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Abstract 

A variety of techniques can be used to reconstruct the mandible. These techniques may or 

may not be affective as to produce osseo-integration depending on the severity of the 

case. A technique that uses a titanium internal splint to reconstruct the mandible for an 

osteoradionecrosis patient is presented. A titanium bar is made with a sharp point to 

interlock into the condyler bone and a titanium cap is laser welded to the bar and fitted 

into the existing bone segment. This does not require screws, cement or adhesive as they 

may fracture the bone. Thus the splint prevents the face from collapsing to the area of the 

bone removed by stabilizing the bone segments and restores masticatory functions. 
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Introduction 

Oral cancer is a disease in which cancer cells are found in the tissues of the lip or mouth.
1 
 

Most oral cavity cancers start in squamous cells, so these are called squamous cell 

carcinomas.
2
 The most common sites are the lips, tongue and floor of the mouth. Oral 

cancer is most likely to occur in people over the age of 45. The cancer is more common 

in men than in women, and it is more likely to develop in people with regular or heavy 

consumption of alcohol and excessive smoking.
1, 3  

There is a variety of treatment options for oral cancer, including surgery, radiation 

therapy, and chemotherapy.  

 

Clinical Report 

The case involves a 59 year-old male that smoked and drank excessively. The patient was 

diagnosed with squamous cell carcinoma of the floor of the mouth, commonly know as 

cancer of the floor of the mouth, in December 2005. (The affected area can be seen on the 

radiograph fig. 1). 

   Fig. 1 

 

The patient underwent radiation therapy using high-dose x-rays to kill the cancer cells. 

Because of the high dose of radiation, a portion of about 6 cm of the patient’s right 
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mandibular blood vessels and normal cells were damaged. That in turn led to 

osteoradionecrosis.  

 

Osteoradionecrosis means that the bone has died as a complication of the radiation. It 

occurs because radiation destroys the normal cells and the blood vessels supplying 

nutrients and oxygen to the bone. The mandible is more commonly affected than the 

maxilla at a ratio of 2:1.
4, 5 

 

A marginal mandibulectomy and radical neck dissection were performed to remove the 

affected area. The surgery was complicated by the wound necrosis due to the sacrifice of 

facial vessels and radiation. The mandibulectomy therefore resulted to the mandibular 

bone that was affected to be removed. 

 

After the removal of that part of the mandible, the initial bridging of the defect was 

achieved by the application of a reconstruction plate using 4 screws, two on each side of 

the bone segments. The reconstruction plate was then removed because it was not strong 

enough to withstand the full load applied during mastication. At the moment, the patient 

is without the section of the mandible that was removed. 

 

Materials and methods 

The patient’s condition requires the placement of an internal splint, to prevent the bone 

segments from drifting to the area of the bone that was removed, to prevent the face from 

collapsing. For the splint to be securely fixed, the patient’s right ramus up to the sigmoid 
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notch must be removed, this will leave the condylar head for fixation. The splint is going 

to consist of a bar fabricated from titanium with a sharp point to interlock the splint to the 

condylar bone. To join the bar to the existing bone segment on the patient’s left, the 

titanium bar will be laser welded to a titanium cap constructed from titanium plating. The 

cap will then be fitted over the existing bone. Titanium is chosen because of its high 

corrosion resistance, excellent biocompatibility, its strength and its low weight that 

allows the metal to have minimal X-ray attenuation and the lack of artifact on 

tomography scans (CT) or magnetic resonance (MR) images.
6-9

 

 

A variety of prostheses could be used for this case instead of using the internal splint. The 

first option would be to use external fixation. This appliance helps stabilize or maintain 

separation of the bone segments by using 4 screws, two on each side. The screws could 

be secured using cement or any other type of adhesive depending on the specialist’s 

recommendations. The screws would be drilled through the overlying skin and connected 

to an external bar. The bar could be fabricated from stainless steel or acrylic. The 

advantages of this appliance are that it provides stability, provides rigidity in the bone 

and it is light in weight.
10   

The disadvantages of the appliance firstly, that this type of appliance was designed for 

fractures, in other words for temporary placement. If the appliance is fabricated for this 

case, the patient will have to wear the appliance for the rest of his life.  

The second disadvantage is that screws would not be a good choice because the bone is 

dead, so the screws will fracture or break the mandibular bone. What will happen is that 
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when biting forces are applied, the bone will keep breaking into smaller pieces until there 

is virtually nothing left.  

Thirdly, the appliance would cause pain because it is drilled through the overlying skin 

and it may be uncomfortable, because the appliance is worn over the face. 

Lastly, there may be infection around the screws track.
10 

 

Second option would be to use an improved reconstruction plate. The improved 

reconstruction plate uses a polished acrylic spacer that conforms to the shape of the bone 

being removed and it is constructed inside the contours of the plate. This technique is 

constructed in such a manner that space augments the metal plate also masking the sharp 

projections to prevent perforation of the skin or mucosa. The advantages of the improved 

reconstruction plate is that it would permit restoration of speech, mastication and facial 

contours.
11

 

 However, this technique requires a healthy bone, which this patient does not have, for 

reasons already mentioned. There may also be a lack of bone volume. 

 

A third option is the fabrication of a custom-made titanium mandibular tray. The tray is 

formed to the shape of the mandible, and it acts as a crib for bone graft. Once the tray is 

fixed to the remaining mandibular segments, free bone graft in the form of small cortico-

cancellous chips is packed into it. However, because these trays are prefabricated, 

difficulties are normally encountered when attempting to match the facial contours, jaw 

relationship and condylar position.
12 
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The use of an improved reconstruction tray for this case would not be advised, for the 

same reason stated for the improved reconstruction plate, namely that the bone is dead. In 

this case there is no chance of integration between the mandibular bone and the free bone 

graft of cortico-cancellous chips to reconstruct the mandible, because of the dead bone. 

 

The fourth option of using the titanium plating system could also be considered. This 

system is an internal fixation using titanium plates and screws. For this case, the plate 

would need to be secured at the condyles. The reason for that is because the other 

sections of the bone are unhealthy for screw placement, as mentioned with the external 

fixation. However, if the whole bone is removed leaving the condyles, there is a chance 

that the titanium plating system could be successful. Why maintain the condyles? It has 

been found that when radiating the bone to kill the cancer cells, radiation does not 

normally reach the condyles. Therefore there is a chance that the condyles might still be 

healthy and they could be used for fixation. The disadvantages of using this system, are 

that the plate may be flexible because it is not strong enough to reconstruct the whole 

mandible therefore might not function properly. The screws used to secure the plate on 

the condyles, may not be strong enough to withstand the load applied during mastication 

and because of the lack of volume for plate/screw fixation. 

 

However, the Thorp reconstruction plate system that was developed by Raven et al
13  

has 

been claimed to have an advantage regarding lack of volume needed for plate/screw 

fixation. This system uses as few as two screws to provide sufficient stability for plate 

fixation in small fragments. The screws are firmly locked into place by the expandable 
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screw head. This enables stable fixation of the plate to the bone without pressing the plate 

against the bone surface. The advantage of this system is that it uses the principles of an 

external fixation device with internal fixation. The two screws will permit rigid fixation 

at the condyles, allowing sufficient stability for the plate.
13, 14 

 

As mentioned before, the titanium bar will require being laser welded to the titanium 

plate. It is essential to remember that titanium is highly reactive with both oxygen and 

nitrogen. To ensure that the welds are of good quality, it is important to prevent 

absorption of gases into the molten pool as this leads to poor ductility and porosity.
15 

To 

prevent absorption of gases, this require the correct choice of shielding gas, adequate 

shielding methods, pre-cleaning (de-greasing) and good joint surface quality. A specially 

prepared trailing shoe delivering inert argon gas is used to prevent oxidation of the 

solidifying and cooling weld metal.
15 

Titanium uses the Nd: YAG laser. 

The laser radiation parameters of titanium have been found to be as follows;  

Pulse energy [J] is 8, pulse duration time [ms] is 5, pulse repetition rate [J] is 3, lens focal 

length [mm] is 100, welding velocity [mm/s] is 0.5 and the weld depth [mm] is 1.2.
16 

 

Laboratory Procedures 

 It is required to fabricate a replica of the mandibular bone removed using a wax rim (fig. 

2). The wax rim is sprued using a sprue wax that is thick enough to prevent a miscast. 

The sprue wax used should be bigger that the area sprued on. 
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Fig. 2                                                                Fig. 3 

 

 After sprueing, the replica is placed in a casting ring ready for the investment procedure. 

After the investment has set, the ring is placed in the burnout furnace. The furnace is set 

to be at a stand by temperature of 150ºC for 30 minutes. The temperature then rises by 

10ºC per minute to 950ºC. The ring is then heat soaked for 30 minutes to remove wax 

residue and carbon.  

 

The titanium ingots are then placed in a casting machine. In the casting machine, the 

ingots are surrounded by argon during the melting process. This will stop titanium from 

oxidising. 

 

After casting, the replica is trimmed, polished and ready to be placed in the patient’s 

mouth (fig. 4 and fig. 5). 
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Fig. 4                                                                        Fig. 5 

 

 

 

Discussion 

This case study has revealed that not all cases can be solved by referring to existing 

literature, as it can be seen that no matter what available technique can be used there is no 

chance of osseo-intergration because of osteoradionecrosis. Therefore, for this case it is 

necessary to find another way to provide the needed stability for long-term retention. The 

retention needed will mainly come from the pressure applied by the titanium bar when it 

has been placed to interlock in the condylar head, the pressure then passes through the 

titanium cap that rests against the existing bone segment producing enough pressure to 

keep the prosthesis stable and fixed with sufficient retention. 

 

Conclusion 

When reconstructing the mandible, it is important to consider the type of material to use 

as the material must be biocompatible with the oral environment and be able to resist 

corrosion and not only that, the prosthesis must be able to stabilize the remaining bone 

segments, maintain facial contours and restore masticatory functions. 

 



Page 10 of 12 

References 

1. Lip and Oral Cancer. [Online]: 

http://www.uccc.ino/CancerCenter/content/CancerInfo/Details.asp?Id=CDR0000

062724&Type=Sum. 2003. [2006, August 16]. 

2. Mouth Cancer. [Online]: 

http://www.betterhealth.vic.gov.au/BHCV2/bhcarticles.nsf/pages/Mouthַcancer?

OpenDocument. 2005. [2006, August 16]. 

3. Quade G. General Information About Lip and Oral Cavity Cancer-Lip and Oral 

Cavity Cancer. Available: http://www,meb.uni-

bonn.de/cancer.gov/CDR0000258017.html.  [2006, August 16]. 

4. Osteoradionecrosis. [Online]: 

https://www.virginiamason.org/body.cfm?1d=80ַ96k. 2006. [2006, June 08]. 

5. Woo SB, Hellstein WJ, Kalmar JR. Systematic Review: Bisphosphonates and 

Osteoradionecrosis of the jaws. Annals of Internal Medicine. 2006;144: 753-761. 

Available: http://annals.org/cgi/content/abstract/144/10/753. [2006, June 08]. 

6. Cheung KL. A Randomized Controlled Trial of Resorbable versus Titanium 

Fixation for Orthognathic surgery.Journal of Oral and Maxillofacial Surgery. 

2004;98: 386-97. 

7. Booth PW. Maxillofacial Trauma and Esthetic Facial Reconstruction, 1
st
 ed. 

London: Churchhill Livingstone. 2003: 146-147. 

8. Division of Biomaterial Science. [Online]: file://E:\Research%20Projects.htm. 

[2006, April 20]. 



Page 11 of 12 

9. O’Brien WJ. Dental Materials and their Selection. 2
nd

 ed. Chicago: Quintessence 

Publishing Co.Inc. 1997: 266-267. 

10. Pathak G, Atkinson R.N. Military External Fixation of Fractures. Available: 

http://www.defence.govf.au/dpe/dhs/infocentre/publication/journal/NolDs/ADFH

ealthApril01/adfhealthapr01_2_1_24_28_pdf. [2006, September 12]. 

11. Gregory GF. Improving the Mandibular Reconstruction Plate: Technical 

innovation. Available: http://www.resed.ac.uk/journal/vol45ַ2/4520009.htm. 

[2006, June 08]. 

12. Samman N et al. Custom-made Titanium Mandibular Reconstruction Tray. ADJ. 

1999;44: 195-199. 

13. Soderholm A, Rahn BA, Skutnabb K, Lindqvist C. Fixation with reconstruction 

plates nder critical conditions: The role of Screw Characteristics. IJOMS. 

1996;25: 469-473. 

14. Alkan A, Metin M, Muglali M et al. Biomechanical Comparison of Plating 

Techniques for Fractures of the Mandibular Condyle. BJOMS. 2006;2452: 1-5. 

15. Laser welding. [Online]. 

http://www.twi.co.uk/j32k/unprotected/bandַ1/laserַtitanium.html. 2004. [2006, 

August 8]. 

16. Laser welding. [Online]. Chapter IV 

 

 

 

 



Page 12 of 12 

Acknowledgements 

Prof. J. A. Morkel 

Mr. L. Steyn 

Ms. Z. Nortje 

Mrs. J. Wright 

Mr. K. Orme 

Mr. D. Lategan 

Mrs. A.C.N. De La Crouse 

 

 


	Recommended Citation
	Cape Peninsula University of Technology
	Digital Knowledge
	1-1-2006

	The Viability of an Internal Splint for a Patient Suffering from Osteoradionecrosis
	Tshali Asanda


