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INTRODUCTION
The term “pan-facial” is commonly used to describe 

complex fractures involving multiple facial bones, whose 
degree of fragmentation made the restoration of pre-
injured architecture a difficult task.1

Manson et al have divided the facial skeleton into 
four anatomic areas: the frontal area, the upper midfa-
cial area, the lower midfacial area, and the mandibular 
area. According to his classification, the midface had 
been divided into upper and lower segments in relation 
to the Le Fort I level. Those authors believed that true 
pan-facial fractures could be distinguished from multiple 
facial fractures in relation to the Le Fort I level. True pan-
facial fractures are those fractures that involve segments 

on both sides of Le Fort I level, while multiple fractures 
involve more areas in one half of the face.2 In contrast, 
Follmar et al defined pan-facial fractures as fracture pat-
terns that involve at least three of four axial segments of 
the facial skeleton: frontal, upper midface, lower midface, 
and mandible.3

Patients with pan-facial fractures represented a small 
proportion of the overall population with facial fractures. 
These fracture patterns are usually associated with high-
energy trauma that usually results in severely comminuted 
fractures, dramatic instability, and marked alteration in 
facial skeletal architecture. These injuries included road 
traffic accidents, interpersonal violence, sports-related 
accidents, industrial accidents, and gunshot wounds.4,5

Pan-facial fracture repair is considered one of the 
most complex and challenging reconstructive procedures 
to perform. According to Ellis et al, it is always better to 
treat facial fractures as soon as possible. A delay of several 
days or weeks makes an ideal anatomic reduction of the 
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fracture difficult, if not impossible. So, surgery could be 
performed either very early, or after 5–7 days when the 
edema subsides.6

This study aimed to evaluate the efficacy of dental 
splints to restore optimal premorbid occlusion in late pre-
sented pan-facial fractures.

PATIENTS AND METHODS
Following institutional ethical committee approval, 

20 patients (19 men and one woman) presented with late 
noncompound pan-facial fractures, and interrupting max-
illary and/or mandibular arches were included. Patients 
were candidates for ORIF. Young patients (<16 years old) 
or elderly patients  (>60 years old), edentulous patients, 
patients with  presence of lost bony segment, and coma-
tose patients were excluded from our study.

Patients had been divided randomly into two groups 
according to the sequence of their presence: Odd num-
bers (group A) were managed by the ordinary sequence 
of repair; even numbers (group B) were managed with the 
aid of occlusal dental splint.

Preparation of the Hard-occlusal Splint
Forty-eight hours before surgery, alginate impressions 

were obtained from the patient’s dental arches that were 
free of voids. A snap removal from the mouth is recom-
mended, as rocking upon removal causes distortion and 
tearing, and leads to an ill-fitting appliance. Short-acting 
sedation was used to permit pain-free mouth opening and 
obtaining these impressions.

Pouring of the impressions immediately into resin 
rock was done to obtain both the maxillary and mandibu-
lar casts (Fig. 1).

The casts were sectioned at the site of the fractures 
according to the patient’s radiology. The three-dimen-
sional (3D) reconstruction imaging provided good visual-
ization of both dental arches and the extent of the fracture 

lines. The fractured segments were reduced and stabilized 
by baseplate wax.

The casts were mounted on the articulator (Fig.  2) 
to bring them into the predicted pre-injury occlusion 
depending on the dental facets and cusp interactions, and 
acrylic splint was fabricated in this relation. Holes could 
be drilled at the interdental region to allow the passage of 
wires for mandibular–maxillary fixation (MMF). This fab-
ricated dental splint mimics the patient’s pre-injury occlu-
sion, which could be used during surgery as a template 
bringing the fracture segments together into the proper 
relation, leading to a good occlusion. This whole process 
takes on average between 3 and 4 hours; most of this time 
is consumed by preparing the material and waiting for the 
casts to dry.

Operative Sequence
After accessing the fracture sites, fractured segments 

were disimpacted and mobilized with clearing the sites for 
adequate reduction. After mobilization of the maxillary 
and mandibular fracture segments, the splint was applied 
as a template, where all fractured segments passively 
guided into, bringing the dental arches into their proper 
relation and dimension, and hence, a proper occlusion. 

Fig. 1. Close photography of the maxillary cast with the palatal impression (a) and the mandibular cast (B).

Takeaways
Question: Do hard occlusal splints improve the outcome 
in patients with late presented pan-facial fractures?

Findings: The study showed decreased operative time and 
improved outcomes regarding the incidence of malocclu-
sion postoperatively.

Meaning: Hard occlusal splints significantly decrease 
operative time in patients with old pan-facial fractures, 
and improve outcome as well as decrease the incidence of 
postoperative malocclusion.



 Hussein et al. • Pan-facial Repair by Dental Splints

3

(See figure, Supplemental Digital Content 1, which dis-
plays frontal (a) and oblique views (b, c) of the MMF with 
the occlusal splint, which guides the dental arches into a 
good occlusion. http://links.lww.com/PRSGO/B799.) 
Temporary stabilization of the fractures along with the 
interdental splint through the MMF. Time from the start 
of surgery till reaching the proper stable occlusion was 
calculated. To avoid any bias in time calculation, time was 
standardized for mandibular fractures’ exposure through 
one or two lower buccal sulcus incisions,  complete mid-
face exposure to infra-orbital rim bilaterally through 

upper buccal sulcus incision,  complete mandibular and 
maxillary fracture disimpaction, and MMF by IMF screws, 
also. All procedures were done by the first author and 
time was calculated on stop-watch. Time consumed for 
any other incisions or procedures was excluded.

The maxillo-mandibular unit was considered the start-
ing point from which the reconstruction of the facial 
skeleton proceeded. After completion of osteosynthesis, 
the splint was removed, and the occlusion was released 
and double-checked without MMF, then all wounds were 
closed. In Patients with palatal fractures, the splints were 
re-applied and fixed to the upper jaw and kept in place for 
4 weeks to avoid any transverse relapse. In some patients in 
whom we could not get rigid fixation, we kept the patient 
in occlusion for 4 weeks using elastics.

Six weeks postoperatively, the patients were assessed 
for adequacy of occlusion both subjectively and objec-
tively; patients were asked to assess whether the occlusion 
felt consistent with the premorbid state or not. Also, the 
patient was examined clinically and radiologically by the 
senior author to determine the adequacy of occlusion. We 
adopted the description of the class I occlusion of Angle’s 
classification to define adequate occlusion postoperatively.

The collected data were coded, tabulated, and statisti-
cally analyzed using IBM SPSS statistics software, version 
18.0 (IBM Corp., Chicago, Ill., 2009).

RESULTS
Twenty patients (19 men and one woman) who pre-

sented to our department and met our inclusion crite-
ria were included in this study (Fig.  3). Patients were 
randomly divided into two groups: patients assigned 
an odd number represented the control group (group 

Fig. 2. Mounting of the casts on the articulator. the arrow indicates 
the site of the fracture, which is stabilized by the wax to obtain opti-
mal dental relation. the occlusal splint is then prepared in vitro.

Fig. 3. Flow chart of the studied cases.

http://links.lww.com/PRSGO/B799
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A), whereas patients of even number represented the 
study group (group B) where the occlusal splints were 
used (Fig.  4) (Table  1). (See figure, Supplemental 
Digital Content 2, which displays preoperative frontal 
view of a patient with multiple lost teeth and malocclu-
sion (A), which had been more evident on the Rt side 
(upper row—left) due to sagittal palatal fracture, Le 
Fort I fracture, and mandibular fractures; Rt angle and 
Lt subcondylar intraoperative pictures following down-
fracture of Le Fort fracture with maxillary disimpac-
tion, showing the palatal fracture. (B) Occlusal splint 
was applied and ideal occlusion was obtained using IMF 
screws (C). (Lower row—D) Postoperative frontal and 
oblique views 3 months postoperatively showing resto-
ration of optimal occlusion. The lost teeth had been 
replaced by a  temporary denture bridge to provide an 

aesthetic smile. http://links.lww.com/PRSGO/B800.) 
The patients’ ages ranged from 18 to 52 years. Patients 
presented late (3–9 weeks post insult) due to serious 
neurological, ophthalmological, or orthopedics injuries 
that require previous intervention or ICU admission 
before being transferred to our department. All patients 
were followed up regularly for 6 months; however, one 
patient from the control grouped was missed during the 
follow-up period.

The time to obtaining optimal stable occlusion ranged 
between 80 and 120 minutes in the study group, with an 
average of 102.5 minutes. However, in the control group, 
the time ranged between 120 and 180 minutes, with an 
average of 150 minutes. There was a statistically significant 
shorter operation time till obtaining optimal occlusion 
between the two groups (P < 0.0001).

Fig. 4. Preoperative 3D-Ct scans (a) of a 27-year-old male patient who had presented to our department with malunited facial fracture. 
(B) nine weeks after the initial trauma (upper row). 3D-Ct scans of the same patient after 6 weeks postoperatively with an optimal occlu-
sion (lower row).

http://links.lww.com/PRSGO/B800
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Postoperative malocclusion was noticed to be less fre-
quent in the splint group than in the control group: only 
one patient with residual malocclusion in the study group 
versus two patients in the control group. The patient with 
malocclusion in the splint group was believed to be techni-
cally related due to inadequate fixation rather than to the 
splint itself, unlike the other two patients in the control 
group who had been fixed adequately.

DISCUSSION
Delayed presentation of patients with pan-facial frac-

ture is a bit common in daily practice. The mode of trauma 
which is usually high energy is often associated with mul-
tiple neurological or orthopedic injuries that necessitated 
early life-threatening intervention and patient stabiliza-
tion before maxillofacial fixation.7

Carr and Mathog believed that bone healing beyond 
3 weeks was in a “gray stage,” where the edges of the 
fragment begin to absorb and remodel, which makes it 
very difficult to obtain anatomic reduction.8 Hence, as a 
result of this delay, facial bone fractures often mal-unite, 
soft tissues shrink and contract, and scarring occurs, all 
of which make delayed treatment very difficult. This was 
unfavorable for achieving the primary goals of reconstruc-
tion, which included rapid bone healing and restoring 
both the function and the pre-injury 3D facial contours. 
Despite the major advances in maxillofacial surgeries and 
aggressive management, surgeons still experience postop-
erative deformities that continue to appear. Malocclusion 
was among repeatedly encountered deformities following 
surgeries,9 and avoiding such unfavorable results was the 
main aim of our study.

Two classic approaches have been described for the 
management of pan-facial trauma; namely “bottom-up 
and inside out” or “top-down and outside in”.10–12 However, 
many authors reported that reconstruction of the occlusal 
segments in pan-facial fractures provided a lower template 
for subsequent 3D reconstruction of the fragile framework 
of the upper midface. In our study, we adopted the same 
principle for the management of our patients. Also, we 
agreed with those authors who advocated that the Le Fort 
I level of the maxilla needs to be restored in its width with 
mandibular–maxillary fixation. This mandibular–maxil-
lary unit is then restored to its vertical height and position 
in relation to the skull base.7,13,14

He et al believed that the use of the mandible as a 
foundation to reconstruct delayed pan-facial fractures was 
reasonable because the mandible is the strongest facial 

bone and could be anatomically reduced more easily than 
the maxilla.7 However, Pau et al reported a setback con-
cerning this approach. Due to the presence of multiple 
fractures affecting the dental arches, along with loss of 
anatomical landmarks, which aid in guiding the start of 
reconstruction of the facial skeleton, re-establishment of 
the optimum occlusion through MMF was very difficult, 
and postoperative complications should be expected.15

Hendrickson and Manson previously proposed using 
the maxillary arch as a template for the mandibular arch: 
the maxillary arch should first be fixed posteriorly, at 
the level of the palatal vault, and then at the level of the 
pyriform aperture for the favor of providing proper facial 
width.2,16 However, other authors suggested an alternative 
method to restore the occlusal plan by preparing an occlu-
sal splint in acute fractures mimicking premorbid occlu-
sion by segmenting post-traumatic casts of the maxillary 
and mandibular arches.17 Tucker et al considered fracture 
stabilization with arch bars or external fixators along with 
the splints was often desirable when fractures were highly 
comminuted or the soft tissue envelope was compromised 
by tissue loss or burns.18 Also, Morris and Tiwana men-
tioned that the occlusal splint was considered an excellent 
option for accurate reduction of the fractured maxillary 
segment.19

Accordingly, our study was conducted by applying the 
same principles of using preformed dental splints as men-
tioned previously, in order to assess the efficacy of these 
splints in restoring the occlusion as a primary step in the 
management of delayed presented pan-facial fractures. 
Intraoperatively, following fracture mobilization, seg-
ments were approached like puzzles. The splint provided a 
template into which all segments could fall. This restored 
the occlusal relationship between segments with less effort 
and helped achieve more stable reduction without the 
need for fixation of palatal fractures first if present. The 
mandibular-maxillary unit with splint in-between provided 
a very stable foundation, allowing the subsequent inter-
nal fixation of the fractures. The teeth were placed into 
their impressions on the splint as if the jaws were locked 
together, reducing the friction and instability, and pre-
serving the occlusal relationship between them during the 
fixation of the fractures. This concept could overcome the 
drawbacks discussed by Pau et al concerning the multiple 
fractures disturbing the dental arches. Thus, the splint was 
found to be quite valuable in facilitating the reduction of 
these fractures.

Regarding patients who presented with malocclusion 
as a delayed complication, He et al utilized dental splints 
in restoring the occlusion following Le Fort I osteotomy 
for management of the delayed pan-facial fractures.7 
Yamamoto et al also adopted the same principles in the 
case of posttraumatic malocclusion secondary to condylar 
fractures in an elderly patient.20

It is worthy to report that one of the main advantages 
of these splints was the significant reduction of opera-
tive time: time from complete fractures exposure and 
dis-impaction till reaching the proper stable occlusion  
(P < 0.0001). Another parameter that we used for assess-
ment in our study was the postoperative occlusion 

Table 1. Demographic Distribution of Patients in Both 
Groups in Relation to Associated Comorbidities

Variables Measures
Splint Group  

(N = 10)
Control Group 

(N = 10)

Age (y) Mean ± SD 33.2 ± 8.9 29.1 ± 7.0
Range 19.0–52.0 18.0–46.0

Sex (n, %) Men 9 (90%) 10 (100.0%)
Women 1 (10%) 0 (0.0%)

Associated  
injuries (n, %)

Ophthalmological 3 (30.0%) 5 (50.0%)
Orthopedic 3 (30.0%) 2 (20.0%)
Neurological 4 (40.0%) 3 (30.0%)
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status among patients. In the control group, two of the 10 
patients had postoperative malocclusion with one patient 
lost during the follow-up. In contrast, in the splint group, 
one of the 10 patients still had postoperative malocclu-
sion in the form of an anterior bite. However, this patient 
with the malocclusion in the splint group is believed to be 
technically related, resulting in rotation of the posterior 
maxilla on the one side and premature contact of second 
molars that made this anterior open bite occur. However, 
due to the small sample size, that might be a very primi-
tive conclusion needing further investigation on a larger 
sample size.

Another advantage of such dental splints is the reli-
ability in the management of comminuted palatal frac-
tures, in which the width of the dental arch was difficult 
to restore. According to Pau et al, open repositioning 
and fixation of the palatal vault could be problematic in 
several ways. First, bending a miniplate so that it adheres 
passively to the concavity of the posterior palate could be 
difficult. Second, applying internal fixation to the palate 
could be challenging due to the oblique approach and the 
hindrance of the tongue. Third, mucosal incisions overly-
ing the fracture were required to gain access to the palatal 
vault, but they increased the risk of late palate exposure.15 
Adding to that, the usual delay of treatment precludes 
providing the exact anatomical reduction and the sequent 
proper width and occlusion.

In our study, three patients with palatal fractures had 
been managed using the splint technique, whereas the 
other two patients had been treated without the splint. 
Despite there being no significant affection on the maxil-
lary width or palatal curvature of these patients, the splint 
provided an easy way to restore the pre-injured maxil-
lary width with less effort. Long-term follow-up of those 
patients revealed one patient in the splint group and one 
patient in the control group, who had a persistent small 
palatal fistula, which is considered a minor complication 
in contrast to the complications of palatal fixation.

In our study, the main limitations were the small sample 
size and relatively short follow-up time (only 6 months). 
Also, the discrepancy in fracture distributions and severity 
of fragmentation and comminution of bones were other 
limitations. Another point of weakness in our study was 
that most of our patients had comminuted fractures on 
either side of the jaw. Thus, we recommend further stud-
ies on a larger scale with a more uniform population and 
longer follow-up period, to be able to assess its significance 
in reducing postoperative malocclusion. We also believe 
that these splints would be of a greater value in patients 
with comminuted fractures of both maxilla and mandible.

CONCLUSIONS
Occlusal splints could be a good modality for restor-

ing the pre-morbid occlusion in patients with delayed 
pan-facial fractures. This is a simple, reliable technique 
that could be easily integrated into our daily practice, and 
could help to decrease the intraoperative time needed for 
restoration of optimal occlusion and decrease the postop-
erative malocclusions.
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