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ABSTRACT

Aim: The aim of this within-subject study was to evaluate and compare clinical denture 
base deformation with two types of denture base reinforcement for telescopic implant retained 
overdentures.

Materials and methods: Six completely edentulous participants received two implants in the 
canine region of the mandible and the implants were connected to the overdentures with resilient 
telescopic attachments. Each patient received 2 types of denture reinforcement for the mandibular 
overdentures; 1) metal reinforced overdentures, 2) PEEK reinforced overdentures. Four strain-
gauges were adhered to the lingual polished surface of each denture abutment top (C1 and C3), 
and 5 mm below abutment top (C2 and C4). Strain registrations were performed during maximum 
voluntary clenching.

Results: The measured strains and implant positions C1 and C3 were tensile in nature and 
the measured strains at implant positions C2 and C4 were compressive in nature. The highest 
microstrain was noted at C3, followed by C1, then C2, and the lowest strain was noted was with 
C4 for both groups. There was no significant difference in recorded microstrains between C1 and 
C3 or between C2 and C4. For all strain gauge positions, PEEK reinforced overdentures recorded 
significantly higher microstrains than metal-reinforced overdentures.

Conclusion: Within the limitation of this short term cross over trial, cobalt-chromium 
metal reinforcement for mandibular implant assisted overdentures is recommended than PEEK 
reinforcement  as it reduced denture base strains and deformation during maximum voluntary 
clenching.  
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INTRODUCTION 

A common problem associated with the manage-
ment of edentulous patients is the resorbed ridge of 
the lower jaw 1-4. This results in the fabrication of 
unsatisfactory dentures with poor retention and sta-
bility, impaired load-bearing capacity, reduced oral 
function due to pain during mastication, and  psy-
chosocial problems5-8. However, the stabilization of 
the lower denture with two inter-foraminal implants 
has provided reliable and predictable treatment out-
comes. It is regarded as the minimum standard of 
care for edentulous patients 9. Various types of at-
tachments could be used to retain dentures to the 
implants. The most commonly used types include 
splinted anchors (bars), and non-splinted anchors 
(magnets,10 ball anchors, and rigid and resilient tele-
scopic copings11). The unsplinted attachments have 
several advantages compared to splinted attach-
ments such as ease of performing oral hygiene and 
cleaning, ease of construction,  the reduced cost, 
the possibility of use with v-shaped arches without 
compromising the tongue space 12. An important 
factor in the selection of attachments for mandibu-
lar overdenture is the degree of ridge atrophy13. The 
attachment, in this case, should provide adequate re-
tention and stability to minimize lateral movements 
of the denture. This is best achieved with the ball, 
bar, and parallel-walled telescopic crowns14. 

Telescopic attachment is composed of a primary 
coping attached to the implant, and a secondary 
coping that is contained within the overdenture 15, 

16, 17. It can be classified into parallel-sided (rigid) 
or tapered (resilient) depending on the degree of fit 
between the two copings 15. With rigid telescopes: 
the retention is coming form friction between 
the 2 copings, while tapered telescopes exhibit 
friction only when completely seated and retention 
is determined by the degree of taper 17. Non-
rigid telescopes have no defined end position and 
include crowns with tiny spaces between the copings 
allowing vertical and rotational movement18, 19. The 

telescopic attachment provides good retention by 
friction, excellent stability, lower complications 
and maintenance20, good indirect retention and 
self-seating mechanism that facilitates prosthesis 
insertion for geriatric patients21.

The overdenture is constructed from acrylic 
resin, therefore the denture base deformation during 
mastication is likely to occur due to the resiliency 
of oral mucosa and the contact of the denture base 
to the implants22. Studying the deformation of the 
denture base is important to prevent denture fracture 
in areas adjacent to the implant(s). This fracture 
tends to occur due to the inadequate thickness 
of acrylic resin around the attachments23-25. The 
clinical consequences of denture base deformation 
are denture fracture  and biological problems as 
mucosal ulceration, ridge resorption, implant 
overload, peri-implant bone loss and implant 
loss. In a recent study, the authors recommended 
reinforcement of the denture base around the bar 
and telescopic attachments used for 2 implant  
mandibular overdentures to prevent the possible 
denture base deformation and fracture26. 

Although metal frameworks reduced the func-
tional deformation and problems of the supporting 
tissue27, they are heavier, require complicated fab-
rication steps and in some patients possibility of 
hypersensitivity may exsists28. Other materials can 
be used to decrease  deformation and avoid bad ap-
pearance and reduced adhesion of metal to acrylic 
resin of the dentures29 such as carbon fibrils, fiber 
glasses, or rigid polyethylene fiber. However, these 
materials are time consuming and less accurate than 
CAD/CAM technologies30. Recently, Polyether-
ether-ketone (PEEK) is used as a metallic frame 
for fixed and removable prosthesis. This is corro-
sion resistant, radiolucent, has reduced wear, bio-
compatible, not allergic and has reduced modulus 
of elasticity than metal and ceramic materials31. It 
also has low creep, high wear resistance and good 
shock absorption 32,33. The material frames for pros-
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thesis can be constructed by milling and thermo-
pressing. Reviewing the literature, the effect of the 
type of denture base reinforcement for mandibular 
2 implant overdentures on clinical deformation of 
the overdenture base was not investigated. There-
fore, this study aimed to evaluate effect of type of 
reinforcement on clinical denture base deformation 
with telescopic attachments of 2-implant retained 
overdentures.  

MATERIALS AND METHOD 

Patient enrollment in and study design 

Six completely edentulous participants (3 males 
and 3 females, mean age =56 years) were selected 
from the patients attending the Prosthodontic De-
partment clinic  of College of Oral and Dental 
surgery of  Misr University for Science and Tech-
nology asking for suitable alternative to their con-
ventional mandibular dentures. The inclusion crite-
ria are; 1) All participants complained of a lack of 
stability and retention of mandibular dentures due 
to advanced mandibular ridge resorption, 2) Ad-
equate bone volume and density in the area between 
the mental foramina to receive implants of at least 
3.5mm in diameter and 10mm in length. This was 
ascertained by Cone-beam computerized tomogra-
phy, 3) normal maxillomandibular relationships, 4) 
adequate interarch distance with restorative space 
(at least 15 mm) from the mucosa to the occlusal 
plane. The patient who had one of the following 
conditions was excluded from the study; 1) smok-
ing habits, 2) clenching or bruxism habits, 3) neu-
romuscular disorders such as Parkinson’s disease, 
4) bone metabolic disease such as diabetes mellitus 
and hyperparathyroidism, 5) systemic diseases that 
can complicate implant placement such as bleeding 
disorders, heart disease, and autoimmune disease, 
6) patient with radiation therapy to head and neck 
region. The study protocol was explained for all 
participants before obtaining an informed consent 
from each participant. The protocol was approved 

by the ethical committee of the faculty of dentistry 
(No 40). All participants received two implants in 
the canine region of the mandible. The implants 
were connected to the overdentures using resilient 
telescopic attachments. The study was conducted 
within the same participant in a cross-over design, 
i.e. each patient has received 2 types of denture re-
inforcement. The participants were categorized into 
two blocks (3 patients in each block). The first block 
contains 3 patients who received metal-reinforced 
mandibular overdentures first and wear them for 
3 months, then after measurement of denture base 
deformation, they received PEEK-reinforced man-
dibular overdentures and the measurements were 
repeated again after 3 months of denture wearing. 
The second block contains 3 patients who received 
PEEK -reinforced mandibular overdentures first 
and wear them for 3 months, then after measure-
ment of denture base deformation, they received 
metal-reinforced mandibular overdentures and the 
measurements were repeated again after 3 months 
of denture wearing. This randomization aimed to 
avoid the effect of the order of the reinforcement 
type on the denture strain measurements. 

Surgical and prosthetic interventions

The old mandibular denture was duplicated 
into clear acrylic resin with radiopaque markers 
attached to the duplicate denture at proposed 
implant positions. CBCT was performed to evaluate 
implant sites, select the proper implant lengths and 
widths. The duplicate denture was then converted 
to surgical template after attaching metal tubes. A 
mid crestal incision was made from premolar area 
on one side to premolar area of the other side. Then 
a full-thickness mucosal flap was elevated. Bone 
recontouring was made using osteotome if needed. 
Two osteointegrated implants (Dentium, South 
Korea) were inserted in canine areas using two 
stage surgical protocol. The flap was closed using 
interrupted sutures. The denture was relieved and 
relined with soft liner. 
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After 2 months of healing, new maxillary and 
mandibular conventional dentures were constructed 
with bilateral balanced occlusion concept using 
semi-anatomic acrylic teeth (CD group, control). 
The dentures were delivered to the patients and 
necessary adjustments were performed. After 
three months, implants were uncovered and 
healing abutments of appropriate gingival height 
were connected to the implants. Custom tray was 
constructed for  mandibular ridge with opening 
over implant sites and  border molded with green 
compound. Long  transfer copings were connected 
to the implants and open tray impression was made. 
The transfer copings were splinted with Duralay 
resin to avoid movement during impression making. 
Implant analogues were connected to the implants 
and the impression was poured. 

Ti-base abutments were threaded to the 
analogues on the cast. The abutments were waxed 
on the plastic portion to make primary crowns 
(copings) with 6mm in height and 5mm in diameter. 
The abutments were milled using a milling device.  
The 2 wax patterns were milled to make their 
circumferential walls parallel to each other’s in 
mesiodistal and buccolingual direction regardless of 
implant inclination. The wax was invested, casted  
into cobalt-chromium alloy16, 34, 35 (Heraenium Pw, 
Heraeus-Kulzer GmbH, Hanau, Germany), and 
refined by milling again and tried in the patient 
mouth (fig 1). Two secondary copings were designed 
over the primary copings with a 1.0 mm-thickness, 
invested and casted with cobalt-chromium alloy. 
The secondary copings were placed over the primary 
copings on the master cast. A small circumferential 
and occlusal spaces were made between the inner 
and outer copings using a disclosing material (Fit 
Checker). These spaces were made by grinding the 
middle and occlusal surfaces of the primary crowns 
to make an occlusal taper to provide resiliency and 
torquing of the implants during mastication 11, 15.

The cast was scanned using CAD/CAM device 
(Amann Girrbach, Austria). Using the software of 
the device, the reinforcement frame was designed 

with a 1.0 mm-thickness to cover the crest of the 
ridge and the attachment and saved as STL file. 
The designed frame was either printed in castable 
resin using prototyping (metal reinforced group) or 
milled in PEEK blocks (PEEK reinforced group). 
For metal reinforced group, the resin frames were 
invested and casted into cobalt chromium metal 
(fig 2a ). For PEEK reinforced group, frames were 
milled in modified PEEK discs (BioHPP, Bredent, 
Germany) (fig 2b). The thickness of both metal and 
PEEK frames was standardized at 1.5mm30. Each 
patient received one metal reinforced overdenture 
and one PEEK reinforced overdenture in 2 occasions 
separated by 3 months time interval to enhance 
neuromuscular adaptation. 

The polished and occlusal surfaces of 
mandibular denture were replicated using the rubber 
base mold24, 25. The mold was placed over the cast. 
Acrylic resin teeth of the same size were replaced 

Fig. (1) Primary crowns in patients mouth

Fig. (2) a. Metal reinforcement frame, b; PEEK reinforcement 
frame 
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in the mold and baseplate wax was poured in the 
mold. The dentures were processed in usual manner 
by the same technician. The telescopic crowns were 
picked up to the fitting surface of the overdentures 
using self cure acrylic resin while patient closes 
in centric occlusion to ensure optimal fit without 
implant overloading and to compensate for mucosal 
compression. By this manner, a resilient telescopic 
attachment was obtained (Fig 3). 

Measurement the denture base deformation 

The deformation of the denture base was 
measured by my calculation of the strain within 
the denture base as described by Elsyad et al.24-26 
Four strain-gauges (KFG-1-120-C1-11L1M2R; 
KYOWA, Tokyo, Japan; resistance 119.6±0.4% Ω; 
gauge factor: 2.08±1.0%) were adhered to the lingual 
polished surface of each denture using a special 
adhesive. The gauges were aligned horizontally 
parallel opposite to each attachment to the occlusal 
plane 24 on the left (C1 and C2) and on the right 
(C3 and C4) sides (fig4). The top gauges (C1, 
C3) located at top of the attachments and bottom 
gauges (C2, C4) located 5 mm lower to that of top  
gauges24, 36.  

The fine lead wires were brought through the 
interproximal acrylic resin between artificial teeth. 
The wires were adhered to the labial polished 
surface with a special resin to avoid accidental 
movement during biting and emerged from patient 
mouth at midline. The gauges were isolated from 
saliva with a Chloroprene rubber (HAMATITE-Y., 
KYOWA). The end of the lead wires were 
connected to a digital strainmeter (Tinsely, UK) 
in a half Wheatstone bridge to reduce the effect of 
temperature (each active gauge was connected to an 
identical dummy gauge). Strain registrations were 
performed during maximum voluntary clenching 
(fig. 5) with 5-seconds relaxation periods. Each 
clenching repeated five times for each attachment 
and the mean was subjected to statistical analysis. 

Fig. (3) Fitting surface of the dentures with secondary crowns 
(coping in place)

Fig. (4) Strain gauge positions on the polished surface of the 
dentures

Fig. (5) Recording of denture strains during maximum voluntary 
clenching
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Statistical analysis

Shapiro-Wilk test was used  to verify the distri-
bution of the microstrain data. The data was para-
metric and presented as mean and SD for descrip-
tive statistics. Independent samples t-test was used 
to compare microstrains between groups (types of 
reinforcement).  To compare microstrain values be-
tween strain gauge positions, One Way ANOVA was 
used followed by Bonferroni method for pair-wise 
comparisons (post hoc test). The statistical analysis 
was performed with a computer software (SPSS V. 
25, Chicago, IL, USA). A P-value <0.05 was con-
sidered to be statistically significant.

RESULTS 

The participants attended the follow-up sessions 
without dropouts. No implant failures occurred 
and the survival rate was 100%. The measured 
microstrains that had a positive sign indicate tensile 
strains within the denture base, while the negative 
sign of microstrains indicate compressive strains. 
The measured strains and implant positions C1 and 
C3 were tensile in nature and the measured strains 
at implant positions C2 and C4 were compressive in 
nature (table 1). The absolute value of microstrains 
indicated the magnitude of strains regardless of 
the sign. The descriptive statistics of recorded 
microstrains were presented as mean ± standard 
deviation. 

Comparison of denture base microstrains between 
groups (denture reinforcement) and between strain 
gauge locations is presented in table 1. For each 
group, there was a significant difference in absolute 
microstrains between strain gauge positions (p=.001 
four metal reinforced overdentures and p<.001 

for PEEK reinforced Overdentures). The highest 
microstrain was noted that C3, followed by C1, 
then C2, and the lowest strain was noted was with 
C4 for both groups. Multiple comparisons between 
strain gauge positions are presented in table 2. The 
p-value in each cell in table 2 presented the results 
of the Bonnferoni test for pairwise comparisons 
after correction of the p-value for multiple testing. 
C1 and C3 showed significantly higher microstrains 
than C2 and C4. There was no significant difference 
in recorded microstrains between C1 and C3 or 
between C2 and C4. 

Comparison of denture base absolute mi-
crostrains between groups (denture reinforcement) 
is presented in table 1. For all strain gauge posi-
tions, PEEK reinforced Overdentures recorded sig-
nificantly higher microstrains than metal-reinforced 
overdentures (p=.002, .023, .004, and .039 for C1, 
C2, C3, and C4 respectively).  

TABLE (1) Comparison of denture base microstrains 
between groups (denture reinforcement) 
and between strain gauge locations 

C 1 C2 C 3 C 4
One Way 
ANOVA 
(p value)

Metal 
reinforced 

Overdentures
X±SD

150±
25.14

-87±
28.9

160±
35.58

-78±
17.8 .001*

PEEK
reinforced

Overdentures
X±SD

210±
38.17

-102±
15.5

225±
40.37

-99±
20.7

<.001*

Independent 
samples t-test

(p value)
.002* .023* .004* .039*
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TABLE (2) Multiple comparison of microstrains 
between strain gauge locations for both 
groups 

Group 
Strain gauge 

Location 
Bonferroni test  

(p value)

Metal
reinforced
Overdentures

C1_C2 .001*

C1_C3 .145

C1_C4 .002*

C2_C3 <.001*

C2_C4 .087

C3_C4 <.001

PEEK
reinforced
Overdentures

C1_C2 .002*

C1_C3 .356

C1_C4 .004*

C2_C3 <.001*

C2_C4 .179

C3_C4 .005*

DISCUSSION

Although denture strains were evaluated in sev-
eral invitro studies,  the experimental setup for these 
studies will not replicate the clinical circumstances 
in the oral cavity such as the presence of saliva, the 
thickness and compressibility of the soft tissues. 
Also the application of force is usually performed 
using universal testing machine at a constant load 
which are differ from the power and direction of 
occlusal force of the masticatory muscles of the 
patient37. Thus the most precise evaluation denture 
strains and deformation of overdentures, should be 
made clinically in patient mouth (in vivo)38.

This within subject study allow the same 
patient to receive different types of overdentures. 
In this manner several factors that may affect the 
denture base deformation such as gender, strength 
of the muscles, mucosal thickness, degree of ridge 
atrophy and level of neuromuscular adaptation are 
standardized for both types of the overdentures.  

Moreover, the occlusion and polished surface of the 
overdentures were replicated. This was performed 
to standardize shape, denture base thickness, form 
of the teeth quantities as these factors may affect the 
pattern of denture base deformation 26, 39-41. In this 
study the reinforcement frame was extended above 
the abutments and applied to the basal surface 
side of the denture base36. Moreover, two distal 
extensions of each frame was extended posteriorly 
on the alveolar ridge to improve the rigidity of 
the denture base based on the recommendation of 
another in vitro study36.

The limitations of using strain gauge in the oral 
cavity including the temperature of the oral cavity 
and isolation of the gauges from saliva42. However 
these limitations are overcome by using dummy 
gauges (acrylic samples) in ½ circuit Wheatstone 
bridge to compensate for thermal changes. 
Moreover the gauges were isolated from saliva by 
Chloroprene rubber provided by the manufacture. 
Four strain gauges were attached opposite to the 
top of each attachment in the lingual surface of 
mandibular overdenture to measure strains in the 
denture based on the recommendation of other 
studies24,36,43. These positions were selected because 
deformation of assisted implant overdentures usually 
occurs in the anterior portion of the overdentures 
due to inadequate thickness of acrylic around the 
attachments 44, 45. 

During maximum voluntary clenching, the top 
gauges (C1 and C3) showed  tensile strains and the 
lower gauges recorded compressive strains for both 
groups. The tensile strains tended to induce crack 
formation that may propagate to denture fracture at 
C1 and C3. On the other hand, the acrylic resin of 
the denture tended to be compressed 5 mm below 
the level of the top of the attachments. The increased 
tensile strains at C1 and C3 is in line with previ-
ous in vitro 25, 36, 43 and in vivo24 studies in which 
the authors reported increased tensile strain close to 
the top of overdenture abutments. This could be at-
tributed to the larger dimensions of the telescopic 
crowns occupied in the denture base that may cause 
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a decrease in the thickness of the acrylic resin at 
this area. Also the compressibility of the oral mu-
cosa during maximum voluntary clenching may 
cause telescopic primary crowns to act as a fulcrum 
which may increase tensile strain at level of the top 
of telescopic crowns25. This means that denture re-
inforcement  either with metal or PEEK frameworks 
did not totally prevent overdenture strains with tele-
scopic retained mandibular overdentures. The ab-
sence of control group (in which the denture base 
is not reinforced) in this study should be acknowl-
edged as a limitation. 

On the other hand, the compressive strains at 
the bottom  gauges  are less harmful to the denture 
base and are associated with reduced denture base 
fracture36. This agreed with the results of other in 
vitro 25 and in vivo 24 studies on mandibular implant 
overdentures. Therefore, the effect of reinforcement 
is evident at the top of the attachments more than 
the bottom and it is recommended to reinforce 
the denture base to reduce denture fracture at 
theses areas especially with increased size of the 
attachments like telescopic crowns. Conversely, no 
reinforcement of the denture base is needed below 
the level of the abutments. This may be clinically 
important as extending the reinforcement frame near 
the denture peripheries may complicate the denture 
border adjustments especially with resorbed ridges.     

For all strain gauge positions, PEEK reinforced 
overdentures recorded significantly higher mi-
crostrains than metal-reinforced overdentures. This 
could be attributed to the increased rigidity of the 
metal reinforcement frame compared to PEEK re-
inforced frame when the thickness of the frames are 
standardized.  Similarly, in another study the au-
thors found that the increased rigidity of the denture 
causes even load distribution to the implants and re-
sidual ridge 46 which may contribute to reduce den-
ture base thickness. The increased denture strains 
with PEEK reinforcement may be attributed to the 
reduced modulus of elasticity of the PEEK mate-
rial, compared to Cr-Co castings 32, 33 which make it 
more flexible thus enhancing more flexion and de-

formation of the acrylic resin of the denture base. 
The reduced denture strains with cobalt chromium 
reinforcement was in line with results of Takahashi 
et al. 47 who found a reduced strain around implants 
supporting a palateless maxillary overdenture with 
metal reinforcing and a palatal bar less. They added 
that palatal bar may enhance the rigidity of dentures 
with partial palatal coverage. Smilarly, in another 
investigation, Hada  et al. 30 reported that CAD/
CAM reinforcement metal frame is beneficial in 
reduction of conventional  denture deformation and 
denture strains. They found that PEEK showed a re-
duced reinforcement effect than cobalt chromium.  
In agreement with our observation, the authors in 
another systematic review concluded that strains on 
the underlying supporting structures of overdenture 
prostheses including dental implants and the residu-
al ridge can be decreased and evenly distributed us-
ing a metal reinforcement46. Similarly in another in 
vitro study36, the authors reported that overdentures 
with cast metal cobalt-chromium reinforcement 
were associated with significantly reduced denture 
strains than overdentures with no reinforcement or 
stainless steel wire reinforcement. Also Takahashi 
et al. concluded that cast reinforcement over the re-
sidual ridge and the top of copings embedded in an 
acrylic base reduced the strain from occlusal stress 
on maxillary implant overdentures.48

The limitations of this study include the small 
sample size,  the short evaluation period and the 
lack of control group. Future studies are needed to 
evaluate the longevity of the denture base, prosthetic 
aspects and complications of the two types of the 
tested denture base reinforcement for mandibular 
two implant retained overdentures. 

CONCLUSION

Within the limitation of this short term cross 
over trial, cobalt-chromium metal reinforcement for 
mandibular implant assisted overdentures is recom-
mended than PEEK reinforcement as it reduce den-
ture base strains and deformation during maximum 
voluntary clenching. 
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