Effect of Implant Length and Insertion Depth on Primary
Stability of Short Dental Implant
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Purpose: To evaluate the effect of insertion depth, bone type, and implant diameter on the primary stability of short
implants. Materials and Methods: Commercial dental implants with different lengths (6 and 8 mm; BLX, Straumann) were
inserted into artificial bone specimens of good and poor quality at three different depth positions: equicrestal, 1-mm
subcrestal, and 2-mm subcrestal. Insertion torque values were recorded spontaneously during the implant procedure.
Both maximum insertion torque values (MITVs) and final insertion torque values (FITVs) were recorded. Subsequently,
Periotest values (PTVs) and implant stability quotients (ISQs) were measured for all specimens. Results: The mean MITVs
of all groups ranged from 31.8 to 46.2 Ncm. However, the mean FITVs of all groups ranged from 8.8 to 29 Ncm. Torque
values decreased significantly when the implants were inserted into their final positions. When insertion depth was
increased, the PTV and 1SQ decreased. Long implants and implants inserted into good-quality bone yielded greater
primary stability, and bone quality appeared to have a greater effect on primary stability. Conclusion: When 6-mm short

implants are inserted in a subcrestal position, low primary stability may be yielded, particularly in poor-quality bone. Int J
Oral Maxillofac Implants 2023;38:62-70. doi: 10.11607/jomi.9769
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Advancements in dental implant technology have
made dental implants the mainstream method
for replacing missing teeth. Numerous studies have
noted favorable outcomes in terms of the appearance,
strength, and long-term stability of dental implants. Os-
seointegration between dental implants and jawbone
is an essential factor that influences the implant success
rate.'~® The primary stability of an implant after inser-
tion into jawbone has been demonstrated to be among
the most crucial indicators for assessing whether an im-
plant can achieve excellent osseointegration. The suc-
cess rate of osseointegration is higher when the dental
implant in the jawbone has higher primary stability,
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and thus, the related postsurgery implant survival rate
is also higher.”® In clinical practice, multiple factors can
affect the primary stability of an implant, including the
design, size, and surface treatment of dental implants;
patient bone quality and quantity; and the surgery
methods performed by clinicians.”1° At present, three
key methods are used for measuring the primary sta-
bility of implants in clinical practice: the implant stabil-
ity quotient (ISQ), Periotest value (PTV), and maximum
insertion torque value (MITV).'2 The I1SQ and PTV are
noninvasive measurement methods that can be used
repeatedly to observe changes in implant stability after
insertion, whereas the MITV can be measured directly
during an insertion procedure; these three variables are
often compared in clinical settings.!3-15

Ideally, inserting an implant with a longer length
and wider diameter allows for better primary stabil-
ity. However, a patient’s anatomical limitations (eg, the
anatomy of the maxillary sinus and inferior alveolar
nerve or edentulousness that resulted in insufficient
bone quantity) can prevent the insertion of optimally
sized implants, particularly in the posterior mandible
and maxilla. Although a bone augmentation technique
(eg, maxillary sinus elevation procedure and mandibu-
lar vertical augmentation) can be performed to solve
the aforementioned problems,'¢17 short implants have
provided patients with new options. Several studies have
suggested that short implants are associated with fewer



Fig 1 Specimens: (a) dental implants and
(b) artificial foam bones.

postoperative complications, lower surgical costs, and
shorter operation time, and no differences in survival
rate were observed when they were compared with long
implants in the early- to mid-term follow-up.'8-° The
definition of a short implant differs among studies, and
earlier studies have defined implants that are < 10 mm
as short implants.2'22 Nonetheless, because of advance-
ments in implant design, recent studies have started to
define shortimplants as having alength of 6 or 8 mm. '8
A more rigorous classification of short implants was pro-
posed by Nisand and Renouard,** who considered not
only implant length but also the aspect of submerged
bone quality.

The position of the implant-abutment junction may
affect subsequent marginal bone loss and cause im-
plant exposure. Studies have suggested that bone-level
implants should be inserted in a subcrestal position to
prevent implant exposure-related problems.?*2¢ How-
ever, few studies have discussed the exact depth for ap-
propriate insertion. In addition, the primary stability of
animplant is dependent on the upper cortical bone 278
When an implant is inserted into the range beyond cor-
tical bone, it may lose its primary stability. Therefore,
when a short implant is inserted to accommodate a pa-
tient's anatomical structure, it has lower primary stabil-
ity relative to a long implant; for this reason, sufficient
primary stability can only be achieved by maximizing
the contact area between an implant and cortical and
trabecular bone.29* Existing literature rarely discusses
the effects of equicrestal or subcrestal implant place-
ment on primary stability, especially on short implants.

Studies have often used the MITV to represent pri-
mary stability because it can be measured during an
insertion procedure. However, the torque value of an
implant inserted into the jawbone varies, and the MITV
does not necessarily occur at its final inserted posi-
tion.332 Therefore, in addition to recording MITVs, the
present study also measured the final insertion torque
value (FITV). After inserting an implant, the present
study measured the implant’s ISQ and PTV to compare
the primary stability of four groups. The present study
explored two implant lengths (6-mm short implant and
8-mm standard implant) with three varying depths
(equicrestal, 1-mm subcrestal, and 2-mm subcrestal po-
sitions); the implants were inserted into artificial bone
with varying bone quality (good- and poor-quality

Good bone

Poor bone

bone) to measure the effects of implant length and in-
sertion depth on primary stability.

MATERIALS AND METHODS

Artificial Foam Bone Specimen and Dental
Implant Preparation

Two implant dimensions were selected (4.5-mm di-
ameter, 6- and 8-mm length; BLX, Straumann) for the
present study. The parameters were set according to
Nisand and Renouard’s definition of implant length;
that is, a short implant was defined as an implant with
a designed intrabony length of < 8 mm (Fig 1a).2* Arti-
ficial foam bone specimens that consisted of rigid cel-
lular polyurethane blocks (Sawbones) were prepared
for the present study. For the good-quality bone speci-
men, 1.5-mm synthetic cortical shells (model 3401-01)
with a density of 1.64 g/cm? were attached to trabec-
ular bone blocks with a density of 0.32 g/cm? (model
1522-12). For the poor-quality bone specimen, 1.0-mm
synthetic cortical shells (model 3401-01) with a density
of 1.64 g/cm? were attached to trabecular bone with a
density of 0.16 g/cm? (model 1522-10; Fig 1 b).2933-35

Arrangement of Groups According to Parameter
Settings

In the present study, four groups were established ac-
cording to bone type and implant diameter, and each
group was further divided into three subgroups accord-
ing to insertion depth (equicrestal, subcrestal 1-mm
position, and subcrestal 2-mm position; Fig 2). Each
subgroup comprised five samples (n = 5):

« Group 1: 6-mm implant was inserted into good-
quality bone at the equicrestal, subcrestal 1-mm,
and subcrestal 2-mm positions.

« Group 2: 8-mm implant was inserted into good-
quality bone at the equicrestal, subcrestal 1-mm,
and subcrestal 2-mm positions.

« Group 3: 6-mm implant was inserted into poor-
quality bone at the equicrestal, subcrestal 1-mm,
and subcrestal 2-mm positions.

. Group 4: 8-mm implant was inserted into poor-
quality bone at the equicrestal, subcrestal 1-mm,
and subcrestal 2-mm positions.
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Fig 2 Parameter settings.
Group 1: 6-mm implant insert-
ed into good-quality bone at
equicrestal (subgroup 1-1), sub-
crestal 1-mm  (subgroup 1-2),
and subcrestal 2-mm (subgroup
1-3) positions. Group 2: 8-mm
implant inserted into good-

1.5mm T

Group 2

quality bone at equicrestal
(subgroup 2-1), subcrestal 1-mm
(subgroup 2-2), and subcrestal
2-mm (subgroup 2-3) positions.
Group 3: 6-mm implant insert-
ed into poor-quality bone at
equicrestal (subgroup 3-1), sub-
crestal 1-mm (subgroup 3-2),
and subcrestal 2-mm (subgroup

1.0mm 1|

Group 3

3-3) positions. Group 4: 8-mm
implant inserted into poor-
quality bone at equicrestal (sub-
group 4-1), subcrestal 1-mm
(subgroup 4-2), and subcrestal
2-mm (subgroup 4-3) positions.

Measurement of Three Primary Stability Indexes
of Short Dental Implant

All the drilling protocols were performed according to
Straumann BLX implant instructions. Before inserting a
dental implant, pilot holes were drilled into each artifi-
cial bone specimen using the Nobel Biocare OsseoSet
implant motor (Fig 3). The implant motor could record
immediate torque value (Ncm) during drilling. Nota-
bly, for the subcrestal 1-mm position, drilling depths
of 7 and 9 mm were used for the 6-mm and 8-mm im-
plants, respectively; for the subcrestal 2-mm position,
drilling depths of 8 and 10 mm were used for the 6-mm
and 8-mm implants, respectively.

The PTV was measured after the abutment was
placed. The Periotest device (Medizintechnik Gulden)
was used to measure the primary stability of an implant
(Fig 4a). The tip of the Periotest device was placed per-
pendicularly to the abutment at a distance of 2 mm.The
resonance frequency analyzer Osstell I1SQ (Osstell) was
used to measure ISQ values (Fig 4b). The specific smart
peg for the internal hex connection of an implant (Type
38, Osstell) was fixed to the top of the implant.
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Statistical Analysis

All statistical analyses were performed using SPSS Version
19 (IBM), and the significance level was set to P < .05.Three
statistical methods were used to perform the assessments
required to achieve the objectives of the present study.

To assess the effects of different insertion depths
(equicrestal, subcrestal 1-mm, and subcrestal 2-mm
positions) on the MITV, FITV, ISQ, and PTV of implants,
Kruskal-Wallis test was used to identify differences in
the results pertaining to the four primary stability pa-
rameters and three insertion depths, and Dunn test was
used to conduct a post hoc pairwise comparison when-
ever a difference was identified.

To assess the effects of bone types (good- and poor-
quality bone) on the MITV, FITV, ISQ, and PTV of im-
plants with varying insertion depths, Mann-Whitney
U test was used to compare group 1 with group 3 and
group 2 with group 4.

To assess the effects of implant lengths (6 and 8 ijm)
on the MITV, FITV, 1SQ, and PTV of implants with varying
insertion depths, the Mann-Whitney U test was used to
compare group 1 with group 2 and group 3 with group 4.
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Fig3 (a)Measurementof insertion torque value using OsseoSet de-
vice. (b) Original torque time curve obtained using OsseoSet device.

Fig 4 (a) Measurement of PTV using
Periotest device. (b) Measurement of 1SQ us-
ing Osstell ISQ device.
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Table 1 MITV, FITV, I1SQ, and PTV of the Four Groups

Group 1 Group 2 Group 3 Group 4
Subgroup 11 1-2 1-3 2-1 2-2 2-3 3-1 3-2 3-3 441 4-2 4-3
MITV  Mean  46.20 44.00 45.00 45.80 41.00 44.40 35.60 31.80 38.20 39.20 39.80 36.40
SD 5.36 8.06 442 7.05 4.85 2.70 5.50 2.86 3.56 3n 6.18 6.43
FITV Mean 29.00 19.40 10.60 2740 17.20 8.80 18.40 10.40 8.80 20.20 11.00 9.40
SD 354 195 1.82 518 2.59 0.84 4.72 114 1.48 3.56 1.58 3.36
1SQ Mean 70.60 68.35 61.05 67.35 64.45 50.15 59.90 55.35 53.50 58.45 54.90 45.10
sSD 0.96 1.15 1.62 117 299 595 214 2.23 443 293 3.83 4,63
PTV Mean 3.85 4.35 6.74 4.64 5.29 8.16 9.16 11.25 11.40 8.40 10.83 14.41
SD 0.32 0.31 0.52 097 1.45 2.53 1.69 2.46 0.72 1.47 1.26 0.85

Group 1:6-mm implant inserted into good bone. Group 2: 8-mm implantinserted into good bone. Group 3: 6-mm implant inserted into poor bone.

Group 4: 8-mm implant inserted into poor bone.

RESULTS

Effect of Insertion Depth on Primary Stability
The experimental results are presented in Table 1 and
Fig 5. In all four groups, MITVs did not show a signifi-
cant difference between the subgroups with different
insertion depths. Therefore, the mean of the three sub-
groups was used for the intergroup comparison in the
present study. The results revealed that the MITVs of
all groups were not attained at the final insertion posi-
tion (Fig 6). For the FITV, ISQ, and PTV at three depths
(equicrestal, subcrestal 1-mm, and subcrestal 2-mm
positions), a comparison of the four groups revealed
no significant difference between the equicrestal and
subcrestal 1-mm positions and between the subcrestal
1-mm and subcrestal 2-mm positions; however, a signif-
icant difference between the equicrestal and subcrestal

2-mm positions was observed (except for the PTV in
group 4, which was nonsignificant).

Effect of Implant Length and Bone Type on
Primary Stability

For implants with the same length that were inserted
into bones of different quality, the comparisons of
group 1 with group 3 and group 2 with group 4 revealed
that at the equicrestal (subgroups 1-1 and 3-1 and sub-
groups 2-1 and 4-1) and subcrestal 1-mm (subgroups
1-2 and 3-2 and subgroups 2-2 and 4-2) positions, the
values of the four primary stability parameters were all
higher in good-quality bone (P < .05). At the subcrestal
2-mm position, the PTVs of subgroups 1-3 and 3-3 were
significantly different (P < .05), and the 1SQs and PTVs
of subgroups 2-3 and 4-3 were significantly different
(P < .05).
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Fig5 Comparison of (@) MITV, (b) FITV, () ISQ, and (d) PTV for different insertion depths. For the subgroup bars in each group, having the
same letter indicates a nonsignificant difference. Group 1: 6-mm implant inserted into good-quality bone. Group 2:8-mm implantinserted into
good-quality bone. Group 3: 6-mm implant inserted into poor-quality bone. Group 4: 8-mm implant inserted into poor-quality bone. The bar
chart pliesents the results for the four primary stability parameters of the three insertion-depth subgroups of each group. Post hoc pairwise
comparisons were conducted using Dunn test; for each group, having the same letters indicates nonsignificant differences between means at

a significance level of .05.
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Fig 6 Torque-time curves for each group. Each curve represents a
quality bone. Group 2: 8-mm implant inserted into good-quality bone.

implant inserted into poor-quality bone.
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