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Abstract
Objectives  Mini implant retained overdentures have been treated in edentulous patients with promising long-term 
results. However, various attachment systems in this process remain insufficiently investigated. This systematic review 
and meta-analysis aimed to compare the effects of the ball and other attachments used in mini-implant overdentures. 
Marginal bone loss, bite force, implant survival rate, prosthetic maintenance, and complications were assessed.

Materials and methods  A systematic search was conducted across PubMed, Cochrane Library, and Scopus 
databases until 25th February 2025. This systematic review aimed to find studies that compare ball attachments 
with other attachment systems in mini dental implant (MDI) overdentures. The primary outcome was marginal bone 
loss, while the secondary outcomes were maximum bite force, implant survival rate, prosthetic maintenance, and 
complications. The risk of bias was assessed using the Cochrane risk-of-bias tool for RCTs, and a quantitative meta-
analysis was performed.

Results  Of the 561 publications, six randomized clinical trials (101 participants, 234 mini-implants) met the inclusion 
criteria. Risk of bias assessment revealed three studies with a low risk of bias and three studies with some concerns 
for risk of bias. There was no significant difference in the marginal bone loss between the ball attachments and 
others (WMD = 0.15, 95% CI -0.50 to 0.81, p = 0.65), though ball attachments performed better than telescopic ones 
(P < 0.05) in subgroup analysis. No significant difference in bite force was found (WMD = -5.29, 95% CI -33.46 to 22.87, 
p = 0.71). Two-year survival rates were 90.9% for ball and 97.8% for bar attachments. The ERA® (Extra-Coronal Resilient 
Attachment) group required five interventions (sore spot adjustments, relining, nylon replacements), while the ball 
attachment group required only two (denture repair, nylon cap replacement) over the one-year follow-up period.

Conclusions  Within the limitations of the study, it can be concluded that ball, bar, and ERA® attachments yield similar 
outcomes in marginal bone loss while telescopic attachments show more statistically significant marginal bone loss 
(p < 0.05). The type of attachment does not significantly affect maximum bite force.

PROSPERO registration number  CRD42024610018.
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Introduction
Two-implant retained overdentures are a widely recog-
nized approach for rehabilitating mandibular edentulism, 
improving function and patient satisfaction [1–3]. Nev-
ertheless, bone resorption after tooth loss often compli-
cates conventional implant (CDI) placement, particularly 
in elderly or medically compromised individuals [4, 5]. 
Mini dental implants (MDIs), which are less than 3 mm 
in diameter, provide a viable alternative for atrophic alve-
olar ridges [6]. The Glossary of Oral and Maxillofacial 
Implants (GOMI) defines MDIs as “dental implants made 
from biocompatible materials comparable to conven-
tional implants but with reduced dimensions” [7]. First 
introduced in 1994 and later approved by the FDA for 
both temporary and long-term use, MDIs are now widely 
applied in prosthodontics [8–10].

One critical factor in assessing MDIs’ success is mar-
ginal bone loss (MBL), as it directly impacts implant 
stability and longevity [11]. Studies have shown that 
MDI-supported overdentures exhibit favourable MBL 
outcomes [12, 13], with Aunmeungtong [14] reporting 
less MBL in MDIs than CDI overdentures. Monitor-
ing MBL is crucial for assessing implant performance 
and identifying complications such as peri-implantitis 
and implant failure [15]. Therefore, optimizing MBL 
outcomes is essential for the long-term success of MDI 
overdentures.

Beyond MBL, survival rates, bite force, and prosthetic 
maintenance influence MDIs’ efficacy. While MDIs 
offer a cost-effective and minimally invasive alterna-
tive for edentulous mandibles, their limited fatigue frac-
ture resistance restricts them to removable prostheses 
[16, 17]. A systematic review by Jawad [18] reported a 
95.63% survival rate for MDI overdentures, while Schieg-
nitz [19] found a similar rate of 94.7% for narrow-diam-
eter implants (NDIs). Additionally, MDI overdentures 
enhance bite force and chewing efficiency, contributing 
to greater patient satisfaction [20]. Moreover, long-term 
success also depends on effective prosthetic maintenance 
to manage wear and retention loss [21, 22].

Overdenture success is influenced by attachment 
selection, surgical techniques, and implant positioning 
[23]. Attachment choice depends on intraoral anatomy, 
cost, retention needs and patient preferences [24–26]. 
Attachments are broadly categorized as splinted or non-
splinted systems [27]. Splinted systems use bars to con-
nect implants, securing overdenture with clips or other 
components [28, 29]. Non-splinted systems include 
balls/O-rings, Locator, ERA® (Extra-Coronal Resilient 
Attachment), magnets, or crowns [30]. Among them, 
ball attachments remain popular for their simplicity and 
benefits in distributing loads on implants [31, 32]. Over 
time, they have surpassed bars due to cost-effectiveness, 
minimal prosthetic space requirements, and ease of 

hygiene maintenance [33, 34]. Biochemically, different 
attachment systems exhibit varying degrees of resilience, 
influencing stress distribution and peri-implant bone 
adaptation, particularly in the critical first year of loading 
[35–41]. Therefore, understanding whether attachment 
design impacts MBL in MDIs is essential.

While conventional implant studies suggest that 
attachment type does not significantly affect peri-implant 
bone resorption [42, 43], its impact on MDIs remains 
unclear due to their unique biomechanics. Most sys-
tematic reviews on MDIs primarily compare them to 
standard-diameter implants, focusing on survival rates, 
bone loss, and patient satisfaction, but often overlook 
variations in attachment mechanisms. For instance, 
Lemos’ review evaluated MDIs for complete overden-
tures but did not investigate differences in attachment 
designs [44]. Similarly, Borges’ review compared MDIs 
to standard implants regarding complications and clini-
cal outcomes but did not specifically address attachment 
variations within MDIs systems [45]. Therefore, this sys-
tematic review aims to fill this gap by assessing the influ-
ence of ball attachments versus other systems on clinical 
outcomes, including MBL, bite force, implant survival, 
prosthetic maintenance, and complications in MDI-sup-
ported overdentures.

Materials and methods
This systematic review was conducted in adherence to 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines [46, 47]. This 
review’s protocol was registered in PROSPERO under 
the registration number CRD42024610018. The objec-
tive of this review was to compare the ball attachment 
with other attachment systems in MDI overdentures. Eli-
gible study designs included randomized controlled trials 
(RCTs), controlled clinical trials (CCTs) or comparative 
retrospective or prospective cohort studies with a mini-
mum follow-up period of one year.

Following the Centre for Evidence-Based Medicine 
guidelines, the PICO framework was used to formulate 
the research question: “In edentulous individuals requir-
ing mandibular mini implant-retained overdentures (P), 
how does the use of ball attachments (I) compare to other 
attachment systems (C) influence marginal bone loss 
(MBL), maximum bite force, implant survival rate, pros-
thetic maintenance and complications (O)?”

Population (P)  Individuals in optimal overall health with 
an edentulous mandible necessitating the placement of 
MDI overdentures.

Interventions (I)  Ball attachments used in MDI 
overdentures.
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Comparison (C)  Other attachments rather than ball 
attachments used in MDI overdentures.

Outcomes (O)  The primary outcome was marginal bone 
loss.

Maximum bite force, survival rate, prosthetic mainte-
nance and complications were the secondary outcomes.

Time (T)  Studies with a minimum follow-up period of 
one year.

Study design (S)  Randomized controlled trials (RCTs), 
controlled clinical trials (CCTs) and comparative retro-
spective or prospective cohort studies.

Search strategy
A comprehensive literature search was performed using 
three electronic search platforms: PubMed, Scopus and 
Cochrane Library. The search was conducted up to Feb-
ruary 25th, 2025, to ensure the inclusion of the most 
recent studies. No restrictions were applied regard-
ing language, publication year, or study type. Both free-
text keywords and Medical Subject Headings (MeSH) 
terms were utilized to maximize the retrieval of relevant 
studies.

The search technique was designed in accordance with 
each database and constructed according to the PICO 
approach as shown in Table  1. Additionally, manual 
searches were conducted on the reference list of included 
studies and the relevant systematic reviews related to 
MDIs for possible additional studies. Moreover, an addi-
tional search was implemented in Google Scholar for the 
analysis of grey literature with the purpose of minimizing 
publication bias.

Finally, the screening and search terms were per-
formed using a Boolean combination of the following 
terms; (mini-implant* OR “mini dental implant*” OR 
“mini implant*”) AND (overdenture* OR “over den-
ture*” OR over-denture*) OR (“complete denture*” OR 
“full-lower denture*” OR “full lower denture*”) AND 
(attachment* OR attach* OR “precision attachment*”) 

OR (ball* OR bar OR magnet* OR splint* OR telescopic 
OR " double crown*” OR locator* OR equator*) AND 
(“clinical outcome*”) OR (“marginal bone loss*”)) OR 
(“maximum bite force*”) OR (“implant survival rate*”) 
OR (“prosthetic maintenance and complication*”) AND 
(“Mandible“[Mesh]).

Study selection
Inclusion criteria

 	• Randomized controlled trials (RCTs), controlled 
clinical trials (CCTs), comparative retrospective or 
prospective investigations, or cohort studies with 
adult human participants who wear mandibular 
overdentures retained by MDIs.

 	• Studies at least a follow-up of 1 year.
 	• Research that had been written in English.
 	• Outcomes reporting details about marginal bone 

loss, survival rates, maximum bite force, prosthetic 
maintenance and complications with various 
attachments in a mini dental implant mandibular 
overdenture.

Exclusion criteria

 	• Research investigated partial removable prostheses 
supported by implants.

 	• Studies that specified dental implants over 3 mm in 
diameter.

 	• Studies including mini-implant overdenture 
attachment in the maxillary arch.

At first, a systematic review software application (Rayyan 
Web) [48] was employed to eliminate duplicate entries. 
Two investigators (Z.H., P.P.) independently examined 
the headings and abstracts of every research study gath-
ered through computerized searches. The full text was 
gathered for papers that satisfied the inclusion criteria 
or lacked sufficient information upon abstract review for 
offering a definitive judgment. Two investigators (Z.H., 
P.P.) independently assessed an in-depth paper obtained 
from several electronic and alternative search methodol-
ogies to ascertain if the studies fulfilled the eligibility cri-
teria. Conflicts were resolved through discussion. A third 
investigator (P.K.) was consulted when a resolution could 
not be attained.

Data extraction
Systematic data extraction from the included reports 
was conducted, and two assessors (Z.H. and P.P.) inde-
pendently verified the data. In the event of discrepan-
cies during the extraction process, a third assessor (P.K.) 
was consulted, and resolution was achieved through 
consensus discussion. Peri-implant marginal bone loss 

Table 1  Construction of search terms according to PICO format
Patient (mini-implant* OR “mini dental implant*” OR 

“mini implant*”) AND (overdenture* OR “over 
denture*” OR over-denture*) OR (“complete 
denture*” OR “full-lower denture*” OR “full 
lower denture*”) AND (“Mandible“[Mesh])

Intervention and 
comparison

(attachment* OR attach* OR “precision 
attachment*”) OR (ball* OR bar OR magnet* 
OR splint* OR telescopic OR " double 
crown*” OR locator* OR equator*)

Outcome (“clinical outcome*”) OR (“marginal bone 
loss*”)) OR (“maximum bite force*”)) OR 
(“implant survival rate*”) OR (“prosthetic 
maintenance and complication*”)
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or change (MBL) was the primary outcome. Secondary 
outcomes were implant survival rate and maximum bite 
force, prosthetic maintenance and complications.

The following data were collected from the included 
full-text studies:

 	• The first author’s name and the publication year.
 	• Research design.
 	• Number and age of individuals taking part.
 	• Dimension, length and manufacturer of inserted 

MDIs.
 	• Kind of attachment.
 	• Type of loading.
 	• Radiographic method.
 	• Duration of follow-ups.
 	• Outcomes.

Quality assessment
The risk of bias was evaluated utilizing the Cochrane 
Risk of Bias Assessment Tool 2 (RoB 2.0) [49]. The ini-
tial author (Z.H.) assessed the selected papers, while the 
second author (P.P.) then examined any divergent view-
points about those works. The resultant evaluations were 
classified according to study methodologies as “Low risk,” 
“Some Concerns”, or “High risk” of bias, as seen in the 
following domains:

 	• Bias arising from the randomization process.
 	• Bias due to deviations from intended interventions.
 	• Bias due to missing outcome data.
 	• Bias in the measurement of outcome.
 	• Bias in the selection of the reported result.

Studies classified as low risk demonstrated a well-defined 
randomization process, a clearly described interven-
tion with minimal or no deviations, and little to no loss 
of follow-up. Additionally, they included appropriate, 
transparent measurement and reporting of outcomes. 
If any of these criteria were not fully met, the study was 
considered to have some concerns or a high risk of bias, 
depending on the level of uncertainty. The RoB 2 Excel 
tool was used to evaluate the overall risk of bias for each 
study, incorporating the reviewer’s critical judgment.

Data analysis
The meta-analysis was conducted by Z.H. and T.S. by 
utilizing RevMan (version 5.4) [50]. Means and standard 
deviations (SD) for marginal bone loss (MBL) and maxi-
mum bite force (MBF) were extracted from the stud-
ies included in the analysis. If a study reported MBL at 
multiple sites (mesial, distal, buccal, lingual), the overall 
mean was calculated, and the SD was pooled. When only 
an average value was provided, it was directly used for 
data analysis.

MBL data analysis
Three studies done by Jofre [54], Ghoneim [58], and Badr 
[59] measured MBL at multiple implant sites but pro-
vided an average MBL value, which was used directly in 
the analysis. Jofre reported a single averaged value, Gho-
neim provided both site-specific and averaged values 
(with the latter used), and Badr reported only an aver-
aged MBL value.

The fourth study, conducted by Borges & Shoeib [57], 
measured MBL at four implant sites but did not provide 
an overall mean or SD. To obtain these values, the mean 
was calculated by averaging the four site-specific values, 
and the pooled SD was determined using the pooled 
standard deviation formula to account for variability 
across sites.

For consistency with the inclusion criteria of a mini-
mum one-year follow-up, the data at 15 months were 
taken from the Jofre study [54], while the data at 12 
months were extracted from the Ghoneim [57], Borges 
[58], and Badr [59] studies. This ensured uniformity in 
the follow-up period across studies.

MBF data analysis
For the analysis of maximum bite force (MBF), the means 
and SD from each study were directly utilized. Data were 
extracted based on the study’s inclusion criteria, which 
required a minimum follow-up of one year. Specifically, 
for Jofre et al. [55], the data at 15 months were selected, 
as it was the closest follow-up time to one year. For Gho-
neim et al. [58], data at 12 months were used. While both 
studies measured MBF at multiple time points, only 
the data corresponding to the one-year follow-up were 
included to align with the study’s inclusion criteria.

Heterogeneity and statistical methods
To compare the ball attachment group with other attach-
ment types, weighted mean differences (WMDs) with 
95% confidence intervals (CIs) were calculated for these 
continuous outcomes. The I² index was used to assess 
heterogeneity, which reflects the percentage of variabil-
ity in the results due to heterogeneity rather than chance. 
The following thresholds were used to interpret I² values: 
25% for low heterogeneity, 50% for moderate, and 75% for 
high heterogeneity [51].

The results were derived using either a fixed-effect 
model or a random-effects model depending on the het-
erogeneity. A random-effects model was used when the 
I² value was 50% or higher, or when clinical heterogene-
ity (e.g., different measurement methods or follow-up 
durations) was present. A fixed-effects model was applied 
when no significant statistical or clinical heterogeneity 
was detected. Specifically, for marginal bone loss (MBL), 
a random-effects model was selected due to high sta-
tistical heterogeneity (I² = 99%), indicating substantial 
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variability among studies. For maximum bite force 
(MBF), although statistical heterogeneity was low (I² = 
23%), a random-effects model was applied due to notable 
clinical differences in measurement methods and follow-
up durations among studies. A p-value of < 0.05 was con-
sidered statistically significant. Forest plots were created 
to visually represent the meta-analysis results.

Subgroup analysis
Subgroup analysis was performed to explore how differ-
ent attachment types used in mandibular MDI-retained 
overdentures might influence the overall effect esti-
mate. This analysis aimed to determine whether specific 
attachment types contributed to variations in the overall 
outcomes.

Certainty of evidence
Utilizing the GRADE system [52], which distinguishes 
evidence quality as “high,” “moderate,” “low,” or “very 
low,” the evidence’s degree of certainty was assessed. This 
assessment is based on a variety of factors, including risk 
of bias, imprecision, inconsistency, and indirectness. The 
GRADEpro software was employed to generate a table 
that summarized the quality of the evidence [53].

Results
Search outcomes
A total of 561 articles were identified through searches 
across three databases. Duplicate citations were subse-
quently removed, leaving 524 studies for further evalua-
tion. A thorough assessment of the abstracts led to the 
exclusion of 491 additional articles, resulting in 33 studies 
being considered for full-text review. After screening the 
full texts, three studies met the inclusion criteria, while 
30 studies were excluded. Additionally, one study was 
selected from the reference lists of the included studies, 
and two studies were identified through Google Scholar. 
A total of six studies were determined to be appropriate 
for inclusion, with five studies suitable for quantitative 
analysis. All the included studies were randomized con-
trolled trials. No eligible controlled clinical trials (CCTs) 
or comparative cohort studies were identified. The 
research selection process, conducted in accordance with 
PRISMA guidelines, was outlined in Fig. 1.

Study characteristics
Six studies were eligible to be included [54–59] as shown 
in Table  2. All six included studies were randomized 
controlled trial designs. The initial three studies were 
authored by the same individual in the same publication 
year on the same population; however, all were consid-
ered due to their distinct outcomes: the first Jofre’s study 
[54] addressed marginal bone loss, the second study [55] 
examined maximum bite force, and the third investigated 

MDIs survival rate [56]. Therefore, the likelihood of data 
overlapping may be diminished.

All studies included follow-up durations minimum 
of 1 year; two studies [54, 56] had follow-ups of 2 years, 
one study lasted 15 months [55], and three investiga-
tions [57–59] extended up to 12 months. All experiments 
indicated immediate loading in each case regarding the 
loading methodology. Concerning the MDIs number, 
a total of 234 MDIs were distributed to 101 individuals. 
All studies employed two mini dental implants (MDIs) 
for the retention of mandibular overdentures, except for 
one study [59] that utilized four MDIs for denture reten-
tion. Four research studies [54, 57–59] provided data on 
the primary outcome of MBL, two studies [55, 58] offered 
results for maximum bite force, one study [56] presented 
findings on MDI survival rate and one [59] evaluated 
prosthetic maintenance and complications.

Quality assessment
Comprehensive explanations of the risk of bias in the 
included trials are presented in the “Risk of bias” fig-
ures, illustrated in Fig. 2a and b. Of the six selected stud-
ies, three exhibited some issues in their results [57–59], 
whilst three were assessed to have a low risk of bias [54–
56]. Due to the experimental character of the studies, it 
was difficult to blind participants and personnel.

The assessment of bias arising from the randomiza-
tion process indicates low risk in three studies by Jofre 
[54–56], as they were conducted with independent allo-
cation and random numbers, with no involvement from 
the surgeon or prosthodontist in patient assignment. 
In contrast, the studies by Borg [57] and Ghoneim [58] 
lacked a clear explanation of their randomization meth-
ods. In Badr’s study [59], although software was used for 
randomization, it did not provide adequate details for a 
thorough risk evaluation. Regarding bias due to devia-
tions from intended interventions, all studies were con-
sidered low risk, as they adhered closely to treatment 
protocols without noted deviations. The risk associated 
with missing outcome data was also low across all stud-
ies. Three studies [54–56] maintained clear documenta-
tion of participant randomization and reported dropouts 
that occurred in one group while retaining overall clar-
ity on participant follow-up. The other studies [57–59] 
reported no missing outcome data. In the domain of out-
come measurement, all studies were classified as low risk, 
offering clear descriptions of their measurement methods 
and demonstrating no significant discrepancies between 
intervention groups. Lastly, concerning bias in the selec-
tion of reported results, three studies [54–56] exhibited 
low risk by registering their protocols and outcomes on 
ClinicalTrials.gov, allowing for external verification. Con-
versely, the remaining studies [57–59] raised uncertain-
ties about reporting bias due to the absence of pre-trial 
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Fig. 1  PRISMA 2020 flow diagram illustrating the outcomes of the process
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protocols, potentially affecting the comprehensiveness 
and reliability of reported outcomes.

Qualitative synthesis
Regarding marginal bone loss (MBL), four studies 
assessed changes in bone levels over time using differ-
ent imaging techniques. Borg & Shoeib, Ghoneim et 
al., and Badr et al., [57–59] utilized CBCT (Cone-beam 
computed tomography) to evaluate crestal bone loss at 
four implant surfaces (distal, mesial, buccal, and lingual). 
Measurements were recorded at baseline, six, and twelve 
months, using standardized reference points. Borges & 
Shoeib [57] reported the highest bone loss at the buccal 
site and the lowest at the lingual site, with average values 
of 0.69 ± 0.32  mm for the ball group and 0.85 ± 0.2  mm 
for the bar group after 12 months. Similarly, Ghoneim 
et al., [58] documented 0.69 ± 0.05 mm for the ball group 
and 1.64 ± 0.09 mm for the telescopic crown group after 
12 months. Badr et al., [59] reported bone loss values of 
0.88 ± 0.24  mm for the ERA group and 0.92 ± 0.21  mm 
for the ball group in 12 months. In contrast, Jofre et al., 
[54] measured MBL using standardized periapical radio-
graphs and a digital caliper, assessing bone levels from 

the first implant thread to bone contact at mesial and dis-
tal sites with follow-ups at baseline, five, ten, fifteen, and 
twenty-four months. At fifteen months, the mean MBL 
was 1.34 ± 1.32 mm for the ball group and 0.80 ± 0.58 mm 
for the bar group. Additionally, Jofre et al., [54] classified 
51% of MDIs as exhibiting vertical bone loss and 49% as 
horizontal bone loss, providing further insights into bone 
loss morphology.

Maximum bite force (MBF) was evaluated in two stud-
ies (Jofre & Hamada and Ghoneim [55, 58]). In the Jofre 
study [55], MBF was recorded using a thin (98 μm) press-
sensitive Dental Prescale sheet at baseline (pre-surgical) 
and at 5, 7, 10, and 15 months. A progressive increase in 
MBF was observed in both groups over time, with val-
ues reaching 247.53 ± 132.91  N for the ball group and 
203.23 ± 76.85  N for the bar group at 15 months. Simi-
larly, Ghoneim [58] measured MBF at the molar and 
premolar regions on both sides using a portable occlusal 
force gauge. Measurements were taken at baseline, six, 
and twelve months. A significant increase in MBF was 
noted across all follow-up periods, with the highest val-
ues recorded at 12 months: 184.55 ± 6.53  N for the ball 
group and 184.50 ± 7.33 N for the telescopic crown group.

Table 2  A brief description of the included MDI studies
Study name & 
type

Number 
of pa-
tients& 
age

MDI length, 
diameter & 
Company

Follow-up Radio-
graphic 
Method

Type of 
attachment 
& loading 
condition

Outcome Parameters
MBL (mm)
MBF (N)
SR (%)

(Jofre et al., 
2010) [54]
RCT

45
NR

Ø1.8 × 15 mm
Sendax MDI, 
IMTEC

5,10,15, and 
24 months

Periapical
radiograph

Ball & Bar
Immediate

MBL, At 15 months, Ball = 1.34 ± 1.32 Bar = 0.80 ± 0.58
MBF (NR)
SR (NR)

(Jofre et al., 
2010) [55]
RCT

45
NR

Ø1.8 × 15 mm
Sendax MDI, 
IMTEC

5,7,10, 15 
months

Ball & Bar
Immediate

MBF,
At 15 months Ball = 247.5 ± 139.9 Bar = 203.2 ± 76.8
SR (NR)

(Jofre et al., 
2010) [56]
RCT

45
NR

Ø1.8 × 15 mm
Sendax MDI, 
IMTEC

up to 2 years Ball & Bar
Immediate

MBL (NR)
MBF (NR)
SR, At 2 years,
Group Bar = 97.8%
Group Ball = 90.9%

Borg and 
Shoeib,2021) 
[57]
RCT

20
55–70 
years

2.3 mm in 
diameter
Slimline, Den-
tium, South 
Korea

6,12 months CBCT Ball & Bar
Immediate

MBL, At 12 months
Ball = 0.69 ± 0.32
Bar = 0.85 ± 0.2
MBF (NR)
SR (NR)

(Ghoneim et 
al.,2021) [58]
RCT

20
55–65 
years

Ø2.4 × 13 mm
NR

12 months CBCT Ball & 
Telescopic
Immediate

MBL, At 12 months Ball = 0.69 ± 0.05 Telescopic = 1.64 ± 0.09
MBF, At 12 months Ball = 184.55 ± 6.53 
Telescopic = 184.5 ± 7.33
SR (NR)

(Badr,2022) 
[59]
RCT

16
60–65 
years

Ø2.4 × 13 mm
Cowell-
medi Co., Ltd 
(Korea)
Sterngold 
ERA® (USA)

6,12 months CBCT Ball & ERA®
Immediate

MBL, At 12 months ERA®= 0.88 ± 0.24 Ball = 0.92 ± 0.21
MBF (NR)
SR (NR)

Pt’s no = patient’s number, MDI = mini dental implant, MBL = marginal bone loss,

MBF = maximum bite force, SR = survival rate, mm = millimeter, N = newton, NR = not reported,

RCT = randomized controlled trial, CBCT = Cone-beam computed tomography
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Regarding the implant survival rate, Jofre study [56] 
compared the survival rates of implants in the ball and 
bar groups over a two-year follow-up period. After two 
years, one implant failure was recorded in the ball group 
(1/46), while four implants failed in the bar group (4/44). 
The corresponding survival rates were 97.8% for the ball 
group and 90.9% for the bar group.

Prosthetic maintenance and complications were 
assessed by Badr et al., [59] who compared ball and ERA 
attachments through monthly follow-ups. The total num-
ber of interventions was five in the ERA group and two in 
the ball group. In the ERA group, interventions included 
two sore spot adjustments, one relining, and two nylon 
male replacements. In the ball group, maintenance 
involved one denture base fracture repair and one nylon 
cap replacement (Table 2).

Quantitative synthesis/meta-analysis
Marginal bone loss
The following meta-analysis includes four studies [54, 
57–59] with a follow-up of not less than 12 months, 
comparing the marginal bone loss between ball attach-
ments and other attachment types. The comparison of 

MBL between the ball and other attachment groups 
yielded a substantial heterogeneity Chi² value of 350.13 
(P < 0.00001) and an I² value of 99%. Therefore, instead 
of the fixed-effect model, DerSimonian–Laird model as 
a random-effect model was applied. No statistically sig-
nificant difference of MBL was detected between ball and 
other attachments (WMD = 0.15, 95% CI– 0.50 to 0.81, 
p = 0.65). Given the non-significant overall effect, the 
results suggest that there is no clear preference for ball 
attachments over other types of attachments based on 
the included studies. (Fig. 3)

Marginal bone loss- subgroup analysis
According to the different attachments applied in these 
studies, three subgroups (i.e. ball vs. bar, ball vs. tele-
scopic crown and ball vs. ERA) showed the comparison 
of average MBL in the subgroups, respectively. In the ball 
vs. bar attachments subgroup analysis [54, 57], no signifi-
cant difference was detected between ball and bar attach-
ments. (WMD − 0.15, 95%CI − 0.84 to 0.53, p = 0.66) 
(Fig. 3).

In ball vs. telescopic attachments [58], a significant 
difference exists between the two groups, as evidenced 

Fig. 2  Summary of risk of bias (2a) Evaluations of each bias risk criterion for every included study. (2b) Representation of risk of bias as a percentage for 
each of the included studies in a graphical format
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by the observation of a statistical significance level of 
(P < 0.05). After analysing the data from this single exper-
iment on bone loss, it was found that the ball attachment 
had less bone loss compared to the telescopic attachment 
(WMD = 0.95, 95% CI 0.90 to 1.00, p < 0.00001) (het-
erogeneity = not applicable, total MDIs = 40, one study, 
Z-score = 41.27).

In ball vs. ERA® attachment [59], both groups did not 
show a significant difference (P > 0.05) when the data 
from this one experiment was combined (WMD = -0.04, 
95%CI -0.15 to 0.07, p = 0.48) (heterogeneity = not appli-
cable, total MDIs = 64, one study, Z-score = 0.71).

Maximum bite force
The following forest plot includes two studies [55, 58] 
that measure the maximum bite force of ball attachments 

versus other attachment types. The heterogeneity among 
the studies is low, as indicated by a Chi² value of 1.31 with 
1 degree of freedom (P = 0.25) and an I² value of 23%. It 
indicates that there is no significant difference in maxi-
mum bite force among ball and other attachment types 
(WMD = -5.29, 95% CI -33.46 to 22.87, p = 0.71) (Fig. 4).

Certainty of evidence
The level of evidence from the marginal bone was judged 
to be very low, while the maximum bite force is moder-
ate. The level of evidence for marginal bone loss is low 
due to several limitations. Risk of bias is a concern, as 
three out of four studies had unclear randomization. The.

evidence was downgraded as very serious for inconsis-
tency (I² = 99%) and serious for imprecision, as the wide 
CI (WMD = 0.15, 95% CI − 0.49 to 0.80, p = 0.64) suggests 

Fig. 4  Analysis 2– Comparison of maximum bite force between ball and alternative attachments

 

Fig. 3  Analysis 1– Comparative assessment of marginal bone loss between ball and bar, ball and telescopic crown, ball and ERA® attachment

 



Page 10 of 14Aung et al. BMC Oral Health          (2025) 25:560 

substantial uncertainty. The certainty is rated as very low, 
and results should be interpreted with caution. For maxi-
mum bite force, the evidence is based on two randomised 
trials. Serious imprecision was noted due to the wide CI 
(CI = -33.46 to 22.87), indicating uncertainty. With low 
heterogeneity (I² = 23%), the certainty is rated as moder-
ate, and results should be interpreted with caution. More 
details on the level of evidence, based on the GRADE cri-
teria, are described in Table 3.

Discussion
This systematic review and meta-analysis compared clini-
cal outcomes of ball attachments versus other attach-
ments in MDI-retained overdentures, evaluating MBL, 
maximum bite force (MBF), survival rates, prosthetic 
maintenance, and complications. Six randomized con-
trolled trials with a minimum follow-up period of one 
year were included in the qualitative analysis, while five 
were eligible for quantitative analysis.

The meta-analysis revealed no significant difference in 
MBL between the ball and other attachment types (bar, 
ERA®, telescopic crowns) in MDI overdentures (P > 0.05). 
In subgroup analysis, no significant difference in MBL 
was found between ball vs. bar or ball vs. ERA (P > 0.05), 
while MBL was significantly lower with ball compared to 
telescopic crowns (P < 0.05). Nevertheless, the average 
MBL across all attachment groups was under 2 mm, indi-
cating clinically acceptable levels of bone loss [60].

Included 2 studies in this systematic review compar-
ing ball and bar attachments yielded conflicting results. 
Jofre [54] reported higher MBL in the ball group, whereas 
Borg and Shoeib [57] found greater MBL in the bar 
group. This discrepancy may be due to implant diameter, 
follow-up duration, and bone density. Study implants 
(MDIs) differed greatly in diameter. Jofre et al. [54] used 
narrower Ø1.8 × 15 mm Sendax MDI (IMTEC) implants, 
while Borg and Shoeib [57] used 2.3 mm Slimline (Den-
tium, South Korea) implants. As narrower implants are 
subjected to increased biomechanical pressure, which 
can increase bone resorption [61], this likely contributed 
to the differences in MBL across the studies. Follow-
up duration also varied, with Jofre’s study spanning 15 
months and Borg’s 12 months. While both used imme-
diate loading, differences in observation periods could 
influence reported bone loss. Additionally, neither study 
provided details on bone density, a crucial factor affect-
ing implant stability and MBL [62]. Variations in bone 
quality could have contributed to the observed differ-
ences in outcomes. Despite these differences, the MBL 
variation was not statistically significant, supporting evi-
dence that attachment type may not significantly impact 
MBL. Further research with standardized parameters is 
needed to confirm these findings.
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The certainty of evidence for MBL in this review was 
rated very low due to a significant risk of bias, high het-
erogeneity (I² = 99%), and small sample sizes. Conse-
quently, these findings must be interpreted with caution. 
The uncertainty of MBL is influenced by multiple fac-
tors, including implant number, distribution, and design. 
Among the included studies, only Badr et al. [59] used 
four MDIs to support overdentures, while Jofre et al. 
[54], Borg & Shoeib [57] and Ghoneim et al. [58] used 
two MDIs. This variation in implant number may act as 
a confounding factor in MBL assessment. Chatrattanarak 
et al. [63] reported that overdentures supported by two 
MDIs exhibited less bone loss than those with four 
MDIs, suggesting that implant distribution influences 
peri-implant bone remodelling. Similarly, implant design 
may also contribute to MBL variability. Although all four 
included studies [54, 57–59] used one-piece MDIs, the 
implants came from different manufacturers, introduc-
ing potential design-related differences that may affect 
bone response. In the literature, the impact of implant 
configuration remains unclear. Aunmeungtong et al. [64] 
found similar stress distributions between one-piece and 
two-piece MDIs, while Trang et al. [65] observed lower 
stress levels in one-piece implants, suggesting a potential 
biomechanical advantage. Therefore, implant design may 
act as an additional confounding factor in interpreting 
MBL outcomes. These findings highlight the multifacto-
rial nature of MBL and the need for individualized treat-
ment planning based on patient-specific biomechanical 
and anatomical considerations.

Regarding maximum bite force (MBF), the certainty 
of evidence was rated as moderate. The wide confi-
dence interval (CI = -33.46 to 22.87) reflects substan-
tial uncertainty. Although heterogeneity was low (I² = 
23%), additional research is required to validate these 
findings. In statistical analysis, Ghoneim et al. [58] and 
Jofre & Hamada [55] reported no significant differences 
in maximum bite force (MBF) between ball and bar or 
ball and telescopic crown attachments. Both studies 
observed increased MBF over time as patients adapted 
to their prostheses; however, methodological differences 
in MBF measurement (e.g., Dental Prescale sheets in the 
Jofre study vs. hydraulic pressure gauges in the Ghoneim 
study) limit the reliability and generalizability of findings.

Regarding survival rates, MDIs demonstrated high 
success, which is consistent with the findings of Balaji’s 
study [66], reporting a survival rate of 94.2%. Among the 
included studies, only one directly compared attachment 
types, reporting survival rates of 90.9% for ball attach-
ments and 97.8% for bar attachments. Therefore, limited 
comparative data necessitate further research to assess 
the impact of different attachment types on survival 
rates.

When selecting an attachment system, prosthetic 
maintenance and complications are important consid-
erations. Rosa’s study [67] reported that ball attachment 
requires less maintenance compared to bar attachments. 
Similarly, the included study [59] in this review found 
that ball attachments required fewer interventions than 
the ERA® attachment, with the ball primarily needing 
denture repairs and nylon cap replacements, whereas 
the ERA® group required more frequent adjustments 
and nylon replacements. These findings suggest that 
ball attachments may offer advantages in terms of easier 
maintenance.

Only a few studies met the inclusion criteria for this 
systematic review. In addition, comparisons were lim-
ited to ball vs. bar, ball vs. telescopic crowns, and ball vs. 
ERA® attachments in MDI overdentures due to the scar-
city of available data. Research on other attachment types 
such as locator, equator, magnetic systems, were mostly 
case reports or non-controlled studies or comparisons 
with standard diameter implants using the same attach-
ment type, making them ineligible for inclusion. Small 
sample sizes in some trials also contributed to the vari-
ability in results, as they may lack sufficient statistical 
power. In addition, heterogeneity in implant diameter, 
design, length, number, and follow-up duration, along 
with confounding factors such as patient demographics, 
occlusal forces, implant positioning, and oral hygiene, 
may have influenced variability in MBL outcome. Conse-
quently, further well-designed studies with larger sample 
sizes and longer follow-up periods are needed to validate 
these findings.

Despite the confounding factors in the analysed stud-
ies, MDIs remain a valuable option in prosthodontic 
rehabilitation, particularly for patients with anatomical, 
financial, or medical limitations [66, 68]. Moreover, the 
flapless surgical technique reduces morbidity and recov-
ery time, making MDIs accessible to medically com-
promised or economically disadvantaged patients [56, 
68–74]. Additionally, the immediate loading capability of 
MDIs allows for same-day prosthodontic rehabilitation, 
improving patient satisfaction and quality of life [56, 66, 
68–72]. While long-term data is still limited, current evi-
dence suggests MDIs achieve satisfactory survival rates.

Within its limitations, this systematic review found no 
clear superiority among ball, bar, and ERA® attachments 
in terms of MBL, though telescopic attachments tended 
to cause more bone loss. However, due to the low cer-
tainty of evidence, these findings should be interpreted 
with caution. No significant differences were observed 
in maximum bite force between ball, bar, and telescopic 
crown attachments in MDI overdentures. Given the 
moderate certainty of evidence, ball attachments may be 
a suitable choice for MBF. Clinicians should consider fac-
tors beyond MBL and MBF, such as patient preferences, 
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ease of maintenance, cost, and oral hygiene when select-
ing an attachment system for MDI-retained overden-
tures. Additional long-term research with larger sample 
sizes is necessary to confirm these findings and further 
inform clinical decision-making.

Conclusions
Within the limitations of the study, it can be concluded 
that ball, bar, and ERA® attachments yield similar out-
comes in marginal bone loss while telescopic attach-
ments show more statistically significant marginal bone 
loss (p < 0.05). The type of attachment does not signifi-
cantly affect maximum bite force.
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