUPPLEMENTARY FIGURE A — IMAGES OBTAINED IN THE DEVELOPMENT STAGE |  The left orbit is  displayed 

at the level of maximum globe dimension in the (a) coronal ,  (b) axial  and (c) sagittal plane. The original 

scanning plane is marked (* )  and the other images are the or thogonal reconstruct ions. 

(F igure A is continued on the next page)
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T1 TSE 

Bi lateral loop coi l

T 1  TSE Dixon - fat images 

Bi lateral loop coi l

T 1  TSE Dixon - water images 

Bi lateral loop coi l

T 1  VIBE Dixon - fat images  

Bi lateral loop coi l

T1 VIBE Dixon - water images  

Bi lateral loop coi l

T 1  TSE Dixon - fat images 
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Bi lateral loop coi l

SUPPLEMENTARY FIGURE A CONTINUED
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T2 TSE Dixon - water images  

Bi lateral loop coi l

MPRAGE 

64-channel head coi l

T2 Space ZOOMit 

 64-channel head coi l

T 1  TSE Dixon - water images 

 64-channel head coi l

T 1  TSE Dixon - water images 

 64-channel head coi l

SUPPLEMENTARY FIGURE A CONTINUED
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SUPPLEMENTARY TABLE A — ACQUISITION DETAILS OF 12 DIFFERENT MRI PROTOCOLS USED  

IN THE DEVELOPMENT STAGE

Sequence Coil Imaging 

Plane

Matrix 

(mm)

Pixel

(mm)

Slice 

thickness 

(mm)

Interslice 

gap

(mm)

TE/TR

(msec)

Scan 

time

(min:sec)

Filter

MPRAGE Bilateral 

loop coil

Coronal 263x350x350 0.5x0.5 0.5 0.25 3.33/1520 4:37 - 3D mode

- Distortion correction

T2 SPACE  

ZOOMit

Bilateral 

loop coil

Coronal 263x350x350 0.5x0.5 0.5 0 127/1000 4:14 - 3D mode

- Distortion cor-

rection

T1 TSE Unilateral (L) 

loop coil

Axial 80x80x36 0.2x0.2 1.5 0 15/682 5:52 /

T2 SPACE  

ZOOMit

Unilateral (L) 

loop coil

Coronal 263x350x350 0.5x0.5 0.5 0 127/1000 7:35 - 3D mode

- Distortion correction

T1 SE Bilateral 

loop coil

Axial 263x350x350 0.3x0.3 3.0 0 17/525 2:01 /

T1 TSE 

Dixon

Bilateral 

loop coil

Axial 180x180x54 0.6x0.6 3.0 0.6 12/580 4:13 - Edge enhancement 

- Smoothing

T1 VIBE

Dixon

Bilateral 

loop coil

Coronal 380x214x20 1.0x1.0 1.0 0.2 (1) 2.46 

(2) 3.69 

/5.60

3:20 - 2D mode 

- Distortion correction

T1 TSE

Dixon

Bilateral 

loop coil

Axial 180x164x34 0.6x0.6 1.5 0.3 14/797 4:25 - Edge enhancement 

- Smoothing

T2 TSE

Dixon

Bilateral 

loop coil

Axial 210x210x50 0.8x0.8 3.0 0.3 82/4000 2:50 - 2D mode 

- Distortion correction 

- Edge enhancement 

- Smoothing

MPRAGE 64-channel

head coil

Coronal 263x350x350 0.5x0.5 0.5 0.25 3.33/1520 4:37 - 3D mode 

- Distortion correction

T2 SPACE  

ZOOMit

64-channel

head coil

Coronal 263x350x350 0.5x0.5 0.5 0 127/1000 4:14 - 3D mode 

- Distortion correction

T1 TSE  

Dixon

64-channel

head coil

Axial 180x164x34 0.6x0.6 1.2 0.3 14/1230 6:08 - 3D mode 

- Distortion correction 

- Edge enhancement 

- Smoothing

 

 

TE: echo time; TR: Repetition time; MPRAGE: magnetization-prepared rapid gradient-echo; SPACE: sampling perfection with application- 

optimized contrasts by using flip angle evolution; (T)SE: (Turbo) Spin Echo; VIBE:  volumetric interpolated breath-hold examination. L: Left.
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The orbit comprises a complex architecture of soft tissues and bone. Disease-related 
changes in the orbital structure cause severe problems, such as pain, diplopia, impaired 
vision and globe displacement. Imaging of the soft tissues of the orbit is mandatory for 
diagnosis and surgical planning. It produces an objective representation and enables a 
detailed analysis of the individual orbital structure. 

 The position of the globe in the orbit is a key element when studying the orbital 
architecture. Significant changes of the globe position result in limited eye movement, 
enoftalmos, proptosis or globe displacement. Accurate documentation of the globe po-
sition can improve the understanding of patholophysiological mechanisms and provide 
essential information to plan rehabilitative surgery.

 As current measurement methods contain important drawbacks [1–3], new approaches 
that could reliably document the globe position are required for objective evaluation. 
The first article of this thesis validates a new method to three-dimensionally define the 
globe position. Optimal reproducibility was illustrated with high inter-and intraobserver 
agreement on separate analysis in X, Y and Z axis. This technique also defines an Euclidean 
movement of the globe as a combination of the shift on each individual axis. Moreover, 
the amount of change is positively correlated with the severity of preoperative prop-
tosis and the size of the Euclidean shift exceeded the movement on each axis. To the 
best of our knowledge, the resulting Euclidean shift of the globe is not yet described in 
literature. We believe that the Euclidean movement of the globe can be used in orbital 
decompression surgery to monitor the outcome and to detect unusual 3D shifting of the 
globe. Future investigations are needed to clarify its clinical role and confirm whether 
the resulting 3D position change is sufficiently reliable to interpret globe position changes. 

 The position of the globe is determined by the orbital cavity (bony framework) on 
one hand and the amount of tissue occupying this cavity, thus supporting the globe on 
the other hand. As obital fat constitutes more than half of the soft tissue volume, it plays 
an important role in defining the globe position [4,5]. The volume of fat can be shifted, as 
seen in orbital fractures and bony decompression surgery, increased due to thyroid eye 
disease, or decreased after radiotherapy or fat decompression surgery. Imaging studies of 
the volume and position of the intra- and extraconal fat in relation to the globe are of value 
to tailor the outcome of reconstructive surgery that aims to restore the normal globe  
position. The second article of this thesis reviews orbital fat decompression surgery for 
the reduction of  proptosis in thyroid eye disease [6–10]. Some authors describe a linear 
association between anteroposterior globe position and fat volume [9]. Others suggest an 

Discussion



120

equation, that includes patient age and gender amongst other variables (e.g. preoperative 
diplopia) to calculate the globe shift following orbital decompression. However, there 
are three important remarks. First, these studies describe the anterior-posterior (X-axis) 
globe position change only. As the fat volume changes in three dimensions, it is reason-
able to believe that the globe position can vary correspondingly. Second, the suggested 
associations rely on observation studies. Interpretation in terms of causal and individual 
prediction remains difficult. Many confounding factors such as ethnic anatomical differ-
ences, the role of patient subgroups (inflammatory diseases vs. traumatic events) and site 
of fat volume change (post- or pre-equatorial fat) still remain controversial [10–12].  Third, 
the studies were based on clinical exophthalmometry and were not assessed by imaging 
analysis of the globe position and fat volumetry. 

 Using imaging data for quantification of orbital tissue volume could improve under-
standing of the underlying mechanisms and support a predictable treatment strategy. 
Furthermore, fat volumetry could be helpful in monitoring disease progression and 
therapeutic response and to define normal values. Post-processing analysis of radiolog-
ical data is gaining importance in all fields of medicine [13]. Two-dimensional measure-
ments are easy and can estimate the tissue volume, but calculating the true 3D volume 
is considered to be more accurate [14–16]. Both Computed Tomography (CT) and Magnetic  
Resonance Imaging (MRI) are routinely performed imaging modalities to study the  
orbital region. Whilst CT is the gold standard for the bony orbit, volumetric studies on 
orbital tissue have been largely studied with validated CT protocols [4]. On the other 
hand, MRI techniques are rapidly expanding, hereby increasing post-processing oppor-
tunities. Nowadays MRI is considered the optimal technique for (sequential) orbital soft 
tissue imaging. It does not involve ionizing radiation, has excellent soft tissue contrast 
properties and can render images in any plane [17]. The third article in this thesis illus-
trates that orbital muscle and fat volumetry is often performed for various indications 
and can be clinically relevant. On the other hand, volumetric studies of the lacrimal 
gland, globe and optic nerve are only sporadically reported. Care should be taken when 
interpreting the results. The wide differences in imaging modalities and the complex, 
time-consuming protocols of MRI hamper its routine clinical implementation and make 
comparison of results difficult. There is currently no consensus on performing MRI-
based volumetry and the protocols continously evolve, making it difficult to select the 
most reliable technique. 

 A standard T1 weighted sequence is widely available and is generally included in an 
orbital MRI scan protocol. If volumetric measurement of orbital tissue could contribute 
in the routine management of orbital disorders, it is meaningful to study the feasibility of 
this sequence. The fourth study of this thesis investigates the reliability of an MRI-based 
volumetry of orbital fat and explores the concordance with CT-based measurements. 
The authors conclude that a semi-automatic segmentation method is feasible in routine 
clinical practice by observers with a variable level of expertise. Intra-observer agreement 
is good, though inter-observer variability is moderate. These insights justify the use of 
retrospective analytic studies on the condition that images are taken with an identical 
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protocol, using the same hardware and software and preferably, be evaluated by the same 
observer.

 To make comparison of results between studies more reliable, there is a need for 
standardized imaging and post-processing protocols. Uniformous imaging data and val-
idated post-processing analysis facilitate long-term follow-up and multicenter collabo-
ration.  The accuracy of volumetric measurements depends on the correct identification 
of tissue intensity of the region of interest (ROI) and its surrounding structures [5,18].  
In the final study of this thesis, the authors used qualitative and quantitative volumetric 
analysis methods to define the most accurate MRI acquisition protocols. Two dedicated 
imaging protocols are suggested for volumetric analysis of the orbital fat, extraocular 
muscles and globe. The study showed that MRI-based measurements for muscles and fat 
correlate better with the true volume than CT-based measurements. This emphasizes the 
value of using a protocol that results in a strong contrast between the ROI and other tis-
sues, hereby optimizing the semi-automatic segmentation process and outcome accuracy.  
Other findings demonstrate that morphometric discrepancies may occur if different se-
quences are used. This also involves the globe. There are, however, several important 
implications for routine clinical practice. First, consecutive scanning for orbital diseases 
should ideally be performed with the same scanning protocol. Second, volumetric meas-
urements can only be compared when obtained with identical scanning protocols. And 
finally, as the measurement error could exceed other detectable sources of volumetric 
change, absolute volumetric values have limited value between different studies.

 Limitations

There are several limitations in this thesis that should be addressed. Orbital diseases may 
cause severe psychological impairment [19], hence surgical outcome and treatment suc-
cesses go beyond objective measurements or image analysis. Quality of life assessment 
may provide a valuable approach to rectify the variability in clinical measurements and 
image post-processing. However, despite accumulating evidence of its importance, this 
tool is not yet applied in routine clinical practice. Further research is required to inten-
sify the clinical implementation of quality of life assessment as a  parameter to evaluate 
outcome in orbital surgery [6,7].

 Relatively small datasets are used to support the study findings. First, this can 
be attributed to the search for a homogeneous study population. Various tech-
niques for orbital surgery are practiced, the choice depending on a surgeon’s expe-
rience, institutional tradition and specific conditions of the patient. To minimize 
bias, only patients with equal pathology and type of surgery were included. Second, 
before applying one new method in a large population, the authors decided to ex-
plore the feasibility and accuracy of multiple imaging methods on a limited sample.  
This methodology allowed to select the most suitable technique, however, valida-
tion on large study populations is required before our findings can be generalized. 
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As illustrated in this thesis, orbital imaging and post-processing analysis can be per-
formed with CT as wel as MRI scanning. Both have distinct indications as well as disad-
vantages that have to be taken into account. The globe position analysis (Article 1) was 
performed on consecutive CT scans. Although low-dose scan protocols can be used, the 
cumulative radiation dose could be harmful to orbital structures, causing adverse effects 
to the lens and retina [20]. In the pediatric population, there is the concern of potential 
malignancy. CT scan is the preferred modality for surgical planning due to the optimal  
visualization of the bony orbit and volumetric studies have been successfully used for the 
outcome assessment of orbital reconstructive surgery [21]. CT scan is the gold standard 
for traumatic injuries and/or during the perioperative period, thus legitimating repeat-
ed scans and facilitating the use of this protocol. However, monitoring the long-lasting 
disease, such as thyroid eye disease, may require repeated scans to evaluate the globe 
position and the cumulative dose could be of concern. Orbital imaging with an MRI scan 
offers an increased precision and superior depiction of the orbital soft tissues without 
radiation exposure. On the contrary, MRI always played a secondary role in the bony 
evaluation of the orbit, for example after orbital trauma. New developments in MRI pro-
tocols, such as black bone sequences, allow adequate identification of the bony contours 
and could make MRI  a valuable radiation-free alternative for bony analysis [22]. A draw-
back for MRI is the presence of ferromagnetic foreign bodies whose displacement and/
or heating may cause severe secondary injury [23,24]. Compared to a CT scan, the proce-
dural time for MRI imaging takes considerably longer. This is important for the orbit as  
motion artifacts from eye movements decrease image resolution and cause measurement 
errors [16,25]. The use of fixation target inside the gantry can prevent eye movement during 
scanning and allows to obtain the same scanning position for consecutive scans, though 
these are not widely available.

 Detailed MRI protocols are suggested in this thesis. Notably, MRI hardware compa-
nies may apply different names for similar sequences and acquisition parameters, all of 
which may result in significant deviations of the measurement outcome [26]. Moreover, 
each acquisition protocol contains several default parameters which cannot be modified 
without restrictions or causing additional artifacts. Before implementing a suggested or-
bital protocol, the details should be clarified with the service engineer, technician and 
radiologist. Also, care should be taken when comparing results obtained with different 
devices and it seems advisable to obtain consecutive scans with the same device and 
scanning protocol for the individual patient. 

 Future challenges

This thesis describes the spectrum of possible studies with orbital MRI and CT accom-
modating diagnosis and treatment of orbital disorders. Each imaging modality has its 
distinct indications and advantages but go alongside in the future. As health care re-
sources must be used concisely, the complementarity of these techniques should be fur-
ther investigated to enhance a multimodal approach. Ideally, only the optimal imaging 
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technique should be performed for a certain indication or disease stage, but information 
from consecutive scans should be fully comparable, contributing to the whole picture.

Regarding the clinical applications of the investigated techniques, this thesis focused on 
patients diagnosed with Graves’ orbitopathy. The various orbital components that can be 
involved, the challenging disease progression and complexity of treatment make this a 
suitable condition for the current research purposes.  Moreover, the techniques can be 
useful in the management of other conditons such as orbital fractures, anophthalmic 
socket syndrome, orbital tumors and congenital malformations. One important prereq-
uisite to implement the morphometric measurements in clinical decision making would 
be the characterization of normal and abarrant values according to age and gender.

 Detailed analysis and more sophisticated post-processing modalities increase the 
research potential, though can be highly demanding [18,27]. Staff must be trained to im-
plement and analyse new imaging protocols. Investments in time as well as finances are 
necessary to obtain up-to-date hard- and software [13,28]. These practical burdens were 
overcome in research setting, however, could impede routine use in clinical practice. 
Clear protocols and close cooperation between radiologists, engineers, technicians and 
clinicians are mandatory to achieve valuable revenu regarding the clinical outcome. 
Moreover, implementation of the principles of deep learning and artificial intelligence 
could lead to more automated segmentation techniques, which could make the image 
analysis more accessible in clinical practice [29,30].

 The ultimate goal of clinical research is to provide better patient care. High quality 
image analysis of the orbital soft tissues can be used to build an integrated virtual model. 
The more reliable the input, the more realistic a virtual model can diagnose abnormal-
ities and simulate an intervention. Virtual models can be used to accomodate multidis-
ciplinary discussions, for patient communication or to adjust a treatment plan.  Like in 
many parts of society the virtual (r)evolution is advancing steadily in medicine. Software 
applications are more accessible (freeware and open source software) and 3D technology 
is becoming mainstream. It is challenging but imperative to bring expertise from diverse 
domains (fundamental researchers, computer scientists, clinicians, surgeons) together 
and create a common language. This concentration of knowledge is the way forward to 
generate creativity and explore new grounds.

 Conclusions

New technologies are emerging fast around the globe. The orbit plays a central role in 
the face and various pathological conditions can affect its complex architecture. Imag-
ing analysis could provide a more individual approach by implementing objective and 
patient-specific morphometric measurements in the diagnostic process and surgical 
management. This thesis provides insights in the value of post-processing analysis. It 
illustrates the pitfalls and potential of contemporary MRI techniques and gives practical 
knowledge for implementation in clinical practice.
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The orbit is a bony cavity containing the 
eye globe, which is embedded in a cuff 
of soft tissues including fat and muscles 
amongst others. Disorders of the orbital 
architecture, for example due to inflam-
matory diseases or facial trauma, can 
cause globe displacement, problems with 
vision and facial disfigurements leading 
to functional, social and aesthetic impair-
ment. 

 Orbital imaging studies like comput-
er tomography (CT) and magnetic reso-
nance imaging (MRI) are valuable tools 
to support the diagnostic pathway, to ob-
jectify observations during follow-up or 
to assist the surgical planning. Advance-
ments in image post-processing are ex-
panding the potential of a more detailed 
analysis and a patient-specific approach.  
This thesis aims exploring the role of in-
tra-orbital structures through a study of 
the post-processing capabilities.

 Determining the globe position is a 
prerequisite when studying an orbital 
disease. Different clinical and radiolog-
ical methods are described though all 
have inherent shortcomings. The first 
study of this thesis establishes a CT-based 
method to measure a change of the globe 
position in three-dimensions. This tech-
nique is accurate, precise and illustrates 
the globe displacement in every dimen-
sion. The downside, however, is the need 
for consecutive CT scans hence exposing 
the patient to radiation effects. MRI is a 
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radiation free alternative and displays an 
excellent soft tissue contrast. The authors 
plan to proceed studying this method by 
implementing an MRI-based analysis of 
the globe position. 

 The larger part of the orbital tissue 
consists of fat. The second study illus-
trates that changes of the orbital fat evoke 
displacements of the globe. This could 
lead to a variable degree of double vision, 
although the mechanisms of action are 
unclear. Interestingly, it was illustrated 
that removal of orbital fat was relatively 
safe and can be considered an effective 
treatment for patients suffering from ex-
ophthalmos. Imaging studies could be 
of great value to measure the orbital fat 
volume.  Abnormal amounts of fat could 
be detected and a treatment plan could 
be modified to the patient-specific situ-
ation. A CT-based analysis of the orbital 
fat volume has been previously described 
and validated. Because MRI is believed to 
produce a superior depiction of the soft 
tissues, the third study of this thesis ex-
plored the current literature to investigate 
the possibilities of soft tissue volumetry 
with MRI. This review reveals a myri-
ad of MRI-based techniques for orbital 
volumetric analysis. Large heterogeneity 
exists related to the study hardware, im-
aging protocols and volumetric analysis. 
Because there is currently no consensus 
on the preferred MRI technique, care 
should be taken when comparing results 
obtained with different protocols. Moreo-
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ver, it is unclear to which degree the CT-
based analysis is equivalent to a volumet-
ric assessment on MRI. 

 For this reason, the authors investi-
gated in a fourth study if volumetry on a 
regular MRI protocol would be feasible 
and comparable to a validated CT-based 
method. Provided that post-processing 
software is available, this report illustrates 
that volumetric analysis on a regular T1 
weighted protocol is feasible in routine 
clinical practice. Correlation with CT-
based volumetry is good.  It should be 
taken into account however, that consid-
erable bias may derive from observer var-
iability and these errors could impede the 
clinical relevance in certain pathological 
conditions. 

 Using the best suitable MRI protocol 
could optimize measurement accuracy. In 
the final study of this thesis, various MRI 
techniques are qualitatively and quantita-

tively evaluated and correlated to a volu-
metric assessment on CT as well as to the 
true anatomical specimen. Two protocols 
are suggested for optimal orbital fat, mus-
cle and globe volume assessment. These 
findings could enhance post-process-
ing accuracy; nevertheless future studies 
should confirm these recommendations 
by evaluating the suggested protocols in 
larger cohorts.

 To summarize, this thesis focuses on 
the post-processing opportunities as a 
bridging tool from the clinical assess-
ment and imaging to the diagnosis and 
treatment planning in orbital disorders. 
Insights in the potential and pitfalls of 
post-processing analysis can enhance the 
implementation in clinical practice and 
research projects. The goal is to provide 
objective documentation of the orbital 
content so to improve understanding of 
the pathophysiological mechanisms and 
advance patients-specific approaches.

Summary
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De oogkas of orbita is een benige holte in 
het aangezichtsskelet die de oogbol be-
schermt en daarnaast ook plaats biedt aan 
andere weefsels zoals spieren en vet. On-
der meer ontstekingsziekten of een aange-
zichtstrauma kunnen de structuur van de 
orbitale weefsels aantasten.  Dit kan leiden 
tot een veranderde positie van de oogbol, 
visus problemen of misvormingen van het 
gelaat wat gepaard kan gaan met functio-
nele, sociale en esthetische bezwaren. 

 Computer tomografie (CT) en mag-
netische resonantie (MR) zijn beeldvor-
mingsonderzoeken die een belangrijke 
waarde hebben bij orbitale aandoeningen. 
Zij spelen een rol in het bepalen van de 
diagnose, maar zijn ook van belang bij het 
opsporen van veranderingen tijdens de 
opvolging van een ziekte of om de heel-
kundige behandeling voor te bereiden. 
Specifieke bewerking van deze beelden 
laat een meer gedetailleerde analyse toe 
die kan bijdragen tot een meer patiënt ge-
richt behandeltraject. De nadruk van deze 
thesis ligt op het nagaan van de mogelijk-
heden om de beeldvorming te bewerken 
zodat meer inzicht kan verkregen worden 
in de rol van de verschillende orbitale 
weefsels. 

 De positie van de oogbol in de oog-
kas is een belangrijke parameter bij het 
onderzoek van een orbitale aandoening. 
Er bestaan verschillende methoden om de 
positie te bepalen met klinische meetin-
strumenten of rechtstreeks op de beeld-

Samenvatting

vorming. Elk van deze instrumenten 
hebben echter hun beperkingen. In het 
eerste onderzoek van deze thesis wordt 
een nieuwe methode voorgesteld om de 
veranderingen in de positie van de oog-
bol in 3 dimensies te documenteren. Deze 
methode is zeer nauwkeurig, maar veron-
derstelt opeenvolgende CT scans en stelt 
de patiënt dus bloot aan röntgenstraling. 
De MR scan vermijdt deze straling en kan 
tevens alle orbitale weefsels zeer gedetail-
leerd weergeven. In de toekomst zullen de 
auteurs nagaan of de MR scan als alterna-
tief kan gebruikt worden om deze nieuwe 
meetmethode toe te passen.

 Naast de oogbol, bestaat het grootste 
deel van de orbitale weefsels uit vet. Een 
tweede studie van deze thesis toont aan 
dat volumewijzingen in het vet een be-
langrijke verandering in de oogbolpositie 
kunnen aantonen. Dit kan in bepaalde 
situaties leiden tot dubbelzicht bij de pa-
tiënt, maar meer onderzoek is nodig om 
de oorzakelijke mechanismes hiervoor te 
kunnen achterhalen. Het onderzoek toont 
verder aan dat het verwijderen van orbi-
taal vet veilig kan gebeuren en een effec-
tieve behandeling kan zijn wanneer patiën-
ten klachten hebben van een te ver naar 
voor gepositioneerde oogbol. In deze con-
text zou het nameten van het vetvolume 
op beeldvorming een grote meerwaarde 
kunnen betekenen. Wanneer een te groot 
vetvolume kan worden gedetecteerd, zou 
dit een behandelplan op maat van de pa-
tiënt kunnen ondersteunen. Een meet-
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methode waarbij gebruik gemaakt wordt 
van een CT scan werd reeds voorgesteld. 
Echter, om de hierboven aangehaalde re-
den van straling en omdat een MR scan 
de weke weefsels nauwkeuriger kan be-
schrijven, zou een MR onderzoek beter 
geplaatst kunnen zijn voor het meten van 
het orbitale vet. Een derde luik van deze 
thesis omvat een nazicht van de huidige 
literatuur omtrent de mogelijkheden om 
weefselvolumes te berekenen op basis van 
orbitale MR beeldvorming. In dit overzicht 
wordt duidelijk dat uiteenlopende tech-
nieken zijn beschreven, maar het is on-
duidelijk welke toestellen, richtlijnen of 
volumemetingen meest geschikt zijn. Het 
ontbreken van gelijkvormigheid tussen de 
verschillende studies maakt het niet mo-
gelijk om resultaten te vergelijken of om 
een normale waarde te bepalen. Daaren-
boven is het onduidelijk in welke mate de 
metingen op MR overeenkomen met ge-
lijkaardige metingen op de CT scan. 

 Om deze reden werd in een vierde stu-
die van deze thesis nagegaan of het mo-
gelijk is het vetvolume te bepalen op een 
standaard MR scan en in welke mate dit 
resultaat overeenstemt met metingen ge-
baseerd op een CT scan. Mits goede soft-
ware voorhanden is, illustreert dit onder-
zoek dat het vetvolume relatief eenvoudig 
kan bepaald worden op een T1 gewogen 
MR scan. Dit resultaat stemt goed over-
een met gelijkaardige metingen op een 
CT scan. Men moet echter indachtig zijn 
dat deze metingen een zekere foutmarge 
kunnen bevatten naargelang verschillen-
de onderzoekers de metingen doen. Af-
hankelijk van de ernst van verandering 
veroorzaakt door de ziekte, kan deze fout-
marge de klinische relevantie van het on-
derzoek teniet doen. 

Indien de standaard MR scan wordt ver-
vangen door een meer gespecialiseerd 
MR onderzoek zouden deze foutmarges 
kunnen verkleinen. Een laatste onder-
zoek in deze thesis gaat na welke MR 
technieken meest geschikt zijn voor vo-
lumemetingen in de orbita. Door middel 
van kwalitatieve en kwantitatieve analy-
ses wordt nagegaan welke technieken het 
meest nauwkeurig zijn in vergelijking met 
de CT gebaseerde metingen en het ware 
volume na weefseldissectie. Twee speci-
fieke protocollen worden voorgesteld om 
volumemetingen van orbitaal vet, spieren 
en de oogbol zo nauwkeurig mogelijk uit 
te voeren. Toekomstig onderzoek is nood-
zakelijk om deze resultaten te bevestigen 
in grotere aantallen en zo een uniforme 
meetmethode te kunnen introduceren. 

 Kort samengevat, deze thesis bena-
drukt de mogelijkheden bij het bewer-
ken van de beeldvorming om, naast het 
klinisch onderzoek, de diagnose en be-
handeling bij orbitale aandoeningen be-
ter te kunnen ondersteunen. Kennis van 
de kracht, maar ook van de valkuilen is 
noodzakelijk om deze bewerkingen uit 
te voeren binnen de klinische praktijk 
alsook in het kader van onderzoekspro-
jecten.  Het doel is bij te dragen aan een 
objectieve documentatie van de orbitale 
structuren zodat ziekteprocessen beter 
kunnen beschreven worden en een nog 
meer patiënt gerichte behandeling moge-
lijk wordt.  

Samenvatting
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