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Abstract: Implant reconstruction of posterior atrophic maxilla is a very challenging 12 

surgical procedure. Many surgical techniques have been described for the reconstruction 13 

of the posterior maxilla, including extensive surgical approaches. The objective of the 14 

current study is to evaluate the cumulative success rates of pterygoid implants and their 15 

prostheses, placed by the novel minimally invasive TTPHIL® (Tall Tilted Pin Hole 16 

Placement with Immediate Loading) technique with a follow up period of at least two 17 

years after implant loading. During TTPHIL - ALL TILT® protocol, tall tilted implants 18 

were placed at the pterygoid region in a flapless manner, utilizing the bi-cortical 19 

engagement. The study included 125 pterygoid implants placed in 75 patients. The 2-year 20 

overall pterygoid implant success rate was 96.8% with 99.2% prosthesis success. Mean 21 

bone loss around pterygoid implants after two years of loading was 0.28 mm (range 0.17- 22 

0.39 mm). In conclusion, the TTPHIL technique leads to little bone loss and to similar or 23 

higher success rate in comparison to conventional techniques of pterygoid implant 24 

placement. Therefore, TTPHIL technique should be considered as a minimally invasive 25 

alternative for rehabilitation of atrophic maxilla, particularly during COVID-19 26 

pandemic owing to a few number of required appointments and short period to final 27 

rehabilitation.  28 

Keywords: Accessibility of care; Atrophic maxilla; Bicortical engagement; COVID-19; Eduntulism; 29 

Flapless surgery; Immediate loading; Oral rehabilitation; Pterygoid implants; TTPHIL technique  30 

 31 

1. Introduction 32 

   Since the introduction of osseointegration concept by Branemark et al., dental 33 

implants have been a successful treatment modality for reconstruction of edentulous 34 

patients [1]. Nonetheless, the edentulous posterior maxilla poses numerous limitations 35 

when placing conventional dental implants. The main limiting factors are related to poor 36 

bone quality and to inadequate bone quantity, which are even more reduced by 37 

pneumatization of the maxillary sinus [2]. Other anatomical challenges are large fatty 38 

marrow spaces, rare presence of cortical bone and restricted access to the atrophic maxilla 39 
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[3-5]. These factors may impair primary stability and, consequently, reduce success and 40 

survival of implants and prosthesis [6-8]. 41 

   Numerous surgical techniques of posterior maxilla reconstruction have been 42 

described, including the alveolar distraction, sinus floor augmentation, guided bone 43 

regeneration, zygomatic implants and the use of pterygoid, pterygomaxillary or 44 

pterygotubrosity implants [9-13]. The most common technique is sinus floor 45 

augmentation, which has gained popularity since its introduction [14]. However, during 46 

the last decade this technique has lost its popularity due to many drawbacks, such as 47 

complex and traumatic manipulation of the patient, sinusitis, sinus membrane 48 

perforation, bone graft infection and delayed loading [15,16]. An alternative method to 49 

sinus floor augmentation is the use of multiple short and wide implants, which have a 50 

greater surface area and provide adequate stability to implants and prosthesis [17]. These 51 

traditional techniques have longer posterior cantilevers in their prosthetic design, which 52 

might result in complications, such as marginal bone loss, screw and prosthesis fracture 53 

and even loss of implant osseointegration [18-22]. 54 

   In 1989, Tulasne has first introduced the placement of implants in the pterygoid 55 

region for the rehabilitation of the atrophic posterior maxilla [23]. In the literature, 56 

pterygoid implants are also designated as pterygomaxillary implants or 57 

pterygotuberosity implants. These implants are placed at an angulation of 25○ to 45○ in 58 

relation to the maxillary plane and engage the maxillary tuberosity, the pyramidal 59 

process of the palatine bone and, finally, the pterygoid process of the sphenoid bone [24]. 60 

The apical part of these implants is placed in a pillar of the compact 61 

tuberopalatopterygoid bone column, where it osseointegrates easily. The distal location 62 

of the pterygoid implants in the maxillary arch provides support and stability for a bone- 63 

anchored prosthesis, and eliminates the need for bone grafting procedures or posterior 64 

prosthetic cantilevers [23]. 65 

   The TTPHILTM (Tall and Tilted Pin Hole Immediately Loaded implants) concept has 66 

evolved from various ideologies in implantology: basal, pterygoid and angulated 67 

implants under immediate loading [24-27]. To maximize the success of rehabilitation, the 68 

TTPHILTM technique utilizes long, tilted, bicortical implants in anterior and posterior 69 

maxilla and mandible. Tall (18mm-25mm) and tilted (25ᴏ-45ᴏ) pterygoid implants are 70 

placed in the posterior maxilla. Longer implants osseointegrate more easily, as they 71 

provide more surface area by utilizing bicortical anchorage. The implants are placed in a 72 

pinhole manner, i.e flapless. In most cases good primary stability is achieved, which 73 

allows immediate loading with permanent prosthesis within 48 hours after implant 74 

placement. In the minority of cases, loading is delayed for three months, which is 75 

required for the remodeling of bone around the implants for appropriate 76 

osseointegration [24-26]. 77 

   The aim of this study was to evaluate the success rates of pterygoid implants and the 78 

prostheses placed by TTPHIL method, with correlation to various clinical and 79 

demographic variables.  80 
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2. Materials and Methods 81 

 82 

2.1 Study Design 83 

 84 

   A retrospective analysis was performed on 75 patients (60 partially edentulous and 85 

15 completely edentulous) who had undergone TTPHIL pterygoid implant surgery and 86 

implant rehabilitation between 2013 to 2016. Data was collected from these patients in a 87 

chronological order. The patients' personal data, general health and dental status, 88 

diagnoses and treatment plan were recorded in manual case sheets. In addition, a digital 89 

folder of each patient included preoperative and follow-up panoramic radiographs, 90 

clinical photographs and software surgery design. Each follow-up visit was recorded in 91 

a separate folder for each patient, and included an updated panoramic radiograph, 92 

software bone-loss analysis and implant status (success/failure). The data was secured 93 

and access was available only to the dental care team. All patients underwent the same 94 

surgical, prosthetic and a two-year follow-up protocol after the pterygoid implant 95 

placement. Patients were given access to the study plans and findings, which encouraged 96 

their positive attitude towards further follow-ups. Ethical approval was not applicable 97 

for this study, due to the retrospective nature of data analysis. 98 

 99 

2.2 Pterygoid Implant Surgical Protocol Using TTPHIL® Technique  100 

 101 

   Patient consent was obtained prior to surgical procedure. All patients have self- 102 

volunteered to participate in the study analysis. A cone beam computed tomography 103 

(CBCT) was performed in each case. The dicom image files were converted to STL files, 104 

on which the surgical planning was done using specific software (BlueSkyPlan, United 105 

States). Vital anatomic structures, such as sinus walls and pterygoid venous plexus, were 106 

identified and excluded from the planned operative field. Local anesthesia with 2% 107 

lidocaine hydrochloride and adrenaline (1:200000) was given. In a flapless approach, 108 

TTPHIL mucosa supported surgical guide was placed intraorally above the alveolar 109 

ridge (In2Guide, Cybermed Inc., USA). In partial edentulous cases, teeth supported 110 

guide was used (Figure 1). 111 

 112 
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 Figure 1. Teeth supported surgical guide is placed over the remaining teeth and the maxillary 113 

ridges and its stability is examined. In totally edentulous cases, mucosa supported guide was used.   114 

  115 

  The drilling was initiated using a pilot drill with a contraangled hand piece (20:1) over 116 

the crest of the maxillary tuberosity, in the site previously occupied by interdental space 117 

between 1st and 2nd molars. Penetration through the cancellous bone was done. The drill 118 

was directed towards the tuberopalatopterygoid column until resistance was felt from 119 

the high-density pterygoid process. Just after crossing the whole width of the pterygoid 120 

process, the pilot drilling stopped. The implant bed preparation continued, using a 2.2 121 

mm pterygoid drill. No wider drill was used (Figure 2a). The implant bed was left under- 122 

widened, in order to enable placement of implants with higher torque and stability. 123 

Pterygoid implants (Bioline-i-spiral, Bioline dental implants, Frankfurt, Germany) were 124 

diagonally inserted in a superior, posterior and distal direction, towards the 125 

pterygopalatine fossa of the sphenoid bone (Figure 2b). In relation to the sagittal plane, 126 

the distal angulation of the pterygoid implants varied between 25 degrees to 45 degrees. 127 

This angle size was determined by tuberosity height and maxillary sinus floor. The 128 

pterygoid implant insertion was initiated by low-speed handpiece. Due to increasing 129 

resistance of the under-prepared implant bed the low speed rotation stopped and the 130 

implant insertion continued manually by a ratchet torque wrench. The implants were 131 

placed subcrestally. Primary stability was verified if torque of 70 Ncm was achieved 132 

(Figure 2c). Reverse torque test was performed at torque ≥ 45 N/cm (Figure 2d). 133 

 134 

  

(a) 

 

(b) 

 



Int. J. Transl. Med.2021, 1, FOR PEER REVIEW  5 
 

 

   

(c) (d) 

Figure 2. Intraoperative photographs. (a) Implant bed preparation with sole 2.2 mm drill through the surgical guide. No wider drill 135 
was used; (b) Insertion of the pterygoid implant. Note the angulation to superior, distal and posterior directions; (c) Assurance of 136 
gaining primary stability at torque of 70 N/cm; (d) Passed reverse torque test at 45 N/cm. 137 

   The dimensions of the pterygoid implants were selected according to the bone type 138 

and achievement of primary stability. Implant length was 18 mm, 20 mm, 22 mm or 25 139 

mm, and implant width was 3.75 mm or 4.2 mm. Multiunit abutments were then fitted 140 

with torque of 30 Ncm (Angulated multiunit abutment, Bioline dental implants, 141 

Frankfurt, Germany). The angulation range of multiunits was 8○ to 40○with collar height 142 

of was 2 or 3 mm. The multiunits were fitted in order to compensate for the implant’s 143 

angulation. Parallelism was obtained on the same day of surgery. 144 

   Two step multiunit level open tray impressions were made with transfer copings for 145 

multiunits. Jaw relations were recorded at rest position and at the desired intercuspal 146 

closure. Screw retained temporary acrylic prosthesis was provided immediately 147 

thereafter, by luting with acrylic (Unifasttrad, GC America) the multiunit titanium 148 

sleeves to already existing preoperatively planned and prepared temporary prosthesis 149 

by CAD-CAM. Postoperative panoramic radiographs (VatechPaX-i, Hwaseong-si, 150 

Gyeonggi-do, South Korea) were done in order to confirm the position of the pterygoid 151 

implants along with the fitted multiunits. 152 

   Cobalt chromium framework was printed by direct metal laser sintering (DMLS) and 153 

checked intraorally. Secondary bite was registrated, teeth shade selected using Vita 154 

shade guide (Vita Zahnfabrik, Bad Sackingen, GmBH, Germany). Ceramic bisque 155 

layering was done and examined intraorally. Final occlusion adjustment was done and 156 

the bridge was sent for glazing. The patient was then rehabilitated with permanent screw 157 

retained porcelain to metal fixed prosthesis. The prosthetic screws were tightened with 158 

30N/cm torque. After prosthesis placement, panoramic radiograph was done (Figures 3- 159 

4). The patients were advised to adhere to meticulous oral hygiene maintenance, 160 

hygienists visits and annual follow up. The full technique protocol was described in 161 

details by Nag PVR et al [27]. 162 
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(b) 

 

 
(c) 
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 (d) 

Figure 3. Pre-operative clinical photographs and panoramic radiograph of a full arch rehabilitation case: (a) Patient's smile; (b) 163 
Intraoral view of the maxillary buccal aspects; (c) Intraoral view of the maxillary palatal aspects; (d) panoramic radiograph. 164 

 165 

 

(a) 
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 166 

 

(b) 

 

(c) 

Figure 4. Post-operative clinical photographs and a radiograph. (a) Patient's smile; (b) Intraoral view of the maxillary 167 
buccal aspects; (c) Panoramic radiograph. 168 
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 169 

2.3 Patients Selection 170 

 171 

Inclusion criteria: 1. Good general health. 2. No contraindications for surgery. 3. 172 

Posterior atrophic maxilla. 4. Planned for at least one pterygoid implant. 5. Radiographic 173 

bone width of at least 6 mm at the future pterygoid implant bed. 6. No signs and 174 

symptoms of sinusitis. 7. Without sinus floor augmentation in the past or any other bone 175 

graft procedure in the maxilla. 8. A minimum follow-up of 2 years after implant 176 

placement.  177 

   Exclusion criteria: 1.Medically compromised patients, with ASAII grade or more. 2. 178 

Patients receiving or have received bisphosphonates for any reason. 3. Patients with 179 

acute or active disease. 4. No achievement of implant primary stability at 70 N/cm at the 180 

moment of surgery. 5. Failed reverse torque test at ≥ 45 N/cm during surgery. 5. Patients 181 

who received pterygoid implants but no prosthetic rehabilitation. 6. Patients who are 182 

uncooperative with routine dental hygiene and professional dental prophylaxis.  183 

 184 

2.4 Study Variables – Outcome Variables 185 

 186 

   Implant success. According to Albrektsson et al., the criteria for success of any 187 

pterygoid implant were based on both clinical and radiographic examinations [28]. 188 

Clinical findings included absence of mucositis, discomfort, pain, bleeding or any 189 

exudate. Clinical mobility was examined by individual stability testing as described by 190 

Ross et al. at the moment of final prostheses delivery [29]. The pterygoid implant 191 

multiunit was tried to be lightly tightened by torque ratchet without simultaneously 192 

counteracting of the force by clamping the multiunit. Any mobility or sensation of pain 193 

from the anchorage unit was considered as a sign of lost osseointegration. Radiographic 194 

success was considered if each implant revealed not more than 1.0 mm of marginal bone 195 

resorption during the first year of loading, followed by bone loss not greater than 0.2 mm 196 

annually after the first year of function, as well as absence of any peri-implant pathoses 197 

or radiolucencies. The total follow up time for each implant was calculated from the date 198 

of implant placement to the date of last follow up visit. 199 

   Prosthetic success. The prostheses were evaluated objectively and subjectively by 200 

criteria of comfort, stability and function. A prosthesis was considered a failure if it needed 201 

to be replaced by an alternative prosthesis. Total survival time for each prosthesis was 202 

calculated from the date of delivery to the date of the last follow-up visit for each patient.  203 

Predictor variables: Age, gender, implant length, implant width, implant placement 204 

angulation and bone type. 205 

 206 

2.5 Bone Loss Evaluation 207 

 208 

   The pterygoid implants were radiographically evaluated at three consequential time- 209 

points: immediately after loading (few days after surgery); 1st follow-up (1 year after 210 
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prosthesis delivery); 2nd follow-up (2 years after prosthesis delivery). OPG were standardized  211 

in a pilot exam consisting of 12 cases by two independent examiners in order to rule out inter-examiner and 212 

intra-examiner bias. The examiners were asked to measure the radiographic distance between the anterior 213 

nasal spine (ANS) to posterior wall of sinus preoperatively and postoperatively in each of the 12 cases.  By 214 

setting the same parameters: Midsaggital line, Canine laser beam and Frankfurt- 215 

Horizontal plane with exposure time of 13.5 sec (HD), further standardization was 216 

achieved. A line was traced between two fixed reference points for calculation of 217 

marginal bone loss: point A - implant-prosthetic restoration junction; point B - the bone 218 

crest. Each side of the pretygoid implant was assessed: the mesial and the distal. The 219 

annual differences in the length of this line were interpreted as marginal bone loss, which has 220 

occurred between the follow-ups.  221 

 222 

2.6 Data Collection 223 

 224 

   The following parameters were retrospectively studied from demographic patient 225 

records, in addition to basic patient data: 1. Drop out. 2. Implant failure. 3. Prosthetic 226 

failure. 4. Amount of marginal bone loss mesial and distal to each pterygoid implant. The 227 

bone loss was recorded for each patient one year and two years after prosthesis delivery. 228 

For each case, panoramic radiographs were taken annually for evaluation of bone loss, 229 

implant and prosthesis success.  230 

 231 

2.7 Statistical Analysis 232 

 233 

   The analysis was performed using the statistical analysis software: SPSS for Windows, 234 

version 18 (IBM, USA). P-value of <0.05 was considered statistically significant. Fisher’s 235 

exact test was performed in order to compare the overall implant and prosthetic success 236 

with respect to different clinical and demographic variables. The statistical methodology 237 

and study results were reviewed by an independent statistician.  238 

3. Results 239 

The study was comprised of 75 healthy patients (23 females and 52 males) with severely 240 

resorbed edentulous posterior maxilla with an age range between 30 to 82 years, when 241 

mean age was 57 years. No drop out of patients was recorded. Of the 125 pterygoid 242 

implants, 121 implants were considered as a success during the cumulative 2-year follow 243 

up period. Four implants failed within the first two months after surgery and were 244 

accompanied by patient's complaints on pain, prosthetic mobility, bleeding or discomfort. 245 

The failures were confirmed by failed clinical mobility testing [29]. After two months, no 246 

failures were noted. The 2-year overall pterygoid implant and prosthesis survival rate 247 

was 96.8%. All study variables are summarized in table 1. 248 

 249 

Table 1.Demographic and clinical characteristics of the pterygoid implant patients. 250 

Variable Category Mean ± SD/N(%) 
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Age  57±9.73 

Gender 
Male 89 (71.2) 

Female 36 (28.8) 

Implant length (mm) 

18 17 (13.6) 

20 70 (56.0) 

22 22 (17.6) 

25 16 (12.8) 

Implant width (mm) 
3.75 60 (48.0) 

4.2 65 (52.0) 

 25 34 (27.2) 

Angle of placement 35 37 (29.2) 

 45 54 (43.2) 

Bone type 
3 103 (82.4) 

4 22 (17.6) 

 251 

   The mean bone loss around pterygoid implants after 2 years of loading was 0.28 mm 252 

(mesially - 0.29 mm, distally - 0.26 mm) (Table 2). All implants were placed in type 3 or 4 253 

bone. Of 125 pterygoid implants, 103 were placed in type 3 bone and three implants failed 254 

to osseointegrate. The remaining 22 implants were placed in type 4 bone and only one of 255 

these implants failed to osseointegrate. Out of 75 patients, one patient had chipping of 256 

ceramic supported by a pterygoid implant, which was replaced by new prosthesis (Table 257 

3). The overall implant and prosthesis survival after two years of follow up are presented 258 

in table 4. 259 

 260 

Table 2.Marginal bone loss (in mm) of 121 pterygoid implants over 2 years of follow-up. 261 

Follow-up period Side Mean (Std) Range (Min-Max) 

1-year  

Mesial 0.27 (0.05) 0.15 – 0.36 

Distal 0.24 (0.05) 0.12 – 0.31 

Average 0.25 (0.05) 0.14 – 0.34 

2-years 

Mesial 0.30 (0.05) 0.19 – 0.39 

Distal 0.27 (0.06) 0.14 – 0.37 

Average 0.28 (0.05) 0.17 – 0.38 

 262 

Table 3. Survival vs. failure of pterygoid implants and related prostheses over 2 years of     263 

follow-up. 264 

 265 

 266 

 267 

 268 

 269 

 270 

Table 4.Overall survival of pterygoid implants and prostheses after 2 years of service according to demographic and 271 

clinical parameters. 272 

Follow-up period Status N(%) 

1year implant 
Survival 121 (96.8) 

Failure 4 (3.2%) 

1 year prosthesis 
Survival 124 (99.2) 

Failure 1 (0.8) 

2 years implant and prosthesis 
Survival 121 (96.8) 

Failure 4 (3.2) 
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Variable Category 
2 years survival 

(%) 
P value 

Age 
≤50 100 

0.474 
>50 96.2 

Gender 
Male 96.6 

0.674 
Female 97.2 

Implant length (mm) 

18 94.1 

0.251 
20 98.6 

22 90.6 

25 100 

Implant width (mm) 
3.75 98.3 

0.340 
4.2 95.4 

Angle of placement 

25 94.1 

0.358 35 100 

45 96.3 

Bone type 
3 97.1 

0.544 
4 95.5 

4. Discussion 273 

   The aim of the present study was to evaluate the success rates of pterygoid implants 274 

and their permanent rehabilitation, using the novel minimally invasive TTPHIL 275 

technique. The empirical evidence on the success of this novel method has to be 276 

compared to the already known data on pterygoid implants. However, the documented 277 

evidence on the success of the conventional pterygoid implant surgery has been only 278 

moderately covered by the literature [30]. 279 

   Balshi et al. reported 3 clinical series of pterygoid implants [31-33]. In 1995 they made 280 

a preliminary study in which 51 pterygoid implants with machined surfaces were placed 281 

in 41 patients, with a follow-up period of 1–63 months. The success rate was 86.3%. 282 

Marginal bone loss was assessed one year after loading by panoramic radiographs. The 283 

mean bone loss was 1.3 mm mesially and 1.1 mm distally [31]. In 1999, they increased the 284 

sample to 356 implants, obtaining a cumulative success rate of 88.2%, after a mean 285 

loading period of 56 months. Of note, most implants (41) failed at stage II surgery before 286 

prosthetic loading, and only one implant failed after loading [32]. In 2005, they placed 287 

164 pterygoid implants with titanium oxide surfaces. After 54 months of follow-up, the 288 

success rate was statistically significantly higher than in previous studies (96.3%). The 289 

authors related this additional 8.1 percentage points gain of implant survival to the 290 

change in implant surface from machined to titanium oxide [33]. Vrielinck et al. [34] 291 

placed 14 pterygomaxillary implants and had a success rate of 71%, after an average 292 

follow-up period of 6–24 months. The failures occurred since the implants did not follow 293 

the direction of the prepared implant bed and were, therefore, without primary stability. 294 

Ridellet al. [35] reported a 100% success rate after placing 22 implants in the maxillary 295 

tuberosity area and after a follow-up of 12 years [36]. 296 

   Bahat performed a study in which he placed 660 implants in 202 patients. The 297 

implants were restored with fixed partial metal ceramic or metal restorations, with a 298 

follow up period of 12 years after loading. 13 of the implants (2%) failed between 299 
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placement and loading, 12 implants were lost between loading and the end of the first 300 

year, and 10 failed thereafter, two of them as a result of a fracture during the third or 301 

fourth year of follow up [37]. In the study of Graves SL, overall survival rate of implant 302 

and prosthesis was 96.8% and 99.2%, accordingly [38]. Curi et al. also assessed marginal 303 

bone loss around the pterygoid implants after 3 years of follow up, which was found to 304 

be 1.21 mm (0.31-1.75 mm), while implant survival rate was 99% and prosthesis survival 305 

rate was 97.7% [16]. Finally, Candel et al. reviewed 13 case series and found that the 306 

weighted average success of pterygoid implants was 90.7% (range 71%-100%) [30]. 307 

   In the current study, a 2-year cumulative pterygoid implant success was 96.8%. All 308 

four failures occurred within the first two months of immediate loading, indicating that 309 

these implants failed to osseointegrate. No late failures were noted during the study 310 

follow up period, meaning that the pterygoid implants did not lose osseointegration. 311 

Moreover, little bone loss occurred around the pterygoid implants after 24 months of 312 

loading (mean 0.28 mm; range 0.17 mm to 0.39 mm), in comparison to the reported ranges 313 

in the literature.  314 

   Importantly, in the present study the implants were evaluated by both qualitative and 315 

quantitative methods, so as to evaluate their success, and not only their survival. 316 

Whereas, the former studies have analyzed the conventional pterygoid implants only by 317 

means of survival vs. failure. An individual implant in the survival group is defined as 318 

an in situ implant, neither meeting success criteria nor being a dropout, while an implant 319 

belonging to the success group has been actively tested and found to meet defined 320 

criteria. The clinical manifestation of osseointegration is the absence of mobility of the 321 

individual implant  [39]. The most appropriate way to prove implant stability is to 322 

perform defined clinical testing of each individual implant-abutment unit [29]. However, 323 

this is an invasive procedure, and annual removal of the connected prostheses was not 324 

clinically and scientifically justified if patients were asymptomatic. In the present study, 325 

the clinical stability of each pterygoid implant was evaluated at the time of permanent 326 

restoration delivery (up to 7 days after surgery). Afterwards, implants were assessed by 327 

calibrated panoramic radiographs, and marginal bone loss was measured on them. 328 

Moreover, patients, who's general health has changed or became uncooperative with the 329 

routine dental hygiene or hygienist's visits were excluded from the study analysis. The 330 

reason for this exclusion was to assure no impact of general and dental health changes 331 

on study data through the entire observational period.  332 

   The results of the current study should be interpreted with appropriate caution due 333 

to several limitations. First, the patients volunteered to participate in the study. The 334 

voluntary response samples are typically more biased than random samples, which are 335 

more empirically defensible. Second, the retrospective data used in the study may have 336 

great limitations in terms of control and reporting of data accuracy, past practice 337 

performance, confounding information, reliability and validity. Thus, the study design 338 

might have hidden some information due to its retrospective nature, the limited period 339 

of the follow-up and to a lesser extent the limited number of patients. Third, radiographic 340 

evaluation was a fundamental part of our study design. While radiographs have been 341 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Graves%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=7751116
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traditionally used for evaluating the implant bone loss, they have limitations in terms of 342 

interpretation, calibration, intra-examiner standardization and cross examiner reliability. 343 

In order to overcome these limitations as much as possible, we standardized our 344 

panoramic radiographs by using the same panoramic machine and software with the 345 

same parameters. The radiographs were calibrated and two radiologists were assessing 346 

the bone loss consistently by the same method. Moreover, the study analyzed only highly 347 

cooperative, healthy patients with no history of sinus bone augmentation or any other 348 

gone grafting procedures in the maxilla. This unique cohort did not represent the whole 349 

population of candidates for atrophic maxillary reconstruction. Therefore, the current 350 

study reflects TTPHIL pterygoid implants success only in patients with specific 351 

characteristics. 352 

   In order to support or disprove the current findings, a large random prospective 353 

study is required to assess the clinical and radiographic success of the TTPHIL pterygoid 354 

implants over a longer period of follow-up in both healthy and medically compromised 355 

patients. Further studies aimed at evaluating the TTPHIL technique success, should 356 

include pterygoid implants placed by highly experienced surgeons, as the implants in 357 

the current study were placed by an oral implantologist with over 15 years of experience.  358 

   Of note, the TTPHIL method has many potential benefits in relation to the traditional 359 

staged pterygoid implant surgery, particularly during the current COVID-19 pandemic. 360 

The COVID-19 pandemic has impacted the accessibilty and continuity of dental care, 361 

which might jeopardize or prolong the already long rehabilitative sequence of 362 

conventionally placed pterygoid implants, as usually several months (6-12 months) 363 

elapse from implant insertion to final restoration. During this long timeline, dental care 364 

might become unavailabe due to quarantines, personal isolation or other pandemic 365 

related issues. Very high theoretical risk of COVID-19 transmission in dental settings 366 

might also deter patients from completing all visits needed for successful rehabilitation 367 

[40]. Various potential challenges of the COVID-19 pandemic might be overcomed as 368 

implants done by the TTPHIL method are usually rehabilitated within several days. The 369 

TTPHIL technique is innovative by providing a minimally invasive way for immediate 370 

final rehabilitation even in a severe atrophic maxilla by utilizing computer planned 371 

surgery and a surgical guide, which enable flapless, precise and non-complex surgery. 372 

General practitioners as well as oral and maxillofacial surgeons may utilize the TTPHIL 373 

technique for routine pterygoid implant placement, therefore the present study is 374 

clinically relevant to the global dental community.  375 

 376 

 377 

5. Conclusions 378 

   The current study may suggest evidence for higher success rates and comparable or 379 

less bone loss around pterygoid implants placed by TTPHIL® technique in healthy 380 

individuals, in comparison to conventional techniques. TTPHIL pterygoid implants also 381 

provide stability for the prosthesis within two years of follow-up. TTPHIL technique may 382 

be particularly suitable for use during the COVID-19 pandemic due to limited number 383 
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of required appointments and short period from implantation to final rehabilitation. The 384 

moderate retrospective follow-up period and the limited number of patients, however, 385 

set restrictions to this study and more research is required. 386 
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