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Abstract: Objective: We aimed to evaluate the failure resistance of different lengths of mini dental
implants from the same manufacturer, and to assess their failure following overloading. Materials
and Methods: According to the ISO 14801, 15 mini dental implants 2.4 mm in diameter, with
lengths of 8.5 mm, 10 mm, or 13 mm, were subjected to compression loading until failure using
a universal testing machine. The mean load-to-failure values for each length of the mini dental
implants were calculated and analysed using SPSS®, via one-way ANOVA (p < 0.05). Results: The
mean load to failure for mini dental implants was 329 N (SD 6.23), 326 N (SD 5.95), and 325 N (SD
6.99) for the 13 mm, 10 mm, and 8.5 mm implants, respectively. A comparison of means showed
no significant difference between the groups (p = 0.70). The tested mini dental implants exhibited
bending failure modes below the first thread. Conclusion: Under high compressive loading testing,
there was no effect of the length on the failure of the mini dental implants following overloading.
Moreover, all tested mini dental implants with different lengths showed the same failure mode and
distortion location.

Keywords: compressive force; dental implant; static load

1. Introduction

Residual ridge bone loss has been widely studied in the literature [1–3]; however, most
of those studies involved investigating constructive methods rather than accepting the
atrophic ridges as they are [4]. In atrophic ridges, the reduced width, height, and bone
volume restrict conventional standard-length implant placement without further surgical
intervention to optimise the implant position [1]. The recent trend in dentistry has been
toward minimally invasive procedures. Therefore, choosing a narrower or shorter implant
can provide less-invasive treatment [5,6]. Narrow implants, including mini dental implants
(MDIs), can also be used to provide a minimally invasive dental implant treatment.

In edentulous atrophic ridges, conventional narrow dental implants may provide
retention for overdentures. However, the abutment screw hole in a narrow conventional
two-piece implant produces a fixture with a reduced cervical wall thickness. This design
increases the risk of mechanical failure due to fracture or connection instability [7]. On the
other hand, MDIs have a solid one-piece design that may reduce the risk of mechanical
complications, favouring MDI overdentures as an alternative minimally invasive treatment
option for atrophic ridges [8,9].

MDI overdentures may not always represent the first treatment option. However, the
more conservative treatment option can be the first suitable option for some patients due to
their social, medical, and financial status. Patients with two MDI overdentures reported
high satisfaction levels, as their mastication and denture comfort were improved [10,11].
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Today, several implant companies provide MDIs with the same original one-piece
design but improved features to provide better outcomes for definitive treatment. Despite
the reduced diameter, it is not uncommon to struggle to place the MDI within the residual
ridge with anatomical hard and soft tissue boundaries—particularly for placement in
severely atrophic ridges. Therefore, evaluating the residual ridges in terms of height and
configuration is vital to tackle the prosthetic and surgical challenges during MDI placement
in a residual atrophic ridge [1].

Short dental implants could negate the vertical augmentation of compromised residual
ridge height [12]. They can also be used to avoid bone perforation or injury to vital
structures within the residual ridges [13]. With the increasing popularity of prosthetic
MDIs, most companies that supply MDIs manufacture different diameters and lengths,
similar to conventional implants. Consequently, severely atrophic residual ridges with
compromised bone width and height could be rehabilitated conservatively using short
MDIs. However, short MDIs combine both reduced length and reduced diameter, which
might compromise their mechanical and biological survival [14]. Nevertheless, implant
length has been shown to have less impact on producing undesirable biomechanical stresses
compared to implant diameter [15].

Although the predictability of MDIs is controversial because of their reduced diameter,
many studies have reported high MDI survival rates [16–18]. However, most of the scientific
literature on this topic used the IMTEC Sendax MDI system, which was discontinued and
rebranded in 2010 as the 3M ESPE MDI, which was also discontinued six years later.
Therefore, the available literature limits the generalisability of such MDI studies. Today,
several manufacturers produce MDIs with improved manufacturing designs, as either
implant fixtures, or attachment components similar to the one used in this study. In general,
there is a gap in the literature regarding the long-term mechanical predictability of MDIs,
let alone the effect of their length.

Failure of implants is multifactorial, and their length may contribute to failure. There-
fore, investigating the in vitro mechanical failure of MDIs in relation to their length alone
may help to understand how length contributes to the failure. This study compared extra-
short MDIs, which can be used in severely resorbed ridges, to short and standard MDI
lengths, with all other design factors being equal. The null hypothesis of this study states
that there is no difference in the resistance to failure between the tested MDIs that have
the same design features except for their length. The testing was carried out following the
static testing part of the ISO 14801 dynamic loading test for endosseous dental implants.
This testing protocol was designed to simulate the overloading of dental implants under
worst-case conditions to compare the different designs and sizes of implants. However, the
test was not used to predict the in vivo performance of dental implants [19].

2. Materials and Methods

Fifteen straight ILZ MDIs (Southern Implants®, Irene, South Africa) of 2.4 mm width,
with three different lengths of 8.5 mm, 10 mm, and 13 mm, were tested (Figure 1).

The samples of each length were prepared according to the British Standards ISO
14801: 2016 test specimen preparation guide [19]. The protocol indicates that the worst-
case scenario of high loading should be mimicked during the test. This high-loading
situation includes integrating the implant in Orthoresin blocks (Dentsply International,
Inc., Milford, Del), which has a modulus of elasticity of more than 3 GPa. Each MDI was
embedded into the resin using a dental surveyor (Austenal® Surveyor, Skillbond Direct
Ltd., Buckinghamshire, UK), exposing 3 mm of the implant fixture part to mimic marginal
bone loss. The loading angle over the MDI was set at 30◦ to worsen the situation (Figure 2).
The height of the abutment part was 6.6 mm, including a 1.8 mm ball attachment and a
collar height of 4.8 mm, taking into account the 3 mm of bone resorption. Therefore, the
coronal height of the samples tested was 9.6 mm, which acted as a lever arm.
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Figure 1. Straight ILZ MDIs from Southern Implants® with a diameter of 2.4 mm. The length of the
MDIs was 13 mm (left), 10 mm (middle), and 8.5 mm (right).

Figure 2. Scheme of implant sample set-up according to ISO 14801.

The compression load until failure was applied on the MDIs using a universal test-
ing machine (Zwick Roell Z020, Herefordshire, UK) with a round-end loading rod, at a
crosshead speed of 0.5 mm/min and loading cell of 500 N. The stress–strain curves and
the load-to-failure values of all MDI samples were recorded using testXpert V 11.02 testing
software (Figure 3).

Figure 3. Stress–strain curves for mini dental implant samples of each length.
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The failure was determined as the movement of the loaded MDI of more than 0.5 mm
or a sudden drop in the load–displacement curve. The mean load to failure (N) for each
MDI length was calculated and analysed via one-way analysis of variance ANOVA using
SPSS version 25, with a 95% confidence level (p < 0.05).

3. Results

Following compression testing, the standard-length 13 mm MDI’s load-to-failure value
was 329 N (SD 6.23). The load-to-failure values of short MDIs of 10 mm and extra-short
MDIs of 8.5 mm were 326 N (SD 5.95) and 325 N (SD 6.99), respectively. A comparison
of variance among the means was carried out using one-way ANOVA, and there were no
significant differences between the tested MDI lengths (p = 0.70). Nevertheless, all MDI
samples showed a similar failure mode following testing. Bending occurred at the fissure
under the first thread, as shown in Figure 4.

Figure 4. Retrieved mini dental implant sample from the resin block following testing, showing the
bend under the first thread.

4. Discussion

Some researchers refer to a dental implant with a length of 8 mm or less as a short
implant [5]. However, others refer to a 10 mm implant as a short implant in their investi-
gations [20]. This study refers to the 8.5 mm implant as an extra-short MDI, introduced
to accommodate cases where the severe loss of residual ridge height is present. The asso-
ciation between implant location and length could present a dilemma when choosing an
implant of appropriate length in an area of reduced bone—especially when combined with
anatomical restrictions such as those posed by the mental nerve, lingual nerve, alveolar
nerve, and maxillary sinus. A greater risk of failure was associated with the posterior
placement of short implants [21]. Therefore, some have suggested that placing a short
implant in an area where the risk of overloading is most significant may need to be avoided
so as to reduce failure—particularly when combined with reduced implant diameter [14].

Extra-short MDIs for prosthetic rehabilitation might have a mechanical risk of fail-
ure, as they combine reduced length and width. Providentially, the results of this study
show that such extra-short MDIs have similar resistance to failure compared to short and
standard-length MDIs following overloading. Therefore, short MDIs could provide a more
conservative treatment option in some cases. In addition, they may permit the placement of
implants where the bone height is compromised, and where anatomical limitations restrict
the use of standard-length MDIs. In residual atrophic ridges, a systematic review showed
that conventional short implants provided fewer surgical complications and reduced the
cost of treatment when compared to bone grafting followed by standard implants [12].
However, the clinical results on short MDIs are limited. One study investigated different
implants with respect to their lengths and diameters, including MDIs. They found that long,
narrow implants were subjected to higher stresses during placement via self-tapping [22].
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This should be considered in future investigations of the placement of short and long MDIs
in different bone types.

Another prospective cohort study that followed 21 patients with MDI overdentures
for one year found that short MDIs had a failure rate of 38%, compared to a 3% failure rate
of standard-length MDIs. Similar to the studies on conventional implants, all of the failures
reported were related to biological loss of the implants, and not to mechanical failure [23].
With respect to the biological aspects of implant treatment, longer implants have a larger
surface area, which improves the initial implant stability [24]. Hence, more short implants
fail prior to mechanical loading [25].

Looking closely into the literature, we found two conflicting views about the effect of
implant length on their survival. Some have found more biological complications associated
with short implants, reducing their survival [26,27]. In contrast, reports from the year 2000
onward showed higher survival rates for shorter implants [20,28]. These contradictory
results could be related to improved implant designs and surface characteristics, enhancing
short implants’ success [29]. Consequently, one study showed that implant length was
not associated with mechanical failure, but that design characteristics and manufacturing
materials were correlated with mechanical implant failure [30].

Mechanical failure due to overload affected the area between the fixture and the collar
of the MDI. The MDI has three major parts: abutment, collar, and fixture. The collar, or
crest module, is located in the transitional area between the fixture and the abutment. The
diameter of the collar is usually wider to provide a seal for the osteotomy. A wider collar
enhances the implant surface area and reduces the stress at the crestal area of the bone [29].
The design of the MDI tested in this study has a wide collar, providing more bulk of the
material in this area, which may improve the implant’s resistance to failure.

Findings by Pierrisnard et al. suggested that most stresses were concentrated on the
cervical area of the first three threads of the fixture, regardless of the fixture length [31].
Failure mode in the form of bending following compressive testing mainly occurred at
the first thread crest just below the collar, at the narrowest area of the MDI. Hence, this is
consistent with other studies that conducted experimental and computer-simulated testing
of MDIs [17,22]. The stress concentration around the neck area of the fixture was found
to cause fracture or similar failure modes of narrow two-piece conventional implants [7].
MDIs offer a solid design at the neck; in contrast, narrow two-piece implants have thinner
walls at the fixture’s cervical area, which house the abutment screw holes. Failure by
bending at the abutment/implant connection could be catastrophic, as it may prevent
the retrieval of the abutment, which precludes the implant’s restoration [32]. Therefore,
MDIs as an alternative treatment may provide more resistance to mechanical failure by
minimising the complications at the implant’s neck. However, more studies are needed to
assess the differences between the two implant designs.

According to the manufacturer, the MDIs used in this study were designed to be placed
in completely edentulous elderly patients. Narrow implants to rehabilitate the edentulous
elderly are not new, as Huard et al. introduced the concept of geriatric slim implants in
2013 [33]. MDIs are usually placed in the anterior parts of ridges to support overdentures in
atrophic ridges. Due to anatomical features and the common sequence of clinical tooth loss,
more bone often remains in the anterior part of the residual ridges [34]. Moreover, elderly
edentulous patients have recorded lower biting forces with dentures [35]. Fortunately, the
anterior biting forces are less than the forces exerted in the posterior area [36]. Therefore,
extra-short and short MDIs placed in the anterior residual ridges of elderly patients may
not be subjected to much force when planned carefully.

However, the in vitro compressive load testing can be equated to the maximum biting
force. The mean biting force of patients with two 1.8 mm MDI mandibular overdentures
was about 191.5 N [37]. Moreover, the biting force was about 104.3 to 109.5 N measured
in patients with four MDI overdentures of 1.8 mm and 2.1 mm MDI diameter [38,39].
Consequently, the load-to-failure values obtained from all MDI lengths were within the
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norms reported in the literature for maximum biting force in edentulous patients wearing
MDI overdentures.

The ISO 14801 static loading test was carried out, providing data to understand the
initial prediction of the performance of the implant [40]. It is essential to mention that static
testing offers little clinical relevance compared to cyclic loading [41]. However, several
studies have reported dental implant mechanical performance using only the static loading
part of the ISO 14801 protocol. Several reasons were described that prevented the use of
cyclic testing of the ISO 14801, including a large sample size, more extended testing periods,
and increased cost [42,43].

Based on the limitations and results of this study, the data can provide a basis to predict
the reliability of the MDIs’ function with respect to overloading, regardless of their length,
providing that the test settings of this study simulated the worst loading conditions [19].
Such a testing methodology is helpful in understanding the MDI biomechanics in vivo,
thereby optimising this treatment approach for patients. Consequently, due to the similar
resistance to failure found using standard-length, short, and extra-short MDIs, the clinical
use of shorter MDIs could be considered without compromising their mechanical strength.
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15. Himmlova, L.; Kácovský, A.; Konvičková, S. Influence of implant length and diameter on stress distribution: A finite element
analysis. J. Prosthet. Dent. 2004, 91, 20–25. [CrossRef]

16. Allum, S.; Tomlinson, R.; Joshi, R. The impact of loads on standard diameter, small diameter and mini implants: A comparative
laboratory study. Clin. Oral Implant. Res. 2008, 19, 553–559. [CrossRef]

17. Bourauel, C.; Aitlahrach, M.; Heinemann, F.; Hasan, I. Biomechanical finite element analysis of small diameter and short dental
implants: Extensive study of commercial implants. Biomed. Technik. Biomed. Eng. 2012, 57, 21–32. [CrossRef]

18. Jawad, S.; Clarke, P. Survival of mini dental implants used to retain mandibular complete overdentures: Systematic review. Int. J.
Oral Maxillofac. Implant. 2019, 34, 343–356. [CrossRef]

19. BS ISO 14801; Dentistry—Implants—Dynamic Loading Test for Endosseous Dental Implants. British Standards Institute: London,
UK, 2016.

20. Tawil, G.; Younan, R. Clinical evaluation of short, machined-surface implants followed for 12 to 92 months. Int. J. Oral Maxillofac.
Implant. 2003, 18, 894–901. [CrossRef]

21. Lemos, C.; Ferro-Alves, M.; Okamoto, R.; Mendonça, M.; Pellizzer, E. Short dental implants versus standard dental implants
placed in the posterior jaws: A systematic review and meta-analysis. J. Dent. 2016, 47, 8–17. [CrossRef]

22. Arsalanloo, Z.; Telchi, R.; Osgouie, K. Optimum selection of the dental implants according to length and diameter parameters by
FE method in the anterior position. Int. J. Biosci. Biochem. Bioinform. 2014, 4, 265–288. [CrossRef]

23. Tomasi, C.; Idmyr, B.; Wennström, J. Patient satisfaction with mini-implant stabilised full dentures. A 1-year prospective study.
J. Oral Rehabil. 2013, 40, 526–534. [CrossRef] [PubMed]

24. Shiffler, K.; Lee, D.; Rowan, M.; Aghaloo, T.; Pi-Anfruns, J.; Moy, P. Effect of length, diameter, intraoral location on implant
stability. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2016, 122, e193–e198. [CrossRef] [PubMed]

25. Stellingsina, C.; Meijer, H.; Raghoebar, G. Use of short endosseous implants and an overdenture in the extremely resorbed
mandible: A five-year retrospective study. J. Oral Maxillofac. Surg. 2000, 58, 382–387. [CrossRef]

26. Higuchi, K.; Folmer, T.; Kultje, C. Implant survival rates in partially edentulous patients: A 3-year prospective multicenter study.
J. Oral Maxillofac. Surg. 1995, 53, 264–268. [CrossRef]

27. Naert, I.; Quirynen, M.; Van Steenberghe, D.; Darius, P. A six-year prosthodontic study of 509 consecutively inserted implants for
the treatment of partial edentulism. J. Prosthet. Dent. 1992, 67, 236–245. [CrossRef]

28. Gentile, M.; Chuang, S.; Dodson, T. Survival estimates and risk factors for failure with 6 × 5.7-mm implants. Int. J. Oral Maxillofac.
Implant. 2005, 20, 930–937.

29. Misch, C. Wide-diameter implants: Surgical, loading and prosthetic considerations. Dent. Today 2006, 25, 66–71.
30. Shemtov-Yona, K.; Rittel, D. On the mechanical integrity of retrieved dental implants. J. Mech. Behav. Biomed. Mater. 2015,

49, 290–299. [CrossRef]
31. Pierrisnard, L.; Renouard, F.; Renault, P.; Barquins, M. Influence of implant length and bicortical anchorage on implant stress

distribution. Clin. Implant. Dent. Relat. Res. 2003, 5, 254–262. [CrossRef]
32. Sannino, G.; Barlattani, A. Mechanical evaluation of an implant-abutment self-locking taper connection: Finite element analysis

and experimental tests. Int. J. Oral Maxillofac. Implant. 2013, 28, 17–26. [CrossRef] [PubMed]
33. Huard, C.; Bessadet, M.; Nicolas, E.; Veyrune, J. Geriatric slim implants for complete denture wearers: Clinical aspects and

perspectives. Clin. Cosmet. Investig. Dent. 2013, 5, 63–69. [PubMed]
34. Reich, K.; Huber, C.; Lippnig, W.; Ulm, C.; Watzek, G.; Tangl, S. Atrophy of the residual alveolar ridge following tooth loss in an

historical population. Oral Dis. 2011, 17, 33–44. [CrossRef] [PubMed]
35. Fontijn-Tekamp, F.; Slagter, A.; Van Der Bilt, A.; Van’T Hof, M.; Witter, D.; Kalk, W.; Jansen, J. Biting and chewing in overdentures,

full dentures, and natural dentitions. J. Dent. Res. 2000, 79, 1519–1524. [CrossRef]
36. Flanagan, D. Bite force and dental implant treatment: A short review. Med. Devices 2017, 10, 141–148. [CrossRef] [PubMed]
37. Jofré, J.; Hamada, T.; Nishimura, M.; Klattenhoff, C. The effect of maximum bite force on marginal bone loss of mini-implants

supporting a mandibular overdenture: A randomized controlled trial. Clin. Oral Implant. Res. 2010, 21, 243–249. [CrossRef]
[PubMed]

38. Enkling, N.; Saftig, M.; Worni, A.; Mericske-Stern, R.; Schimmel, M. Chewing efficiency, bite force and oral health-related quality
of life with narrow diameter implants-a prospective clinical study: Results after one year. Clin. Oral Implant. Res. 2017, 28, 476–482.
[CrossRef]

39. Hasan, I.; Madarlis, C.; Keilig, L.; Dirk, C.; Weber, A.; Bourauel, C.; Heinemann, F. Changes in biting forces with implant-
supported overdenture in the lower jaw: A comparison between conventional and mini implants in a pilot study. Ann. Anat.-Anat.
Anz. 2016, 208, 116–122. [CrossRef]

http://doi.org/10.1007/s00784-017-2205-0
http://www.ncbi.nlm.nih.gov/pubmed/28986692
http://doi.org/10.1902/jop.2000.71.12.1893
http://www.ncbi.nlm.nih.gov/pubmed/11156047
http://doi.org/10.1016/j.prosdent.2003.08.008
http://doi.org/10.1111/j.1600-0501.2007.01395.x
http://doi.org/10.1515/bmt-2011-0047
http://doi.org/10.11607/jomi.6991
http://doi.org/10.1016/j.prosdent.2004.04.008
http://doi.org/10.1016/j.jdent.2016.01.005
http://doi.org/10.7763/IJBBB.2014.V4.353
http://doi.org/10.1111/joor.12053
http://www.ncbi.nlm.nih.gov/pubmed/23551029
http://doi.org/10.1016/j.oooo.2016.06.016
http://www.ncbi.nlm.nih.gov/pubmed/27601347
http://doi.org/10.1016/S0278-2391(00)90917-0
http://doi.org/10.1016/0278-2391(95)90222-8
http://doi.org/10.1016/0022-3913(92)90461-I
http://doi.org/10.1016/j.jmbbm.2015.05.014
http://doi.org/10.1111/j.1708-8208.2003.tb00208.x
http://doi.org/10.11607/jomi.2058
http://www.ncbi.nlm.nih.gov/pubmed/23377078
http://www.ncbi.nlm.nih.gov/pubmed/24009432
http://doi.org/10.1111/j.1601-0825.2010.01699.x
http://www.ncbi.nlm.nih.gov/pubmed/20604872
http://doi.org/10.1177/00220345000790071501
http://doi.org/10.2147/MDER.S130314
http://www.ncbi.nlm.nih.gov/pubmed/28721107
http://doi.org/10.1111/j.1600-0501.2009.01834.x
http://www.ncbi.nlm.nih.gov/pubmed/20070758
http://doi.org/10.1111/clr.12822
http://doi.org/10.1016/j.aanat.2016.06.011


Dent. J. 2022, 10, 117 8 of 8

40. Bonfante, E.; Coelho, P. A critical perspective on mechanical testing of implants and prostheses. Adv. Dent. Res. 2016, 28, 18–27.
[CrossRef]

41. Wiskott, H.; Nicholls, J.; Belser, U.; Wiskott, H.; Nicholls, J.; Belser, U. Stress fatigue: Basic principles and prosthodontic
implications. Int. J. Prosthodont. 1995, 8, 105–116.

42. Huang, H.; Tsai, C.; Chang, C.; Lin, C.; Lee, S. Evaluation of loading conditions on fatigue-failed implants by fracture surface
analysis. Int. J. Oral Maxillofac. Implant. 2005, 20, 854–859.

43. Sun, F.; Lv, L.; Cheng, W.; Zhang, J.; Ba, D.; Song, G.; Lin, Z. Effect of loading angles and implant lengths on the static and fatigue
fractures of dental implants. Materials 2021, 14, 5542. [CrossRef] [PubMed]

http://doi.org/10.1177/0022034515624445
http://doi.org/10.3390/ma14195542
http://www.ncbi.nlm.nih.gov/pubmed/34639935

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

