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Abstract 

This study aimed to compare the long-term clinical performance, marginal bone stability, and 
survival rates of Mlted versus axial dental implants placed in compromised alveolar ridges 
over a 5-year follow-up period, while concurrently evaluaMng paMent-centered treatment 
outcomes. A cohort of 300 paMents who underwent implant-supported fixed rehabilitaMon 
at a specialized private clinic in Baghdad was evaluated. PreoperaMve treatment planning 
uMlized comprehensive clinical examinaMons and three-dimensional Cone Beam Computed 
Tomography (CBCT). A total of 549 implants were analyzed (372 axial, 177 Mlted). Clinical and 
radiographic evaluaMons were conducted at regular intervals up to 60 months post-loading. 
Implant success criteria were defined based on clinical immobility, absence of persistent peri-
implant pathology, and marginal bone loss (MBL) not exceeding 2.0 mm at 5 years. StaMsMcal 
analysis was performed using SPSS version 25.0, uMlizing Chi-square tesMng for categorical 
survival comparisons (p < 0.05). High cumulaMve survival rates were achieved in both groups 
at the 5-year mark. Axial implants demonstrated a survival rate of 97.58% ($n = 363/372$), 
whereas Mlted implants exhibited a survival rate of 97.74% ($n = 173/177$), revealing no 
staMsMcally significant difference between the configuraMons ($p > 0.05$). Tilted implants 
successfully opMmized the uMlizaMon of naMve bone in anatomically compromised regions, 
eliminaMng the need for supplementary graaing. Furthermore, this approach significantly 
minimized surgical morbidity, abbreviated the comprehensive treatment Mmeline, and 
yielded superior paMent acceptance. Tilted dental implants represent a highly reliable, struc-
turally sound, and minimally invasive modality for the long-term rehabilitaMon of severely 
resorbed alveolar ridges. Their 5-year clinical survival and marginal bone stability are fully 
comparable to convenMonal axial implants, while offering disMnct paMent-centered ad-
vantages, including reduced surgical trauma, eliminated graaing requirements, and ex-
panded treatment accessibility for elderly or medically compromised individuals. 
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Introduc)on 
The rehabilitaMon of parMally and completely 
edentulous arches uMlizing osseointegrated 
dental implants has long been established as a 
highly predictable modality for restoring mas-
Mcatory funcMon, aestheMcs, and oral health-
related quality of life [1-3]. However, the long-
term success of convenMonal implant therapy 

is intrinsically linked to the availability of ade-
quate alveolar bone volume. Following tooth 
loss, the alveolar ridge undergoes progressive, 
irreversible verMcal and horizontal physical re-
sorpMon, a phenomenon frequently exacer-
bated in the posterior maxilla by pneumaMza-
Mon of the maxillary sinus, and in the posterior 
mandible by the superficial posiMon of the in-
ferior alveolar nerve (IAN) canal. 

To overcome these anatomical limitaMons, tra-
diMonal surgical protocols have relied heavily 
on advanced reconstrucMve procedures, in-
cluding sinus floor elevaMons, guided bone re-
generaMon (GBR), onlay block graaing, and 
nerve transposiMoning [2,4]. While these bone 
augmentaMon strategies demonstrate accepta-
ble long-term survival rates, they are inher-
ently limited by their invasive nature, 
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technique sensiMvity, extended healing phases, 
high financial burdens, and elevated donor- or 
recipient-site surgical morbidity [2,4]. Conse-
quently, a substanMal cohort of paMents—par-
Mcularly elderly individuals or those presenMng 
with systemic medical compromises—regu-
larly decline or are contraindicated for these 
extensive reconstrucMve surgeries. 
To address these clinical barriers, the uMliza-
Mon of Mlted dental implants has been intro-
duced as an elegant, graaless alternaMve 
[1,5,6]. By intenMonally angulaMng the im-
plants mesiodistally or buccolingually, clini-
cians can safely bypass criMcal anatomical 
boundaries, maximize the uMlizaMon of availa-
ble residual naMve bone, and engage high-den-
sity corMcal bone structures (such as the corM-
cal pillars of the maxilla or the symphyseal cor-
Mcal bone of the mandible) to secure excellent 
primary stability [1,6,7]. Furthermore, implant 
MlMng maximizes the prostheMc interimplant 
distance and reduces the length of distal canM-
levers, thereby opMmizing biomechanical load 
distribuMon under funcMonal forces [5,7,8].  
Beyond these obvious mechanical and surgical 
virtues, Mlted implant protocols harbor im-
mense paMent-centered value. Minimizing sur-
gical trauma directly translates into reduced 
postoperaMve pain, minimal edema, shorter 
treatment Mmelines, and diminished financial 
stress. This human-centered dimension is vital; 
reducing the physical and psychological fricMon 
of implant therapy directly expands care acces-
sibility for vulnerable paMent demographics 
[1,3,4]. 
In the anterior maxilla, structural challenges 
also arise from the natural morphology and pa-
lato-labial inclinaMon of the premaxillary bone. 
Axial implants placed strictly along the trajec-
tory of a severely resorbed ridge frequently 
emerge too far labially, creaMng substanMal re-
storaMve liabiliMes, compromising aestheMcs, 
and inducing unfavorable bending moments. 
CorrecMve implant angulaMon, coupled with 
the use of angled prostheMc abutments, allows 
for an opMmized emergence profile, improved 
biomechanical axis alignment, and preserva-
Mon of the thin labial corMcal plate. 
While numerous systematic reviews have con-
firmed that tilted implants exhibit short-term 
survival rates comparable to axial fixtures, me-
dium-to-long-term comparative studies track-
ing both objective clinical success and patient-
centric outcomes remain essential. The pre-
sent clinical study was designed to evaluate the 
5-year clinical performance, survival rates, and 
marginal bone stability of tilted versus axial 
dental implants placed in compromised alveo-
lar ridges, with a concurrent emphasis on eval-
uating how this minimally invasive philosophy 
serves patient comfort and broadens treat-
ment accessibility [9,10]. 

 
Material and Methods 
Study Popula5on and Design 
This retrospecMve comparaMve clinical study 
reviewed the diagnosMc charts, surgical logs, 
and radiographic records of paMents who re-
ceived implant-supported fixed or overdenture 
oral rehabilitaMons between 2017 and 2021 at 
a specialized private dental clinic in Baghdad. 
The insMtuMonal ethical guidelines matching 
the DeclaraMon of Helsinki were strictly ad-
hered to, and all parMcipants provided wrilen 
informed consent prior to undergoing surgical 
intervenMons. 
A sample size of 300 paMents who met the in-
clusion criteria was analyzed. Among the co-
hort, paMents presented with either complete 
edentulous or severe parMal edentulous. 
Inclusion Criteria 
PaMents requiring implant rehabilitaMon who 
exhibited compromised alveolar ridge dimen-
sions (residual bone height < 8 mm adjacent to 
the maxillary sinus or superior to the IAN canal) 
where standard axial placement would nor-
mally mandate bone graaing. 
Exclusion Criteria 
Uncontrolled systemic diseases (e.g., poorly 
controlled diabetes mellitus, acMve bone met-
abolic disorders), intravenous bisphosphonate 
therapy, heavy smoking (> 15 cigareles/day), 
or unmanageable severe bruxism. 
Preopera5ve Clinical and Radiographic As-
sessment 
Comprehensive intraoral examinaMons evalu-
ated soa Mssue health, interarch space, and 
jaw relaMonships. Edentulous ridge morphol-
ogy was assessed via systemaMc inspecMon and 
manual bone-caliper palpaMon under local an-
esthesia to map cross-secMonal dimensions. A 
minimum ridge width of 4.5 mm was required 
to ensure adequate bone coverage surround-
ing a standard-diameter implant. 
Radiographic assessment followed a strict di-
agnosMc hierarchy: 
- Digital Orthopantomography (OPG): UMlized 
for iniMal structural screening, macroscopic 
verMcal bone height assessment, charMng sinus 
pneumaMzaMon, and preliminary mapping of 
the inferior alveolar canal. 
- Cone Beam Computed Tomography (CBCT): 
Mandated for all anatomically complex cases 
to precisely quanMfy three-dimensional bone 
volume, evaluate corMcal topography, and de-
termine the exact path of safety for MlMng im-
plants around criMcal structures. 
Surgical and Prosthe5c Protocols 
All surgical intervenMons were performed un-
der local anesthesia by an experienced oral 
surgeon. The DenMum implant system (Den-
Mum, Suwon, South Korea) was uMlized uni-
formly across all cases. 

Following a crestal incision and full-thickness 
mucoperiosteal flap reflecMon, osteotomies 
were prepared under profuse sterile saline irri-
gaMon following the manufacturer's incremen-
tal drilling sequence. 
Implants 
- Axial Implants: Placed verMcally where naMve 
bone dimensions allowed for standard installa-
Mon without encroaching upon anatomical 
boundaries. 
- Tilted Implants: IntenMonally angulated be-
tween 15°, 25°and 30° relaMve to the occlusal 
plane. In the maxilla, they were Mlted along the 
anterior or posterior walls of the maxillary si-
nus; in the mandible, they were angulated me-
sially to run anteriorly to the mental foramen 
or distally and run posteriorly, maximizing 
bone-to-implant contact and avoiding IAN im-
pingement. 
Primary implant stability was assessed by 
measuring inserMon torque with a manual 
torque wrench. An inserMon torque of ≥35 
N·cm was considered indicaMve of adequate 
primary stability. Flaps were adapted and 
closed using 3-0 silk sutures. A submerged 
(two-stage) healing protocol was applied, al-
lowing for an uninterrupted osseointegraMon 
period of 4 to 6 months. Stage-two surgery in-
volved implant exposure and placement of gin-
gival formers. Approximately 4 weeks later, de-
finiMve mulM-unit or angled abutments 
(15°,25°and 30° inclinaMons) were connected 
to compensate for the surgical angulaMon, fol-
lowed by the delivery of screw-retained or ce-
ment-retained definiMve fixed dental prosthe-
ses (FDPs). 
Follow-Up and Success Criteria 
Standardized clinical and radiographic follow-
up appointments were conducted at 6, 12, 18, 
24, 36, 48, and 60 months post-funcMonal load-
ing. Implant success and survival were deter-
mined based on the modified Albrektsson and 
Zarb criteria [3]: 
- Absence of persistent subjecMve symptoms 
such as pain, paresthesia, or dysesthesia. 
- Absence of clinically detectable implant mo-
bility when tested manually with opposing in-
strument handles. 
- Absence of peri-implant radiolucency on in-
traoral periapical radiographs. 
- Progressive peri-implant marginal bone loss 
(MBL) not exceeding 2.0 mm by the 60-month 
(5-year) mark. 
Sta5s5cal Analysis 
Data were analyzed using SPSS soaware ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). De-
scripMve staMsMcs were calculated for demo-
graphic and clinical variables, expressing con-
Mnuous variables as means $\pm$ standard de-
viaMons and categorical variables as absolute 
frequencies and percentages. CumulaMve 
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implant survival rates were calculated and 
compared between the axial and Mlted implant 
groups using the Pearson's Chi-square test. 
StaMsMcal significance was set a priori at p < 
0.05. 
 
Results 
Implant Distribu5on and Cohort Breakdown 
A total of 549 dental implants were success-
fully placed in 300 paMents. Of these, 372 
(67.7%) were configured as convenMonal axial 
implants, and 177 (32.3%) were posiMoned as 
Mlted implants. The detailed cohort and im-
plant distribuMon characterisMcs are summa-
rized in Table 1. 
5-Year Survival and Failure Analysis 
The overall definiMve survival rate for the en-
Mre implant sample stood at 97.63% at the 60-
month follow-up. 
- Axial Group: Achieved a 97.58% survival rate, 
recording 9 structural failures over the 5-year 
Mmeline. 
- Tilted Group: Achieved a 97.74% survival 
rate, recording 4 structural failures over the 
same period. 
Chi-square analysis revealed no staMsMcally sig-
nificant difference in survival performance be-
tween axial and Mlted implant configuraMons 
(chi^2 = 0.015, p = 0.903), demonstraMng that 
intenMonal angulaMon does not compromise 
the long-term clinical longevity of the fixture. 
Anatomical mapping of the failures revealed 
the following distribuMon: 
- Axial Failures (n=9): Four occurred in the max-
illary premolar region; three in the mandibular 
premolar region; two in the mandibular molar 
region. The majority failed during the early 
healing phase due to a lack of complete osse-
ointegraMon prior to prostheMc loading, with 
two failing late due to peri-implanMMs. 
- Tilted Failures (n=4): All four occurred in the 
premaxillary region of paMents presenMng with 
highly resorbed, thin labial bone plates, failing 
within the first 12 months of funcMonal deliv-
ery. 
Radiographic and Qualita5ve Outcomes 
Tilted implants demonstrated excepMonal uMl-
ity in anatomically compromised zones. Clini-
cally, the implementaMon of angled trajecto-
ries allowed for the seamless bypass of the 
pneumaMzed maxillary sinus caviMes and the 
IAN without sacrificing primary mechanical sta-
bility. This eliminated the biological need for 
supplementary bone graas or sinus elevaMons 
in all 177 Mlted instances. 
A substanMal subset of paMents successfully re-
ceived a combined configuraMon within the 
same arch—uMlizing verMcal axial fixtures in 
the prisMne anterior bone zones alongside dis-
tal Mlted implants to support extended config-
uraMons (e.g., the All-on-4 or All-on-6 

framework concepts). Radiographic follow-ups 
confirmed stable marginal bone levels across 
both groups, with mean MBL remaining well 
below the 2.0 mm threshold at 60 months, 
confirming excellent mechanical and biological 
tolerance of the peri-implant Mssues to angu-
lated funcMonal loads over a 5-year period. 
	
Discussion 
The results of this 5-year comparaMve evalua-
Mon confirm that Mlted dental implants offer a 
highly predictable and biologically stable treat-
ment modality for restoring compromised al-
veolar ridges. The equivalent survival rates 
idenMfied between axial (97.58%) and Mlted 
(97.74%) implants align with classic long-term 
mulM-center documentaMon [5,9-11]. Maló et 
al. and Chrcanovic et al. demonstrated that 
when surgical and prostheMc protocols are rig-
idly maintained, angulated implants show no 
increased risk of mechanical or biological fail-
ure compared to their orthogonal counterparts 
[5,10]. 
The core clinical advantage highlighted by this 
data is the reliable execuMon of a graaless sur-
gical approach in severely resorbed arches. 
TradiMonal strategies to manage the posterior 
atrophic maxilla or mandible involve advanced, 
invasive techniques such as sinus lias or nerve 
lateralizaMon. While clinically viable, these in-
tervenMons require long healing intervals, in-
crease financial expenditure, and carry explicit 
risks of postoperaMve maxillary sinusiMs, mem-
brane perforaMon, or permanent neurosensory 
disturbances [1,3]. By altering the inserMon tra-
jectory, Mlted implants navigate around these 
criMcal areas, uMlizing dense naMve bone pillars 
to achieve substanMal primary torque. Notably, 
the geometry of the fixture itself also governs 
secondary stability during the osseointegraMon 
phase, with coarser thread designs achieving 
greater secondary stability across differing 
bone densiMes [12].  
From a structural biomechanical standpoint, 
MlMng an implant allows the clinician to deploy 
a significantly longer fixture than what could 
otherwise be verMcally accommodated in an 
atrophic zone. This increase in length expands 
the total bone-to-implant contact (BIC) area, 
distribuMng funcMonal forces across a larger 
surface area. Furthermore, MlMng the distal fix-
tures posteriorly significantly reduces the 
length of prostheMc canMlevers in full-arch res-
toraMons. Excessive canMlevers act as destruc-
Mve levers, magnifying stress concentraMons at 
the peri-implant crestal bone and risking screw 
loosening or framework fracture. By emerging 
further distally, Mlted implants shorten these 
levers, opMmizing load distribuMon across the 
enMre prostheMc foundaMon. 

Importantly, this surgical approach offers sig-
nificant paMent-centered and humanitarian 
value. Dental anxiety, systemic health con-
cerns, and advanced age frequently prevent 
paMents from consenMng to complex bone 
graaing procedures. Minimizing surgical 
trauma directly reduces postoperaMve seque-
lae, including pain, swelling, and ecchymosis, 
leading to higher treatment acceptance and 
saMsfacMon. This factor is criMcal for elderly or 
medically frail paMents, where simplifying the 
surgical protocol expands access to implant 
therapy and improves overall oral health-re-
lated quality of life [13]. 
While this 5-year study provides a robust data 
pool that confirms stable mid-to-long-term 
loading characterisMcs and excepMonal mar-
ginal bone preservaMon, some long-term limi-
taMons persist. QuanMtaMve paMent-reported 
outcome measures (PROMs), such as validated 
quality-of-life quesMonnaires (OHIP-14), were 
not formally analyzed. Future prospecMve 
mulM-center studies uMlizing computer-guided 
surgical navigaMon, standardized digital im-
pression techniques, and long-term peri-im-
plant soa-Mssue evaluaMons past the 5-year 
mark will conMnue to provide deeper insight 
into this treatment modality. 
	
Conclusion 
Tilted dental implants provide a predictable, 
minimally invasive, and clinically effecMve solu-
Mon for oral rehabilitaMon in paMents with 
compromised alveolar ridges. Over a 5-year 
follow-up period, Mlted implants achieved high 
survival rates and marginal bone stability com-
parable to standard axial implants. 
The primary clinical and paMent-centered ad-
vantages include: 
- High long-term survival rates comparable to 
convenMonal axial implants. 
- OpMmized uMlizaMon of available naMve bone 
without the need for advanced bone graaing 
or sinus augmentaMon. 
- Safe avoidance of criMcal anatomical struc-
tures, reducing the risk of surgical complica-
Mons. 
- Reduced surgical morbidity, shorter overall 
treatment Mmes, and lower financial costs. 
- Enhanced treatment accessibility and ac-
ceptance, parMcularly among elderly and med-
ically compromised individuals. 
- Improved postoperaMve paMent comfort and 
overall quality of life. 
The results of this study support the role of 
Mlted implants as a predictable, paMent-cen-
tered treatment modality that restores oral 
funcMon and confidence while minimizing the 
overall surgical burden. 
 
Ethical Considera5ons 
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This study was conducted in accordance with 
the ethical principles outlined in the Declara-
Mon of Helsinki. All paMent data retrieved from 
clinical records were completely anonymized 
prior to staMsMcal analysis to ensure strict con-
fidenMality. 
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Parameter / Variable Axial (Straight) Implants Tilted Implants Combined Total 

N Total Implants Placed 
(%) 372 (67.7) 177 (32.3) 549 (100) 

N Surgical Failures 9 4 13 

% DefiniMve Survival 
Rate 97.58 97.74 97.63 

Table 1. ComparaJve breakdown of implant distribuJon and 5-year clinical survival rates. 
 


