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INTRODUCTION

Fractures of the naso-orbito-ethmoido-maxillary 
(NOEM) complex are difficult to diagnose and 
manage due to the complex anatomy and fragility 
of the bone structures involved, with the medial 
canthal ligament being the most important soft tis-
sue affected in these fractures. A good result re-
quires early intervention, open reduction and 
internal fixation with the evaluation of the medial 

canthal attachment and, when necessary, medial 
canthopexy, with other available procedures, if the 
optimal time for reconstruction is missed. Even 
though the naso-orbito-ethmoidal (NOE) complex 
and the maxilla are different anatomical entities, 
this study treats them as one due to the fact that 
clinically, NOE complex fractures are often associ-
ated with maxillary fractures.

This study aims to perform anthropometric mea-
surements in the virtual environment, in order to 
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ABSTRACT

BACKGROUND. Fractures of the naso-orbito-ethmoido-maxillary (NOEM) complex are frequently acquired post-traumatic lesions, 
with both aesthetic and functional consequences, if the diagnosis is not promptly established and the surgical correction is delayed.
OBJECTIVES. This study was conducted in order to facilitate the diagnosis of NOEM complex fractures by using anthropometric 
measures. The aim was to obtain normal mean values of the evaluated parameters from a lot of healthy volunteers.
MATERIAL AND METHODS. The measurements were conducted on patient-specific three-dimensional models obtained from 
processing the CT scan images and building further stereolithographic models. 64 Caucasian patients were enrolled, with ages be-
tween 19 and 93 years, both female and male volunteers, without previous surgical history of the middle floor of the face. Measure-
ments were performed between certain craniometric points (Nasion, Dacryon, Infraorbital foramen, Rhinion and Frontomalare 
orbitale) and a database was created.
RESULTS. Although some expected variation arised, we have obtained normal-considered intervals for each of the defined and 
measured segments between the mentioned craniometric points. We find these measurements useful especially for elaborating a 
presurgical plan for the best outcome.
CONCLUSION. Simple measurements could orient a fast diagnosis, could help establish a surgical plan, an optimal surgical timing 
by combining clinical and imaging data.
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establish the normal values   necessary for both the 
diagnosis and individualized treatment of NOEM 
complex fractures.

MATERIAL AND METHODS

Starting with 2018, within the ENT and OMF 
Surgery Clinic of the “Sfantul Spiridon” Emer-
gency Clinical Hospital, Iasi, a study has started on 
the use of three-dimensional printing technology 
to make stereolithographic models.

To obtain patient-specific three-dimensional 
(3D) models, Digital Imaging and Communications 
in Medicine (DICOM) data from CT scans and cone 
beam computed tomography (CBCT) scans are ex-
ported using the DICOM Viewer program as a .STL 
file to a 3D modelling program. At this stage, care 
must be taken to preserve the original dimensions 
of the model. Artifacts from the scanning process 
are removed and, for trauma patients, reconstruc-
tive procedures can be applied, such as mirror mod-
elling or individual repositioning of each bone 
fragment. This step of obtaining the 3D model re-
quires anatomical knowledge as well as the skill to 
manipulate the model in 3D modelling software. 
Once this is done, either the original representation 
or the one obtained after applying the reconstruc-
tion procedures can be distributed electronically for 
review or sent to the 3D printer software, where it is 
converted into a file type that the printer can use. 
At this point, the printer settings, such as the sup-
port structure, fill degree and print resolution, are 

entered. These settings, as well as the material to be 
used and the type of actual 3D printing process, dic-
tate the time and amount of material required to 
obtain the model. The 3D replica can be modelled 
by an off-site person and sent to the printer by elec-
tronic means of communication.

To establish a starting point, an anthropomet-
ric study was performed based on the measure-
ment of different craniometric points in a virtual 
environment on three-dimensional models of 
patients. These points were chosen to be easily 
observable and identifiable on both standard 
antero-posterior radiographs of the skull and an-
terior sinuses of the face.

The points chosen were:
•  Nasion (N): the point located at the midline of 

the frontonasal suture.
•  Dacryon (D:) point located at the suture be-

tween the anterior edge of the lacrimal bone 
and the frontal bone.

•  Infraorbital foramen (IOF).
•  Rhinion (Rhi): the lowest point located at the 

suture between the nasal bones.
•  Frontomalare Orbitale (FMO): the point lo-

cated at the level of the fronto-malar suture.
These dimensions can be used later to correlate 

with the measurements obtained in patients with 
traumatic pathology in the naso-orbito-ethmoido-
maxillary complex, which will make diagnosing 
these lesions much easier and earlier.

At the same time, using the same algorithm for 
obtaining three-dimensional models, a faithful rep-
lica of a patient who suffered a fracture of the 

Figure 1.  3D model useful for teaching purpose.
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naso-orbito-ethmoid-maxillary complex was ob-
tained (Figure 1), which is useful for both preop-
erative planning, presentation and explaining to 
the patient the pathology he suffers from as well as 
teaching material.

The study was performed with the informed con-
sent of the patients as well as with the opinion of 

the ethics commission of the “Sfantul Spiridon” 
Emergency Clinical Hospital, Iasi, and the “Gri-
gore T. Popa” University of Medicine and Phar-
macy, Iasi.

Patients who underwent a computed tomogra-
phy (CT) or cone beam computed tomography 
(CBCT) examination, adults (men and women) 

Figure 2.  Measurements between: N-Rhi, D-D, N-FMO.

Figure 3.  Measurements between: N-IOF, Rhi-IOF.
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who had no history of trauma to the viscera and 
neurocranium and had no pathology were selected 
for inclusion in the study. Patients with tumors at 
this level or any other condition that could change 
the anatomy of the naso-orbito-ethmoidal complex 
were excluded from the study.

Criteria for inclusion in the study:
• Age> 18 years old
•  Patients with CT or CBCT examination per-

formed
•  No history of viscera and neurocranium pa-

thology or traumatism.
• Exclusion criteria from the study:
• The patient’s refusal
•  CT or CBCT examination showing artifacts re-

sulting from scanning that overlap over areas 
of interest

• History of orbital or nasal surgery
•  History of malignant or benign tumours in the 

middle and / or upper floor of the face
•  History of trauma to the middle and / or upper 

floor of the face.

RESULTS

The following average values   were obtained 
from the measurements (Table 1):

•  N-FMO: 53.03 mm, with max of 58.33 mm and 
min of 46.28 mm (Figure 2),

•  N-Rhi: average of 22.41 mm, with max of 30.76 

mm and min of 13.61 mm (Figure 2),
•  N-IOF: average of 44.86 mm, with max of 56.01 

mm and min of 38.48 mm (Figure 3),
•  N-D: average of 14.64 mm, with max of 18.87 

mm and min of 10.6 mm (Figure 4),
•  Rhi-FMO: average of 60.45 mm, with max of 

68.21 mm and min of 55.48 mm (Figure 4),
•  Rhi-D: average of 26.50 mm, with max of 32.57 

mm and min of 21.19 mm (Figure 4),
•  Rhi-IOF: average of 39.44 mm, with max of 

47.27 mm and min of 32.29 mm (Figure 3),
•  D-D: average of 19.42 mm, with max of 25.64 

mm and min of 15.63 mm (Figure 2).

DISCUSSIONS

Although FMO and IOF craniometric points are 
not considered by all authors, they were chosen be-
cause they are relatively stable during human life 
and easily recognized on standard antero-posterior 
radiographs of the skull and anterior sinuses of the 
face. The results we obtained coincide with the av-
erage obtained by other authors who measured the 
distance between these craniometric points. Przy-
gocka et al.1 obtained from the measurements 
made on human skulls, the average N-IOF distance 
of 45.00 mm, 39.00 mm Rhi-IOF, 19.00 mm N-Rhi.

The topography of the infraorbital foramen rep-
resented in this study by the IOF point represents 
an important landmark in facial surgery2-4. This 

Figure 4.  Measurements between: Rhi-FMO, Rhi-D, N-D.
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Table 1.  Measurement results (in mm).

Age Sex N-FMO N-Rhi N-IOF N-D Rhi-FMO Rhi-D Rhi-IOF D-D

19 m 54.8 16.57 56.01 17.58 59.84 21.21 34.7 23.04

78 f 50.46 17.54 42.66 16.2 56.75 24.15 34.73 25.64

28 m 49.05 18.62 49.05 13.74 57.01 29.12 32.34 18.23

74 m 52.42 21.79 41.65 15.33 58.69 26.22 35.01 22.26

59 m 52.34 24.28 46.3 17.21 59.23 26.13 46.3 18.05

33 f 50.75 22.4 41.77 16.64 56.31 26.39 35.89 21.4

56 m 54.87 27.17 48.77 14.89 63.46 25.78 40.33 19.3

35 m 54.31 13.61 43.22 17.13 57.47 21.85 38.37 17.43

45 f 50.73 20.39 41.66 13.74 57.21 24.55 34.56 16.39

85 f 51.39 22.25 42.9 14.03 59.56 26.95 38.03 16.37

62 f 50.57 21.89 40.83 16.1 55.65 22.74 39.15 17.69

59 f 54.19 22.89 45.5 16.07 60.33 25.43 39.89 21.8

86 f 53.44 28.18 45.28 15.13 60.56 27.62 38.55 19.36

75 m 55.81 25.7 43.26 16.02 63.57 28.17 35.54 19.58

77 m 55.53 29.73 45.61 17.73 68.21 32.08 38.7 21.8

47 m 55.34 21.33 41.95 17.21 62.46 27.16 35.43 19.88

70 f 54.05 20.58 44.34 16.24 60.05 26.49 37.98 19.76

23 m 51.37 19.38 46.65 14.88 55.98 26.12 47.24 16.37

24 m 52.35 21.60 44.70 13.89 61.17 27.33 43.98 19.56

27 m 56.80 22.76 44.32 15.67 66.61 27.65 41.65 16.65

28 m 54.16 20.03 46.01 13.32 58.91 25.31 40.14 17.06

32 m 54.96 22.14 47.10 14.96 64.71 30.56 42.77 23.72

34 m 53.98 22.76 42.33 13.13 62.58 26.55 38.61 19.47

34 m 53.03 24.09 47.17 13.18 61.43 27.63 41.80 19.99

35 m 58.33 18.64 45.64 16.07 61.24 26.49 42.33 21.56

35 m 54.71 22.49 43.52 15.57 63.03 28.73 41.89 17.69

38 m 56.04 22.13 46.40 13.98 62.24 24.92 39.41 19.60

41 m 55.93 27.34 48.22 14.51 63.74 30.50 42.08 20.41

44 m 51.83 21.96 50.22 12.51 56.39 23.46 42.44 17.55

45 m 52.20 23.38 44.88 15.51 59.74 25.63 40.37 18.82

47 m 55.64 21.01 45.30 18.87 62.94 31.11 43.21 21.83

53 m 56.53 23.24 48.39 18.38 64.90 30.55 41.79 19.96

53 m 53.88 26.13 45.18 15.08 60.15 25.80 39.93 21.91

53 m 53.09 22.76 46.86 16.49 60.53 29.19 42.14 21.83

54 m 51.40 24.31 43.70 13.04 58.96 27.56 43.27 18.39

62 m 52.12 18.28 49.61 14.23 58.13 21.76 40.22 20.00

66 m 55.32 25.39 46.31 17.78 62.38 29.94 45.21 21.17

71 m 53.35 26.64 46.03 14.88 62.52 30.71 42.45 19.90

77 m 50.76 22.82 45.61 14.50 56.81 25.24 39.26 18.91

83 m 56.04 17.98 47.66 14.65 61.43 21.19 40.87 22.62

92 m 52.13 30.76 44.55 14.12 64.62 32.57 42.50 18.45

22 f 51.83 25.57 39.21 10.60 60.87 27.70 33.90 15.63

22 f 52.08 22.40 43.03 11.66 60.82 26.01 38.00 17.26

30 f 54.50 21.45 45.64 12.49 62.59 25.88 40.66 17.61
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study attempted to establish relationships between 
the IOF point and other craniometric points. It 
can be used as a reference for further reconstruc-
tion in case of trauma.

Regarding the inter-dacrial (D-D) distance, 
other studies that realized a two-dimensional (2D) 
analysis on standard CT slices found similar dimen-
sions ranging from 18 to 25 mm5.

Most complications associated with NOEM com-
plex fractures (telechantus, nasal deformity, epiph-
ora diplopia, enophthalmos and the deformation 
of the midface)6,7 result from inadequate treatment 
or failure of the optimal time for surgery, misdiag-
nosis, patient condition or his refusal for general 
anaesthesia. Correction for such complications re-
quires either corrective surgery or can be per-
formed by static reanimation by suture techniques8 
for patients who refuse or whose condition does 
not allow general anaesthesia. 

Detailed physical examination is difficult in the 
acute phase due to significant facial oedema that 
will distort facial features9. However, palpation may 
show a fracture of the nasal bones, often commi-
nuted, with epistaxis, enlargement of the root of 
the nose, ophthalmic symptoms (diplopia, telecan-

thus, epiphora, enophthalmia) and sometimes rhi-
norrhea with cerebrospinal fluid. The average 
distance between the left and the right medial can-
thal ligaments is about half the interpupillary dis-
tance. Traumatic telecanthus is suspected when 
the intercanthal distance is greater than 35 mm; a 
measurement larger than 40 mm is suggestive of a 
NOEM complex fracture9,10.

One limitation of this study was the inability to 
determine the points of interest on the 3D recon-
struction due to the artefacts present after the CT 
scan. In this case, the CT and thus the 3D replica 
were discarded.

Reconstructive principles for solving complex 
cases of NOEM complex fracture involve osteot-
omy, repositioning and fixation of all bone frag-
ments. For an optimal result, both aesthetically 
and functionally, the correct surgical planning, the 
clinical examination and the radiological results 
are important. While imaging diagnosis is essential 
for defining details of bone displacement and soft 
tissue injury, clinical examination is important for 
assessing functional injury caused by trauma and is 
essential for assessing recovery from surgical treat-
ment5,11. A CT examination with axial, coronal, sag-

33 f 51.50 18.90 38.94 13.96 57.56 26.27 32.29 15.92

34 f 55.01 20.94 46.06 14.43 62.77 24.69 41.22 18.70

36 f 50.58 26.29 42.42 13.94 61.86 30.67 38.70 18.94

37 f 52.22 20.27 46.54 13.23 58.77 24.50 42.78 18.02

37 f 56.00 25.45 43.95 13.91 66.61 28.67 40.11 19.14

38 f 51.88 21.89 46.09 13.77 59.29 25.03 40.51 18.63

41 f 49.25 21.34 43.17 12.37 58.96 26.50 40.11 18.33

44 f 53.28 23.47 45.79 14.81 61.11 26.86 40.52 19.67

49 f 46.28 22.69 38.48 11.37 55.48 26.33 34.50 17.33

49 f 49.60 25.21 41.6 10.87 57.19 25.34 35.39 19.28

50 f 50.57 21.89 40.83 16.1 55.65 22.74 39.15 17.69

51 f 54.19 22.89 45.5 16.07 60.33 25.43 39.89 21.8

51 f 53.44 28.18 45.28 15.13 60.56 27.62 38.55 19.36

53 m 55.81 25.7 43.26 16.02 63.57 28.17 35.54 19.58

62 m 55.53 29.73 45.61 17.73 68.21 32.08 38.7 21.8

65 m 55.34 21.33 41.95 17.21 62.46 27.16 35.43 19.88

69 f 54.05 20.58 44.34 16.24 60.05 26.49 37.98 19.76

74 m 51.37 19.38 46.65 14.88 55.98 26.12 47.24 16.37

80 m 52.35 21.60 44.70 13.89 61.17 27.33 43.98 19.56

93 m 56.80 22.76 44.32 15.67 66.61 27.65 41.65 16.65

Media 53.0390625 22.4103125 44.8642188 14.6420469 60.4586875 26.5023281 39.4496094 19.4240625

Min 46.28 13.61 38.48 10.6 55.48 21.19 32.29 15.63

Max 58.33 30.76 56.01 18.87 68.21 32.57 47.24 25.64
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ittal and 3D reconstructions is essential, not only 
for the confirmation of bone lesions, but also for 
the planning of surgical treatment. CBCT, with a 
very short exposure, allows the reconstruction of 
the facial skeleton both in 3D and in the three 
standard planes12. Thanks to the 3D reconstruc-
tions, an overview of the position of the bone frag-
ments is possible and, together with the information 
obtained from the measurements, offers the pos-
sibility to elaborate the optimal surgical plan for 
the best functional and aesthetic outcome. 

CONCLUSIONS

This study, which required the measurement 
of distances between bone points, relatively sta-
ble, some visible on standard radiographs, tries 
to guide the diagnosis in the case of initial con-
sultations in patients with trauma in the NOEM 
complex. 

A database has been set up, which in the future 
may be useful in creating individualized splints de-
pending on gender and age for simple NOEM 
complex fractures.

These measurements with different anthropo-
metric variants can be used in the case of surgeries 
necessary for complex cases of panfacial fractures 
and NOEM complex for an optimal aesthetic and 
functional outcome. 

The 3D reconstructions together with the infor-
mation obtained from the measurements offer the 
possibility to elaborate the optimal surgical plan 
for the best functional and aesthetic outcome.

The correlation of these measurements with 
those performed clinically on patients will allow a 
diagnosis as early as possible, thus deciding the op-
timal time for surgery.
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