
   

 

 
 

Review 1 

Customized subperiosteal implants for the rehabilitation of 2 

atrophic jaws. A consensus report and literature review. 3 

Javier Herce-López 1, Mariano del Canto Pingarrón 2, Álvaro Tofe-Povedano 3, Laura García-Arana 4, Marc Espino- 4 
Segura-Illa 5, Ramón Sieira-Gil 6, Carlos Rodado-Alonso 7, Alba Sánchez-Torres 8,* and Rui Figueiredo 8 5 

1 MD. Oral and Maxillofacial Surgeon, Virgen Macarena University Hospital, Seville (Spain); doc- 6 
torherce@gmail.com 7 

2 MD, DDS, PhD. Private practice Clínica del Canto, Madrid (Spain); crodadoa@gmail.com 8 
3  MD. Oral and Maxillofacial surgeon, Puerta del Mar University Hospital, Cádiz (Spain); alvaro- 9 

tofe@gmail.com 10 
4  MD, DDS. Oral and maxillofacial surgeon. San Francisco de Asís University Hospital, Madrid (Spain); gar- 11 

cia.arana@imaxde.es 12 
5  MD, MSc. Oral and maxillofacial Surgeon, Bellvitge University Hospital, Barcelona (Spain); marcespinose- 13 

gurailla@gmail.com 14 
6  MD, PhD. Oral and maxillofacial consultant. Hospital Clínic, Universitat de Barcelona, Barcelona (Spain); 15 

ramonsieiragil@me.com 16 
7  MD. Oral and maxillofacial surgeon. Private practice Cimax, Girona (Spain); crodadoa@gmail.com 17 
8  DDS, MS, PhD. Professors of Oral Surgery, Faculty of Medicine and Health Sciences, University of Barce- 18 

lona (Spain). Researchers at the IDIBELL Institute, Barcelona (Spain); albasancheztorres@ub.edu and ruip- 19 
figueiredo@hotmail.com 20 

* Correspondence: albasancheztorres@ub.edu; [falta dirección] 08907 - L’Hospitalet de Llobregat (Barcelona), 21 
Spain 22 

Abstract: (1) Background: The aim was to perform a literature review on customized subperiosteal 23 
implants (CSIs) and to provide clinical guidelines based on the results of an expert consensus meet- 24 
ing held in 2023. (2) Methods: A literature search was performed in Pubmed (MEDLINE) in July 25 
2023 including case-series and cohort studies with a minimum follow-up of 6 months that analyzed 26 
totally- or partially-edentulous patients treated with CSIs. Previously, an expert consensus meeting 27 
had been held in May 2023 to establish the most relevant clinical guidelines. (3) Results: Six papers 28 
(4 case series and 2 retrospective cohort studies) were finally included in the review. Biological and 29 
mechanical complication rates ranged from 5.7% to 43.8% and from 6.3% to 20%, respectively. Thor- 30 
ough digital planning to ensure passive fit of the CSI is mandatory to avoid implant failure. (4) 31 
Conclusions: CSIs are a promising treatment option for rehabilitating edentulous patients with 32 
atrophic jaws; they seem to have an excellent short-term survival rate, a low incidence of major 33 
complications and less morbidity in comparison with complex bone grafting procedures. As the 34 
available data on the use of CSIs is very scarce, it is not possible to establish clinical recommenda- 35 
tions based on scientific evidence. 36 
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1. Introduction 39 
Dental implants are one of the main options for rehabilitating totally edentulous pa- 40 

tients. However, in cases of severely atrophic maxillae or mandibles, the available bone 41 
might be insufficient for placement of these medical devices. In these situations, bone 42 
grafting procedures might be indicated. Nevertheless, these techniques can be complex 43 
and usually require a longer treatment time [1]. When upper arches are involved, zygo- 44 
matic implants can be used since they have good clinical outcomes and allow immediate 45 
loading [2]. However, it is important to stress that zygomatic implants have also been 46 
associated with several complications, some of which can be quite difficult to manage [3].  47 

 

 



 

 

The development of new technologies has made it possible to manufacture custom- 48 
ized implants to rehabilitate patients in whom standard implants cannot be placed due to 49 
trauma, oncological treatments, or malformations. These customized subperiosteal im- 50 
plants (CSI) are designed for the patient’s specific anatomy and enable the most suitable 51 
anchorage areas to be selected. Furthermore, these structures facilitate rehabilitation since 52 
the professional can choose the position and type of prosthetic connection, allowing opti- 53 
mal force distribution [4-8]. Indeed, CSIs can support fixed prostheses with similar char- 54 
acteristics to those fabricated over conventional dental implants, even using an immediate 55 
loading protocol [4-12]. Moreover, the survival rate of CSIs seems to be high, and the most 56 
common complication described is exposure of the structure due to soft tissue dehiscence 57 
[1, 12-14]. 58 

Since CSIs are a recent development, the literature on this topic is still quite scarce. 59 
Thus, the aims of this paper were to perform a literature review on CSIs and to provide 60 
clinical guidelines based on the results of an expert consensus meeting held in 2023. 61 

2. Materials and Methods 62 
A literature search was performed in Pubmed (MEDLINE) in July 2023 using the fol- 63 

lowing search strategy “customized sub-periosteal implant OR subperiosteal personal- 64 
ized implants”. All case-series and cohort studies with a minimum follow-up of 6 months 65 
that analyzed totally- or partially-edentulous patients treated with CSIs were included. 66 
Case reports and animal studies were excluded. The level of evidence of the selected stud- 67 
ies was assessed using the SIGN guidelines [15]. 68 

A group of experts was selected to discuss the main aspects related with the use of 69 
CSIs to rehabilitate atrophic jaws. The workgroup included experienced professionals in 70 
the areas of Oral and Maxillofacial Surgery, Prosthodontics, Dentistry, Research Method- 71 
ology and Biomedical Engineering. Initially, the clinicians involved were asked to analyze 72 
the most relevant papers on this topic. An onsite consensus meeting was then held in May 73 
2023 in Manresa (Spain) to discuss the most relevant aspects in the following areas of in- 74 
terest: 75 

1. Indications and contraindications of CSIs. 76 
2. Planning and designing CSIs. 77 
3. Surgical protocol and associated complications. 78 
4. Prosthetic protocol and associated complications. 79 
5. Peri-implant supportive therapy. 80 
6. General recommendations and future perspectives. 81 
All the participants had the opportunity to share their clinical experience during the 82 

meeting. Furthermore, several cases were presented and examined by the clinicians in- 83 
volved, focusing especially on the above-mentioned areas of interest. If the participants 84 
had different opinions on a specific topic, a consensus was reached. A document with the 85 
main recommendations and conclusions was then prepared and sent to all authors for 86 
review. Afterwards, a second online meeting was held in September 2023 to analyze all 87 
the recommendations and discuss the issues raised during the review process. Finally, a 88 
final report was prepared and sent to all the authors for their final approval. 89 

3. Results 90 

3.1. Literature review 91 

The electronic search yielded a total of 327 references. After duplicate removal and 92 
assessment of the title and abstract, 14 papers in total were selected for full-text analysis. 93 
Six papers [12, 16-20] — 4 case series and 2 retrospective cohort studies — were included 94 
in the review (Table 1). The number of patients treated ranged from 4 to 70.  95 
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Table 1. Main characteristics of the studies included in the review. 99 

Author, 

year and 

country 

Study design 

Number 

of pa-

tients 

Indication Type of prosthesis 
Type of im-

plant 
Complications Follow-up  

Level of 

evidence 

(SIGN) 

Rams et al. 

2013 [15], 

United 

States of 

America 

Case series 11 Edentulous mandible Overdenture Implant 

frames were 

cast using a 

cobalt-chro-

mium-mo-

lybdenum al-

loy (Vital-

lium) 

3 periimplantitis 11.7 years ± 

1.5 years 

(range 10 – 

13 years) in 

patients 

with pe-

riimplantitis 

 

2.4 years ± 

4.9 years 

(range 9 – 22 

years) in 

healthy pa-

tients 

3 

Cerea and 

Dolcini 2018 

[12], Italy 

Retrospective 

cohort 

70 Total or partial eden-

tulism 

Provisional pros-

thesis (resin) 

 

Definitive cement-

retained metal-ce-

ramic prosthesis 

Laser sinter-

ing titanium 

CSI 

3 failures due to infec-

tions 

 

4 patients reported 

postoperative pain and 

swelling 

 

1 patient with recur-

rent infections 

 

4 fractures of the provi-

sional prosthesis 

 

2 patients with ceramic 

fractures (chipping) in 

the definitive prosthe-

sis 

2 years 2++ 

Mangano et 

al. 2020 [16], 

Russia 

Case series 10 Partial posterior man-

dibular edentulism 

Cement-retained 

provisional pros-

thesis (PMMA) 10 

days after surgery  

 

Laser sinter-

ing titanium 

CSI (titanium 

grade 5 mi-

cro-powders) 

1 patient with postop-

erative pain and swell-

ing 

 

1 year 3 



 

 

New provisional 

prosthesis 1 month 

after surgery 

 

Definitive cement-

retained prosthesis 

(zirconia-ceramic) 

2 patients with provi-

sional prosthesis frac-

tures  

Cebrián-Ca-

rretero et al. 

2022 [17], 

Spain 

Case series 4 Oncological defects 

 

Provisional pros-

thesis 

 

Fixed metal-ceramic 

prosthesis 

Laser sinter-

ing titanium 

CSI 

No complications 32 months 

(range 9 

months – 3 

years) 

3 

Nemtoi et 

al. 2022 [18], 

Romania 

Retrospective 

cohort 

16 Edentulous maxilla 

(n=10) 

 

Partially edentulous 

maxilla (n=1) 

 

Edentulous mandible 

(n=4) 

 

Partially edentulous 

mandible (n=1) 

Provisional pros-

thesis (resin) 

 

 

Fixed prosthesis 

(unspecified) 

Laser sinter-

ing titanium 

CSI 

1 failure due to incor-

rect adjustment and re-

current infections. 

 

6 soft tissue dehis-

cences leading to CSI 

exposure 

 

1 fracture of the provi-

sional prosthesis 

6 months 

 

2++ 

Dimitroulis 

et al. 2023 

[19], Aus-

tralia 

Case series 21 Edentulous maxilla 

(n=15) 

 

Edentulous mandible 

(n=3) 

 

Partial edentulism 

(n=2) 

 

Maxillectomy (n=1) 

Screw-retained pro-

visional prosthesis 

(resin) 

 

Definitive prosthe-

sis 

Laser sinter-

ing titanium 

CSI 

5 patients with CSI ex-

posure: 

- 3 needed new CSI 

- 2 were followed up 

 

1 patient with implant 

mobility (additional re-

tention screws were 

placed) 

 

1 CSI was removed due 

to systemic causes 

(psychiatric disorder)  

22.1 months 

(range 5 – 57 

months) 

3 

 100 

* CSI: Customized subperiosteal implant; n: number of patients; PMMA: polymethyl-methacrylate; 101 
SIGN: Scottish Intercollegiate Guidelines Network. 102 

 103 



 

 

Five of these six papers analyzed laser sintering titanium CSIs [12, 17-20], while in Rams 104 
et al.’s study [16] the implant frames were cast from a cobalt-chromium-molybdenum 105 
alloy. 106 

The most frequent indication for using CSIs was the rehabilitation of full mandibular 107 
and/or maxillary edentulous patients. Other indications, like the treatment of severe 108 
defects after oncological surgical treatments, and patients unwilling to undergo complex 109 
regenerative procedures, were also mentioned.  110 

The papers did not mention significant intraoperative complications although some 111 
referred discomfort and swelling in the early postoperative period (initial 2 weeks). 112 
Postoperative soft tissue dehiscences were a common finding. In this regard, Nemtoi et 113 
al. [19] and Dimitroulis et al. [20] reported 37.5% and 23.8% CSI exposure rates, 114 
respectively. Biological complications including soft tissue dehiscences, peri-implantitis 115 
and implant failure varied from 5.7% [12] to 43.8% [19]. Mechanical complications, 116 
frequently related to the provisional prosthesis, ranged from 6.3% [19] to 20% [16]. 117 
Nevertheless, it is important to stress that most of the studies had a follow-up period of 118 
2 years or less. 119 

3.2. Clinical guidelines based on the results of the consensus meeting 120 
 121 
As mentioned in the Materials and Methods, the experts wrote a document based on 122 

the available literature [12, 16-20]. If published data were lacking or considered insuffi- 123 
cient, expert opinions (EO) were given. The following recommendations were made for 124 
the use of CSIs to treat edentulous patients: 125 

 126 
1. Indications and contraindications of CSIs. 127 
1.1. CSIs indications: 128 

1.1.1. Patients that present insufficient bone to place standard dental implants. 129 
1.1.2. When complex regenerative techniques cannot be performed or are not 130 

accepted by the patients due to the associated morbidity. 131 
1.1.3. Patients that do not tolerate removable prostheses or when these cannot 132 

be made. 133 
1.1.4. CSIs might be considered as an alternative to zygomatic implants when 134 

a fixed prosthesis is required. 135 
1.1.5. CSIs should be used with caution in cases of partial edentulism since the 136 

available clinical data is limited in these situations. (EO) 137 
1.2. CSI contraindications: 138 

1.2.1. Patients with systemic pathologies that contraindicate the surgical pro- 139 
cedure. 140 

1.2.2. Patients under treatment with therapies or drugs that contraindicate the 141 
surgical procedure. 142 

 143 
2. Planning and designing CSIs. 144 
2.1. A thorough diagnosis is paramount for adequate treatment planning. High- 145 

resolution computer tomography (CT) following the instructions provided by 146 
the CSI manufacturer is mandatory. Cone-beam computer tomography 147 
(CBCT) is not suitable for designing CSIs. (EO) 148 

2.2. A proper diagnosis should include the occlusal position, a standard tessellation 149 
language (stl) file with the intraoral anatomy, and a CT scan. 150 

2.3. Passive fit of the CSI to the surrounding bone is critical since this is a custom- 151 
made device. 152 

2.4. Since the most frequent complication is exposure of the CSI, a polished tita- 153 
nium surface is recommended. (EO) 154 



 

 

2.5. It is essential to avoid abrupt transitions and sharp angles in the areas between 155 
the CSI frame and the prosthetic connections (Figure 1). 156 

 157 

 158 
Figure 1. Example of a suitably designed customized subperiosteal implant (CSI) 159 

with smooth transitions (without sharp angles) between the frame and the 160 
prosthetic connections. 161 

 162 
2.6. Fixation of the CSI is a key factor for achieving a successful treatment outcome. 163 

The fixation elements should be placed in high anatomic buttress areas (nasal 164 
and zygomatic) and in the palatal region. The use of self-drilling screws is rec- 165 
ommended. 166 

2.7. In cases with totally edentulous arches, clinicians should consider designing 2 167 
independent frames to facilitate the implant insertion path during the proce- 168 
dure (Figure 2). This issue is particularly important when high fixation zones 169 
are selected. (EO) 170 

 171 

 172 

 
 

(a) (b) 
 173 
Figure 2. Example of a 2-piece customized subperiosteal implant (CSI) designed for 174 

the patient’s specific anatomy. (a) Digital planning. (b) CSI placement. 175 
 176 
 177 
2.8. Specific surgical templates are recommended to guide the removal of the re- 178 

sidual alveolar ridge (Figure 3). This will improve the adaptation of the CSI, 179 
facilitate its design, and reduce the risk of postoperative soft tissue dehiscence. 180 
(EO) 181 
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 183 

  

          (a) (b) 
 184 
 185 
 186 
 187 
 188 
 189 
 190 
 191 
 192 

 193 
(c)                             (d) 194 

 195 
Figure 3. Surgical template used to remove the residual alveolar ridge. (a) Polyamide 196 

template. (b) Titanium alloy template. (c and d) CSI placement. 197 
 198 
 199 
2.9. From a biomechanical perspective, there is no contraindication for connecting 200 

CSIs with previously placed conventional dental implants. (EO) 201 
2.10. It is advisable to print a 3D model of the patient before surgery. (EO) 202 
  203 
3. Surgical protocol and associated complications. 204 
3.1. Although it is possible to place CSIs under local anesthesia, it is advisable to 205 

combine it with conscious sedation techniques or general anesthesia. 206 
3.2. Surgical asepsis guidelines must be followed during the procedure. 207 
3.3. The incision should be performed considering the final position of the keratin- 208 

ized mucosa, since this tissue is essential to prevent long-term complications. 209 
(EO) 210 

3.4. If the keratinized mucosa width is insufficient, it is advisable to perform soft 211 
tissue augmentation procedures. 212 

3.5. Soft tissue dehiscence leading to exposure of the CSI is the most common post- 213 
operative complication (Figure 4). This complication does not seem to affect 214 
CSI survival in the short-term. 215 

 216 
 217 
 218 
 219 
 220 
 221 
 222 
 223 
 224 
 225 
   226 



 

 

 

 
          (a) (b) 

 227 
  228 

Figure 4. Clinical images of soft tissue dehiscences. These are one of the most com- 229 
mon complications associated with customized subperiosteal implants (CSI) 230 
but do not seem to affect the short-term success rate of the treatment. (a) Expo- 231 
sure of a maxillary CSI due to a soft tissue dehiscence. (b) Soft tissue dehiscence 232 
and peri-implant mucosa inflammation in a maxillary CSI probably related 233 
with the abrupt transition between the frame and the prosthetic connection (see 234 
arrows). 235 

 236 
 237 
3.6. Removal of the CSI is indicated when the implant has lost its stability or when 238 

recurrent infections occur. 239 
3.7. It is advisable to have a sterile 3D model of the patient present during the sur- 240 

gical procedure (Figure 5). (EO) 241 

 242 

 

 
 243 
Figure 5. 3D model of the patient with a customized subperiosteal implant (CSI). 244 
 245 
 246 
3.8.  After testing the insertion of the implant in the model, the CSI should be se- 247 

curely fixed with screws to the maxilla or mandible. The flap should be repo- 248 
sitioned leaving the abutments exposed.  249 

 250 
 251 
4. Prosthetic protocol and associated complications. 252 
4.1. A thorough and complete preoperative prosthetic diagnosis is mandatory. This 253 

prosthetic planning is essential for designing the CSI correctly.  254 



 

 

4.2. The prosthodontic treatment principles and steps used in rehabilitation with 255 
conventional dental implants should be followed when using CSI. It is essential 256 
to create a prosthesis with ovoid pontics that allows correct assessment for oral 257 
hygiene. 258 

4.3. The clinical results of this group of experts support the use of fixed screw-re- 259 
tained restorations over CSIs. The literature also reports on the use of other 260 
types of rehabilitation. (EO) 261 

4.4. The CSI can be immediately loaded. 262 
4.5. The provisional and definitive prostheses should not apply pressure on the soft 263 

tissues. (EO) 264 
4.6. A minimum of 4 prosthetic connections are required to rehabilitate a full arch. 265 
4.7. Whenever possible, the use of transepithelial abutments should be considered. 266 

(EO) 267 
4.8. The materials employed in conventional implant-supported prostheses are 268 

also suitable for rehabilitation with CSIs. 269 
4.9. It is advisable to use an occlusal splint after the prosthetic rehabilitation to pre- 270 

vent the occurrence of mechanical complications, especially when the patient 271 
has natural dentition or a fixed implant-supported rehabilitation in the oppos- 272 
ing arch. (EO) 273 

 274 
5.  Peri-implant supportive therapy.  275 
5.1  There is no specific evidence reporting the maintenance protocol for CSI resto- 276 

rations. 277 
5.2  Control visits are recommended every 6 months to avoid or diagnose biologi- 278 

cal (e.g., bone loss under CSIs) or mechanical complications (e.g., prosthetic 279 
fracture). (EO) 280 

5.3  The main goal of peri-implant supportive therapy is to remove plaque accu- 281 
mulation and biofilm around implant abutments and prostheses. In the case of 282 
screw-retained restorations, these can be removed to thoroughly clean the sur- 283 
faces. (EO) 284 

5.4  Patients should be informed of the importance of these visits for the long-term 285 
maintenance of their rehabilitations, and of the most common pathologies or 286 
complications. Patients should also be advised to seek clinical attention in cases 287 
of CSI mobility or soft tissue dehiscences (CSI exposure). (EO) 288 

5.5  These visits should include professional advice in case of risk factors/indica- 289 
tors. Patients should be informed that redness, bleeding, or inflammation of 290 
the peri-implant mucosa are important signs which, if left untreated, might re- 291 
sult in significant long-term complications. (EO) 292 

 293 
6. General recommendations and future perspectives. (EO) 294 
6.1. The available data on the use of CSIs are very scarce, precluding the establish- 295 

ment of clinical recommendations based on the scientific evidence. It is essen- 296 
tial to perform randomized clinical trials to compare the use of CSIs with other 297 
therapeutic alternatives. Additionally, cohort studies with a long-term follow- 298 
up could help to determine the incidence, repercussion, and prognosis of com- 299 
plications associated with CSIs. 300 

6.2. Finite analysis studies to evaluate the different CSI designs would be desirable. 301 
6.3. Professionals are encouraged to undergo specific training in the use of CSIs. 302 
6.4. Professionals could benefit from the development of additional tools or guides 303 

to reduce the margin of error. The creation of specifically designed custom 304 
guides for all steps of the treatment would be desirable. 305 

6.5. Development of specific prosthetic connections for CSIs might be interesting. 306 
 307 
 308 
 309 



 

 

4. Discussion 310 
The present review shows that the available data supporting the use of CSI are very 311 

scarce. Indeed, most reports are based on case-series or retrospective cohort studies with 312 
a very limited follow-up. Also, several clinically relevant issues like the repercussion of 313 
peri-implantitis on the long-term prognosis of these devices and which materials are the 314 
most suitable for the final prosthesis are still unclear. Furthermore, due to technological 315 
advances, CSI are constantly being improved, so it is likely that the reported data cannot 316 
be fully extrapolated to the present situation. For this reason, we believe that an expert 317 
consensus might provide valuable information to clinicians with limited experience in the 318 
use of CSI to rehabilitate edentulous atrophic jaws.  319 

Most authors [18, 19, 21] and the expert panel agree that these implants should be 320 
used when conventional implants cannot be placed or when complex bone regeneration 321 
techniques would be required. This patient profile is usually challenging to treat since 322 
resorption of the alveolar ridge might contraindicate fixed restorations and might com- 323 
promise the stability of a removable prosthesis Indeed, when large vertical alveolar ridge 324 
defects are present, bone grafting techniques seem to have a higher incidence of compli- 325 
cations. Alotaibi et al. [22] performed a network meta-analysis to compare the results as- 326 
sociated with the use of onlay and inlay grafts, several types of membranes (resorbable 327 
and non-resorbable), distraction osteogenesis, tissue expansion and short implants. These 328 
authors concluded that all grafting options (except the use of resorbable membranes) were 329 
associated with a statistically significant higher odds ratio of complications [22]. It is also 330 
important to stress that, when extraoral bone harvesting is required, patients might expe- 331 
rience pain in the donor site area, and gait and sensory disturbances if the iliac crest is 332 
involved [23]. Furthermore, complex bone grafting procedures also limit the use of provi- 333 
sional prostheses since they might increase the risk of soft tissue dehiscences. Thus, CSIs 334 
seem to be a promising treatment option to provide fixed restorations to patients without 335 
the above-mentioned disadvantages. CSIs also allow faster recovery of the patient’s func- 336 
tion and quality of life, since these devices can be loaded immediately [12, 17, 19, 20, 24]. 337 
In general, CSIs might be used to support fixed full-arch prostheses, or even partial-arch 338 
restorations [12, 17, 20]. Also, some authors have rehabilitated edentulous patients with 339 
CSI-retained overdentures with good outcomes [16]. 340 

According to several authors [25, 26], zygomatic implants might also be an excellent 341 
alternative to bone grafting procedures in atrophic maxillas. Indeed, these implants seem 342 
to have excellent results even when immediate loading protocols are applied [25, 26]. A 343 
recent systematic review has compared the outcomes of zygomatic implants placed with 344 
2 different techniques (original surgical technique and an anatomy-guided approach) and 345 
showed similar outcomes with survival rates higher than 90% for both options [27].  346 
However, these authors also pointed out that sinusitis and soft tissue infection around the 347 
implant are common in these cases. Thus, CSIs might be a preferable option in patients 348 
with a previous history of maxillary sinus pathology.  349 

As in any other treatment, a thorough preoperative diagnosis is paramount to 350 
achieve a successful outcome. In this regard, clinicians should obtain an in-depth medical 351 
history, perform a complete intra and extraoral examination, request high-quality com- 352 
puter tomography and perform comprehensive prosthetic planning before the surgical 353 
procedure. The introduction of new technology such as CSIs should be carried out grad- 354 
ually, usually by professionals experienced in the field of implant dentistry. Indeed, there 355 
are no data about the learning curve needed to master this type of procedure. Moreover, 356 
some biological (soft tissue dehiscence or peri-implantitis), or mechanical complications 357 
(fractures) related to this treatment have been reported. Likewise, digital planning and 358 
the use of printed models may reduce fitting problems that can lead to failure of these 359 
implants due to mobility of the structure [18]. 360 

In this regard, it is important to stress that both surgical and prosthodontic factors 361 
must be considered to avoid complications. Thus, it is essential to design the CSI taking 362 
the final prosthesis into account [28]. Equally, since CSIs are fully customized implants 363 



 

 

that must be perfectly adjusted to the patient’s anatomy, a CT scan of excellent quality is 364 
mandatory, although some authors use cone-beam computed tomography with adequate 365 
results [12, 17-19, 24]. The dataset should be checked to rule out defective slices in the 366 
anatomical region to be treated, e.g., due to metal-induced scattering or motion artefacts 367 
[28]. During the surgical procedure, the surgeon must achieve a passive fit and perfect 368 
fixation of the implant since this is critical to avoid failure due to movements of the struc- 369 
ture. Moreover, a 3D printed model of the patient could be very useful for assessing the 370 
CSI adjustment preoperatively [12, 17-20]. 371 

Most reports mention that intraoperative complications are uncommon. However, 372 
postoperative CSI exposure due to soft tissue dehiscence seems to be a frequent event. 373 
Thus, correct incision design and soft tissue grafting might reduce the incidence of this 374 
complication. This is an important issue since patients with atrophic jaws usually have an 375 
insufficient width of keratinized tissues, especially in the mandible [17]. The CSI design 376 
should also be adapted to prevent dehiscences. Sharp areas and abrupt transitions be- 377 
tween the structure and the prosthetic connection areas should be avoided and a polished 378 
surface might be preferable to avoid biofilm adhesion in case of exposure (Figures 1 and 379 
4) [28]. Fortunately, CSI exposure does not seem to compromise the short-term survival 380 
of the implant. Nemtoi et al. [19] reported several cases with CSI exposure that remained 381 
under function. However, this is a topic that needs further research since this complication 382 
might have a long-term impact on the survival of the implants.  383 

Information on the long-term prognosis of these restorations is scarce. Regarding bi- 384 
ological complications, peri-implantitis is a common finding in conventional implants [9] 385 
and might also affect CSIs. Since peri-implantitis is associated with biofilm accumulation, 386 
patients should be included in peri-implant supportive therapy programs. Rams et al. [16] 387 
have identified anaerobic orange and red cluster bacteria in cobalt-chromium-molyb- 388 
denum alloy CSIs. Although this material is not ideal and might increase the risk of infec- 389 
tion and bone loss [9], a similar microbiota is likely to be found in both conventional and 390 
customized subperiosteal implants [16]. There are no studies giving specific information 391 
about the maintenance protocol for these restorations. Screw-retained restorations can be 392 
removed for professional hygiene, to remove plaque and biofilm from the prosthesis and 393 
CSIs and to avoid soft tissue inflammation or infection through soft tissue dehiscence. In 394 
conventional dental implants, it has been observed that patients have little access to infor- 395 
mation about implant maintenance and peri-implant diseases. In fact, it has been shown 396 
that about half of the patients have not been informed about peri-implant diseases and 397 
many of them have unrealistic information about the duration of this treatment, thinking 398 
that it is a lifelong treatment [29,30]. 399 

The lack of information to the patient could be linked to irregular maintenance visits, 400 
which, in turn, are related to increased pathology. Although CSIs are a distinct technol- 401 
ogy, they should undergo proper examination to evaluate all the prosthetic components 402 
and check occlusion. Bone loss under CSIs could induce mobility of the structure. Conse- 403 
quently, it is of great importance to establish individualized maintenance intervals for 404 
each patient, usually every 5-6 months, according to risk indicators (e.g., periodontally 405 
compromised patients or patients with non-hygienic restorations), to remove bacterial 406 
plaque and biofilm and to assess peri-implant health status [31]. 407 

It is worth noting that 1 in 5 patients who do not attend a regular maintenance pro- 408 
gram may suffer from peri-implantitis at 5 years [32] and that compliance with mainte- 409 
nance visits can reduce the occurrence of peri-implantitis by up to 25% [33]. During im- 410 
plant maintenance visits, special attention and professional advice should be given to risk 411 
factors/indicators that have been associated with peri-implant disease, such as a history 412 
of periodontal disease or poor oral hygiene [34]. 413 

Regarding the risk of mechanical complications, the studies included in the present 414 
literature review have mainly reported some cases of fractured provisional prostheses. 415 
These events are also frequent in patients rehabilitated with conventional implants and 416 
are generally minor complications that can be solved without having to send the prosthe- 417 



 

 

sis to the laboratory for repair. Parafunctional habits such as bruxism and maxillary res- 418 
torations seem to be variables linked to fractures of provisional prostheses. In definitive 419 
restorations, material chipping tends to appear with the follow-up. Review of occlusal 420 
contacts, and check-up visits, are necessary to avoid these complications or to diagnose 421 
them at an early stage. Fortunately, these minor complications do not seem to affect the 422 
patients' quality of life [35,36]. However, it might be advisable to use an occlusal splint 423 
after prosthetic rehabilitation, especially in patients with parafunctions. This could be 424 
placed even in the provisional period to ensure that rehabilitation is maintained through- 425 
out the interim period [36].  426 

Rehabilitation of large edentulous sections improves the patients’ aesthetics and mas- 427 
ticatory function. There are no specific success criteria for CSIs, and it is understood that 428 
the presence of soft tissue dehiscence could be a determining factor, facilitating the emer- 429 
gence of peri-implantitis. On the other hand, patient perceptions of treatment outcomes 430 
and quality of life are necessary variables to ascertain the success of the treatment [37], 431 
and the studies published so far do not provide these data. Patient-Reported Outcome 432 
Measures were introduced at the 8th European Workshop on Periodontology [38] with 433 
the aim of improving the assessment of treatment outcome according to the patient's per- 434 
ception and not only through clinical parameters. The use of psychometric tools validated 435 
for this context, such as the Oral Health Impact Profile (OHIP)-14 questionnaire, or visual 436 
analogue scales where the patient can objectify his or her satisfaction with the treatment 437 
at the level of aesthetics or mastication, should be systematically reported. In this way, the 438 
patient's perception would be included in the criteria for measuring the success or out- 439 
come of a treatment. In fact, long-term reporting of repeated measures during the whole 440 
postoperative period and the prosthetic restoration could provide results regarding 441 
maintenance of the patients' quality of life and the influence of any biological or mechan- 442 
ical complications. 443 

This paper has important limitations that need to be discussed. Firstly, the number 444 
of available studies on CSIs is clearly insufficient. Furthermore, most of these studies are 445 
retrospective, include a limited number of patients, have a short follow-up period, and 446 
present a high risk of bias. Secondly, the recommendations derived from the consensus 447 
meeting provide a low degree of recommendation. Finally, since no studies have been 448 
conducted to compare the use of CSIs with other treatment options, it cannot be asserted 449 
that CSI-supported restorations are the treatment of choice to rehabilitate patients with 450 
severely atrophic jaws. Therefore, randomized clinical trials (RCT) comparing the use of 451 
CSI with zygomatic implants, with short or ultra-short implants and with advanced bone 452 
regeneration procedures should be conducted in the future. 453 

5. Conclusions 454 
Customized subperiosteal implants (CSI) are a promising treatment option to reha- 455 

bilitate edentulous patients with atrophic jaws in which conventional dental implants can- 456 
not be placed, or as an alternative to complex regeneration procedures. These devices 457 
seem to have an excellent short-term survival rate, a low incidence of relevant complica- 458 
tions, and less morbidity than complex bone grafting procedures. However, the scarcity 459 
of available data on the use of CSIs precludes the establishment of clinical recommenda- 460 
tions based on the scientific evidence. 461 
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(Cerdanyola del Vallés, Spain), non-financial support from Nobel Biocare (Zürich, Switzerland), 486 
personal fees from Geistlich Pharma AG (Wolhusen, Switzerland), BioHorizons Iberica (Madrid, 487 
Spain), Araguaney Dental (Barcelona, Spain), Septodont (Saint-Maur-des-fossés, France), Dentaid 488 
SL (Cerdanyola del Vallés, Spain) and Laboratorios Silanes (Mexico city, Mexico) outside the sub- 489 
mitted work. Dr. Figueiredo has also participated as a principal investigator in a randomized clinical 490 
trial sponsored by Mundipharma (Cambridge, UK) and in another clinical trial as a sub-investigator 491 
for Menarini Richerche (Florence, Italy). 492 

Other authors do not report any conflicts of interests. 493 

 494 

References 495 
 496 

1. Tofé-Povedano A, Parras-Hernández J, Herce-López J, Matute-García D, González-Moguena VA, Rollón-Mayordomo A. De- 497 
sign modifications in subperiosteal implants to avoid complications. Presentation of a case series study and literature re-view. 498 
Rev Esp Cir Oral Maxilofac 2023, 45, 57-63. 499 

2. Branemark P-I. Surgery and fixture installation. Zygomaticus fixture clinical procedures, 1st ed.; Nobel Biocare AB: Goteborg, 500 
Sweden, 1998. 501 

3. Chrcanovic BR, Albrektsson T, Wennerberg A. Survival and complications of zygomatic implants: An updated systematic re- 502 
view. J Oral Maxillofac Surg 2016, 74, 1949-64. doi: 10.1016/j.joms.2016.06.166. 503 

4. Pons MC, Gallo JA, Perez LM, Martinez GD, Vicario AC. Subperiosteal personalised implants for the rehabilitation of the se- 504 
verely deficient edentulous maxilla. Revision of a clinical series of 8 cases. Rev Esp Cir Oral y Maxilofac 2021, 43, 140-8.  505 

5. Van den Borre C, Rinaldi M, De Neef B, Loomans NAJ, Nout E, Van Doorne L, et al. Radiographic evaluation of bone re- 506 
modeling after additively manufactured subperiosteal jaw implantation (Amsji) in the maxilla: A one-year follow-up study. J 507 
Clin Med 2021, 10. doi: 10.3390/jcm10163542. 508 

6. Van den Borre C, Rinaldi M, De Neef B, Loomans NAJ, Nout E, Van Doorne L, et al. Patient- and clinician-reported outcomes 509 
for the additively manufactured sub-periosteal jaw implant (AMSJI) in the maxilla: A prospective multicentre one-year follow- 510 
up study. Int J Oral Maxillofac Surg 2022, 51, 243-50. doi: 10.1016/j.ijom.2021.05.015. 511 

7. Korn P, Gellrich NC, Jehn P, Spalthoff S, Rahlf B. A new strategy for patient-specific implant-borne dental rehabilitation in 512 
patients with extended maxillary defects. Front Oncol 2021, 11, 1-7. doi: 10.3389/fonc.2021.718872. 513 

8. Rahlf B, Korn P, Zeller A-N, Spalthoff S, Jehn P, Lentge F, et al. Novel approach for treating challenging implant-borne maxillary 514 
dental rehabilitation cases of cleft lip and palate: A retrospective study. Int J Implant Dent 2022, 8. doi: 10.1186/s40729-022- 515 
00401-x. 516 

9. Mommaerts MY. Additively manufactured sub-periosteal jaw implants. Int J Oral Maxillofac Surg 2017, 46, 938-40. doi: 517 
10.1016/j.ijom.2017.02.002. 518 

10. Mommaerts MY. Evolutionary steps in the design and biofunctionalization of the additively manufactured sub-periosteal jaw 519 
implant ‘AMSJI’ for the maxilla. Int J Oral Maxillofac Surg 2019, 48, 108-14. doi: 10.1016/j.ijom.2018.08.001. 520 

11. Gellrich NC, Zimmerer RM, Spalthoff S, Jehn P, Pott PC, Rana M, et al. A customised digitally engineered solution for fixed 521 
dental rehabilitation in severe bone deficiency: A new innovative line extension in implant dentistry. J Craniomaxillofac Surg 522 
2017, 45, 1632-8. doi: 10.1016/j.jcms.2017.07.022. 523 

12. Cerea M, Dolcini GA. Custom-made direct metal laser sintering titanium subperiosteal implants: A retrospective clinical study 524 
on 70 patients. Biomed Res Int 2018, 2018, 1-11. doi: 10.1155/2018/5420391. 525 



 

 

13. Claffey N, Bashara H, O’Reilly P, Polyzois I. Evaluation of new bone formation and osseointegration around subperiosteal 526 
titanium implants with histometry and nanoindentation. Int J Oral Maxillofac Implants 2015, 30, 1004-10. doi: 527 
10.11607/jomi.3647. 528 

14. Peev S, Sabeva E. Subperiosteal implants in treatment of total and partial edentulism - a long term follow up. Int J Sci Res 2016, 529 
5, 98-9.  530 

15. Harbour R, Miller J, for the Scottish Intercollegiate Guidelines Network grading review group. A new system for grading rec- 531 
ommendations in evidence based guidelines. BMJ 2001, 323, 334-6. doi: 10.1136/bmj.323.7308.334. 532 

16. Rams TE, Balkin BE, Roberts TW, Molzan AK. Microbiological aspects of human mandibular subperiosteal dental implants. J 533 
Oral Implantol 2013, 39, 714-22. doi: 10.1563/AAID-JOI-D-11-00023. 534 

17. Mangano C, Bianchi A, Mangano FG, Dana J, Colombo M, Solop I, et al. Custom-made 3D printed subperiosteal titanium im- 535 
plants for the prosthetic restoration of the atrophic posterior mandible of elderly patients: A case series. 3D Print Med 2020, 6, 536 
1. doi: 10.1186/s41205-019-0055-x. 537 

18. Cebrián Carretero JL, Del Castillo Pardo de Vera JL, Montesdeoca García N, Garrido Martínez P, Pampín Martínez MM, Aragón 538 
Niño I, et al. Virtual surgical planning and customized subperiosteal titanium maxillary implant (CSTMI) for three dimensional 539 
reconstruction and dental implants of maxillary defects after oncological resection: Case series. J Clin Med 2022, 11, 4594. doi: 540 
10.3390/jcm11154594. 541 

19. Nemtoi A, Covrig V, Nemtoi A, Stoica G, Vatavu R, Haba D, et al. Custom-made direct metal laser sintering titanium sub- 542 
periosteal implants in oral and maxillofacial surgery for severe bone-deficient patients-A pilot study. Diagnostics (Basel) 2022, 543 
12, 2531. doi: 10.3390/diagnostics12102531. 544 

20. Dimitroulis G, Gupta B, Wilson I, Hart C. The atrophic edentulous alveolus. A preliminary study on a new generation of sub- 545 
periosteal implants. Oral Maxillofac Surg 2023, 27, 69-78. doi: 10.1007/s10006-022-01044-3. 546 

21. Vatteroni E, Covani U, Menchini Fabris GB. The new generation of subperiosteal implants for patient-specific treatment of 547 
atrophic jawbone: Literature review and a two-case report. Int J Periodontics Restorative Dent 2023, 43, 735-41. doi: 548 
10.11607/prd.6229.  549 

22. Alotaibi FF, Rocchietta I, Buti J, D'Aiuto F. Comparative evidence of different surgical techniques for the management of vertical 550 
alveolar ridge defects in terms of complications and efficacy: A systematic review and network meta-analysis. J Clin Periodontol 551 
2023, 50, 1487-519. doi: 10.1111/jcpe.13850. 552 

23. McKenna GJ, Gjengedal H, Harkin J, Holland N, Moore C, Srinivasan M. Effect of autogenous bone graft site on dental implant 553 
survival and donor site complications: A systematic review and meta-analysis. J Evid Based Dent Pract 2022, 22, 101731. doi: 554 
10.1016/j.jebdp.2022.101731. 555 

24. Strappa EM, Memè L, Cerea M, Roy M, Bambini F. Custom-made additively manufactured subperiosteal implant. Minerva 556 
Dent Oral Sci 2022, 71, 353-60. doi: 10.23736/S2724-6329.22.04640-X. 557 

25. Davo R, Malevez C, Rojas J. Immediate function in the atrophic maxilla using zygoma implants: A preliminary study. J Prosthet 558 
Dent 2007, 97, 44-51. doi: 10.1016/S0022-3913(07)60007-9. 559 

26. Aparicio C, Ouazzani W, Aparicio A, Fortes V, Muela R, Pascual A, et al. Immediate/Early loading of zygomatic implants: 560 
Clinical experiences after 2 to 5 years of follow-up. Clin Implant Dent Relat Res 2010, 12, 77-82. doi: 10.1111/j.1708- 561 
8208.2008.00134.x. 562 

27. Kämmerer PW, Fan S, Aparicio C, Bedrossian E, Davó R, Morton D, et al. Evaluation of surgical techniques in survival rate and 563 
complications of zygomatic implants for the rehabilitation of the atrophic edentulous maxilla: A systematic review. Int J Implant 564 
Dent 2023, 9, 11. doi: 10.1186/s40729-023-00478-y. 565 

28. Surovas A. A digital workflow for modeling of custom dental implants. 3D Print Med 2019, 5, 9. doi: 10.1186/s41205-019-0046- 566 
y. 567 

29. de Tapia B, Mozas C, Valles C, Nart J, Sanz M, Herrera D. Adjunctive effect of modifying the implant-supported prosthesis in 568 
the treatment of peri-implant mucositis. J Clin Periodontol. 2019;46:1050-60. 569 

30. Insua A, Monje A, Wang HL, Inglehart M. Patient-centered perspectives and understanding of peri-implantitis. J Periodontol. 570 
2017;88:1153-62. 571 

31. Monje A, Aranda L, Diaz KT, Alarcón MA, Bagramian RA, Wang HL, et al. Impact of maintenance therapy for the prevention 572 
of peri-implant diseases: A systematic review and meta-analysis. J Dent Res. 2016;95:372-9. 573 

32. Rokn A, Aslroosta H, Akbari S, Najafi H, Zayeri F, Hashemi K. Prevalence of peri-implantitis in patients not participating in 574 
well-designed supportive periodontal treatments: A cross-sectional study. Clin Oral Implants Res. 2017;28:314-9. 575 

33. Costa FO, Costa AM, Ferreira SD, Lima RPE, Pereira GHM, Cyrino RM, et al. Long-term impact of patients' compliance to peri- 576 
implant maintenance therapy on the incidence of peri-implant diseases: An 11-year prospective follow-up clinical study. Clin 577 
Implant Dent Relat Res. 2023;25:303-12. 578 

34. Schwarz F, Derks J, Monje A, Wang H-L. Peri-implantitis. J Periodontol. 2018;89:267-90. 579 
35. Cercadillo-Ibarguren I, Sánchez-Torres A, Figueiredo R, Valmaseda-Castellón E. Early complications of immediate loading in 580 

edentulous full-arch restorations: A retrospective analysis of 88 cases. Int J Oral Maxillofac Implants 2017, 32, 1116-22. doi: 581 
10.11607/jomi.5496. 582 

36. Sánchez-Torres A, Cercadillo-Ibarguren I, Figueiredo R, Gay-Escoda C, Valmaseda-Castellón E. Mechanical complications of 583 
implant-supported complete-arch restorations and impact on patient quality of life: A retrospective cohort study. J Prosthet 584 
Dent 2021, 125, 279-86. doi: 10.1016/j.prosdent.2020.01.006. 585 



 

 

37. De Bruyn H, Raes S, Matthys C, Cosyn J. The current use of patient-centered/reported outcomes in implant dentistry: A sys- 586 
tematic review. Clin Oral Impl Res. 2015; 26: 45–56. 587 

38. Lang NP, Zitzmann NU, on behalf of Working Group 3 of the VIII European Workshop on Periodontology. Clinical research in 588 
implant dentistry: Evaluation of implant-supported restorations, aesthetic and patient-reported outcomes. J Clin Periodontol. 589 
2012; 39: 133–8. 590 

 591 


