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Abstract
Background. Orbital fractures are common injuries in adults and children. Although the mechanism 
of blowout fracture is generally similar regardless of age, due to differences in anatomy, clinical symptoms 
of these fractures vary in the 2 groups of patients. Numerous articles describe the methods of orbital re-
construction leading to enophthalmos correction; however, the current literature lacks articles presenting 
the comparison of enophthalmos treatment results in adults and children with orbital blowout fracture.

Objectives. The aim of this study was to compare the results of the treatment of enophthalmos in orbital 
blowout fracture in children/adolescents and adults with regard to the location of the fracture, the time from 
the injury to surgical treatment, the type of surgical procedure, and the donor location of an autogenous 
bone graft. 

Material and methods. The treatment results of 2 groups were compared: 530 adults (patients over 
18 years of age; 18–77 years; average age: 34 years); and 200 children/adolescents (4–18 years; average 
age: 12.1 years). Data was obtained retrospectively through a  review of  the medical history of patients 
treated for a fracture of the orbital floor and/or medial wall in our department in the years 1975–2015.

Results. In patients with post-traumatic enophthalmos, the correct positioning of the eyeball was achieved 
in 313 adults (59.1%) and 139 children (69.5%), improvement in 159 adults (30%) and 49  children 
(24.5%), and no improvement in 58 adults (10.9%) and 12 children (6%). Recovery after surgical treatment 
was achieved in 311 adults (60.9%) and 94 children (52.8%), improvement in 120 adults (23.5%) and 
59 children (33.1%), and no improvement in 80 adults (15.7%) and 25 children (14%). 

Conclusions. The relationship between post-traumatic enophthalmos and the location of  the fracture 
was more significantly marked in the adult group. In cases that required bone graft reconstruction, better 
results were achieved in adults.
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Introduction
In adults as well as in children, orbital fractures are quite 

common among the injuries of the facial part of the skull. 
Depending on classification (isolated fractures of the orbit, 
or part of maxillo-zygomatic or naso-orbital fractures), or-
bital fractures constitute 4–50% of fractures.1–3 Pure orbital 
blowout fracture is defined as a fracture of the orbital floor 
and/or medial wall with intact margins of the orbit. Enoph-
thalmos is one of the main symptoms accompanying orbital 
fracture. Enophthalmos greater than 2 mm is clinically de-
tectable, and may lead to esthetic and functional disorders 
(Fig. 1, Fig. 2, Fig. 3). As part of orbital fracture, enophthal-
mos may be a result of changes in the volume of the orbit, 
or muscle and/or fat atrophy due to ischemia. Numerous 
articles describe the methods of orbital reconstruction lead-
ing to postoperative enophthalmos correction; however, the 
current literature lacks articles presenting the comparison 
of  enophthalmos treatment results in adults and children 
with orbital blowout fracture. Isolated fracture of the orbital 
floor, owing to its pathomechanism, is limited to the orbital 

area, and its characteristic symptoms are unique to this type 
of facture. Due to differences in the proportions of the facial 
and cerebral parts of the skull, the degree of paranasal sinus 
development, and the flexibility of the bone, the appearance 
of orbital blowout fracture in adults and children varies.4,5 
Typical symptoms of  pure blowout fracture of  the orbit 
include diplopia, enophthalmos and the lack of  sensation 
in the suborbital area, usually accompanied by soft tissue 
swelling. In the case of orbital fracture in pediatric patients, 
limited eyeball movement is predominant, very often with 
the lack of or very discreet symptoms of soft tissue swell-
ing.6 In adults, blowout fracture with the loss of bony struc-
tures of the orbital floor or medial wall, and the herniation 
of periocular tissues into the maxillary or ethmoid sinus is 
quite common.7 In contrast, white-eyed fracture, which is 
very often not evident in the images of the bone fracture, and 
the predominant impairment of eyeball movement is quite 
typical in children.8–12 Due to its location and symptoms, 
orbital blowout fracture often requires collaboration among 
clinical teams, consisting of ophthalmologists, radiologists 
and maxillofacial surgeons.13–18

Objectives 

The aim of this study was to compare the results of en-
ophthalmos treatment in orbital blowout fracture in chil-
dren/adolescents and adults with regard to the location 
of the fracture, the time from the injury to surgical treat-
ment, the type of the surgical procedure used, and the site 
of autogenous bone graft harvest.

Material and methods
The treatment results of the following 2 groups were com-

pared: adults (patients over 18 years of  age; 18–77 years; 
average age: 34 years) and children/adolescents (4–18 years; 
average age: 12.1 years). Data was obtained retrospectively 
through a review of the medical history of patients treated 
for a fracture of the orbital floor and/or medial wall in our 
department between 1975 and 2015. The study included pa-
tients with pure orbital blowout fracture without a coexisting 
fracture of other parts of the facial skeleton (Fig. 4). Data on 
enophthalmos was obtained from the records of ophthalmo-
logical examinations, which had been carried out at the be-
ginning of treatment, after surgery, and repeatedly, depend-
ing on indications, during postoperative observation in the 
outpatient mode. Similarly, data on diplopia was obtained. 
Double vision was evaluated on a 5-point scale: in upgaze 
(type I), in upgaze and downgaze (type II), in straight and 
upgaze (type  III), in straight and downgaze (type  IV), or 
in the whole scope of  view (type  V). The indications for 
surgical treatment in both groups were as follows: persistent 
double vision with no tendency to subside; limited mobility 
of the eyeball; enophthalmos above 2 mm; and an extensive 
fracture of the orbital floor and/or medial wall.

Fig. 1. Girl with blowout fracture of the left orbit and enophthalmos

Fig. 2. Patient with blowout fracture of the left orbit and enophthalmos

Fig. 3. Girl with blowout fracture of the left orbit and enophthalmos
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Surgical procedures included the revision of the fracture 
site with the removal of  the herniated tissues in the case 
of linear fractures, or revision combined with tissue release 
and defect reconstruction with autogenous bone transplan-
tation in fractures with a bone defect. The procedures were 
performed under general anesthesia. Passive eye movement 
was tested (the forced duction test) at the beginning and end 
of the procedure. The access of choice was the transconjunc-
tival incision, or in the case of fracture with soft tissue dam-
age around the injury, access through the wound.

The following recovery criteria were selected: the lack 
of  diplopia; full eyeball movement; and enophthalmos 
lesser than 1 mm. Improvement was defined as a decrease 
in enophthalmos after the surgical procedure, a reduction 
in the area of diplopia and improvement in eyeball move-
ment. The lack of improvement was indicated by persis-
tent diplopia, and no improvement in enophthalmos and 
eyeball movement.

Statistical analysis 

The statistical analysis was performed in R, v. 3.6.1. (the 
R  Foundation, the R  Project for Statistical Computing; 
https://www.R-project.org/). The relationships between 
the scales were analyzed using the χ2 test and differences 
between the groups were evaluated using the χ2 test with 
Bonferroni’s correction. In addition, the Kruskal–Wallis 
tests were performed for the ranking scales referring to 
the time from trauma to surgery and enophthalmos after 
trauma, and Dunn’s test with Bonferroni’s correction and 
the Jonckheere–Terpstra trend test were used to compare 
both groups. A p-value less than 0.05 was considered sta-
tistically significant and a p-value less than 0.01 was con-
sidered highly significant.

Results
In the adult group, the most common cause of  injury 

was an  assault – 265 patients (50%), followed by a fall 
– 88 patients (16.6%). In the child group, the most com-
mon causes of injury were an accidental hit to the perior-
bital area – 74 children (37%), and sports – 47 children 
(23.5%). Individual causes of injury in the adult and child 
groups are presented in Table 1.

Table 1. Characteristics of the study groups

Characteristic
Children/ 

adolescents 
N = 200

Adults 
N = 530 p-value

Sex 
  female 
  male

38 (19.0)
162 (81.0)

90 (16.9)
440 (83.1)

0.596

Cause of injury 
  assault 
  fall 
  accidental hit to the periorbital area 
  road traffic accident 
  sports 
  work accident 
  other

35 (17.5)
19 (9.5)
74 (37.0)
17 (8.5)
47 (23.5)

0 (0.0)
8 (4.0)

265 (50.0)
88 (16.6)
65 (12.3)
49 (9.2)
35 (6.6)
14 (2.6)
14 (2.6)

<0.001*

Location of fracture 
  floor 
  floor and medial wall 
  medial wall

176 (88.0)
14 (7.0)
10 (5.0)

434 (81.9)
77 (14.5)
19 (3.6)

0.018*

Enophthalmos after injury [mm] 
vs location of fracture 
   floor 
 
   floor and medial wall 
 
   medial wall 

 
 

1.15 ±0.95 
(n = 176) 

0.36 ±0.50 
(n = 14) 

0.40 ±0.52 
(n = 10)

 
 

1.53 ±1.21 
(n = 434) 

1.91 ±1.41 
(n = 77) 

0.37 ±0.68 
(n = 19)

0.001*
(children/ 

adolescents)
<0.001*

(adults)

Type of fracture intraoperatively 
   with a bone defect 
   linear

N = 178
129 (72.5)

49 (27.5)

N = 511
438 (85.7)

73 (14.3)
<0.001*

Diplopia 
  after injury 
     – lack of diplopia 
     – diplopia 
  after treatment 
     – lack of diplopia 
     – diplopia 
  after injury 
     – type I 
     – type II 
     – type III 
     – type IV 
     – type V 
  after treatment 
     – type I 
     – type II 
     – type III 
     – type IV 
     – type V

24 (12.0)
176 (88.0)

119 (59.5)
81 (40.5)

21 (11.9)
43 (24.4)
14 (8.0)

5 (2.8)
93 (52.8)

47 (58.0)
24 (29.6)

2 (2.5)
5 (6.2)
3 (3.7)

67 (12.6)
463 (87.4)

341 (64.3)
189 (35.7)

121 (26.1)
119 (25.7)

38 (8.2)
46 (9.9)

139 (30.0)

95 (50.3)
55 (29.1)
10 (5.3)
22 (11.6)

7 (3.7)

0.914

0.262

Enophthalmos 
  after injury 
     – 0 mm 
     – 1 mm 
     – 2 mm or more 
  after treatment 
     – 0 mm 
     – 1 mm 
     – 2 mm or more

68 (34.0)
65 (32.5)
67 (33.5)

139 (69.5)
49 (24.5)
12 (6.0)

128 (24.2)
134 (25.3)
268 (50.6)

313 (59.1)
159 (30.0)

58 (10.9)

<0.001*

0.020*

General symptoms 
  loss of consciousness 
  cerebral concussion 
  brain contusion 
  nausea and headache

31 (15.5)
32 (16.0)

3 (1.5)
72 (36.0)

94 (17.7)
96 (18.1)
11 (2.1)

104 (19.6)

0.545
0.575
0.768

<0.001*

* statistically significant. 
Data presented as number (percentage) (n (%)) or as mean ± standard 
deviation (M ±SD).

Fig. 4. Patient with blowout fracture of the right orbit
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The most common location of the fracture was the or-
bital floor, which regarded 434 patients (81.9%) in the adult 
group and 176 patients (88%) in the child group. Individual 
fracture locations are presented in Table 1. The relationship 
between the location of the fracture and post-traumatic en-
ophthalmos was assessed. In the adult group, the greatest 
enophthalmos occurred in the case of a fracture of the or-
bital floor and medial wall, in contrast to the child group, 
where the greatest enophthalmos occurred with a  frac-
ture of the orbital floor. The results for individual groups 
are presented in Table 1. In the adult group, 438 patients 
(85.7%) had an  orbital fracture with a  bone defect and 
73 (14.3%) had a linear fracture. In the child group, a fracture 
with a bone defect occurred in 129 patients (72.5%), others 
had a  linear fracture of  the orbital floor. Individual types 
of fractures are presented in Table 1.

The injury was connected with the loss of  conscious-
ness in 94 patients (17.7%) in the adult group and 31 pa-
tients (15.5%) in the child group, cerebral concussion oc-
curred in 96 patients (18.1%) and 32 patients (16%) in the 
adult and child groups, respectively, and 11 adults (2.1%) 
and 3  children (1.5%) suffered from brain contusion. 
Other general symptoms, such as nausea and headache, 
occurred in 104 adults (19.6%) and 72 children (36%).

The relationship between the time from the injury to sur-
gery and the treatment outcome was evaluated. In surgically 
treated patients, 311 adults (60.9%) and 94 children (52.8%) 
were cured, 120  adults (23.5%) and 59  children (33.1%) 
showed improvement, while 80 adults (15.7%) and 25 chil-
dren (14%) showed no improvement. In the adult group, 
a significant relationship between the time from the injury 
to surgery and the treatment outcome was found (p < 0.001). 
In general, the time from the injury to surgical treatment 
was shorter in the complete recovery group as compared to 
the improvement and no improvement groups. In the child 
group, no significant relationship between the time from 
the injury to surgery and the treatment outcome was found 
(p = 0.598). The results are presented in Table 2 and Table 3. 

Post-traumatic enophthalmos occurred in 402 adults 
(75.8%) and 132 children (66%). Enophthalmos ranged from 
1  mm to 6  mm. After treatment, the proper positioning 
of the eyeball (enophthalmos less than or equal to 1 mm) was 
achieved in 313 adults (59.1%) and 139 children (69.5%), im-
provement was observed in 159 adults (30%) and 49 children 
(24.5%), and there was no improvement in 58 adults (10.9%) 
and 12 children (6%). Changes in the size of enophthalmos 
were compared with respect to the type of surgical treatment 
that was used. In the group which underwent bone graft re-
construction, enophthalmos after injury was generally greater 
than in the group in which tissue release was used. A statisti-
cally significant relationship was found (p < 0.05). A reduc-
tion in enophthalmos was more significant in the bone graft 
reconstruction group. No statistically significant difference 
was observed between those 2 surgical methods in the child 
group. The results are summarized in Table 4 and Table 5.

Table 2. Relationship between the time from the injury to surgical treatment and the treatment outcome in the adult group (N = 511) 

Treatment 
outcome

On the day of accident 
N =  8

2–14 days 
N = 92

15–30 days 
N = 202

1–3 months 
N = 152

4–6 months 
N = 24

>6 months 
N = 33 p-value

Complete recovery 7 (87.50) 67 (72.83) 138 (68.32) 78 (51.32) 9 (37.50) 12 (36.36)

<0.001*Improvement 1 (12.50) 16 (17.39) 39 (19.31) 46 (30.26) 5 (20.83) 13 (39.39)

No improvement 0 (0.00) 9 (9.78) 25 (12.38) 28 (18.42) 10 (41.67) 8 (24.24)

* statistically significant. 
Data presented as n (%).

Table 3. Relationship between the time from the injury to surgical treatment and the treatment outcome in the child group (N = 178) 

Treatment 
outcome

On the day of accident 
N = 4

2–14 days 
N = 28

15–30 days 
N = 70

1–3 months 
N = 58

4–6 months 
N = 11

>6 months 
N = 7 p-value

Complete recovery 1 (25.00) 16 (57.14) 37 (52.86) 34 (58.62) 5 (45.45) 1 (14.29)

0.598Improvement 2 (50.00) 9 (32.14) 24 (34.29) 17 (29.31) 3 (27.27) 4 (57.14)

No improvement 1 (25.00) 3 (10.71) 9 (12.86) 7 (12.07) 3 (27.27) 2 (28.57)

Data presented as n (%).

Table 4. Relationship between a decrease in enophthalmos and  
the type of the surgical procedure applied in the adult group (N = 511) 

Type of surgical 
procedure

Decrease in enophthalmos 
[mm] p-value

M ±SD Me quartiles

Tissue release 
N = 54

0.57 ±0.60 1 0–1
0.001*

Bone graft reconstruction 
N = 457

1.08 ±1.03 1 0–2

M – mean; SD – standard deviation; Me – median;  
* statistically significant.

Table 5. Relationship between a decrease in enophthalmos and  
the type of the surgical procedure applied in the child group (N = 178) 

Type of surgical 
procedure

Decrease in enophthalmos 
[mm] p-value

M ±SD Me quartiles

Tissue release 
N = 46

0.80 ±0.75 1 0–1
0.001*

Bone graft reconstruction 
N = 132

0.77 ±0.78 1 0–1
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The results of blowout fracture treatment in adults and 
children were compared with respect to the type of  the 
surgical procedure used. Regardless of the type of surgery, 
similar effects were obtained in both adults and children. 
The results are presented in Table 6 and Table 7.

The treatment outcome was assessed with respect to 
the site of  autogenous bone graft harvest. In the adult 
group, the best results were obtained in the patients who 
underwent reconstruction with a donor graft taken from 
the anterior wall of  the maxillary sinus, with 74% reco-
very, but in children, no statistically significant relationship 
was found. Detailed results for individual groups are pre-
sented in Table 8 and Table 9.

Post-traumatic double vision occurred in 463  adults 
(87.4%) and 176  children (88%). In both adults and chil-
dren, diplopia was most common in the entire field of view 
(type V) – 139 adults (30%) and 93 children (52.8%). In-
dividual types of double vision are shown in Table 1. The 
relationship between the diplopia type and the treatment 
outcome was assessed. In the adult group, the best out-
comes were achieved in the case of type I diplopia (77.69% 
recovery) and the worst in the case of  type  V (43.07%). 
Type  III diplopia was associated with the best prognosis 
in children (85.71% recovery) and the worst results were 
obtained in the case of  double vision in the entire scope 
of view (40.22%). Detailed results are presented in Table 10 
and Table 11.

Table 6. Relationship between the type of the surgical procedure applied 
and the treatment outcome in the adult group (N = 511) 

Treatment 
outcome

Type of surgical procedure

p-valuetissue release  
N = 54

bone graft 
reconstruction  

N = 457

Complete recovery 30 (55.56) 281 (61.49)

0.667Improvement 15 (27.78) 105 (22.98)

No improvement 9 (16.67) 71 (15.54)

Data presented as n (%).

Table 8. Relationship between the bone graft donor site and the treatment outcome in the adult group (N = 457) 

Treatment outcome
Bone graft donor site

p-valueiliac bone  
N = 78

skull cover  
N = 94

anterior wall of the maxillary sinus  
N = 285

Complete recovery 39 (50.00) 31 (32.98) 211 (74.04)

<0.001*Improvement 20 (25.64) 32 (34.04) 53 (18.60)

No improvement 19 (24.36) 31 (32.98) 21 (7.37)

* statistically significant. 
Data presented as number n (%).

Table 7. Relationship between the type of the surgical procedure applied 
and the treatment outcome in the child group (N = 178) 

Treatment 
outcome

Type of surgical procedure

p-valuetissue release  
N = 46

bone graft 
reconstruction  

N = 132

Complete recovery 22 (47.83) 72 (54.54)

0.371Improvement 19 (41.30) 40 (30.30)

No improvement 5 (10.87) 20 (15.15)

Data presented as n (%).

Table 9. Relationship between the bone graft donor site and the treatment outcome in the child group (N = 132) 

Treatment outcome
Bone graft donor site

p-valueiliac bone  
N = 42

skull cover  
N = 47

anterior wall of the maxillary sinus  
N = 43

Complete recovery 28 (66.67) 19 (40.43) 25 (58.14)

0.068Improvement 7 (16.67) 19 (40.43) 14 (32.56)

No improvement 7 (16.67) 9 (19.15) 4 (9.30)

Data presented as number n (%).

Table 10. Relationship between the type of post-traumatic diplopia and the outcome after surgical treatment in the adult group (N = 511) 

Treatment 
outcome

No diplopia 
N = 53

Type I 
N = 121

Type II 
N = 118

Type III 
N = 38

Type IV 
N = 44

Type V 
N = 137 p-value

Complete recovery 45 (84.91) 94 (77.69) 70 (59.32) 17 (44.74) 26 (59.09) 59 (43.07)

<0.001*Improvement 6 (11.32) 15 (12.40) 25 (21.19) 19 (50.00) 10 (22.73) 45 (32.85)

No improvement 2 (3.77) 12 (9.92) 23 (19.49) 2 (5.26) 8 (18.18) 33 (24.09)

* statistically significant. 
Data presented as n (%).
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Discussion
Comparing the most common causes of  orbital frac-

ture in children and adults, there were some clear differ-
ences. In children, accidental hits to the periorbital area 
dominated, probably related to physical activity, which 
increases with the age of the child, and the 2nd most com-
mon cause was an  injury due to sport, which coincides 
with the results of other authors.8,9 In contrast, the main 
cause of injury in adults was an assault as a result of in-
terpersonal violence. Road traffic accidents, which are 
often mentioned by other authors as the main cause of in-
jury,19,20 ranked 4th in the examined group.

Based on the available literature, intrabulbar injuries are 
associated with 3–18% of orbital fractures.13–18 In the child 
and adult groups, eyeball injuries constituted 6.5% and 16% 
of all cases, respectively; they were mainly cases of retinal 
concussion. In some cases, the rupture of  the pupillary 
sphincter and anterior chamber hemorrhage were noted. 
In such situations, surgical treatment was postponed until 
symptoms subsided to avoid sight-threatening complica-
tions during the surgical procedure.

According to numerous authors, typical blowout frac-
tures are quite rare in children and are dominated by trap-
door fractures.21–23 “A child is not a  small adult” due to 
anatomical differences as well as differences in bone elas-
ticity and periosteal thickness. In children, fractures with 
small displacement of hard tissue and a dominating pic-
ture of tissue herniation in the fracture area, with limited 
mobility of the eyeball, are often encountered, whereas in 
adults, due to fully developed paranasal sinuses, different 
proportions between the facial and cerebral parts of the 
skull, and thus greater exposure of the facial part to trau-
ma, the most common orbital fracture is a fracture with 
tissue defects within the orbital floor.24,25 In our study 
groups, both children and adults presented with the typi-
cal picture of blowout fracture, regardless of age. It should 
be emphasized that the average age of  children in our 
study was greater than 12 years, hence the type of fracture 
may differ from those in younger children. This is in line 
with the reports of other authors.26–28

Discussions on the most appropriate time interval 
between the injury and surgical treatment remain 
open. For children, the prevailing view is that the faster 
the treatment, the better the result.3,29,30 This scheme 
mainly applies to trapdoor fractures, in which prolonged 

entrapment of soft tissues, both muscle and intraorbital 
fat, can lead to irreversible changes, permanently im-
pairing the mobility of  the eyeball and resulting in per-
manent enophthalmos due to the atrophy of orbital fat. 
In adults, some authors point out that only the resolution 
of post-traumatic soft tissue edema allows for an accurate 
examination of enophthalmos and diplopia, and enables 
the pro per qualification of the patient for conservative or 
surgical treatment.20,31 Exceptions to these patterns are 
a fracture with the occurrence of an oculo-cardiac reflex 
or the development of  a  retrobulbar hematoma, which 
may lead to post-traumatic optic neuropathy, requiring 
urgent surgical intervention.10,11,23 In our group of adults, 
there was a  statistically significant relationship between 
the time from the injury to surgical treatment and the 
treatment outcome. The treatment results for the patients 
who underwent surgery up to 30  days after the injury 
were better than those of the patients who waited longer. 
There were no differences in the treatment outcomes in 
the patients who waited for treatment longer than 30 days 
after the injury (up to 3 months or more than 3 months 
after the injury). Missing the optimal time for surgical 
orbital reconstruction can lead to esthetic and functional 
disorders, such as permanent enophthalmos, eye globe 
depression and double vision. Postponed surgical treat-
ment is intended for patients who develop double vision 
and enophthalmos later than 2  weeks after the injury 
as a result of orbital fibrosis. According to some authors, 
surgical reconstruction performed up to 14 days after the 
injury decreases the risk of  late diplopia and enophthal-
mos. There was no statistically significant difference in 
the child group. Similar treatment effects were obtained 
regardless of  the time from the injury to treatment; the 
only observed trend was better treatment outcome with 
earlier treatment.

Enophthalmos greater than 2  mm is clinically notice-
able and, apart from being an  esthetic defect, can cause 
functional disturbances in the form of  double vision 
or impaired tear drainage.1,32 In the adult group, post-
traumatic enophthalmos was more common, occurring 
in 402 adult patients (75.8%), compared with 132 children 
(66%). The goal of  surgical treatment is to restore the 
proper position of the eyeball in the orbit, either by releas-
ing the herniated tissues or restoring the continuity of the 
orbital walls to regain the proper function of the support-
ing structures of  the eyeball (Fig. 5, Fig. 6, Fig. 7, Fig. 8). 

Table 11. Relationship between the type of post-traumatic diplopia and the outcome after surgical treatment in the child group (N = 178)

Treatment 
outcome

No diplopia 
N = 4

Type I 
N = 21

Type II 
N = 43

Type III 
N = 14

Type IV 
N = 4

Type V 
N = 92 p-value

Complete recovery 0 (0.00) 16 (76.19) 26 (60.47) 12 (85.71) 3 (75.00) 37 (40.22)

0.005*Improvement 2 (50.00) 4 (19.05) 11 (25.58) 2 (14.29) 1 (25.00) 39 (42.39)

No improvement 2 (50.00) 1 (4.76) 6 (13.95) 0 (0.00) 0 (0.00) 16 (17.39)

* statistically significant. 
Data presented as n (%).
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According to Choi et al., patients with an orbital fracture 
involving the floor and medial wall are at greater risk 
of  developing post-traumatic enophthalmos.33 This is 
mainly due to the loss of eyeball support in the lower-
medial quadrant of  the orbit. Fractures involving more 
than 1 orbital wall are also associated with a correspond-
ingly greater disorder of the relationship between the or-
bital volume and the structures which make up its con-
tent.34 These findings are consistent with the data from 
our adult group, in which the greatest enophthalmos 
was noted in the group with orbital floor and medial wall 

fractures. In contrast, in the child group, the greatest 
enophthalmos was associated with fractures of  the 
orbital floor. In both groups there were differences in 
the incidence of enophthalmos, 75.8% of adult patients, 
compared with 66% of pediatric patients. Post-traumatic 
enophthalmos in orbital fracture may have different 
etiology – either changes in the orbital volume or the 
loss of periocular fat due to the entrapment of soft tis-
sue in the fracture line. Various surgical methods have 
been described to restore the correct anatomy of  the 
orbit, including reconstruction with the use of auto- 
and xenografts as well as corrective osteotomies.33,35,36 
Nowadays, in adults, orbital reconstruction with the use 
of titanium mesh, or patient-specific or customized im-
plants is becoming more popular.37 In children, resorb-
able materials are widely used. In our groups of patients, 
an autogenous bone graft was the reconstruction mate-
rial used in all patients who required the reconstruction 
of  the orbital floor. In the adult group, the best results 
were obtained with the use of the anterior maxillary si-
nus wall graft, and in children, with grafts from the iliac 
bone; however, the most frequently used donor site was 
the skull. For children under 12–13 years of age, the use 
of a transplant from the anterior wall of the maxillary si-
nus is impossible due to the presence of permanent teeth 
buds. The use of autogenic orbital reconstruction mate-
rial reduces the risk of inflammatory complications that 
may occur with artificial materials. The use of autogenic 
bone, despite inevitable and not completely predict-
able graft resorption, provides an opportunity to restore 
proper support for the eyeball, preventing the develop-
ment of late enophthalmos.

Conclusions
The relationship between post-traumatic enophthalmos 

and the location of  the fracture was more significantly 
marked in the adult group. After surgical treatment, the 
proper positioning of  the eyeball (enophthalmos less 
than or equal to 1 mm) was achieved in a similar percent-
age of  patients in the adult and child groups. In cases 
requiring bone graft reconstruction, better results were 
achieved in the adult group. The causes of injury differed 
between adults and children. However, general symp-
toms accompanying the injury did not differ significantly 
between the 2 groups. Due to differences in the clinical 
picture of  orbital floor fractures in children and adults, 
the diagnosis and treatment of orbital fracture in children 
may be more challenging.
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Fig. 6. The same patient as in Fig. 2, after surgery

Fig. 7. The same girl as in Fig. 3, after surgery

Fig. 5. The same girl as in Fig. 1, after surgery

Fig. 8. The same patient as in Fig. 4, after surgery
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