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Chapter 1

Introduction and aim of the study
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implant insertion are often of retrospective design (Colella et al. 2007, Barber et al. 2011, 
Chrcanovic et al. 2014). Thus, it remains unclear whether the benefits of primary implant 
insertion outweigh the risk that implants will not be used for prosthetic rehabilitation, 
which indeed is the case in about 10-25% of the patients with primary mandibular implants 
(Schoen et al. 2008, Schepers et al. 2006, Mizbah et al. 2013).
Therefore, further study is needed to estimate which head and neck cancer patients can 
benefit from primary implants. Does it, e.g., depend on the primary location of the tumour, 
the tumour size, if the patient is irradiated and/or the type of reconstructive surgery? 
Furthermore, insight is needed whether oral functioning, patients’ satisfaction and quality 
of life related to implant-retained prostheses is also beneficial in the long term in head and 
neck cancer patients with primary mandibular implants.
Besides for intra-oral prosthetic rehabilitation in head and neck cancer patients, implants 
are also used in the rehabilitation of patients with extraoral defects (ear, nose, orbit). 
Surgical reconstruction of such defects is difficult or even impossible to perform (orbit) and 
the outcome of such reconstructions has not been described for large patient numbers. 
Furthermore, treatment of a local tumour recurrence may necessitate removal of the surgical 
reconstruction. A major advantage of rehabilitation with extra-oral prostheses is that the 
defect resulting from ablative tumour surgery can be observed in total, allowing for thorough 
oncological inspections (Ariani et al. 2013). While there is ample evidence that implant-
retained prostheses serve very well for replacing missing ears and eyes, there is still a lot of 
concern how to optimally restore a nasal defect with implant-retained prostheses (Parel et 
al. 1986, Lundgren et al. 1993, Granström et al. 1994, Roumanas et al. 1994, Nishimura et al. 
1996, Tolman & Taylor 1996, Flood & Russell 1998, Roumanas et al. 2002, Visser et al. 2008, 
Karayazgan-Saracoglu et al. 2010, Ethunandan et al. 2010, Dings et al. 2011, Curi et al. 2012). 
E.g., treatment protocols how to insert implants for implant-retained nasal prostheses vary 
largely. There is no consensus with regard to implant location, type and length of implants 
and how to treat irradiated and non-irradiated patients and edentulous and dentate patients. 
Also the need for aftercare and the satisfaction experienced by the patients are hardly 
established (Nishimura et al. 1996, Flood & Russell 1998, Ethunandan et al. 2010). 
Besides head and neck cancer patients and patients with facial defects, the prosthetic 
rehabilitation of patients with a compromised immune status can be challenging as well.
Particularly Sjögren’s patients can suffer from severe problems with oral functioning, as 
well as that wearing conventional dentures on their dry and tender mucosal surfaces is 
very uncomfortable. Currently, there is some evidence that systemic conditions and their 
therapy, e.g., rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), osteoporosis 
and corticosteroid therapy, are no longer considered as risk factors for successful 
osseointegration of dental implants (Slagter et al. 2008, Diz et al. 2013, Clementini et 
al. 2014). With regard to Sjögren’s syndrome the sparse evidence for insertion of dental 
implants is mainly from case-reports and small case-series (Payne et al. 1997, Isidor et al. 
1999, Binon 2005, Spinato et al. 2010, Krenmair et al. 2010).

Introduction
Maxillofacial prosthodontics is the discipline that concerns the prosthetic rehabilitation 
of patients with acquired and congenital defects of the head and neck (Beumer 3rd et al. 
2011). Examples of such patients are head and neck cancer patients, patients with defects 
as a result of trauma and cleft patients. The prosthetic rehabilitation of these patients is 
challenging, particularly when aiming for optimal facial aesthetics and oral functioning 
(speech, chewing, swallowing). Furthermore, maxillofacial prosthodontists are involved in 
the dental care of patients with a compromised immune status, such as Sjögren’s patients. 
Currently, dental implants play an important role in the multidisciplinary rehabilitation 
of patients with a compromised intraoral and/or extraoral condition (Beumer 3rd et 
al. 2011). Implants are used for retention of a large variety of prostheses, such as full 
dentures, single tooth replacements and craniofacial prostheses. Treatment planning of 
compromised patients, particularly when including implant-retained prostheses, should be 
performed in a multidisciplinary team, aiming for optimal rehabilitation of the patient, with 
the prosthodontist being involved from the intake of the patient until the final prosthetic 
rehabilitation. Next, prosthodontists play an important role in the aftercare of these 
patients (Visser 2009).
With regard to head neck cancer patients, conventional prosthetic rehabilitation is often 
challenging (Hayter & Cawood 1996, Marker et al. 1997, Misiek & Chang 1998, Schoen et 
al. 2007, Tang et al. 2008). Yet, adequate prosthetic rehabilitation is a crucial factor for 
these patients to regain oral functions that are lost due to the intra- or extraoral defect 
and/or compromised oral condition (Kamstra et al. 2011). E.g., when a tumour is located 
in the oral cavity, its surgical resection has a profound effect on oral functions such as 
chewing, swallowing and speech intelligibility. In addition, when postoperative radiotherapy 
is needed, oral functioning is usually further compromised due to the resulting xerostomia 
and intolerance of the denture-bearing mucosa to mechanical loading (Beumer 3rd et al. 
1995, Kwakman et al. 1997, Visch et al. 2002, Vissink et al. 2003). 
When being provided with implant-retained prostheses, it is presumed that many head 
and neck cancer patients will experience an improved level of oral functioning (Schoen 
et al. 2008, Tang et al. 2008). It has to be mentioned, however, that many patients 
postpone or simply decline an offered implant-based treatment after tumour surgery and 
postoperative radiotherapy notwithstanding the great benefits patients can expect from 
implant-retained prostheses (Kwakman et al. 1997, Schoen et al. 2008, Mizbah et al. 2013). 
To let more patients benefit from implant-retained prostheses, it is therefore advocated 
to insert the implants already during ablative surgery (primary implant insertion; Urken et 
al. 1989, Sclaroff et al. 1994, Schepers et al. 2006, Schoen et al. 2008, Mizbah et al. 2013). 
Although the early results of primary implant insertion, as mentioned in these studies, are 
very promising (Barber et al. 2011), systematic reviews show that to date most publications 
on dental implants in oral cancer patients are still on implants inserted after the surgery 
and/or radiotherapy has been completed. Besides that, studies reporting on primary 
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Aim of the study
The overall aim of this PhD study was to assess the treatment outcome of implant therapy 
in patients with a compromised intra- or extraoral condition. 

The specific aims were:
-  	 to assess the long term results of prospective studies on mandibular implants in oral 

cancer patients installed during ablative tumour surgery, focussing on oral functioning, 
quality of life, denture satisfaction, peri-implant health and implant survival (Chapter 
2);

-  	 to describe the use of implants in patients treated for rhabdomyosarcoma during 
childhood (Chapter 3);

-  	 to assess the clinical outcome, the need for surgical and prosthetic aftercare, and 
satisfaction of patients provided with implant-retained nasal prostheses (Chapter 4);

-  	 to assess the clinical outcome of implant therapy in a cohort of well-classified patients 
with Sjögren’s syndrome compared with healthy controls (Chapter 5).



12 13

References

Ariani N, Visser A, van Oort RP, et al. Current 
state of craniofacial prosthetic rehabilitation. Int J 
Prosthodont 2013;26:57-67.

Barber AJ, Butterworth CJ, Rogers SN. Systematic 
review of primary osseointegrated dental implants in 
head and neck oncology. Br J Oral Maxillofac Surg 
2011;49:29-36.

Beumer J 3rd, Marunick MT, Esposito SJ. Maxillofacial 
rehabilitation. Prosthodontic and surgical management 
of cancer-related, acquired, and congenital defects 
of the head and neck. Hanover Park: Quintessence 
Publishing Co, Inc 2011. 452 p.

Beumer J 3rd, Roumanas E, Nishimura R. Advances 
in osseointegrated implants for dental and facial 
rehabilitation following major head and neck surgery. 
Semin Surg Oncol 1995;11:200-207.

Binon PP. Thirteen-year follow-up of a mandibular 
implant-supported fixed complete denture in a patient 
with Sjögren’s syndrome: a clinical report. J Prosthet 
Dent 2005;94:409-413.

Chrcanovic BR, Albrektsson T, Wennerberg A. Dental 
implants in irradiated versus non-irradiated patients: A 
meta-analysis. Head Neck 2014 (epub ahead of print). 

Clementini M, Rossetti PH, Penarrocha D, Micarelli 
C, Bonachela WC, Canullo L. Systemic risk factors for 
peri-implant bone loss: a systematic review and meta-
analysis. Int J Oral Maxillofac Surg 2014;43:323-334. 

Colella G, Cannavale R, Pentenero M, Gandolfo S. 
Oral implants in radiated patients: a systematic review. 
Int J Oral Maxillofac Implants 2007;22:616-622. 

Curi MM, Oliveira MF, Molina G, et al. Extraoral 
implants in the rehabilitation of craniofacial defects: 
implant and prosthesis survival rates and peri-

implant soft tissue evaluation. J Oral Maxillofac Surg 
2012;70:1551-1557. 

Dings JP, Maal TJ, Muradin MS, et al. Extra-oral 
implants: insertion per- or post-ablation? Oral Oncol 
2011;47:1074-1078. 

Diz P, Scully C, Sanz M. Dental implants in the medically 
compromised patient. J Dent 2013;41:195-206. 

Ethunandan M, Downie I, Flood T. Implant-retained 
nasal prosthesis for reconstruction of large rhinectomy 
defects: the Salisbury experience. Int J Oral 
Maxillofac Surg 2010;39:343-349. 

Flood TR, Russell K. Reconstruction of nasal defects 
with implant-retained nasal prostheses. Br J Oral 
Maxillofac Surg 1998;36:341-345. 

Granström G, Bergström K, Tjellström A, Brånemark 
P-I. A detailed analysis of titanium implants lost in 
irradiated tissues. Int J Oral Maxillofac Implants 
1994;9:653-662. 

Hayter JP, Cawood JI. Oral rehabilitation with 
endosteal implants and free flaps. Int J Oral Maxillofac 
Surg 1996;25:3-12. 

Isidor F, Brondum K, Hansen HJ, Jensen J, 
Sindet-Pedersen S. Outcome of treatment with 
implant-retained dental prostheses in patients with 
Sjögren syndrome. Int J Oral Maxillofac Implants 
1999;14:736-743. 

Kamstra JI, Jager-Wittenaar H, Dijkstra PU, et al. 
Oral symptoms and functional outcome related to 
oral and oropharyngeal cancer. Support Care Cancer 
2011;19:1327-1333. 

Karayazgan-Saracoglu B, Zulfikar H, Atay A, Gunay 
Y. Treatment outcome of extraoral implants in the 
craniofacial region. J Craniofac Surg 2010;21:751-
758. 

Aim of the study
The overall aim of this PhD study was to assess the treatment outcome of implant therapy 
in patients with a compromised intra- or extraoral condition. 

The specific aims were:
-  	 to assess the long term results of prospective studies on mandibular implants in oral 

cancer patients installed during ablative tumour surgery, focussing on oral functioning, 
quality of life, denture satisfaction, peri-implant health and implant survival (Chapter 
2);

-  	 to describe the use of implants in patients treated for rhabdomyosarcoma during 
childhood (Chapter 3);

-  	 to assess the clinical outcome, the need for surgical and prosthetic aftercare, and 
satisfaction of patients provided with implant-retained nasal prostheses (Chapter 4);

-  	 to assess the clinical outcome of implant therapy in a cohort of well-classified patients 
with Sjögren’s syndrome compared with healthy controls (Chapter 5).



14 15

a patient with Sjögren syndrome: case report. Implant 
Dent 2010;19:178-183. 

Tang JA, Rieger JM, Wolfaardt JF. A review of 
functional outcomes related to prosthetic treatment 
after maxillary and mandibular reconstruction in 
patients with head and neck cancer. Int J Prosthodont 
2008;21:337-354. 

Tolman DE, Taylor PF. Bone-anchored craniofacial 
prosthesis study. Int J Oral Maxillofac Implants 
1996;11:159-168. 

Urken ML, Buchbinder D, Weinberg H, Vickery 
C, Sheiner A, Biller HF. Primary placement of 
osseointegrated implants in microvascular mandibular 
reconstruction. Otolaryngol Head Neck Surg 
1989;101:56-73. 

Visch LL, Van Waas MAJ, Schmitz PIM, Levendag 
PC. A clinical evaluation of implants in irradiated oral 
cancer patients. J Dent Res 2002;81:856-859. 

Visser A, Raghoebar GM, van Oort RP, Vissink A. 
Fate of implant-retained craniofacial prostheses: life 
span and aftercare. Int J Oral Maxillofac Implants 
2008;23:89-98.

Visser A, Care and aftercare related to implant-
retained prostheses. (dissertation) Groningen, The 
Netherlands: Rijksuniversiteit Groningen 2009.

Vissink A, Burlage FR, Spijkervet FKL, Jansma 
J, Coppes RP. Prevention and treatment of the 
consequences of head and neck radiotherapy. Crit Rev 
Oral Biol Med 2003;14:213-225. 

Krennmair G, Seemann R, Piehslinger E. Dental 
implants in patients with rheumatoid arthritis: clinical 
outcome and peri-implant findings. J Clin Periodontol 
2010;37:928-936. 

Kwakman JM, Freihofer H-PM, Van Waas MAJ. 
Osseointegrated oral implants in head and neck cancer 
patients. Laryngoscope 1997;107:519-522. 

Lundgren S, Moy PK, Beumer J,3rd, Lewis S. 
Surgical considerations for endosseous implants in 
the craniofacial region: a 3-year report. Int J Oral 
Maxillofac Surg 1993;22:272-277. 

Marker P, Siemssen SJ, Bastholt L. Osseointegrated 
implants for prosthetic rehabilitation after treatment 
of cancer of the oral cavity. Acta Oncol 1997;36:37-
40. 

Misiek DJ, Chang AK. Implant reconstruction 
following removal of tumors of the head and neck. 
Otolaryngol Clin North Am 1998;31:689-725. 

Mizbah K, Dings JP, Kaanders JH, et al. Interforaminal 
implant placement in oral cancer patients: during 
ablative surgery or delayed? A 5-year retrospective 
study. Int J Oral Maxillofac Surg 2013;42:651-655. 

Nishimura RD, Roumanas E, Moy PK, Sugai T. 
Nasal defects and osseointegrated implants: UCLA 
experience. J Prosthet Dent 1996;76:597-602. 

Parel SM, Brånemark PI, Tjellström A, Gion G. 
Osseointegration in maxillofacial prosthetics. Part II: 
Extraoral applications. J Prosthet Dent 1986;55:600-
606. 

Payne AG, Lownie JF, Van Der Linden WJ. Implant-
supported prostheses in patients with Sjögren’s syn-
drome: a clinical report on three patients. Int J Oral 
Maxillofac Implants 1997;12:679-685. 

Roumanas ED, Nishimura RD, Beumer J 3rd, Moy 
PK, Weinlander M, Lorant J. Craniofacial defects and 
osseointegrated implants: six-year follow-up report on 
the success rates of craniofacial implants at UCLA. Int 
J Oral Maxillofac Implants 1994;9:579-585.

Roumanas ED, Freymiller EG, Chang TL, Aghaloo T, 
Beumer J 3rd. Implant-retained prostheses for facial 
defects: an up to 14-year follow-up report on the 
survival rates of implants at UCLA. Int J Prosthodont 
2002;15:325-332. 

Schepers RH, Slagter AP, Kaanders JH, van den 
Hoogen FJ, Merkx MA. Effect of postoperative 
radiotherapy on the functional result of implants 
placed during ablative surgery for oral cancer. Int J 
Oral Maxillofac Surg 2006;35:803-808.

Schoen PJ, Raghoebar GM, Bouma J, et al. 
Prosthodontic rehabilitation of oral function in head-
neck cancer patients with dental implants placed 
simultaneously during ablative tumour surgery: an 
assessment of treatment outcomes and quality of life. 
Int J Oral Maxillofac Surg 2008;37:8-16. 

Schoen PJ, Reintsema H, Bouma J, Roodenburg 
JL, Vissink A, Raghoebar GM. Quality of life 
related to oral function in edentulous head and neck 
cancer patients posttreatment. Int J Prosthodont 
2007;20:469-477. 

Sclaroff A, Haughey B, Gay WD, Paniello R. 
Immediate mandibular reconstruction and placement 
of dental implants. At the time of ablative surgery. 
Oral Surg Oral Med Oral Pathol 1994;78:711-717. 

Slagter KW, Raghoebar GM, Vissink A. Osteoporosis 
and edentulous jaws. Int J Prosthodont 2008;21:19-
26. 

Spinato S, Soardi CM, Zane AM. A mandibular 
implant-supported fixed complete dental prosthesis in 



14 15

a patient with Sjögren syndrome: case report. Implant 
Dent 2010;19:178-183. 

Tang JA, Rieger JM, Wolfaardt JF. A review of 
functional outcomes related to prosthetic treatment 
after maxillary and mandibular reconstruction in 
patients with head and neck cancer. Int J Prosthodont 
2008;21:337-354. 

Tolman DE, Taylor PF. Bone-anchored craniofacial 
prosthesis study. Int J Oral Maxillofac Implants 
1996;11:159-168. 

Urken ML, Buchbinder D, Weinberg H, Vickery 
C, Sheiner A, Biller HF. Primary placement of 
osseointegrated implants in microvascular mandibular 
reconstruction. Otolaryngol Head Neck Surg 
1989;101:56-73. 

Visch LL, Van Waas MAJ, Schmitz PIM, Levendag 
PC. A clinical evaluation of implants in irradiated oral 
cancer patients. J Dent Res 2002;81:856-859. 

Visser A, Raghoebar GM, van Oort RP, Vissink A. 
Fate of implant-retained craniofacial prostheses: life 
span and aftercare. Int J Oral Maxillofac Implants 
2008;23:89-98.

Visser A, Care and aftercare related to implant-
retained prostheses. (dissertation) Groningen, The 
Netherlands: Rijksuniversiteit Groningen 2009.

Vissink A, Burlage FR, Spijkervet FKL, Jansma 
J, Coppes RP. Prevention and treatment of the 
consequences of head and neck radiotherapy. Crit Rev 
Oral Biol Med 2003;14:213-225. 

Krennmair G, Seemann R, Piehslinger E. Dental 
implants in patients with rheumatoid arthritis: clinical 
outcome and peri-implant findings. J Clin Periodontol 
2010;37:928-936. 

Kwakman JM, Freihofer H-PM, Van Waas MAJ. 
Osseointegrated oral implants in head and neck cancer 
patients. Laryngoscope 1997;107:519-522. 

Lundgren S, Moy PK, Beumer J,3rd, Lewis S. 
Surgical considerations for endosseous implants in 
the craniofacial region: a 3-year report. Int J Oral 
Maxillofac Surg 1993;22:272-277. 

Marker P, Siemssen SJ, Bastholt L. Osseointegrated 
implants for prosthetic rehabilitation after treatment 
of cancer of the oral cavity. Acta Oncol 1997;36:37-
40. 

Misiek DJ, Chang AK. Implant reconstruction 
following removal of tumors of the head and neck. 
Otolaryngol Clin North Am 1998;31:689-725. 

Mizbah K, Dings JP, Kaanders JH, et al. Interforaminal 
implant placement in oral cancer patients: during 
ablative surgery or delayed? A 5-year retrospective 
study. Int J Oral Maxillofac Surg 2013;42:651-655. 

Nishimura RD, Roumanas E, Moy PK, Sugai T. 
Nasal defects and osseointegrated implants: UCLA 
experience. J Prosthet Dent 1996;76:597-602. 

Parel SM, Brånemark PI, Tjellström A, Gion G. 
Osseointegration in maxillofacial prosthetics. Part II: 
Extraoral applications. J Prosthet Dent 1986;55:600-
606. 

Payne AG, Lownie JF, Van Der Linden WJ. Implant-
supported prostheses in patients with Sjögren’s syn-
drome: a clinical report on three patients. Int J Oral 
Maxillofac Implants 1997;12:679-685. 

Roumanas ED, Nishimura RD, Beumer J 3rd, Moy 
PK, Weinlander M, Lorant J. Craniofacial defects and 
osseointegrated implants: six-year follow-up report on 
the success rates of craniofacial implants at UCLA. Int 
J Oral Maxillofac Implants 1994;9:579-585.

Roumanas ED, Freymiller EG, Chang TL, Aghaloo T, 
Beumer J 3rd. Implant-retained prostheses for facial 
defects: an up to 14-year follow-up report on the 
survival rates of implants at UCLA. Int J Prosthodont 
2002;15:325-332. 

Schepers RH, Slagter AP, Kaanders JH, van den 
Hoogen FJ, Merkx MA. Effect of postoperative 
radiotherapy on the functional result of implants 
placed during ablative surgery for oral cancer. Int J 
Oral Maxillofac Surg 2006;35:803-808.

Schoen PJ, Raghoebar GM, Bouma J, et al. 
Prosthodontic rehabilitation of oral function in head-
neck cancer patients with dental implants placed 
simultaneously during ablative tumour surgery: an 
assessment of treatment outcomes and quality of life. 
Int J Oral Maxillofac Surg 2008;37:8-16. 

Schoen PJ, Reintsema H, Bouma J, Roodenburg 
JL, Vissink A, Raghoebar GM. Quality of life 
related to oral function in edentulous head and neck 
cancer patients posttreatment. Int J Prosthodont 
2007;20:469-477. 

Sclaroff A, Haughey B, Gay WD, Paniello R. 
Immediate mandibular reconstruction and placement 
of dental implants. At the time of ablative surgery. 
Oral Surg Oral Med Oral Pathol 1994;78:711-717. 

Slagter KW, Raghoebar GM, Vissink A. Osteoporosis 
and edentulous jaws. Int J Prosthodont 2008;21:19-
26. 

Spinato S, Soardi CM, Zane AM. A mandibular 
implant-supported fixed complete dental prosthesis in 



Chapter 2

Long-term results of mandibular 
implants installed in oral cancer 
patients during ablative tumour 
surgery




