Effect of Attachment Type, Maximum Occlusal Force, and
Denture Deformation on Marginal Bone Loss of Two-Implant
Overdentures: A Short-Term Clinical Trial
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Purpose: This study aimed to investigate the effect of attachment type, maximum occlusal force, denture deformation,
and other confounding factors on marginal bone loss of two-implant overdentures after 1 year. Materials and Methods:
Ninety edentulous patients received two implants in canine areas of the mandible using the computer-guided flapless

surgical technique. Three months later, overdentures were connected to the implants with bar, resilient telescopic,
and resilient stud attachments. Marginal bone loss was evaluated using standardized digitized periapical radiographs.
Maximum occlusal forces were evaluated using a digital bite-force meter. Denture base deformation (denture strains,
um) was evaluated using strain gauges bonded to the polished surface of the denture at the level of the attachments.

=

Regression analysis was adopted to find the relation between marginal bone loss and the following confounders (age,
sex, mandibular bone height, period of edentulism, number of previous dentures, attachment type, maximum occlusal
force, and denture strains). Results and Conclusion: Telescopic overdentures showed the highest marginal bone loss and
maximum occlusal force, followed by bar overdentures, and stud overdentures demonstrated the lowest values.The
highest denture strains were noted with bar overdentures, followed by telescopic overdentures, and stud overdentures
showed the lowest strains./Age (P = .022), mandibular bone height (P = .023), number of previous dentures (P = .004),
maximum occlusal force (P < .001), and denture strains (P = .048) were significantly correlated with marginal bone loss.
For every 1-year increase in age, there was a decrease in bone loss by 0.3%. For every 1-mm increase in bone height, there
was an increase in bone loss by 1%. For every one increase in the number of worn dentures, there was a decrease in bone
loss by 4.2%. For every 10-N increase in maximum occlusal force, there was an increase in bone loss by 6.4%. For cvery
10-pum increase in denture strains, there was an increase in bone loss by 0.21%. Sex, time of edentulism, and attachment
type did not demonstrate a significant correlation with marginal bone loss. Int J Oral Maxillofac Implants 2022;37:391-399.
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e use of mandibular overdentures supported by two
implants has become a routine procedure in the reha-
bilitation of edentulous patients, as it improves denture
stability and retention. Moreover, two-implant overden-
tures can enhance chewing efficiency, patient satisfaction,
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and electrical activity of masticatory muscles.! Different
retention systems may be used to connect the overden-
tures to the implants, such as splinted (bar) or unsplinted
(spherical, magnetic, telescopic, and resilient stud-type)
attachments.? The selection of specific attachment should
consider ridge resorption, arch shape, available restorative
space, desired retention and stability of the prosthesis,
ease of fabrication and maintenance, implant parallelism,
and costs.? Moreover, the type of attachments that provide
good load distribution to the implants should be consid-
ered* Bar (splinting) connectors share and distribute the
load to the implants>® and have a reduced rate of prosthet-
ic maintenance.” However, bars have a higher incidence of
mucosal hyperplasia.”Telescopic (double) crowns are self-
aligned and can be used in patients with advanced ridge
resorption to improve prosthesis stabilization.? The resil-
ient stud (locator) anchors have double retention values
from internal and external frictional flanges of the plastic
inserts.> Moreover, it is indicated with reduced interarch
distance and can compensate implant angulation.>
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Table 1 Baseline Characteristics of All Groups

Bar overdentures
Age (y) 59.38 +6.89
Sex (male/female) 14/16
Height of mandibular bone (mm) 26.38 +£2.00
Time of edentulism (y) 513+1.13
No. of previous dentures 1.75+0.71

Telescopic overdentures Stud overdentures Pvalue
60.38 £6.32 58.63 +6.82 .872
15/15 17/13 .58
26.25+1.83 26.63 +2.39 935
5.38+£0.92 4.63 +0.74 .290
2.00+0.93 1.50+0.76 472

Marginal bone loss is a crucial issue that affects im-
plant success and clinical outcomes after rehabilitation
with dental implants."” The normal range of marginal
bone loss is < 1 mm in the first year and < 0.2 mm annu-
ally.’? Marginal bone loss of > 0.44 mm after 6 months
of prosthesis delivery may be considered an indicator of
progressive marginal bone loss that may occur later."
Multifactorial causes for bone loss are not fully under-
stood."" There are two main theories that include infec-
tion (peri-implantitis) and overload.’ However, there is
clear evidence that a single-minded explanatory model
for bone loss is not acceptable.!!

In recent systematic reviews,'>'6 the attachment type
was found to have no effect on bone loss of implants
retaining mandibular overdentures. However, the inves-
tigated attachments did not include resilient studs (loca-
tors) and resilient telescopic attachments. There is a need
for studies evaluating marginal bone loss with other types
of attachments.!” Several studies found that implant-
assisted overdentures improve the maximum occlusal
force of edentulous individuals.’®2° The effect of maxi-
mum occlusal force on marginal bone loss is a matter of
controversy. Geckili et al*' found that the bone loss of im-
plants assisting mandibular overdentures was influenced
by maximum occlusal force. However, van Kampen et al?
could not demonstrate a relationship between maximum
occlusal force and marginal bone loss. The attachment
types have different sizes and occupy different spaces in
the denture base. Therefore, they are associated with dif-
ferent degrees of denture deformation.?>2* The denture
deformation could transfer more load to the supporting
implants, especially at the area of abutment teeth.?32*
This load, if it exceeds the physiologic limit, may lead to
marginal bone loss. The present study aimed to evaluate
the effect of attachment type, maximum occlusal force,
denture deformation, and other confounding factors on
bone loss of two-implant overdentures after 12 months of
denture use. The null hypothesis was that marginal bone
loss will not be affected by the tested confounding factors.

MATERIALS AND METHODS

Ninety edentulous patients who participated in a previ-
ous trial?®> were selected for this study. The participants
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were required to have (7) retention problems in the
mandibular dentures, (2) sufficient bone volume in ca-
nine regions (class IV-VI Cawood and Howell),?® (3) ad-
equate bone density (classes I-ll Lekholm and Zarb),?”
and (4) at least 15 mm of restorative space (class | ac-
cording to Ahuja and Cagna).?® Patients with the fol-
lowing conditions were excluded: (7) uncontrolled
diabetes, hyper parathyrodism, and osteoporosis; (2)
radiation therapy in the head region; and (3) smoking.
Power analysis was performed based on the results of
a previous study?® in which the authors found a sig-
nificant difference in marginal bone loss between over-
denture attachments (effect size = 0.40 mm, standard
deviation [SD] = 0.20 mm, a = .05, 3 =.90). The analysis
was made to yield 30 patients per group, anticipating
15% dropouts. Patients were stratified into blocks re-
garding the following covariates: age, sex, number of
previous dentures, bone height in the interforaminal
region, and time of edentulism (baseline characterit-
ics, Table 1). The participants were then allocated into
groups using the balanced (stratified) randomization
procedure.3® Simple randomization (using random
numbers generated in an Excel sheet) was performed
within each block to assign subjects to one of the
groups. This procedure aimed to control and balance
the influence of covariates to ensure that there was no
difference between groups regarding the baseline cri-
teria. The groups included (7) bar overdentures (n = 30),
where patients received mandibular two-implant over-
dentures with Dolder bar attachments (Fig 1); (2) tele-
scopic overdentures (n = 30), where patients received
mandibular two-implant overdentures with resilient
telescopic attachments (Fig 2); and (3) stud overden-
tures (n = 30), where patients received mandibular
two-implant overdentures with resilient stud (locator)
attachments (Fig 3). Consents were obtained from all
patients, and the protocol was approved by the Ethical
Committee of the Faculty (no. 10111218). The study was
conducted according to CONSORT guidelines.

For each patient, a preoperative CBCT was used to
construct a mucosal-supported stereolithographic
guide. Two implants (tioLogic, Dentaurum) were placed
in canine regions using the computer-guided flapless
surgical technique. After 3 months, the open-tray impres-
sion procedure was performed.3' For bar overdentures,
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Fig 1

Bar overdentures. (a) The bar screwed to the implants. (b) Titanium clip attached to the denture.

Fig3 Locatoroverdentures. (a) Locatorabutments screwed to the implants. (b) The female housing with nylon inserts attached to the denture. @

a resilient Dolder bar joint with titanium clips was uti-
lized (Fig 1). For telescopic overdentures, resilient tele-
scopic attachments were used. Ti-base abutments were
waxed to form primary crowns (6 mm in height and 4
mm in diameter), cast with gold alloy, and milled (Fig 2).
The secondary crowns were constructed from cobalt-
chromium above primary crowns with peripheral (0.3 to
0.5 mm) and occlusal (0.5 mm) spaces between the cop-
ings to give resiliency and decrease implant overload-
ing.3? While the patient clenched the posterior teeth in

centric occlusion, @disclosing Material (FEChecken Was

‘middle or occlusal third of the attachments. This allows

for a limited hinge movement and compensates for
mucosal resiliency. Also, Fit Checker for dentures was
used to ensure optimum contact of the denture with
the mucosa and appropriate mucosal compression un-
der load. Frictional snap (Si-tec, Gevelsberg) was used to
enhance retention between the crowns. For stud over-
dentures, very light retentive (blue) inserts were utilized
(Fig 3). For all dentures, the balanced occlusal scheme
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Fig 4 Measurement of
marginal bone loss on
periapical radiographs.

Fig 5 Measurement of maximum occlusal forces. (a) The occlusal
force meter device. (b) The device position during measurement.
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Fig6 Isolated strain gauges attached to the polished surface of the
denture.
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was used. The detailed prosthetic procedures were de-
scribed elsewhere.?

Evaluation of Marginal Bone Loss

Standardized digital periapical radiographs (Digora
Optime, Orion Corp/Soredex) were used to measure
marginal bone loss. An individualized film holder for
each patient was made to ensure that the holder was
positioned identically between baseline and 1-year ac-
quisitions. The film holder was fixed to the implants us-
ing the placement tool for standardization of the film
position.3334The x-ray machine (de Gétzen) operated at
70 kVp and 8 mA. The resultant images were standard-
ized for dimensions (40-um pixel size, 900 x 641 pixels,
and 8 bits), brightness, and contrast and traced using
the device software. Marginal bone loss was evaluated
as the difference in bone height between baseline and
after 12 months of insertion. The bone height is the
distance between the implant platform (A) and first
bone-to-implant contact (B; Fig 4).2>3° Bone loss was
evaluated at mesial and distal aspects, and the average
was used in the analysis. Three calibrated examiners
(E.M.A, H.M.H, AR.M) performed the measurements.?®
Bone loss was also evaluated intrapersonally (three
times on the same day).

Evaluation of Maximum Occlusal Force

Maximum occlusal forces were evaluated using a digital
bite-force meter (Nagano Keiki; Fig 5). The device has a
disposable polyvinyl cap for biting, which is positioned
over a bite fork. The device fork was placed between the
artificial teeth in the areas of the first molars.'® Patients
were informed to bite as hard as possible on the device
for a few seconds. The test was performed three times
with a 1-minute rest between each reading, and the
mean was used. The occlusal force measurements on
both sides were averaged and subjected to statistical
analysis.

Evaluation of Denture Base Deformation

Four strain-gauges (resistance: 119.6 = 0.4% Q; gauge
length: 1 mm; gauge factor: 2.08% + 1.0%, Kyowa) were
fixed to the lingual surface of the dentures (two gauges
opposite the implant attachment on the right and left
side and two gauges located 5 mm below them) using
an adhesive provided by the manufacturer (CC-33A).2337
The wires of the gauges were fixed to the polished sur-
face of the denture using an adhesive. Calibration of
the strain gauges was done before the experiment was
performed. The fine wires of the gauges were isolated
from saliva with a chloroprene rubber (HAMATITE-Y;
Fig 6). Each gauge was connected to a dummy gauge
(fixed on an acrylic plate) in 1/2 Wheatstone bridge. The
dummy gauge is located internally in a multichannel
strainmeter (Tinsley). Strain registrations were made
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Table 2 Comparison of Marginal Bone Loss, Maximum Occlusal Force, and Denture Strains Between Groups

Bar overdentures

Telescopic overdentures

Stud overdentures

ANOVA Pvalue

Bar overdentures-telescopic overdentures®
Bar overdentures-stud overdentures*

Telescopic overdentures—stud overdentures”

Marginal boneloss  Maximum occlusal Denture strains

(in mm) force (in N) (in pe)

Mean SD Mean SD Mean SD
0.44 0.13 132.02 742 287.17 98.19
0.49 0.10 146.65 7.50 157.25 28.21
0.30 0.07 123.34 6.52 92.68 23.22
<.001* <.001* <.001*

227 <.001* .001*

.003* .005* <.001*

.000* <.001* .014*

*Pis significant at .05 level. #P value of pairwise comparison between each two groups (Bonferroni test).

during maximum clenching. Each patient exerted five
clenches, and the highest microvolt value (uV) was se-
lected. The mean absolute pV values of the four chan-
nels were detected and then converted into microstrain
(pe) using the formula: strain (e)= 4 V,,/V,, GF, where,
V..t is output voltage (0.577V) and V,, is the measured
(input) voltage, and GF is the gauge factor (GF = 2.0).
For standardization and simplification of measure-
ments, the maximum occlusal force and denture strains
were calculated 12 months after overdenture insertion.

Statistical Analysis

An analysis of variance (ANOVA) test was utilized to
compare marginal bone loss, maximum occlusal force,
and denture strains between groups followed by the
Bonferroni method for multiple comparisons. Multiple
linear regression analysis (with the stepwise method)
was adopted to study the relation between marginal
bone loss and other confounding variables (age, sex,
number of previous dentures, bone height in the inter-
foraminal region, time of edentulism, attachment type,
maximum occlusal force, and denture strains). P < .05
was considered significant.

RESULTS

Forty-six men and 44 women (aged from 45 to 70 years)
were investigated. Comparisons of baseline character-
istics of the different groups are presented in Table 1
(P> .05, Table 1). Two implants failed in two subjects in
bar overdentures. The implant survival rates were 96.6%
(bar overdentures), 100% (telescopic overdentures),
and 100% (stud overdentures) without significant dif-
ference (log-rank test, P = .134). Intraclass correlation
coefficients for marginal bone loss were > 0.80.
Marginal bone loss, maximum occlusal force, and
denture strains significantly differed between groups

(P <.001, Table 2). Multiple comparisons between each
two groups are presented in the same table. Telescopic
overdentures demonstrated the highest bone loss,
followed by bar overdentures, and stud overdentures
showed the lowest bone loss. The difference in bone
loss between bar overdentures and telescopic over-
dentures was not significant. Telescopic overdentures
demonstrated the highest maximum occlusal force,
followed by bar overdentures, and stud overdentures
showed the lowest maximum occlusal force. The high-
est denture strains were noted with bar overdentures,
followed by telescopic overdentures, and stud overden-
tures showed the lowest denture strains.

In the multiple regression model, age (coeff.=-0.008;
SE = 0.003; t = -2.384; P = .022; 95% Cl = -0.014 to
-0.001), bone height in the interforaminal region (coeff.
=0.011; SE = 0.004; t = 2.386; P = .023; 95% C| = 0.002
t0 0.019), number of previous dentures (coeff. = -0.082;
SE=0.026;t=-3.096; P=.004;95% Cl=-0.135t0-0.028),
maximum occlusal force (coeff. = 0.0062; SE = 0.001;
t=6.976; P <.001;95% Cl=0.004 to 0.008), and denture
strains (coeff. = 0.00029; SE = 0.000; t = 2.040; P =.048;
95% Cl = 0.000 to .001) were significantly correlated
with bone loss (Table 3).(Sex, time of edentulism, and
attachment type did not demonstrate a significant cor-
relation with bone loss: These confounding variables
were excluded, and the final model is presented in Table
4. For every 1-year increase in age, there was a decrease
in bone loss by 0.3% (0.003 mm; SE = 0.002; t = -2.192;
P =.034; 95% Cl = -0.007 to 0.000). The effect of bone
height in the interforaminal region was that for every
1-mm increase in bone height, there was an increase in
bone loss by 1% (0.01 mm; SE =.004; t = 2.308; P = .026;
95% Cl = 0.001 to 0.019). The effect of number of previ-
ous dentures was that for every one increase in num-
ber of worn dentures, there was a decrease in bone loss
by 4.2% (0.042 mm; SE = 0.004; t = 2.308; P = .026; 95%
Cl = 0.001 to 0.019). The effect of maximum occlusal
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Table 3 Multiple Linear Regression Analysis of All Confounding Variables Affecting Marginal Bone Loss

Coefficient B
Age -0.008
Sex 0.095
Bone height in the interforaminal region 0.011
No. of previous dentures -0.082
Time of edentulism 0.011
Attachment type 0.009
Maximum occlusal force 0.0062
Denture strains 0.00029

95% Cl
Standard error (SE) t P Lower Upper
0.003 -2.384 .022% -0.014 -0.001
0.054 1.766 .085 -0.014 0.204
0.004 2.386 .023* 0.002 0.019
0.026 -3.096 .004*  -0.135 -0.028
0.017 624 .536 -0.024 0.045
0.017 .509 613 -0.026 0.044
0.001 6.591 <.0071* 0.004 0.008
0.000 2.040 .048* 0.000 0.001

*Pis significant at .05 level.

Table 4 Final Model Including Significant Confounding Variables Only

Coefficient B
Age -0.003
Bone height in the interforaminal region 0.010
No. of previous dentures -0.042
Maximum occlusal force 0.0064
Denture strains 0.00021

95% Cl
Standard error (SE) t P Lower Upper
0.002 -2.192 .034*  -0.007 0.000
0.004 2.308 .026* 0.001 0.019
0.014 -2.992 .005*  -0.070 -0.014
0.001 6.976 <.001* 0.005 0.008
0.00008 2472 .017* 0.00004  0.00040

*Pis significant at .05 level.

force was that/for every 10-N increase in maximum oc-
clusal force, there was an increase in bone loss by 6.4%
(0.064 mm; SE =.001; t=6.976; P <.001; 95% Cl = 0.005
to 0.008). The effect of denture strain was that for ev-
ery 10-pe increase in denture strains, there was an in-
crease in bone loss by 0.21% (0.0021 mm; SE = 0.00008;
t=2.472; P <.017;95% Cl = 0.00004 to 0.0004).

DISCUSSION

Marginal bone loss was evaluated after 1 year only,
as it has been reported that the majority of bone loss
occurred in the first year after implant loading.3¢ An-
other reason is to eliminate the effect of time on mar-
ginal bone loss and to simplify the statistical model,
as the correlation between bone loss and time was
small.3” Overall, the null hypothesis was rejected, as
there was a significant correlation between marginal
bone loss and several confounding factors (age, bone
height in the interforaminal region, number of previ-
ous dentures, maximum occlusal force, and denture
strains). For all groups, the range of marginal bone loss
(0.30 to 0.49 mm) after 1 year was similar to that ob-
tained by Gotfredsen and Holm,*® who reported
0.6 mm marginal bone loss with overdentures loaded
conventionally after 1 year. This range is lower than the

396 Volume 37, Number 2, 2022

normal range (1 mm after 12 months), which occurs as
a result of bone adaptation to functional stresses.3¢ This
could be attributed to the platform-switching design of
the implants used, which minimizes stresses in the peri-
implant crestal bone.> Moreover, the flapless surgical
protocol reduces the bone loss that might occur due to
stage-two surgery and abutment connection.3® Howev-
er, as in many studies, marginal bone loss that occurred
between implant placement and overdenture delivery
was not evaluated.(The increased bone loss with tele-
scopic overdentures may be due to increased vertical
height of the attachment, which may create a vertical
cantilever and increase implant micromotions.?> More-
over, the cervical tight fit between the inner and outer
crowns may increase the retention, stability, and rigid-
ity of the attachment.2 Similarly, another study3? noted
increased horizontal forces and movement of the man-
dibular denture during chewing in patients wearing
telescopic overdentures. Such forces may increase mo-
ment load transmission to the implants. The resiliency
and reduced profile of the locator attachment reduces
the implant stresses created by the vertical cantilever
and minimizes bone loss. In line with this explanation,
Akca et al?*® found reduced marginal bone loss with
locator compared with ball anchors for early-loaded
implants supporting mandibular overdentures. There-
fore, stud overdentures are recommended to preserve
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alveolar bone rather than bar overdentures and tele-
scopic overdentures.

Maximum occlusal force significantly differed be-
tween tested attachments. A similar finding was ob-
served by van Kampen et al,*® who found that (ball
attachments recorded significantly higher maximum
occlusal force than bar/clip and magnetic attachments.
Also, Elsyad and Khairallah'® found a significantly higher
maximum occlusal force with telescopic overdentures
compared with bar overdentures. In contrast, Bilhan et
al™ showed no significant effect of attachment type
on maximum occlusal force in patients wearing man-
dibular overdentures retained by two implants. The
increased occlusal forces with telescopic overdentures
compared to other attachments agrees with the finding
of Heckmann et al,® who reported a significant increase
in masticatory ability and manual dexterity when tele-
scopic attachments were utilized. This may be due to
the excellent retention and stability of telescopic over-
dentures, which improve muscle activity,*! increase the
maximum occlusal force,*?*3 and increase food commi-
nution. The enhanced retention, stability, and vertical
height of telescopic attachments may lead to increased
axial transmission of masticatory force and generation
of extensive occlusal forces before triggering of perios-
teal mechanoreceptors adjacent to the dental implant,
which may increase maximum occlusal force.** The re-
duced maximum occlusal force with bar overdentures
and stud overdentures compared with telescopic over-
dentures may be due to the resiliency and reduced ver-
tical height of these attachments.'®

Regarding denture strains, the attachments may act
as a fulcrum during clenching posterior teeth due to
mucosal compressibility. This fulcrum increases denture
strain opposite the abutments and may lead to denture
base fracture.?* The different vertical heights of the bar,
telescopic, and locator attachments may be responsi-
ble for the difference in denture strain and deformation
among the attachment types. The increased denture
strains with bar overdentures could be due to the large
size (height and width) of bar abutments, which occupy
more space in the denture and cause more thinning of
denture acrylic resin opposite the abutments.?3 In ad-
dition, the contact between the denture and the bar
abutments creates a fulcrum during clenching. Thus,
the denture is prone to more deformation.*> Although
telescopic crowns are large and occupy more prosthet-
ic space than bar attachments, denture strains were
lower with telescopic overdentures than bar overden-
tures. This could be attributed to the vertical resiliency
of the telescopic crowns provided by the occlusal and
circumferential relief between the crowns, which allow
complete denture settling without rotation on a ful-
crum.?3 Also, locator attachments have reduced vertical
profile and increased vertical resiliency. This enhances

settlement of the denture base and reduces denture
deformation and strains.2* Therefore, reinforcement of
the denture base for bar attachments may be recom-
mended rather than telescopic or locator attachments
to reduce the possibility of denture base deformation
and fracture.

The absence of correlation between bone loss and
attachment type was in line with several systematic
reviews,’>"7 in which the authors found no effect of
attachment type on bone loss of implants assisting
mandibular overdentures. Also, the lack of correlation
between marginal bone loss and sex was in line with
several studies.*®#’ Longer periods of edentulism are
associated with more residual ridge resorption, and im-
plants are placed in the basal bone, which may reduce
the rate of marginal bone loss.?’° However, in this study,
a significant relationship between the period of eden-
tulism and bone loss was not found.

The most interesting finding of this study was the
significant relation between marginal bone loss and
several confounding factors. The increase in age and
number of previously worn dentures was significantly
associated with a decrease in marginal bone loss. Also,
the increase in bone height in the interforaminal region
was significantly associated with an increase in mar-
ginal bone loss. These findings may be explained by
several reasons. The increase in patient age is usually
associated with long periods of edentulism in which re-
sidual ridge resorption occurred and bone height in the
interforaminal region decreased. With increased ridge
resorption, the patients usually seek prosthetic care for
denture relining or making new dentures. The increase
in the number of dentures worn before implant treat-
ments usually indicates that these patients were unsat-
isfied with the retention and stability of conventional
dentures and believe that making new dentures will
solve the problem.*® The denture instability will induce
more ridge resorption.* After resorption of the alveolar
bone of the ridge, the process terminates at the basal
bone. Such bone is predominantly compact, dense,
and less liable to marginal bone loss in the long term.?®
It has been generally accepted that once the denture
comes to rest mostly on basal mandibular bone, the
rate of bone resorption reduces.”>° In line with this find-
ing, another study reported that sites with poorer bone
quality may statistically affect marginal bone loss and
implant failure rates.®’

The increase in maximum occlusal force was signifi-
cantly associated with an increase in marginal bone loss.
Similarly, Geckili et al*' found that bone loss around
implants supporting mandibular overdentures was
significantly increased by an increase in maximum oc-
clusal force. Lindquist and associates reported that fac-
tors causing increased occlusal loading were associated
with increased marginal bone loss.>2 The high occlusal
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forces may create increased peri-implant stresses, which
in turn create higher bone loss.?' In contrast to these
findings, van Kampen et al?> could not demonstrate
a relationship between maximum occlusal force and
marginal bone loss in patients wearing mandibular im-
plant overdentures. The marginal bone loss increased
significantly with the increase in denture strains. This
suggests that increased denture base deformation was
associated with an increase in bone loss. This finding
may signify the importance of providing denture base
reinforcement, especially over the implant attachments
(where most denture strains occur) to minimize denture
strain and deformation. The reinforcement also provides
better load distribution on the implants and the sup-
porting ridges and may reduce marginal bone loss.”® In
line with this finding, Takahashi et al** found reduced
peri-implant stresses after reinforcement of the maxil-
lary overdenture regardless of the denture design. They
added that reinforcements can make the denture base
more rigid and less deformable, which contributes to
extend the longevity of prostheses and implants. More-
over, Tokgoz et al®> found that reinforcement of the
bar-implant mandibular overdentures with glass fiber
or Co-Cr cast metal can substantially increase fracture
strength compared with nonreinforced overdentures.
Also, Ozcelik et al®® concluded that metal reinforcement
for implant-retained mandibular overdentures reduces
stress in the anterior area of the prosthesis and minimiz-
es the incidence of fracture.

The limitations of this study include the lack of
standardization of attachment height within the same
group or between different groups to make all attach-
ments at the same vertical cantilever distance from the
mucosa. Standardization of the dimensions of bar and
telescopic attachments may be possible using precise
CAD/CAM constructed patterns and wax-lost casting
technology. However, this was difficult to achieve prac-
tically and was not performed in this study due to the
variability of restorative and interarch spaces between
participants. Moreover, telescopic attachments usually
require increased vertical height (at least 6 mm) to ob-
tain sufficient retention. To achieve standardization be-
tween attachments, the vertical height of the bar and
locator attachments should be unnecessarily increased.
This may transmit increased forces to the implants
by increasing the vertical cantilever. Therefore, in the
present study, it was decided to study denture strains,
maximum occlusal force, and marginal bone loss for
each attachment using the size recommended by the
manufacturer and guided by restorative and interarch
spaces without standardization of attachment dimen-
sions. Future clinical studies are needed to evaluate the
effect of overdenture base reinforcement on denture
deformation and strains compared with nonreinforced
overdentures.
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CONCLUSIONS

Within the limits of this trial, age, mandibular bone
height, number of previous dentures, maximum oc-
clusal force, and denture strains were significantly cor-
related with marginal bone loss. However, sex, time of
edentulism, and attachment type did not demonstrate
a significant correlation with marginal bone loss.
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