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Abstract
Introduction and objective. Craniofacial injury at the workplace may lead to orbital blowout fractures. The aim of the 
study is the development of own numerical model of the eye orbit, assessment of the damage zones, and comparing them 
with clinical examinations. In addition, the current legal status of patients after injuries is presented.   
Materials and method. In laboratory tests performed on bones collected from the upper and medial orbital wall 
(examination on fresh corpses), the Young’s modulus was determined for these bones. Based on the CT image, a numerical 
model of the eye orbit was created. The damage zones within the eye socket were assessed after a blow (dynamic model) to 
the inferior and lateral walls, and only to the inferior wall. Comparative clinical material were 9 patients with orbital blowout 
fracture treated at the Clinic of Otolaryngology   
Results. Experiment 1: the damage zone covered an area of 0.54cm2, and was located medially and laterally from the 
infraorbital nerve canal. Experiment 2: the damage zone was smaller – 0.38 cm2, and located medially to the infraorbital 
nerve canal. The results obtained in the experiment were compared with the CT image of the eye sockets of patients after 
injuries. On this basis, presumptions were made concerning the mechanism of the trauma.   
Conclusions. The finite element method is a good tool for assessing the pathomechanism of trauma, as well as for an 
attempt to determine the circumstances of the event. Based on analysis of the numerical and clinical images, the necessity 
for using protective measures which absorb the impact to the inferior wall and temporal areas should be emphasised, as 
well as the fact that using merely goggles is insufficient protection of the eye orbit.
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INTRODUCTION

Injuries to the eye socket are a difficult diagnostic and 
therapeutic problem, and their number continues to increase 
despite the use of various methods of head protection. 
Accidents at work are among the main causes of these 
injuries, apart from traffic accidents, assault, and accidents 
during practising sports [1, 2]. The state after consumption 
of alcohol is an especially unfavourable predictive factor, 
which determines the size of the trauma, and simultaneously 
exerts an effect on the distant outcomes of treatment [2]. The 
consequence of injury to this site may be visual impairment, 
and often fractures of the bone structures constituting the 
orbital frame. In 1950, Converse and Smith introduced the 
term ‘blowout’ (synonyms: orbital blowout fracture, isolated 
orbital blowout fracture, isolated orbital floor fracture) to 
describe a fracture in which the orbital margin remains 
intact, while all destructive changes (fracture often with 
dislocation of bone fragments) take place some distance away 

[3]. These fractures concern people at any age; however, most 
frequently they occur in young persons aged between 30 – 39. 
There are two commonly accepted theories describing the 
mechanism of fracture: hydraulic and buckling. According 
to the first theory, the fracture occurs as a result of a force 
transmitted directly to the eyeball, whereas according to the 
second theory, the transmission of the force from a blow to 
the orbital margin. The effect of these forces is fracture of the 
orbital wall/walls (inferior and/or medial) [4].

Nagasao et al. were the first to apply the numerical model 
of the eye orbit (previous studies were conducted on corpses 
or dry skulls) for the assessment of the biomechanics of 
fractures. The model consisted of 824 triangular finite 
elements, whereas the material properties of the cranial 
bone (Young’s modulus, thickness of individual walls) were 
based on its scanning. The results obtained corresponded 
with earlier studies conducted on corpses [5, 6]. Later 
investigations by other researchers conducted with the use 
of a numerical model allowed precise assessment of the scope 
of the damage according to the force model, its direction, 
strength, and point of application [7, 8, 9, 10, 11].Address for correspondence: Andrzej Skorek, Department of Otolaryngology, 
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OBJECTIVE

The aim of the study is assessment of the functioning of 
own numerical model with determination of the damage 
zones under the effect of dynamic blows directed towards 
the inferior and lateral walls, according to the buckling 
model, and comparing it with clinical and radiologic images 
of patients treated in the Otolaryngology Clinic. Clinical 
examinations were preceded by laboratory tests aimed at 
determination of the size of the Young’s modulus of the 
orbital bones – the value of their strength and elasticity. 
Additionally, current legal aspects are discussed in detail 
concerning patients after orbital traumas occurring at the 
workplace.

MATERIALS AND METHOD

Laboratory tests. In order to determine the value of the 
Young’s modulus, fragments of bones were collected from 
the upper and medial orbital walls from fresh corpses during 
medico-legal autopsy. After preparation of specimens, 
examinations of the mechanical properties were carried out 
at the Department of Structural Mechanics using a Zwick 
Z020 testing machine with video extensometer (Figs. 1 and 2). 
The values of the Young’s modulus obtained remained within 
the range 0.12 GPa – 3.6 GPa (according to the patient). The 
mean value adopted for further studies was 1.2 GPa. Based on 
the data from literature, the value of 150 MPa was adopted as 
a strain threshold, above which there occurs damage/fracture 
of bones) [6, 7, 8]. Consent for the study was obtained from 
the Bioethics Committee.

Numerical finite element model of the eye orbit. Using 
software AutoCAD 2012, a numerical model of the left orbit, 
together with the surrounding bones, was created, consisting 
of 969 triangular elements. In the model, the lower orbital 
fissure, optic nerve canal and the nasolacrimal duct outlet 
were taken into consideration. The model was created based 
on a computed tomography model of the facial skeleton 
performed in patients reporting to the Clinical Emergency 
Department for neurological reasons (including headache, 
vertigo syndrome, stroke). The authors excluded CT scans 
patients with past injuries and surgeries in the area of the 
facial skeleton, as well as diseases of the nose/sinuses and 
metabolic diseases. (These CT scans were most available, 
together with wide patients profiles – age, gender, free of 
additional diseases). Subsequently, the model was imported 

into the calculation software MSC.Marc/Mentat System 2012.
The computer model was subjected to overloads in time, 

in a dynamic calculation option. According to studies by 
other researchers, it was assumed that the maximum force 
occurred after approximately 1.3·10–3s, while the complete 
cessation of the force was obtained after approximately 
2.6·10–3s. [6, 7, 10]. In the first experiment, the model was 
assessed after using force applied to the nodal points located 
in the inferior wall (6 points located at the margin with the 
force of 2,400N to each point), and the lateral wall (3 nodal 
points with the force of 4,800N to each point). The total 
force was 28,800N. Both blows were shifted in time, i.e. the 
maximum force of the first blow (to the inferior wall) took 
place after the time of t = 1.3·10–3s, whereas of the second 
blow (to the lateral wall) – after the time of 2.6·10–3s from the 
beginning of the test. Changes of strains within the orbital 
bone walls were observed. In the second experiment, the 
damage zone was evaluated in a model of a blow only to the 
inferior wall (6 points located at the margin with the force 
of 2,400N to each point). The total force was 14,400N. The 
force vector was directed along the long axis of the eye orbit, 
determined by the axis of the optic nerve.

In both experiments, the strain zones were observed 
exceeding the threshold strain (150MPa), i.e. the strain 
above which there occurred damage of the bone structures. 
In both experiments, strain changes were assessed as a 
function of time, and the image where the damage was the 
greatest was selected for evaluation of the size and location. 
In Experiment 1, this happened after the time of 2.9·10–3s, 
whereas in Experiment 2 – after the time of 2.6·10–3s.

Clinical material. The radiological image (CT) and 
clinical data concerning 9 patients (Tab. 1) treated at the 
Otolaryngology Clinic due to orbital blowout trauma, were 
assessed. The traumas occurred at the workplace, and based 
on an interview with each patient it was confirmed that it 
was related with a double blow (the first to the lower orbital 
margin – with a blunt tool, metal splinter, construction 
element, whereas the second blow – an ordinary head blow 
from the ground, associated with falling), or an isolated 
blow to the inferior wall. The CT image was assessed in the 
horizontal and frontal planes to determine the location of 
fractures. The location of fractures was evaluated according 
to their location with respect to the outer rim of the orbit, 
inferior and lateral walls, and the infraorbital nerve canal. 
The radiologic image was compared with the pattern obtained 
on a numerical model (Figs. 3 and 4).

Figure 1. Mechanical bone examination using a Zwick 
Z020 strength testing machine with a videoextensometer

Table 1. Clinical data of treated patients

Patients Gender Age (y) Hit 
mechanisms

Fracture localisation 
(orbital walls – CT scan)

Surgery 
treatment

1. M 27 Isolated blow lower Y

2. M 35 Isolated blow lower No

3. M 37 Isolated blow lower Y

4. M 42 Double blow Lower, medial Y

5. M 45 Double blow Lower, medial Y

6. M 47 Double blow Lower, medial Y

7. M 51 Double blow Lower, medial Y

8. M 53 Double blow Lower, medial Y

9. F 34 Isolated blow lower No
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RESULTS

Numerical model. Experiment 1: damage exceeding strain 
thresholds was observed medial to the infraorbital nerve 
canal and in the anterolateral part of the orbital floor; 
total surface area – 0.54cm2. Experiment 2: the damage 
was observed only medially to the infraorbital nerve canal; 
surface area – 0.8cm2. In both experiments, high strain 
(over 130MPa) was observed within practically the whole 
inferior wall, while a lower strain (but exceeding the value 
of 90MPa) included the parabasal region within the medial 
and lateral walls.

Clinical examinations. In 5 patients in whom the mechanism 
of the trauma contained 2 components (a blow to the inferior 
wall and a blow to the lateral wall), fractures were observed 
covering the region medial and lateral to the optic canal. 
These fractures were often accompanied by a radiologic image 
of orbital oedema, accompanied by clinical symptoms of 
eyeball motility disorders and displacement (enophthalmos). 
In 4 patients who had undergone trauma consisting in a blow 
to the inferior wall, fracture was observed within the area 
of the inferior wall in the region medial to the infraorbital 
nerve canal. In all patients, the image of enophthalmos was 
observed with normal motility of the eyeball.

Figure 4. Patient after eye socket injury. CT scan – fracture within the lower wall – 
medial part (arrow). A comparable image obtained in the numerical model (arrow)

Figure 3. Patient after eye socket injury. CT image fracture in the lower wall with 
displacement of the orbital contents to the maxillary sinus (arrow). A comparable 
image obtained in the numerical model (arrow)

Figure 2. Numerical model of orbital bone structures
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DISCUSSION

Each orbital blowout trauma, apart from the medical aspect 
(symptomatology, radiologic image, selection of time and 
method of therapy), also had a biomechanical dimension 
(describing a complicated sequence of displacements 
and deformations concerning the whole bone walls and 
their particular elements), the dimension specifying and 
conditioning safety and hygiene of individual workplaces 
(considering the use of proper protective measures 
eliminating the effects of a blow to the site of the orbit), as 
well as a legal dimension (determination of damage zones 
according to the point/points and the strength of the force 
applied, allows the description of the circumstances of the 
event/accident). The relevant literature from the medical 
aspect is very comprehensive, whereas the remaining aspects 
of the trauma still remain the subject of research.

Biomechanics of orbital blowout trauma. Based on 
the numerical model, the damage (fractures) zone was 
determined in both mechanisms conditioning its occurrence. 
The selection of the force used in the experiment depended 
on the satisfaction of blowout injury conditions. When a 
greater force was applied, the damage occurred in the area of 
the outer rim of the orbit, while at its lower values, no areas 
were observed with strains exceeding the threshold value [1].

In the case of an isolated blow to the inferior wall, 
high strains involved the whole bony frame of the orbit 
(inferior wall and lower part of the medial wall); however, 
the fracture concerned only the area located medial to the 
infraorbital nerve canal. It should be emphasized that the 
average thickness of bones at this site did not differ from the 
remaining areas of this wall. In the case of a double blow, the 
area of fractures is larger than after the blow to the inferior 
wall only (0.54cm2 vs. 0.38cm2). In such cases, ‘detachment’ 
of the inferior wall from both the lateral and medial wall 
is usually observed, and ‘greater’ clinical symptoms occur.

It should be noted that the scope of fractures is not a simple 
sum of overlapping areas for both injuries – laterally from 
the infraorbital nerve canal in an isolated blow to the inferior 
wall strains rich the value of 135MPa, whereas after a the 
double blow – the value of only 90MPa [5, 6]. An explanation 
for this phenomenon is difficult, but is probably associated 
with different distribution and different way of transmission 
of the force in both types of blow. A separate problem is an 
attempt to recreate the blow pattern based on the damage 
zone. Into the study group were qualified only the patients 
in whom no fracture was observed within the outer bony 
frame of the orbit – meeting of the criterion for blowout 
trauma. While comparing the clinical image with the image 
of damage obtained during the experiments on a numerical 
model, it may be assumed that in the case of the presence 
of fractures concerning the lateral area of the orbital floor, 
a force must have been applied to the lateral orbital rim and 
directed perpendicularly to the long axis of the eye socket. 
This conclusion may be additionally applied in assessment of 
the circumstances and course of the event. However, a precise 
evaluation and interpretation of post-traumatic fractures 
still remains difficult and equivocal. While comparing the 
radiologic image with the image obtained in experiments on 
the model, it should be presumed that the scope of damage 
depends on the direction and points of application of forces. 
This may be of importance, both in the case of designing the 

protective measures, and in the case of conducting court/
medical investigations at a workplace [5, 6, 7].

Legal aspects of accidents at work. Among blowout injuries, 
according to the causes of their occurrence, accidents at 
work constitute one-fourth. Limitation of the occurrence 
of these injuries is associated with the proper determination 
of the scope of duties and method of their application at a 
workplace, as well as the use of personal protection measures. 
At a workplace where the risk of injuries of this type occur, 
the use of regular protective glasses without the lower 
protective frame may be insufficient. The best solution is 
the facial screen and/or protective googles which, in the case 
of injury, rest on the facial bones and distribute and reduce 
the strength of a blow. Nevertheless, the googles must have 
extended side elements protecting the zygomatic orbital rim 
and the fronto-zygomatic junction.

However, a separate problem is the fact that among patients 
in the study, 7 out of 9 did not apply any protective measures, 
which is associated with the lack of predicting the possibility 
of such risk at their workplaces. The 2 remaining patients 
wore protective glasses but without a strengthened lower 
frame. It should be emphasized that the employer is obliged 
not only to provide the employee with personal protective 
equipment, including glasses, but also to enforce their use.

The majority of patients in the study sustained an injury 
while performing work activities related with construction, 
or involvement in traffic accidents. An adverse event was 
associated with an unintentional act, usually without the 
participation of third parties.

Polish legal standards in effect concerning the protection 
of the organ of vision arise from the validity of the standard 
EN (166, 169, 170, 171, 172, 175), and are consistent with 
EU directives (89/655 and 89/656) [12, 13]. With relation to 
the filtering properties, these standards concern protection 
against radiation and protection against splash (molten 
metal and other welding particles). These standards also 
specify the mechanical strength of protective measures. 
However, although according to common opinion there is 
consent about the necessity to use protective measures at each 
workplace where exposure of the employee to splashes occurs, 
there are no unequivocal recommendations concerning their 
type, shape, and individual endurance. Among the patients 
in the current study, the basic recommendation should have 
been the use of protective equipment to protect the whole 
face, because the area of exposure due to the causative agent 
exceeded the size of the orbital region.

According to Article 3, Clause 1 of the Act currently in 
effect:

an accident at a work is considered a sudden event due to an 
external cause, resulting in an injury or death, which occurred in 
association with work, during or in relation with the performance 
by an employee of activities (regular or ordered by superiors) on 
the behalf of the employer (even without an order), or while the 
employee is at the employer’s disposal on the way between the 
employer’s seat and the place of performance of duty resulting 
from the employment relationship [14].

The preparation of an accident report is important for the 
employee [15, 16] because it not only confirms the occurrence 
of the event, but is also the starting point for initiation of 
the procedure for obtaining social insurance benefits. Lack 
of the above-mentioned document is the basis for refusing 
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payment of benefits. If the event the accident is accepted as 
having occurred at work, the insured is entitled to benefits 
applied and paid by the insurer. These benefits include short-
term insurance benefits (sickness benefit, rehabilitation 
benefit, compensatory allowance), and long-term insurance 
benefits (disability pension, survivors’ pension and training 
allowance), as well as compensation benefits for damage 
to health suffered by the insured person. The insurance is 
paid after the completion of treatment and rehabilitation; 
however, deficit in premiums may be a reason for not paying 
out insurance benefits [14]. According to Article 21, Clause 
1 of the Accident Act: ‘benefits from accident insurance 
are not payable if the sole cause of the accident at work was 
the violation (proved) by the insured person of regulations 
concerning the protection of health and life (A concept wider 
than OSH), caused by this person intentionally or through 
gross negligence [14].’ Also, pursuant to Article 21 Clause 
2 of the above-mentioned Accident Act: ‘benefits from the 
accident act will not be payable to the insured person if 
intoxicated or under the influence of drugs or psychotropic 
substances, and this state, to a great extent, contributed to 
causing the accident [14, 16, 17].

CONCLUSIONS

1. Comparison of the damage zones on a numerical model 
and in patients after orbital blowout traumas allows 
determination of the direction of forces and their point 
of application.

2. Analysis of the trauma on a numerical model may 
determine its course and allow localization of the points 
which are especially important in designing new and/or 
existing protective measures.
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