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ABSTRACT

Purpose: This short term randomized controlled trial aimed to evaluate crestal bone loss and 
patient satisfaction of ball and socket and O-ring attachments used to retain single implant-retained 
mandibular overdenture after one year. 

Materials and methods: Twelve completely edentulous patients (6 men and 6 women) with 
maladaptive capacity of mandibular conventional denture received single implant in the midline 
of the mandible using standardized two stage surgical approach. Three months later, the patients 
were randomly assigned into two groups; Group 1 (control group); included six patients for whom 
the mandibular dentures were connected to the implant using ball and socket attachment. Group 2 
(test group); included six patients for whom the mandibular dentures were connected to the implant 
using O/ring attachment. The peri-implant crestal bone loss was evaluated at mesial, distal, buccal 
and lingual aspects of each implant using cone beam computerized tomography made at baseline, 
6 and 12 months later. Patient satisfaction was evaluated using questionnaire of visual Analogue 
Scales (VAS) six months after loading.

Results: The implant survival rate was 100% in both groups. Ball and socket attachment 
recorded significant higher crestal bone loss than O-ring attachment after 6 months (p=.031) and 
12 months (p=.021). Ball and socket attachment recorded significant higher patient satisfaction 
regarding retention (p=.027) and stability (p=.001) of mandibular overdenture, satisfaction with 
speech (p=.040), satisfaction with chewing (p=.015), satisfaction with occlusion of the prosthesis 
(p=.042), and satisfaction with quality of bolus (p=.031) than O/ring attachment.

Conclusion: O/ring attachment is recommended than ball and socket attachment for single 
implant mandibular overdentures in term of peri-implant bone preservation. However, ball and 
socket attachment was associated with significant higher patient satisfaction than O/ring attachment. 
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INTRODUCTION 

The poor retention and stability of conventional 
complete denture may lead to an inability to masticate 
food, decrease in social contact, patient satisfaction 
and quality of life1. Although 2- implant-assisted 
mandibular overdentures has been considered 
the first treatment for edentulous patient as it was 
associated with increased retention and stability of 
the dentures, improved chewing efficiency, patient 
satisfaction and oral health-related quality of life 
2, 3, single implant inserted in the symphysis of the 
mandible to retain overdentures is another simple 
treatment modality that gained popularity in the 
last two decades1, 4-9. This treatment modality is 
less invasive, has reduced cost5, greatly improved 
retention and patient satisfaction of conventional 
denture10 and is more feasible in developing 
countries due to financial limitations1. Moreover, it 
can be used with greater safety for geriatric patients 
(with compromised medical conditions) who had 
discomfort with their conventional denture6. In a 
recent systematic review and meta-analysis11, no 
significant difference in the implant survival rate 
between single implant overdentures in the two 
implant overdentures after 5 and 10-years was noted. 
The disadvantages of single implant overdentures 
include; 1) denture base deformation and fracture 
at midline due to stress concentration in the weak 
area of the denture base around the abutment5, 12, 

13, 2) reduced retention and stability compared to 
2- implant retained overdentures1, and 3) the Three-
Dimensional prosthesis movement compared to 
two-implant assisted mandibular overdentures14. 

The most commonly used attachments for single 
implant overdenture are ball, Locator or magnet 
attachments 9, 15.  Ball attachments are the simplest 
ones to use and provide high wear resistance,  good 
stability, retention, and support especially for 
patients with narrow jaw anatomy 16. Moreover, ball 
attachments offer better stability, bracing effect, and 
reduced costs when compared to shorter locator 

attachments17, 18. Ball attachment provides varying 
degree of resiliency in both vertical and horizontal 
directions which depends on the design of the ball 
attachment19. Ball attachments have two types; 1) 
Dalbo attachment (Dalla-Bona); consisted of ball 
male in spherical shape and golden metal housing 
which is adjusted by gently bending the finger 
springs around the open end of the socket 20, 2) 
O-ring attachment; consisted of titanium ball head 
and metal retaining ring that contain groove or 
undercut area that hold O/ring around the ball head. 
O/ring is an elastomeric material usually made of 
silicone 21.

Compared to 2-implant overdentures, single 
implant overdentures were found to produce higher 
stresses to the peri-implant bone22. The factors that 
may affect biomechanical stress distribution around 
the implants and the retention value of the prosthesis 
for single implant overdentures including; type of 
attachment and implant geometry and material23. 
Therefore, proper selection of the attachment type 
for single implant overdenture is an important 
factor as it may affect stress distribution at peri-
implant bone24, overdenture retention and patient 
satisfaction25.

An important criterion of the implant success 
is the assessment of crestal bone loss around the 
implants1. Also, patient reported outcomes are 
very useful in the success of overall overdenture 
treatment26, 27. Among the most common patient 
reported outcomes are patient satisfaction and 
oral health-related quality of life7. The patient 
satisfaction in completely edentulous patients 
usually involves function and comfort outcomes 
such as satisfaction with retention and stability, 
phonetics, comfort, mastication, appearance and 
social activity which are evaluated using self-
administered questionnaires.7, 28

Reviewing the literature, the clinical efficacy 
of single implant overdentures was reported in 
previous studies regarding high survival rate of 
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the implants29, improvement of oral health-related 
quality of life10, 30, acceptable marginal bone loss30, 
improved masticatory performance31 and maximum 
bite force, and acceptable incidence of prosthetic 
adjustments32. Previous studies showed that single 
implant overdentures can significantly improve 
patient satisfaction compared to conventional 
mandibular dentures33, 34. However, no studies were 
concerned with evaluation of marginal bone loss 
around implants and patient satisfaction with the 
ball and socket (Dalbo) and O-ring attachments. 
Therefore, the aim of the present randomized 
trial was to evaluate crestal bone loss and patient 
satisfaction of ball and socket and O-ring 
attachments used to retain single implant-retained 
mandibular overdenture after one year. The null 
hypothesis was that there will be no difference in 
the tested outcomes between the two attachments.

MATERIALS AND METHODS

Patient cohort and study design 

Twelve completely edentulous patients (6 men 
and 6 women, mean age =57.6±4.5 years) with 
maladaptive capacity of mandibular conventional 
denture were recruited for this randomized 
trial from the outpatient clinic of Prosthodontic 
Department of  College of Oral and Dental Surgery 
of Misr University for Science and Technology . All 
patients were unsatisfied with retention and stability 
of their mandibular overdentures. The inclusion 
criteria are; 1) complete maxillary and mandibular 
edentulism for at least one year with desire to 
replace mandibular overdenture with implant-
retained overdentures, 2) sufficient bone height 
and width in the symphysis of the mandible to 
receive implant of at least 9mm in length and 3.7 in 
diameter as verified by preoperative diagnostic cone 
beam CT. 3) sufficient restorative space (at least 
10mm from the occlusal plane of the mandibular 
denture to the mucosa), 4) healthy mucosa without 
soft tissue abnormalities. Exclusion criteria include; 

1) any systemic disease that affect osteointegration 
such as diabetes mellitus, and hyperparathyroidism, 
2) diseases that may contraindicate implant surgery 
such as bleeding disorders, radiation to head and 
neck region, 3) bad habits such as bruxism and 
smoking, 4) patients under immunosuppressive or 
systemic biphosphate drugs, 5) neuromuscular or 
TMJ disorders, 6) uncooperative patients or patients 
who will be unable to attend the follow-up visits 
regularly. Each patient was provided with a copy 
of protocol and objectives of the research, and each 
patient was asked to sign an informed consent for 
participation. The study was conducted according 
to Helsinki guidelines for ethics in the present 
study and was approved by the college local ethical 
committee. 

The existing dentures were carefully assisted for 
fitness, border extensions, aesthetics and occlusal 
relationships. If needed, new conventional maxillary 
and mandibular dentures were constructed using 
the bilateral occlusal balanced concept (using 
semi-anatomic teeth), with freedom in centric and 
eccentric occlusal contacts. Dentures were delivered 
to the participants, and they were instructed to wear 
the dentures for 30 days. This period was considered 
enough for functional adaptation and adjustment 
of the dentures if needed6. All patients received 
single implant in the midline of the mandible using 
standardized two stage surgical approach. Three 
months later, the patients were randomly assigned 
into two groups using computer generated numbers 
generated in Excel sheet (using RAND command) 
by independent observer. Each patient received 
a number. Randomization and allocation were 
performed to ensure equal gender distribution in 
each group.  Group 1 (control group); included 
six patients (3 men and 3 women) for whom the 
mandibular dentures were connected to the implant 
using ball and socket attachment. Group 2 (test 
group); included six patients (3 men and 3 women) 
for whom the mandibular dentures were connected 
to the implant using O/ring attachment. 
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Surgical and prosthetic procedures  

The patient’s existing mandibular denture was 
duplicated into heat cure clear acrylic resin to be 
used as a radiographic template. Gutta purcha 
radiopaque markers were attached at midline of 
the denture. Cone beam computerized tomography 
was performed to evaluate bone quantity and 
quality in this area, detect the proper implant length 
and diameter, evaluate alveolar bone inclination 
at midline and detect lingual concavities, and 
determine proximity to vital structures (lingual 
artery, submental artery and nerves and branches 
of incisive canals). The radiographic template was 
then converted to surgical template by attaching 
metal tubes at midline of the denture (at proposed 
implant position). A single implant (length ranged 
from 9-13mm, and width ranged from 3.7 - 4.2mm, 
Tiologic, Dentaurum, Germany) was inserted and 
the midline of the mandible using standardized 
submerged surgical approach by the same blind 
oral and maxillofacial surgeon. The conventional 
implant loading was performed as recommended 
by Cordioli, et al10. A limited crestal incision was 
performed in the midline area of the mandible, and 
minimal flap reflection was made to expose the 
alveolar crest of the ridge (fig. 1). If sharp alveolar 
crest or knife edge ridge exists, bone recontouring 
or flattening was performed using crestal osteotome 
to provide at least 1mm of bone buccal and lingual 

to the implant. Implant osteotomy was performed 
using sequential drills of increasing diameters. 
If very dense bone exists, countersinking was 
performed using countersinking drills. After implant 
insertion the flap was closed using interrupted 
sutures (Vicryl, 0000). 

The mandibular denture was relieved over the 
implant area and relined using a tissue conditioning 
lining material (COE soft, GC America). Postoperative 
medications included antibiotics (Augmentin, 1gm, 
twice daily), mouthwash (chlorhexidine 0.2%, 3 
times daily), analgesics (Ibuprofen 400 mg) and 
anti-inflammatory medications (Alphintern, 3 times 
daily). All medications were continued for 7 days 
post surgically.  The second stage surgery was 
performed three months after implant placement. 
Healing abutment connected to the implants and the 
denture base was relined over the healing abutment 
for two weeks, then soft liner was replaced by hard 
acrylic resin reline in the dental laboratory.   

    For both groups, ball abutments (size = medium, 
gingival height = 3mm; ball diameter = 2.25 mm, 
Tiologic, Dentaurum, Germany) were connected to 
the implant at 25 Ncm torque. Plastic circular shim 
was snapped over ball abutment to reenter the metal 
housing of the ball vertically and prevent excess 
acrylic resin from entering the undercuts around 
the ball (fig. 2). Small circle rubber dam sheet was 
positioned around the ball abutments to prevent 

Fig. (1) Flap design Fig. (2) Ball abutments screwed to the implant fixtures
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contact of acrylic resin with the abutments which 
may cause unwanted occlusal overloading of the 
implants. 

The metal housing of the ball and socket 
attachment (control group) consisted of outer 
matrix that is attached to the fitting surface of the 
overdenture during the pick-up procedure, and the 
inner matrix (Unor Ecco Au / Pt standard, approx. 
800 g, Dentaurum, Germany) that is attached to 
the fitting surface of the outer matrix. The inner 
matrix has 4 lamellae to enable matrix activation 
if the retention is lost. The metal housing of O/
ring attachment consisted of metal base that is 
attached to the fitting surface of the overdenture 
and inner interchangeable elastic rubber O/rings 
(Nitryl, Dentaurum, Germany) that is enclosed 
within undercut in the metal base. For both groups, 
the mandibular dentures, the metal housings were 
snapped over ball abutments, and the mandibular 
dentures were sufficiently relieved over the housing 
and preparation for pick-up procedure. Care must 
be taken to avoid contact of the metal housing to 
the acrylic resin of the dentures. Lingual vent holes 
were drilled in the lingual flange of overdenture to 
permit escape of excess acrylic resin. The metal 
housings were picked up to the fitting surface of the 
mandibular overdenture using self-cure acrylic resin 
while the patient holding the dentures in centric 
occlusion under moderate occlusal pressure. The 
dentures were removed, excess acrylic resin was 
removed and dentures were finished and polished 
(Fig. 3). Necessary occlusal adjustments were 
performed to ensure simultaneous and homogenous 
occlusal contact in centric and eccentric positions. 
No metal reinforcement of the denture bases was 
performed for both groups. The dentures were 
delivered to the participants, and oral hygiene 
instructions were given to the patients. Follow-up 
visits were scheduled to collect study outcomes. All 
prosthetic procedures were performed by the same 
prosthodontist who cannot be blinded. 

Evaluation of study outcomes

Evaluation of crestal bone loss

The peri-implant crestal bone loss was evaluated 
at mesial, distal, buccal and lingual aspects of each 
implant using cone beam computerized tomography 
(CBCT i-CAT device; Imaging Sciences Intl, 
Hatfield, USA) according to the procedure 
described by Elsyad et al35, 36. Marginal bone height 
was evaluated at baseline (after loading), 6 and 
12 months later. The scanning parameters were 
standardized for all participants (field of view 
[FOV], 8 cm8 cm; voxel size, 0.125 mm; 120 
kVp; 5 mA; 23 Seconds)37. The CBCT scans were 
downloaded on a compact disc for each participant. 
The software of the CBCT (OnDemand3DApp 
Software; CyberMed Inc) was used for measurement 
of marginal bone height. In the occlusal view 
window, the curvature tool was used to follow 
the crest of the alveolar ridges mesiodistallty at 
midline and to bisect the implant in the mesiodistal 
direction. The software reformates the images in 
panoramic window to allow evaluation of marginal 

Fig. (3):  A. Control group, metal socket attached to the fitting 
surface of the denture, B. Study group, O/ring attached 
to the fitting surface of the denture. 
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bone height at mesial and distal surface of each 
implant (Fig.4a). In the occlusal view, the implant 
was bisected buccolingually to allow evaluation of 
marginal bone height at buccal and lingual implant 
surfaces in the cross-section window (Fig.4b). 
Marginal bone height was evaluated as a vertical 
distance (in mm) from the implant platform to the 
first bone to implant contact36. Crestal bone loss 
was calculated as the difference in marginal bone 
height recorded at visits (6 months and 12 months) 
from marginal bone height recorded at baseline 
(after loading). The crestal bone loss at mesial and 
distal, buccal and lingual surface of each implant 
was averaged for each implant and the mean was 
subjected to statistical analysis. 

Evaluation of patient satisfaction

For both groups, patient satisfaction was evalu-
ated using questionnaire of visual Analogue Scales 
(VAS) six months after loading. This questionnaire 
is valid and reliable tool for measuring patient sat-
isfaction38, 39 and was given to the patients in Arabic 
version. The validity of the Arabic version was test-
ed in previous studies27, 40. Each patient was asked 
to make a mark in a horizontal line (graduated from 
0 to 100) to denote the level of his satisfaction with 
particular item. The items include; satisfaction with 

mandibular dentures regarding retention, stabil-
ity, speech, socializing, embarrassment, handling, 
chewing, oral hygiene, occlusion, and quality of bo-
lus (Fig. 5).

1)  Retention:  To what  degree are  you  satisfied  with  the 

retention  of your  mandibular  prosthesis?”

2) Speech:  “To  what degree are  you satisfied with speech?

3) Socializing: To what degree are you satisfied with 

socializing?

4) Stability: To what degree are you satisfied with the stability  

of  your mandibular prosthesis?

5) Embarrassment: Degree of embarrassment?

6) Handling: To what degree are you satisfied with handling 
?

7)  Ease of chewing: Degree of satisfaction with chewing?

8) Ease of cleaning : To what degree are you able to clean 

your mandibular prosthesis ?

9) Occlusion: To what degree are you satisfied with the 
occlusion of your prosthesis?

10) Quality of bolus: Degree of satisfaction with quality of 
bolus before swallowing?

Fig. (5)  Items included in the Visual Analogue Scales (VAS) 

questionnaire

Statistical analysis

The data was analyzed using the SPSS statistical 
package version 22 (SPSS Inc., Chicago, IL, USA). 
To detect the normal distribution of data, Shapiro-
Wilk test was used. The data of crestal bone loss 
was parametric and presented by mean± standard 
deviation. The data of patient satisfaction was non-
parametric and presented as median (minimum-
maximum). Comparison of crestal bone loss 
between groups was performed by student t-test 
and between observation times was performed by 
paired t-test. Comparison of patient satisfaction 
data between groups was performed using Mann-
Whitney test. P is significant if < 0.05 at confidence 
interval 95%.

Fig. (4). Evaluation of marginal bone height, a) at mesial and 
distal surface of each implant in the panoramic images, 
b) at buccal and lingual surface of each implant in the 
cross-sectional images
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RESULTS

All the patients attended the follow-up visits with 
dropouts. After 12 months of overdenture insertion, 
the implant survival rate was 100% in both groups. 
No implant failures occurred in both groups. Two 
patients in the ball and socket group had denture 
fractures at midline opposite to the attachment. The 
dentures were repaired and metal reinforcement 
skeleton was constructed around the attachment. No 
denture fractures occurred in the O-ring attachment 
group.

Comparison of crestal bone loss between ball 
and socket and O/ring attachments at 6 and 12 
months after insertion is presented in table 1. The 

mean crestal bone resorption after one year was 
1.15±.36 mm and .86±.23 for ball and socket and 
O/ring attachments respectively. There was a 
significant difference in crestal bone loss between 
groups and between observation times.  After six 
months of insertion, ball and socket attachment 
recorded significant higher crestal bone loss than 
O-ring attachment (p=.031). Also, after 12 months 
of insertion, ball and socket attachment recorded 
significant higher crestal bone loss than O-ring 
attachment (p=.021). Comparing observation times 
reveal that crestal bone loss after 12 months with 
significantly higher than bone loss after 6 months for 
both groups (p=.001 for ball and socket attachment, 
and p=.003 for O/ring attachment). 

TABLE (1) Comparison of crestal bone loss between ball and socket and O/ring attachments and between  
6 and 12 months after insertion 

6 months after insertion 12 months after insertion Paired samples t-test
P valueMean St deviation Mean St deviation

Ball and socket .85 a .19 1.15 a .36 .001*

O/ring .54 b .16 .86 b .23 .003*

Student t-test
P value

   .031*  .021*

*p is significant at 5%

TABLE (2) Comparison of medians of patient satisfaction (VAS in mm) for each question between ball and 
socket and O/ring attachments

Ball and socket O/ring Mann-
Whitney test Question M(min-max) M(min-max)

1 Degree of satisfaction with retention of mandibular overdenture 85(70-95) 80(65-90) .027*
2 Degree of satisfaction with stability of mandibular overdenture 90(75-95) 78(60-85) .001*
3 Degree of satisfaction with speech 82(78-95) 74(70-85) .040*
4 Degree of satisfaction with socialization 85(70-90) 83(65-90) .257
5 Degree of embarrassment 70 (50-80) 73(55-83) .124
6 Degree of satisfaction with handling of mandibular overdenture 86(73-91) 83(74-90) .367
7 Degree of satisfaction with chewing 91(79-95) 82(71-92) .015*
8 Ability to clean the mandibular prosthesis 91(75-95) 90 (77-94) .654
9 Degree of satisfaction with occlusion of the prosthesis 88(80-91) 80(69-90) .042*
10 Degree of satisfaction with quality of bolus before swallowing 84(73-89) 77(70-84) .031*

*p is significant at 5%
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Comparison of medians of patient satisfaction 
(VAS in mm) for each question between ball and 
socket and O/ring attachments is presented in  
table 2. There was no significant difference between 
ball and socket and O/ring attachments regarding 
degree of satisfaction with socialization, degree of 
embarrassment, degree of satisfaction with handling 
of mandibular overdenture and ability to clean the 
mandibular prosthesis. Ball and socket attachment 
recorded significant higher patient satisfaction 
regarding retention (p=.027) and stability (p=.001) 
of mandibular overdenture, satisfaction with speech 
(p=.040), satisfaction with chewing (p=.015), 
satisfaction with occlusion of the prosthesis 
(p=.042), and satisfaction with quality of bolus 
before swallowing (p=.031) than O/ring attachment.

DISCUSSION

In this study, crestal bone loss was measured after 
6 and 12 months as it has been well documented in 
the literature that amount of the implant bone loss 
occurred in the first year after implant loading41. 
Moreover, patient satisfaction was measured after 
6 months to avoid activation or replacement of 
retentive elements that might give due to the wear of 
the retentive element. This wear is usually of occur 
after 6 months of denture use42-44, and its retentive 
elements were activated or replaced, this will 
introduce a variable that affect the retentive forces 
of the attachment, and consequently affect patient 
satisfaction. In this study cone beam computerized 
tomography was used to evaluate peri-implant crestal 
bone loss instead of the conventional periapical 
radiography as it provides more information about 
crestal bone loss that occur in the buccal and lingual 
surface of the implants in addition to mesial and 
distal surface. Moreover, it is easy to perform 
even with elevated floor of the mouth that may 
interfere with placement of film holder if periapical 
radiographs are used. Moreover, cone beam CT has 
no magnification or distortion. The use of CBCT 
in measuring bone resorption around implants was 
recommended by other investigators36, 45 .

The implant survival rate was 100% in both 
groups. The high survival rate in both groups 
could be attributed to the high bone density in the 
interforaminal area of the mandible which pro-
vides sufficient primary stability of the implants. 
Moreover, the delayed loading protocol utilized 
in this study decreased implant micromotion 
and minimizes overloading of the implants dur-
ing the critical healing period after implant inser-
tion46. The increased survival rate of the implants 
in this study concurred with the results of other  
studies10, 47 in which the authors reported 100% 
survival rate for single implants using the conven-
tional loading protocols. In contrast, Coutinho et 
al.8 reported 88.9% survival rate for single implants 
retaining a mandibular overdenture with O/ring at-
tachment. This reduced survival rate could be at-
tributed to the immediate loading protocol utilized 
by Coutinho and associates which may result in in-
creased implant failures. 

Two patients in the ball and socket group 
had denture fractures at midline opposite to 
the attachment which were repaired by metal 
reinforcement skeleton and no denture fractures 
occurred in the O-ring attachment group. The 
midline denture fractures were reported as the most 
frequent complication associated with single implant 
overdentures 12, 13. The denture fractures are located 
in the area of the attachment due to inadequate 
thickness of acrylic resin around the attachments. 
The increased denture fracture in the ball and socket 
group may be due to the fact that metal socket directly 
contacts the ball without intervening  spaces. This 
creates a fulcrum when the patient exerted occlusal 
forces on posterior teeth during mastication and 
the denture rotates around this fulcrum. This may 
create crack initiation and propagation in the thin 
area of the acrylic resin around the ball and socket 
attachment with subsequently denture fracture48, 49. 
The absence of denture fracture in the O/ring group 
could be attributed to the space present between the 
metal housing and the ball attachment which allow 
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the dentures to settle toward the mucosa during 
mastication rather than forming a fulcrum. 

The mean crestal bone resorption after one 
year was 1.15±.36 mm and .86±.23 for ball and 
socket and O/ring attachments respectively. These 
values are located within the normal limit of crestal 
bone loss reported in the literature that locator do 
during the first year41. However, Cordioli et al. 
reported 1.42 ± 0.56 mm crestal bone loss for single 
implant overdentures with O/ring attachment after 
60 months. The difference in the results would be 
attributed to the different evaluation periods and 
different techniques used for evaluation of crestal 
bone loss. Crestal bone loss significantly increased 
from 6 months to 12 months. This unavoidable 
time dependent bone loss could be attributed to 
bone response to healing process and loading. 
Similarly, Coutinho et al. 8 reported a progressive 
marginal bone loss from baseline to all subsequent 
follow-ups for single implant retaining mandibular 
overdentures. 

Ball and socket attachment recorded significant 
higher crestal bone loss than O-ring attachment. The 
increased peri-implant bone resorption with ball and 
socket attachments may be due to ball attachments 
absorbed most of the applied stresses as there is no 
space between the ball and the sockets as stated 
previously, thus a fulcrum was created over the 
ball and the denture rotates around the ball during 
mastication. This will transfer more stresses to the 
implant and may be responsible for increasing bone 
loss. Moreover, ball and socket attachment enhance 
bracing and increase stability by preventing lateral 
movement of the denture, therefore a lever arm is 
created which enhance stress concentration in the 
bone surrounding the implant50. In addition, the 
increased modulus of elasticity of the metal socket 
could contribute to the increased stresses on the ball 
abutments and the implants. 

In contrast, O/ring attachment has a space present 
between the metal housing and the ball attachment 

which allow the dentures to settle toward the mucosa 
during mastication rather than forming a fulcrum as 
stated previous, consequently the stresses transmitted 
to the ball abutments are reduced. Moreover, O/ring 
attachment is totally resilient as it provides a wide 
range of movement, and allows denture movement 
in six different directions 51. In addition, the reduced 
elastic modulus of the O/ring attachments reduced 
stresses transmitted to the ball abutment, and 
enhance loading of the residual ridge mucosa23. O/
rings also provide vertical and rotational resiliency 
(totally stress breaking action), and transmitting 
reduced force to implant components23. Klemetti et 
al52 added that O/ring incorporated into the denture 
base can reduce shock, pressure and torque on the 
implants. The reduced stresses to the implants are 
associated with reduced crestal bone loss. 

Ball and socket attachment recorded significant 
higher patient satisfaction regarding retention and 
stability of mandibular overdenture than O/ring 
attachment. The increased retention and stability 
with ball and socket attachment could be attributed 
to the design of the ball and socket which consisted 
of platinized gold socket that contact the ball without 
space inter-between. The lateral flanges of the 
socket contact the ball firmly thus provide excellent 
retention and stability without lateral (side to side) 
movement. The reduced patient satisfaction with 
retention and stability of O/ring attachment may 
be due to the high freedom of rotation and vertical 
resiliency provided by this type of attachment which 
reduces the retentive capacity. In line with this 
explanation, Chen et al. 53 reported that, the least 
retentive components (O/ring) offer greater rotation 
than the most retentive components (ERA) for single 
attachments. The reduced retention and stability of 
the O/ring attachment could be attributed to the 
wear, deformation of the O-ring rubber matrix54. 
With our findings, Scherer et al.55 found that ball 
attachment produced the highest levels of retention 
and stability than O-Ring attachment. 
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Ball and socket attachment recorded significant 
higher patient satisfaction regarding speech and 
occlusion of the mandibular overdenture than 
O/ring attachment. The increased retention and 
stability of ball and socket attachments provide 
stable occlusal plane, and limits wide movement 
of the dentures during the speech. In contrast, the 
freedom of denture movement provided by O-ring 
attachment during speech may enhance movement 
of the distal extensions of the dentures during 
speech and may alter the occlusal relation56. This 
could be responsible for reduced patient satisfaction 
with the speech and occlusion when using O-ring 
attachments. The reduced patient satisfaction with 
speech when using O/ring attachments for single 
implant overdenture was in line with the finding 
of another study10 in which the authors reported 
also overall decrease in patient satisfaction with 
overdentures after 5 years compared to baseline.  

Ball and socket attachment recorded significant 
higher patient satisfaction regarding chewing and 
quality of bolus than O/ring attachment. Again, 
the increased retention and stability with ball 
and socket provides a stable occlusal plane, thus 
enhance adequate chewing and transmit masticatory 
forces vertical to the implants. This will increase 
the ability to grind the food during mastication 
and the denture has support from the implant. In 
contrast O-ring attachment provides more denture 
movement during mastication and the denture is 
totally supported by the mucosa. The increased 
patient satisfaction with chewing when ball and 
socket attachment was used agreed with the results 
of another study57 in which the authors found that 
ball and socket attachment achieved a high muscle 
activity. The increased chewing ability with ball and 
socket could be responsible for producing a bolus of 
food with high quality.

The increased patient satisfaction with Ball 
and socket for single implant overdenture was 
in agreement with another study58 that reported 
significant increase in patients’ subjective 
satisfaction and a significant decrease in complaints 

after 1.5 year when symphyseal implant was used 
for anchorage of the mandibular complete denture 
with ball and socket attachment. The decreased 
patient satisfaction with O-ring attachment in this 
study was reported compared to ball and socket 
attachment. However, in other studies5, 59, O-ring 
attachment showed significant improvement in 
patient perceived outcomes (patient satisfaction 
and oral health-related quality of life) compared to 
conventional dentures.

CONCLUSION

Within the limitation of short-term randomized 
trial, O/ring attachment is recommended than 
ball and socket attachment for single implant 
mandibular overdentures in term of peri-implant 
bone preservation. However, ball and socket 
attachment were associated with significant higher 
patient satisfaction than O/ring attachment. 
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