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and only wear the prosthesis dur-
ing the day when necessary for their 
work, it is important to evaluate pa-
tients for any changes in occlusion or 
TMJ health. To date, there have been 
no changes noted, likely due to the 
short term use of the prosthesis.

SUMMARY

Treatment of OMD is multidisci-
plinary and dentists should be aware 
of the symptoms. This is a concern for 
patients and can cause considerable 
functional and psychosocial disability. 
As described, treatment can vary with 
each patient, and it was hoped that a 

simple nonpharmacologic approach 
could be used. Fortunately, the pa-
tient is aware of the scant amount of 
literature available on this disorder 
and has been cooperative. The pa-
tient will continue to be monitored 
and perhaps provided with several 
prostheses so that she may move the 
pivot point randomly, thereby prevent-
ing a neurologic response that would 
recognize the prosthesis and revert to 
the original OMD symptoms. 
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 9  No dystonia noted with prosthesis in place and during speech.

Clinical Implications
As a result of a performance analysis from a population of immedi-
ately loaded complete arch maxillary implant patients, a treatment 
planning protocol is suggested to help identify those parameters 
that may contribute to increased risk for implant failure.

Statement of problem. There is debate as to the efficacy of maxillary complete arch reconstructions when only 4 im-
plants are used.

Purpose. The purpose of this study was to determine what risk factors, if any, may increase the likelihood for implant 
failure in immediate function by using a tilted distal, 4-implant approach in the maxilla.

Material and methods. A retrospective analysis of implant performance was conducted for patients treated with 4 
implants placed in 285 maxillae (1140 implants) and 273 mandibles (992 implants) providing immediate function 
for complete arch implant-supported prostheses. The consecutively treated patient cohort consisted of those who 
provided consent between April 2008 and December 2010. A retrospective chart review was conducted to assess 
potential maxillary implant failure factors, including a history of smoking, gender, opposing occlusion, bone density, 
bone volume, insertion torque, parafunction, failed implant site, addiction, and systemic factors. Data were analyzed 
with descriptive statistics. A series of risk factors were postulated in an effort to establish guidelines for modification 
of treatment planning protocols in response to combined risks.

Results. Several common primary factors in maxillary implant failure scenarios were identified through this process of 
patient profiling. Opposing natural dentition, male gender, lack of bone density, the distal implant site, and parafunc-
tion were sufficiently frequent occurrences in failure situations to suggest that either the use of additional implants 
or delayed loading and the provision of a complete denture as an interim prosthesis may be more appropriate in the 
management of patients identified as being high risk. Secondary factors such as bone availability (volume) and smok-
ing were less common in failure situations.

Conclusions. A preliminary protocol is suggested for both treatment planning and profiling patients with respect to 
presenting characteristics that may contribute to implant failure. A decrease in failure occurrence has been noted an-
ecdotally during the short term implementation of this protocol. (J Prosthet Dent 2011;106:359-366)
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A popular emerging concept since 
the introduction of osseointegration 
in1982 is the use of implants for im-
mediately loaded restoration of eden-
tulous or failing dentition patients.1-13 
Among modifications to the immedi-

ate load surgical technique has been 
a suggested redirection of the distal 
implants from vertical to distally in-
clined axial positions in both jaws 
to enhance the anterior-posterior 
spread and increase the distally in-

clined implant length. Published re-
sults of up to 10 years duration using 
tilted distal implants in multiples of 5 
or more have shown favorable success 
rates.14-21 

Further refinements have sug-
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gested that the number of implants 
generally required for either arch 
can be reduced to 4, resulting in the 
popularization of the “All-on-4” tech-
nique.22,23 This concept uses 2 vertical 
anterior implants in conjunction with 
2 distally tilted inclined implants with 
their apices positioned anterior to the 
sinus wall or mental foramen.14,22 The 
resultant increase in anterior-poste-
rior spread when compared to their 
placement in noninclined positions 
eliminates the need for grafting, fa-
cilitates cross-arch stabilization, and 
minimizes the cantilever extension. 

Based on the literature specific to 
this 4 implant concept, there appears 
to be a tendency for maxillary implant 
failure at a rate of 5 to 6 times that 
found in the mandible. This trend has 
been replicated in a recently complet-
ed review of implant patients from a 
private practice (Table I). Given this 
disparity in arch specific implant sur-
vival, the present study was initiated to 
identify presenting risk factors at the 

time of initial examination that may 
be predictive in treatment planning 
for immediate loading in the maxilla.

 
MATERIAL AND METHODS
 
Records were reviewed for all pa-

tients who experienced an immedi-
ately placed/loaded primary maxillary 
implant failure in a private practice 
focused on implant placement and 
restoration from April 2008 through 
December 2010 (Table I). Only pa-
tients who were restored with 4 max-
illary immediately loaded implants 
according to the tilted distal implant 
protocol were included.22 Patients 
who were edentulous on initial pre-
sentation, or who required complete 
arch extractions due to excessively 
compromised or failing dentition 
were included. Individuals who re-
quired maxillary grafting as a pre-
requisite for implant placement were 
excluded from participation in this 
retrospective review. All patients un-

derwent a cone beam Computerized 
Axial Tomography (CAT) scan film 
study (i-CAT, Imaging Sciences Intl, 
Hatfield, Pa) and evaluation of pre-
senting osseous parameters as part 
of the initial examination. A complete 
periodontal evaluation and a com-
plete mouth, periapical radiographic 
series was also completed for patients 
with residual dentition. All patients 
were deemed healthy enough to un-
dergo the surgical procedure with in-
travenous sedation techniques with 
the exception of 4 individuals who 
required hospitalization for various 
medical conditions. Those with lesser 
medical contingencies were required 
to obtain a medical release before any 
surgical procedures were performed. 

Data were collected from the re-
cords of those patients who experi-
enced a primary failure of an imme-
diately implant placed by using the 
tilted distal implant protocol. The 
ages of the 285 patients included 
in this study ranged from 18 to 102 

Table I. Overall survival rates for both jaws treated with only 4 implants per jaw 
by using tilted distal, 4 implant approach

Table II. Rate of occurrence of either primary or second-
ary contributors to implant failure (n=41) in 20 patients

*Six implants lost directly to trauma. Survival excluding these implants: 96.93%

285

273

558

Number of 
Jaws

1140

992

2132

Number of 
Implants Placed

41*

7

48

Number of 
Failed Implants

96.53%

99.30%

97.80%

Implant 
Survival (%)

Maxilla

Mandible

TOTAL

Factor

16 of 20

4 of 20

17 of 20

15 of 20

32 of 41

9 of 20

4 of 20

Occurrence

Opposing natural dentition

Opposing implant-supported

complete arch restoration

Poor Bone Density

Male gender

Posterior implant

Bruxism

Smoker

years, with a mean of 67.2 years. 
There was no attempt in this ret-

rospective review to evaluate the per-
formance of implants used in rescue 
procedures placed to manage implant 
failures. The record search included 
the following presenting characteris-
tics for each patient failure experience: 
opposing natural dentition, opposing 
implant denture, presence and loca-
tion of soft bone, insertion torque of 
all implants loaded as determined by 
the manufacturer recommended in-
sertion device, parafunctional habit, 
smoking history, implant location, 
drug use (addiction), systemic fac-
tors, gender, and pathology (Table II).

RESULTS

The study period was 33 months, 
with a minimum observation period 
of 4 months. The relative incidence of 
the various factors is presented in Ta-
ble III. The primary factors contribut-
ing to implant failure that the patients 
had in common were opposing natu-
ral dentition, poor bone density, male 
gender, bruxism, and the location of 
the failure at a posterior distally in-
clined site. 

Smoking, bone availability (volume), 
systemic factors, and local infections 
did not have meaningful repeatability 
as a finding. Of the other remaining fac-
tors evaluated, addictive drug use and 
pathology, including the existence of 
periapical infections did not appear to 
be related to implant failure in this pa-
tient population. 

Six of the primary maxillary im-
plant failures documented were at-
tributed directly to trauma, including 
4 in one patient as a result of a mo-
tor vehicle accident at an early stage 
in the healing process. The remaining 
2 failures were from a sports injury 
and an assault. All of these failures 
were included in the documentation, 
but they do not represent a common 
mode of failure in the general implant 
population.

Both existing opposing natural 
mandibular dentition (80%) and poor 
bone density (85%) presented the 

highest percentages of all failure sce-
narios. The inherent strength of the 
remaining teeth, the often irregular 
opposing occlusal plane, or the skel-
etal occlusal classification may have 
significant relevance to these find-
ings (Figs. 1-3). Maxillary fixed res-
torations with a failure opposed by a 
mandibular corresponding fixed im-
plant prosthesis were less common (9 
of 41), possibly due to a better con-
trol capability of the distal forces and 
occlusal plane. 

The diagnosis, retrospectively, of soft 
bone based on CBCT scan Hounsfield 
unit (HU) values was a significant find-
ing (Figs. 4-7). The same scan unit was 
used for presurgical evaluation of all 

patients in the present retrospective 
review. A spiral CT unit is beneficial 
to obtain an actual CT reading of 
Houndsfield units, but since all mea-
surements attained here were from 
the same cone beam unit, a relative 
theoretical value could be used for 
evaluation. All failure sites recorded 
had measurements of 100 HU or less 
based on the results of the present 
retrospective review. Correlation of 
the insertion torque values at each 
failure site was also identified as a 
concern, with insertion torques of all 
failed implants being less than found 
in adjacent integrated maxillary sites 
in most situations. 

The distal location of the vast ma-

 1  Presenting opposing (mandibular) natural dentition may suggest 
need for more than 4 maxillary implants for successful integration of 
implants to support interim and final maxillary prostheses.

Table III. Decision tree for risk analysis of immediate loading 
in maxilla based on occurrence of these risk factors as findings 
at time of initial examination. Any single finding is elevated as 
potential risk for failure when combination of factors occurs.

 Highest Risk
Male Patient

Opposing Natural Dentition
Poor Bone Density

Lesser Risk
Systemic Factors

Local Infections/Pathology
Opposing Complete Arch Implant Restoration

Bone Volume
Smoking
Bruxism

Distal Posterior Implant Site
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jority of the failed implants (32 of 41) 
is an especially important finding. 
Given the increasing load potential 
in the posterior sextants when com-
pared to that of the anterior sextant, 
it is reasonable to conclude that im-
plants in the premolar-molar canti-
lever region are subjected to higher 

occlusal loads, even when the distal 
extension cantilever length was re-
duced in the provisional prosthesis. 
The initial failure of any distally in-
clined implant may also contribute to 
a cascade effect on the adjacent an-
terior implant(s) due to the occlusal 
load transfer anteriorly when bone 

support on the distally inclined sites 
is compromised. If the length of the 
implant used in this region was com-
promised, or the insertion torque was 
challenged in achieving initial stabil-
ity, a modification in implant num-
bers, type, or arrangement may be in-
dicated either on a preplanned basis 

 3  Evidence of occlusal wear pattern emanating from hor-
izontal bruxing pattern on residual mandibular dentition. 
Patients with similar wear patterns on natural opposing 
dentition require careful management of occlusal forces 
for opposing complete arch maxillary implant prostheses.

 4  Even though bone volume (availability) is favorable, low HU density measurements (consistent values below 100 
HU) in maxillary medullary bone may result in commensurate low insertion torque values at surgery.

 2  Panoramic view shows completed screw-retained 
complete arch CAD/CAM titanium framework implant 
prosthesis supported by 6 implants (most posterior 
implants distally inclined).

or as needed at time of surgery. 
The disparity in gender failures 

may also be important, with men al-

most 3 times more likely to experience 
a primary implant failure. Although 
again speculative, it is possible that 

the generally stronger occlusal forces 
that can be generated by men may 
play a role in this finding. Only 4 pa-
tients with a failed primary implant 
were smokers. 

An evaluation of bruxing patterns 
revealed that these were a contribut-
ing factor, but not at the same level 
as those noted as a primary predic-
tor for failure potential. Horizontal 
bruxers in particular have the ability 
to create extreme wear patterns on 
the natural dentition and have equal 
ability to wear occlusal surfaces of 
implant-supported prostheses. About 
one-half of the failures recorded had 
a bruxing component. However, in 
none of these individuals was bruxing 
a sole contributing factor (Figs. 8-11).

DISCUSSION

Since the initiation of the profil-
ing approach to treatment planning, 
a significant reduction in primary 
implant failures has been noted. No 
patients in a primary risk category 
or combination of categories experi-
enced a failure of a maxillary implant. 
These patients were either immediate-
ly loaded with more than 4 implants 
or placed in provisional dentures be-
cause of poor bone density, identified 
by the CAT scan (Hounsfield unit as-
sessment) preoperatively and subse-
quent low insertion torque confirmed 
surgically.

Based on information gathered 
over a 33 month period in this dedi-
cated implant practice environment, 
it is suggested that the effect of op-
posing natural dentition on the distri-
bution and control of occlusal forces 
against a maxillary complete arch 
implant-supported prostheses may 
be critical. Additional implants may 
be necessary to stabilize the prosthe-
sis in this immediate load protocol or 
be planned for delayed loading with a 
conventional provisional tissue-borne 
complete maxillary denture. 

The evaluation of bone volume 
and especially bone density with a 
CAT scan was noted as significant as 
regards its importance in planning 

 5  Insertion torques for all implants placed in maxilla 
were approximately one-half (25 N/cm to 30 N/cm) of 
desired values for implant being used.

 6  All implants were capped at abutment level following 
surgery. Intaglio surface of provisional denture was relieved 
to prevent any inadvertent overloading during healing.

 7  All implants integrated successfully and now support 
complete arch maxillary and mandibular, screw-retained, 
implant-supported prostheses.
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 8  CAT scan for patient showed some areas of bone with low (below 100 HU) density values but acceptable bone 
availability.

 9  In addition to areas of soft bone noted in Figure 8, 
combination of opposing natural dentition, irregular oc-
clusal plane, bruxing pattern, and male gender suggested 
placement of greater number of implants might be appro-
priate for this patient.

 10  Six maxillary implants were ultimately loaded follow-
ing implicated healing. Two pterygoid implants were left 
unloaded (sleepers) but are integrated should they be 
needed.

 11  Final maxillary, complete-arch, fixed 6-implant supported 
prostheses recorded at 16.5 months after treatment.

*Evaluation Period: 15 Months
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Table IV. Short term results of treatment planning based 
on risk evaluation for complete arch, maxillary implant 
patients (n= 59) who fell into profiling protocol period. No 
failures were observed for the first 15 months of trial. Two 
zygoma and 4 pterygoid implants are included in grouping.

maxillary implant therapy. 
The anticipation of low insertion 

torque based on less than ideal bone 
density measurements may help pre-
pare both surgeon and patient for the 
clinical reality. Planning for additional 
implants for immediate load situa-
tions or not loading at all if insertion 
torques are below the threshold level 
for the system in use are both viable al-
ternatives to help avoid an unintended 
postsurgical consequence. Creating an 
informed consent based on the pos-
sibility that an interim denture may 
be necessary instead of an immediate 
load provisional fixed implant prosthe-
sis is an essential aspect of assuring a 
satisfactory patient experience. 

Factoring other clinical findings 
such as gender, bruxism, systemic 
disease, anatomic limitations (bone 
availability), and smoking into the 
planning process may also help de-
termine if more than 4 implants or an 
implant variation such as zygoma or 
pterygoid implants might be needed 
to help avoid failure.

Only 4 patients with a failed prima-
ry implant were smokers. Recent liter-
ature has shown that surface treated 
implants offer less failure probability 
than the original machined surface 
fixtures for those patients known to 
be smokers.24 The same effect may 
have occurred with this patient group 
as all implants used had an enhanced 
oxide surface treatment (TiUnite, No-
belBiocare, Yorba Linda, Calif ) and 
smoking played only a small effect in 
the failure analysis. 

Patient compliance with preoper-
ative and postoperative instructions 
such as smoking cessation, soft diet, 
and use of an occlusal guard can have 
a potentially significant role in the oc-
currence of primary failures. Unfortu-
nately, this is a difficult parameter to 
assess during the preoperative plan-
ning stage as all patients received the 
same instructions and agreed to com-
ply. It is also an unreliable data point 
to address in the interview following 
an implant loss since some patients 
deny being noncompliant or having 
a parafunctional habit of which they 

are unaware. For these reasons, the 
issue of noncompliance was not in-
cluded in the present evaluation. 

The ability to create an intake pa-
tient profile based on the experience 
of failure derived from this retrospec-
tive review can be useful when diag-
nosing and planning the treatment of 
implant patients with regard to pos-
sible implant failure (Table IV). Even 
though the percentage of maxillary 
implant failures in this patient group 
was low, the overall number of failures 
was high enough to identify trends, 
possibly draw significant conclusions, 
and offer the opportunity to counsel 
patients regarding the risk/reward of 
the procedure.

 It is possible that any one of the 
previously mentioned profile findings 
may be a strong enough single consid-
eration to directly influence the num-
ber of implants potentially needed for 
a successful outcome. It is probably 
more realistic, however, that these 
factors in combination will make a 
stronger statement when considering 
variations on the 4 implant scheme 
for maxillary implant reconstruction. 
It is important to realize that the 
planning principles suggested here 
are based on a relatively small patient 
population in a single practice with 
a relatively small implant failure rate. 
How uniformly these guidelines can 
be applied to other clinical settings 
may depend on variables not yet de-
termined and on clinical practice pro-
tocols already in place.

Preliminary results from a sec-
ond patient population treatment, 
planned by using the failure criteria 
presented here, demonstrates an early 
trend towards significantly improved 
implant rates of survival. Further ex-
perience and the failure evaluation of 
larger patient populations over longer 
periods will be necessary before more 
definitive conclusions can be drawn.

CONCLUSION

The findings of a retrospective 
chart analysis of primary implant 
failures in 285 consecutively treated 
patient maxillae using the tilted dis-
tal, 4 implant concept, suggest that 
a number of presenting factors may 
have potential influence on implant 
survival. These factors, when consid-
ered and evaluated presurgically, can 
be helpful in planning the treatment 
of patients with regard to the pos-
sible number of appropriate implants 
necessary and the possible loading 
sequence for optimal integration and 
prosthesis success. When encoun-
tered in combination, these factors 
could be considered even more pow-
erful predictors of potential implant 
complications.
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Clinical Implications
Circumferential grooves on implant abutments may help to increase 
the retention of cement-retained castings.

Statement of problem. Crowns cemented on short implant abutments may have insufficient retention.

Purpose. The purpose of this study was to evaluate the effect of circumferential grooves on the retention of cemented 
cast copings on implant abutments.

Material and methods. Sixty similarly-shaped implant abutments were divided into 4 groups (n=15): without grooves, 
with 1 groove, with 2 grooves, and with 3 grooves. Fifteen identical NiCr cast copings were prepared to fit all 60 abut-
ments. The castings were cemented to each group of abutments with a noneugenol provisional cement (Tempbond 
NE) and a zinc phosphate cement (Harvard). After thermal cycling and storage for 6 days in a water bath, retention 
tests were conducted with a tensile testing machine (Instron) (5 mm/min) and retentive forces were recorded. Data 
were subjected to 1 way-ANOVA, Tukey’s (HSD) test, and repeated measures ANOVA (α=.05).

Results. For the noneugenol temporary cement, group retention values were increased according to the number of 
grooves (P<.001). For the zinc phosphate cement, the first groove increased the retention by approximately 60% 
(P<.001). The retentive values were higher for the zinc phosphate cement than the provisional cement. The influence 
of the grooves depended on the type of cement used (P<.001). Cement remnants were found primarily on the cast-
ings for provisional cement and for the plain abutments cemented with zinc phosphate cement. Remnants were found 
primarily on the abutments for the grooved abutments cemented with zinc phosphate cement.

Conclusions. The addition of circumferential grooves to implant abutments increased the retention of cement-re-
tained castings. For zinc phosphate cement, 1 groove was as effective as several, whereas for the provisional cement, 
the retention increased gradually with additional grooves. (J Prosthet Dent 2011;106:367-372)

An in vitro assessment of circumferential 
grooves on the retention of cement-
retained implant-supported crowns
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Factors that may affect the re-
tention of cast restorations include 
geometry of abutment preparation, 
abutment taper, surface area, abut-
ment height, surface roughness, re-
tentive grooves, and the luting agent 
used.1-6 Surface roughness, grooves, 
and luting agents are factors that can 

be controlled by the clinician. Sur-
face roughness increases retention 
because of the resulting microreten-
tive ridge and groove patterns.7-10 Sur-
face roughness has been reported to 
enhance crown retention as much as 
31%.6 Grooves can be either vertical 
or horizontal to create cement keys.11

The advantages and disadvantag-
es of restoring dental implants with a 
cement-retained superstructure have 
been well documented.12-14 Cement se-
lection, classified as definitive or pro-
visional, is of primary importance for 
cement-retained implant-supported 
crowns.15 Studies have demonstrated 

Availability of Journal Back Issues

As a service to our subscribers, copies of back issues of The Journal of Prosthetic Dentistry for the preceding 5 years are 
maintained and are available for purchase from Elsevier, Inc until inventory is depleted. Please write to Elsevier, Inc, 
Subscription Customer Service, 6277 Sea Harbor Dr, Orlando, FL 32887, or call 800-654-2452 or 407-345-4000 for 
information on availability of particular issues and prices.


	A risk assessment treatment planning protocol for the four implant immediately loaded maxilla: preliminary findings
	MATERIAL AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES




