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ABSTRACT 

Management of traumatic dental injuries (TDI) in a young patient may range from simple to complex. In a 
situation where teeth are lost, a reliable and conservative treatment option is an implant-supported fixed 
dental prosthesis (i-FDP), as this treatment option negates the need to prepare sound abutment teeth as in 
the case of conventional fixed bridges. However, the placement of implants is usually prosthetically driven to 
allow for a 3D functional and aesthetic restoration. In the presence of severe skeletal Class III malocclusion, 
treatment may incorporate pre-surgical orthodontic treatment, followed by jaw surgery to correct the skeletal 
discrepancies and finally post-surgical orthodontic treatment before the rehabilitation with implants.  A 
multidisciplinary treatment approach in a stepwise manner is required to address the patient’s overall 
treatment needs. This case report presents a joint prosthodontics, orthodontics and oral maxillofacial surgical 
management of a young adult male patient with a Skeletal Class III malocclusion who required rehabilitation 
of avulsed missing anterior teeth sustained from childhood TDI. The severity of the skeletal relationship 
required a Le Fort I maxillary advancement and a bilateral sagittal split osteotomy for the setback of the 
mandible in combination with orthodontics for correction of malocclusion and arch relationship prior to 
implant placement. Correction of the malocclusion and jaw deformity allowed the functional and aesthetic 
rehabilitation of the missing teeth using an i-FDP. 
 

INTRODUCTION 

Traumatic dental injuries cause damage to the 
structures within the oral cavity that may include 
the teeth, periodontal apparatus, mucosa, bone 
and musculature. In children and adolescents, the 
most common aetiology reported is fall and others 
are sports, traffic accidents, fall from 
bicycle/tricycle or indoor and outdoor play.1 A 
recent meta-analysis reported that more than 1 
billion people had experienced TDI translating to a 
global prevalence of 15.2% with an incidence rate 

of 2.75 for permanent teeth and 2.72 for primary 
teeth per 100 persons per year.2 Injuries sustained 
to permanent teeth in children and adolescents 
may range from simple fractures to avulsion 
resulting in different degrees of complexities of the 
therapeutic need of the patient.  
 
This case report focuses on the sequence of 
management of a patient who requested for 
implants for the replacement of avulsed maxillary 
teeth during childhood that was complicated by the 
presence of Class III malocclusion on a severe Class 
III skeletal base. Dental features of this patient 
included maxillary incisors protrusion and 
mandibular incisors retrusion with an anterior open 
bite which is challenging for Prosthodontic 
rehabilitation solely with implants to develop 
functional overjet and overbite, anterior guidance, 
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overall facial and dental aesthetics. The 
management that is unique to this Class III patient 
is the need for correction of his skeletal and dental 
relationship before the commencement of 
prosthodontic treatment despite the chief 
complaint that was prosthodontic related.  
 
Treatment of this patient necessitated a 
multidisciplinary management team that consisted 
of a prosthodontist, an orthodontist and an oral 
surgeon with an aim to correct the Class III 
malocclusion, skeletal relationship and restore the 
missing maxillary anterior teeth. 
 
PATIENT INFORMATION 

The present case was conducted according to the 
1964 Helsinki declaration and reported in 
compliance with the CARE guidelines. A 21-years-
old Malay patient came to the Prosthodontic clinic 
requesting to replace his missing maxillary front 
teeth with implants as he is not happy with the 
chrome-cobalt denture that was provided to him by 
his previous dentist. Apart from this, he complained 
of difficulty eating, particularly of noodles because 
he is not able to bite with his front teeth. The 
patient’s teeth were missing due to a fall he 
experienced during childhood following a bicycle 
accident. He was otherwise medically fit and 
healthy. At the time of the initial visit, the patient 
was a final year student studying quantity surveying 
at a local university. He had undergone treatment 
with numerous clinicians since childhood and the 
treatment received included endodontic treatment 
of teeth 22 and 23 (Figure 3b). His last dental 
treatment was the provision of a maxillary chrome-
cobalt denture. He had been informed regarding 
implants as a treatment option to replace his 
missing teeth. However, the option of orthognathic 
surgery prior to implant placement had never been 
discussed. 

 
Figure 1: Pre-treatment extraoral view photographs 

CLINICAL PRESENTATION 

Extraoral examination revealed a Skeletal Class III 
pattern with a retrognathic maxilla and prognathic 
mandible (Figure 1). Intraorally the patient had 
missing teeth 11,12 and 21 that were replaced with 
a chrome-cobalt denture at the time of 
presentation (Figure 2a). With the denture ex-situ,  

labial bone defect was noted, extending around the 
region of the missing teeth (Figure 2b). With the 
denture in situ, a Class III incisor relationship with a 
5 mm of reverse overjet was measured at the 
region of the incisor with the presence of an 
anterior open bite. He also had a full unit Class III 
canine and molar relationship on the right side and 
on the left side (Figures 2c and 2d).  

 
Figure 2: Pre-treatment intraoral photographs with 
and without maxillary denture in-situ 
 
DIAGNOSTIC ASSESSMENT 
 
Analysis of the lateral cephalometric radiograph 
taken (Figure 3a) revealed SNA = 830, SNB = 860, 
ANB= -10, Wit’s Analysis = -17mm, UInc to MxPl = 
1220, Linc to MnPl = 850, Inter-incisal angle= 1240, 
MMPA = 310, LAFH = 54%, Linc to APog line= 10 mm, 
SN to MxPl = 110. 
 

 
Figure 3: (a) Pre-treatment lateral cephalometric 
radiograph and (b) Pre-treatment 
orthopantomogram (OPG).  

Pre-orthognathic surgery diagnostic aid included 
model surgery whereby, cuts for maxillary 
advancement and mandibular setback were 
simulated on a set of study casts that were 
mounted on a semi-adjustable articulator. Acrylic 
splints were fabricated on these casts and used 
intra-operatively to obtain the desired position of 
the maxilla and the mandible prior to fixation with 
mini-plates and screws. Before the implant surgery, 
a diagnostic wax-up was made on a set of study 
casts mounted in intercuspal position (Figure 4a). A 
duplicate cast of this diagnostic wax-up was used to 
fabricate the radiographic/surgical stent for 
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implant position planning pre-operatively and 
placement intra-operatively. Maxillary cone-beam 
computed tomography (CBCT) was taken following 
completion of post-surgical orthodontic treatment 
as shown in Figures 4b to 4d. 

 
Figure 4: Implant planning (a) Diagnostic wax-up of 
teeth 12 to 21, (b) Coronal slice of maxillary CBCT 
with implants at teeth 12 and 21 positions. The 
image also shows the position of fixation screws 
following buccal bone grafting, (c) Coronal cut of 
maxillary CBCT indicating the area for the sagittal 
slices, (d) Sagittal slices of maxillary CBCT whereby 
slices 3 to 7 depict presence of remodelled buccal 
bone graft and position of implant for replacement 
of tooth 12, slices 16 to 20 depict presence of 
remodelled buccal bone graft and position of 
implant for replacement of tooth 21, and slices 13 
to 15 depict location of the incisive canal 
 
THERAPEUTIC INTERVENTION 

The patient underwent a period of pre-surgical 
orthodontic treatment in preparation for the 
bimaxillary surgery for 24 months. Treatment was 
aimed at decompensation of the maxillary and 
mandibular teeth, aligning and levelling of all teeth 
(Figure 5a). The maxillary archwire was removed in 
anticipation of the bone grafting planned at the 
region of missing teeth 11, 12 and 21 during the 
orthognathic surgery (refer to buccal concavity 
visible in Figure 5b and 5c with regards to the 
purpose of bone grafting).  

The patient was assessed for fitness at the 
anaesthetic clinic and was found to be fit and 
healthy without any medical problem or allergies 1  

week prior to the orthognathic surgery and 
following admission. The orthognathic surgery 
involved a Le Fort I maxillary advancement and a 
BSSO for the setback of the mandible. The maxillary 
third molars were removed at the time of the 
surgery to facilitate the tuberosity osteotomy 
bilaterally. Fixation was achieved using two L-
shaped miniplates on either side for the maxilla at 
the piriform rim and the zygomatic buttress 
bilaterally. One 4-hole mini plate 
(MatrixORTHOGNATHIC, Pennsylvania, United 
States) was fixed on the upper end of the proximal 
and distal segments of the mandible after the 
mandibular sagittal split osteotomy. Mandibular 
cortico-cancellous bone that was removed from the 
proximal segment after the sagittal split osteotomy 
was grafted to the labial cortical alveolar area 
where there was a defect using 2 x 1.5mm mini-
screws (MatrixORTHOGNATHIC, Pennsylvania, 
United States) (Figure 4b). After the bimaxillary 
surgery, the patient underwent a period of post-
surgical orthodontics to tidy up the final occlusion. 
This took a further 19 months to complete due to 
the patient’s busy schedule.  

 
Figure 5: Pre-surgical orthodontic treatment with 
fixed appliance  

Rehabilitation with implants after the completion 
of the post-surgical orthodontics was relatively 
straightforward using a conformative approach. 
However, remodelling of the grafted cortico-
cancellous bone especially at tooth 12 region was 
evident in the CBCT (Figure 4d) at the time of 
implant planning. It was decided to concurrently 
perform guided bone regeneration (GBR) at the first 
stage implant surgery. A trapezoidal flap was raised 
and the 4 mini-screws that held the cortico-
cancellous graft were removed. Following this, two 
3.5mm x 10mm AnyRidge implants (MEGAGEN, 
Seoul, Korea) were placed at the site of teeth 12 and 
21 after standard implant osteotomy preparation 
(Figure 6a). The alveolar bone overlying the 
implants were layered with freeze dried cortical 
bone allograft (Sure-Oss, Pennsylvania, United 
States) and covered with a 15 x 20 mm resorbable 
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collagen membrane (Dentium, Gyeonggi-do, Korea) 
prior to flap closure. Second stage surgery took 
place eight months post-implant placement, 
whereby healing abutments were placed for two 
weeks to allow for soft-tissue healing before 
making a pick-up impression using a polyether 
impression material in an open-tray (Figure 6b). 
Porcelain fused to metal bridge was fabricated and 
cemented in place using temporary cement (Temp-
BondTM, California, United States) on a 25º angled 
abutment at the site of tooth 12 and a straight 
abutment at the site of tooth 21 (Figures 6e and 6f). 

 
Figure 6: (a) First-stage implant surgery, (b) Two 
weeks following second-stage surgery, (c)&(d) 
cementation device, (e) Insertion of angled 
abutments using a pattern resin jig and (f) 
Cemented fixed prosthesis 
 
At six months review, a composite build-up was 
done on tooth 22 to improve its appearance by 
masking the root that had undergone recession of 
the gingiva (Figure 6f). Overall, the patient was 
highly satisfied with the appearance and was able 
to function well with the prosthesis (Figure 7). 
 
DISCUSSION 

This case highlights the approach to the 
management of a patient who had experienced 
avulsed anterior maxillary teeth during childhood 
which required implant rehabilitation. Despite 
having been through the oral health system since 
the age of 11 years old, the patient received 
treatment that only focused on the TDI such as the 
replacement of missing teeth and endodontic 
therapy of non-vital teeth without a holistic 
approach. An early intervention aimed at expansion 
and protraction of maxilla to correct the anterior 
crossbite with a functional appliance in the pre-

pubertal period may have prevented the need for 
surgical correction.3 

 

 
Figure 7: Post-treatment intraoral and extraoral 
photographs  
 
Also, should the implants have been placed without 
the correction of the jaw discrepancies, orthodontic 
decompensation of the implants which are 
osteointegrated would not have been possible. In 
the event that bimaxillary surgery is still performed 
with implants in place, the surgical result would be 
compromised by the proclination of the implant 
prosthesis. Thus, comprehensive planning, timing 
and sequence of treatment plays a great 
importance in minimizing treatment complexity for 
a patient who had suffered from TDI with a Class III 
dentoalveolar discrepancies.  

In deciding whether surgery is indicated in non-
growing patients, the literature has pointed to 
some cephalometric indicators. It has been 
suggested that ANB angle of -40, lower incisor to 
mandibular plane angle inclination of 830 and 
Holdaway angle of 3.50 are threshold values for the 
possibility of correction with an orthodontic 
appliance.4 Recent retrospective investigation 
reported greater Holdaway angle whereby surgery 
was suggested for Holdaway angle of less than 
10.30. Apart from this, the investigation also 
mentioned that a Wit’s appraisal of less than -5.8 
mm must be treated by surgery.5 With an ANB angle 
of -10, lower incisor to mandibular plane angle 
inclination of 850, and a Wits appraisal of -17 mm, 
the patient falls into the combined surgery and 
orthodontic appliance category.  
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The 1 to 5 years post-surgical relapse of this patient 
is expected to be none or minimal. It has been 
reported that the maxillary advancement and 
mandibular setback with rigid fixation is a relatively 
stable procedure, with moderate relapse of 2 mm 
to 4 mm for maxillary advancement occurring in 
20% of patients in the first year with minimal 
changes after that while any relapse in the 
mandibular setback post-surgery can be due to the 
musculature returning the mandibular ramus to the 
original position. This has been overcome with 
improved surgical technique over the years.6 
 
The patient’s overall treatment went according to 
plan except for the difficulty encountered in 
achieving the adequate labial bone volume in the 
anterior maxilla for implants placement. A staged 
approach of bone grafting followed by implant 
placement is the clinical norm when there is bone 
insufficiency for implant placement. In this case, the 
initial bone grafting that was performed during the 
orthognathic surgery was to avoid an additional 
surgical procedure later for the patient and also to 
use the cortico-cancellous that was readily available 
from the mandible.  Autogenous bone block graft is 
considered the gold standard in overcoming 
alveolar ridge deficiency compared to GBR with 
more significant osteogenic inductive potential and 
less volume resorption of around 7.2% for the 
former as compared to around 12.5% for GBR.7 
However, the prolonged time interval between the 
initial bone grafting at the anterior maxilla and the 
placement of implants resulted in bone 
remodelling/bone loss. This necessitated the 
second bone grafting procedure at the time of the 
implant first stage surgery. 
 
The implants were restored using a cement-
retained i-FDP. The advantage of having a cement-
retained restoration is that the screw access of the 
implant abutment towards the incisal or labial 
aspect is covered by the prosthesis that is 
cemented. In addition to this, it is easier to achieve 
passivity of the bridge at the prosthesis-abutment 
level rather than at the abutment-implant 
connection level. A systematic review of cemented 
and screw-retained i-FDP has revealed no 
difference in terms of 5-year survival rate between 
the two types of prosthesis but with less technical 
and biological complications favouring the screw-
retained prosthesis.8  
 
The main disadvantages of a cemented prosthesis 
are the excess cement may lead to peri-implantitis 
and a problem with retrievability should there be a 
need to remove the bridge in the long run. In order 
to overcome these possible complications, the 
bridge was cemented using a temporary cement 

with an aid of a cementation device made using 
polyvinylsiloxane putty material (Aquasil, 
Pennsylvania, United States). The usage of this 
device has been reported and, it is mainly to 
displace the excess cement from the intaglio of the 
i-FDP prior to the final cementation to minimize the 
extent of set cement around the implant abutments 
and the peri-implant soft tissue (Figures 6c and 
6d).9,10 Recently, it has been reported that the 
retrievability of i-FDP is related to the height and 
taper of the abutments and the type of luting 
cement used. The best retrievability was obtained 
with long, slightly tapered abutments and when the 
prosthesis is cemented with temporary luting 
agent.11  
 
A choice of ceramic veneer or direct composite 
build-up was discussed with the patient for masking 
the root of 22 due to the gingival recession. The 
gingival recession could have been caused by a 
combination of factors which include labial bone 
dehiscence related to orthodontic movement of 
teeth with the fixed appliance and the surgical flap 
manipulation during the first stage implant surgery. 
The patient opted for the composite build-up due 
to the quick and minimal invasiveness of the 
procedure and the good prognosis of this treatment 
option.12 This case would have been more 
challenging to restore if the patient was to display 
the cervical portion of his teeth when smiling. The 
low smile has been described as a smile that reveals 
less than 75% of the maxillary anterior teeth as seen 
in this patient. The advantage of the low smile line 
resulted in an acceptable aesthetics of the i-FDP 
without having to incorporate pink porcelain at the 
cervical margin of the prosthesis to camouflage the 
increased tooth length.13 

Future consideration for this patient is to redirect 
the screw-access of the implants using angled 
abutments also known as dynamic abutments that 
comprise of castable cobalt-chromium or nickel-
chromium titanium base that allows for deviation of 
the implant screw access up to 28 degrees in order 
to attain a screw retained prosthesis.14 However, 
with good home care and routine follow-up, 
prognosis of the cement retained i-FDP and the 
overall treatment given to the patient is expected 
to be favourable. 

CONCLUSION 

Prosthodontic rehabilitation of missing maxillary 
anterior teeth with implants in a patient with 
normal maxillary and mandibular relations is a 
straight forward task. But in a patient with a severe 
Class III malocclusion, the correction of the jaw 
deformity takes precedence before implant 
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placement. Any attempt to place implants in this 
patient without the correction of the jaw deformity 
will result in poor aesthetic, function and an 
unhappy patient.  
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