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Abstract (J Korean Assoc Oral Maxillofac Surg 2025;51:131-140)

Objectives: Implant success depends on osseointegration that is influenced by macrogeometry, including thread design. Thread macrogeometry has a
crucial role in achieving primary stability, particularly in low-density bone. Our study reviews the thread design’s impact on implant stability, focusing
on Straumann BLX (Straumann Co.) implants for practical insights.

Materials and Methods: We searched the PubMed/MEDLINE and Embase for studies released until August 2023 using the following keywords:
“implant”, “macrogeometry”, “thread”, “thread depth”, “thread pitch”, “thread geometry”, “macrodesign”, “flute”, “osseointegration”, and “stability”.
In addition, 58 Straumann BLX implants with dynamic threads, which feature a deep thread design and incorporate a multi-helix flute structure to en-
hance primary stability across different bone densities, were reviewed retrospectively at our institute.

Results: The literature demonstrated that thread pitch, depth, and flute design significantly affect stress distribution and initial stability, especially in
low-density bone. Implants with deep threads and spiral flutes showed improved primary stability and insertion efficiency. Clinically, retrospective data

from 58 cases supported favorable outcomes in challenging bone conditions such as posterior maxilla and implant replacement sites.

Conclusion: We need to determine appropriate designs for implants with the consideration of bone quality and implantation bed condition.

Key words: Macrogeometry, Thread depth, Stability, Osseointegration, Dental implants
[paper submitted 2025. 4. 16 / revised 2025. 4. 22 / accepted 2025. 4. 25]

|. Introduction

Long-term success of dental implants relies on stable inte-
gration with surrounding bone, a process known as osseointe-
gration. Among the crucial factors influencing osseointegra-
tion, implant macrogeometry assumes a significant role'. This
macrogeometry includes thread pitch, thread shape, as well
as thread width and depth features.

The screw implant design enhances initial stability, mini-
mizes micromotion of the implant, and increases mechanical
retention, which is the primary prerequisite for immediate
loading success. The use of screw-threaded implants gained
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widespread recognition and adoption, particularly after the
1980s, prompting a continuous effort for innovation and
refinement in screw thread designs. Although the changes
in thread design may have been subtle, there has been still
an attempt in a revolutionary shift of design in thread fac-
tors. Thread designs appear to have a significant influence in
achieving implant osteointegration by increasing initial sta-
bility, maximizing bone-implant contact (BIC), and favoring
stress distribution at the bone-implant interface. When deal-
ing with type 4 bone, the thread design has a greater impact
on stability compared to other types of bone”.

The aim of this work is to assess the relationship between
thread design and stability of implants. To achieve this, we
will conduct a comprehensive review of the current literature,
drawing on the collective knowledge and insights from the
field. Furthermore, we will leverage our clinical expertise and
practical experiences, focusing on Straumann BLX (Strau-
mann Co.) implants, which feature a deep thread design and
incorporate a multi-helix flute structure. These features are
specifically engineered to enhance insertion efficiency and
primary stability in anatomically challenging sites such as
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the posterior maxilla, sites of implant failure, and areas with
compromised bone density. This approach allows us to com-
bine theoretical and empirical perspectives to gain a deeper
understanding of the impact of macrogeometry on implant
performance and stability.

Il. Materials and Methods

The PubMed/MEDLINE and Embase databases were que-
ried for research articles published to August 2023 using the
specified keywords: “implant”, “macrogeometry”, “thread”,
“thread depth”, “thread pitch”, “thread geometry”, “macrode-
sign”, “flute”, “osseointegration”, and “stability”’. The search
strategy by population, intervention, comparison, outcome,
and study design (PICOS) is shown in Table 1.

Inclusion criteria: The papers must have evaluated implant
thread designs with those of other implant types. Further-
more, one of the following methods has to be adopted in the
study: finite element analysis, prospective cohort studies,
retrospective cohort studies, case control studies, randomized
controlled trials, or another clinical trial design.

Exclusion criteria: Case reports, case series, and systematic
reviews are excluded criteria. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) were
employed in this integrative study.

In addition, 58 implants with dynamic threads (BLX) that
were installed at the Department of Oral and Maxillofacial
Surgery at Seoul National University Dental Hospital from
April 2022 until the present day were examined. Patients
included in this study were adults requiring implant place-
ment in sites with compromised bone conditions, such as
severe alveolar bone loss, previous implant failure, or low-
density posterior maxillary bone. All surgical procedures
were performed under local anesthesia. A full-thickness
mucoperiosteal flap was elevated following a crestal incision
in the edentulous area. Implant osteotomies were prepared

according to the manufacturer’s protocol, and implants were

Table 1. PICOS strategy for the systematic review
PICOS

Population (participants)
Intervention
Comparison

Outcome

Strategy

Dental implant

Modification of thread design
Comparative group/intervention group
Osseointegration response, stability

(PICOS: population, intervention, comparison, outcome, and study
design)
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inserted following the recommended drilling sequence and
depth specifications.

lll. Results

1. Literature review

A total of 298 items were found, of which 38 were dupli-
cates. Following a review of the abstracts and titles, 25 papers
met the inclusion and exclusion criteria and were chosen for
further analysis. 10 articles were excluded because they dealt
with other factors in their results, and 15 articles were then
subsequently selected.(Fig. 1)

Thread factors involved thread shape, pitch, depth, width,
and cutting flute. Thread designs can be classified based on
their characteristics.

2. Thread pitch

Thread pitch refers to the spacing between threads, mea-
sured along the same side of the axis, and indicates the
number of threads per unit length. Therefore, when implants
are of identical length, a finer pitch results in more threads,
thereby increasing the surface area’.

Lead is another geometric parameter in screw design, dis-
tinct from pitch, which measures the distance between thread
centers after one full rotation. Lead is the axial distance a
screw advances in one rotation. In single-threaded screws,
lead equals pitch, but in double-threaded screws, it is twice
the pitch, and in triple-threaded screws, three times. This im-
pacts the implant insertion speed: a double-threaded implant
inserts twice as fast as a single-threaded one, while a triple-
threaded needs only a third of the time. Thus, both lead and
pitch are vital for optimizing the efficiency of implant place-
ment in bone, influencing insertion speed and surface area
contact.

Orsini et al.* studied sheep with “narrow-pitch” (0.5 mm)
and “wide-pitch” (1.7 mm) implants and discovered that
lower thread pitch increases BIC, which enhances both ini-
tial anchoring and primary stability in cancellous bone. This
shows that altering thread pitch has a considerable impact on
implant success in less dense bone types.

Orlando et al.” performed an in vitro study on fine-pitch
(0.762 mm) and wide-pitch (1.016 mm) implants. For dense
cortical bone (D1 or D2), fine-pitch implants combined with
a 2.5 mm diameter osteotomy site were recommended. In

contrast, for softer bone types (D3 or D4), wide-pitch im-
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram illustrating the selection process of

studies for the systematic review.
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plants with a 1.5 mm diameter osteotomy site were shown to
perform better.

Kong et al.’ utilized finite element analysis to study im-
plants with thread pitches ranging from 0.5 to 1.6 mm. The
analysis demonstrated that stress on the implant reduced as
the thread pitch decreased from 1.6 to 0.8 mm. However,
thread pitches smaller than 0.8 mm led to increased stress,
particularly in cancellous bone, highlighting the importance
of pitch size in reducing stress.

Chun et al.” reported that as the screw pitch gradually de-
creased, the maximum effective stress also reduced; however,
when the screw pitch was smaller than 0.9 mm, its impact on
further reducing the maximum effective stress in the jawbone
was minimal. The relevant literature on thread pitch is out-
lined in Table 2.

3. Thread depth and width

The distance between a thread’s major and minor diameters
is known as thread depth, according to Misch et al.’. Another
method to define thread depth is the distance between the
outermost tip of the thread and the body of the implant. The
distance between the coronal and apical majority sections of

a single thread’s tip in the same axial plane is defined as the

thread width.

Both geometric variables of thread depth and width signifi-
cantly affect the implant insertion process and its surface area
interaction with the bone. A shallower thread depth simpli-
fies the implantation, particularly in dense bone structure,
potentially eliminating the need for tapping. Deeper threads,
on the other hand, increase primary stability in regions with
lesser bone density or greater occlusal stresses by increasing
the functional surface area at the BIC. Therefore, while shal-
low threads facilitate easier insertion into dense bone without
the need for tapping, deeper threads provide the advantage
of a broader surface area, beneficial in softer bone regions or
under higher occlusal loads’.

Studies by Kong et al.® and Ao et al.” extensively explored
the impact of thread height and width on implant stress dis-
tribution, employing three-dimensional finite element models
to identify configurations that minimize stress peaks under
various loading conditions. The optimal thread heights and
widths were found by Kong et al.* to be between 0.34 and 0.50
mm and 0.18 and 0.30 mm, respectively. They also noted
that the thread height was more sensitive to stress concentra-
tions, particularly under non-axial loads that produced higher
stresses than axial loads and that cancellous bone experienced

significantly higher forces than cortical bone. Similarly, Ao
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Table 2. Effects of thread pitch on implant stability

Study Method Implant (thread)

Parameter Conclusion

Orsini et al.*(2012) In vivo  Pitch: narrow pitch (0.5 mm),

wide pitch (1.7 mm)

Orlando et al.’ (2010)  In vitro  Pitch: fine-pitch (0.762 mm),
wide-pitch (1.016 mm)

Kong et al.®(2006) FEA Pitch: 0.5 to 1.6 mm

Chun et al.” (2002) FEA Pitch: 0.7, 0.9, 1.0 mm

Bone-to-implant contact,
removal torque

Insertion torque

Maximum effective stress

Implants designed with smaller thread pitch
might be beneficial in situations where
primary stability is a concern, particularly
in cancellous bone.

For dense cortical bone (types D1 or D2),

a fine-pitch implant design combined

with a 2.5 mm diameter osteotomy site is
recommended. Conversely, for softer bone
types (D3 or D4), it is advisable to use a
wide-pitch implant design with a 1.5 mm
diameter osteotomy site.

Maximum equivalent stresses  Stress reduced with decreasing pitch, from

1.6 to 0.8 mm. Thread pitches of less than
0.8 mm exhibited higher stress.
Thread pitch affects stress more sensitive in

cancellous bone.
The maximum effective stress decreased

as the screw pitch gradually reduced;
however, screw pitch had a minimal impact
on reducing the maximum effective stress
in the jaw bone when it was smaller than a
certain value (0.9 mm).

(FEA: finite element analysis)
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et al.”’s research confirmed these findings, demonstrating that
thread depths greater than 0.44 mm and widths between 0.19
to 0.23 mm yield the most favorable biomechanical behavior
in immediately loaded implants, reinforcing the notion that
thread depth plays a more crucial role in stress distribution
compared to thread width.

For areas with softer bone density, selecting implants with
specific thread designs — shorter pitch and deeper depth — can
improve primary stability, a key factor for dental implants to
be successful'’. With a statistically significant difference be-
tween the groups, deeper threads showed a propensity to have
a larger density of osteocytes, indicating higher levels of new
bone formation inside the thread areas'. Deeper threads in
the implant neck area do not result in harmful effects regard-
ing peri-implant hard and soft tissue dimensions'*. Table 3%"
provides a summary of the literature on thread depth that is
currently accessible.

4. Cutting flutes

The cutting flutes of dental implants are design features
present on the apical (bottom) part of the implant that resem-
ble grooves or flutes similar to those on drill bits. This feature
is specifically engineered to assist in the self-tapping process
during implant placement. The cutting flutes help in cutting
through the bone, facilitating the insertion of the implant by

134

removing bone material as the implant is screwed into place.

When contrasted with non-self-tapping implants, self-
tapping implants demonstrated a significantly higher level of
primary stability. This may be explained by the tight contact
between the implant and the bone that results from the com-
pressive threads, as well as the small lateral displacement
that the implant causes on the bone tissue when it is inserted,
pushing loose bone trabecula closer together'*.

In order to minimize resistance during the first insertion,
flute designs are also essential. Because the bowl shape flute
creates the smallest area possible to hold the crushed bone
fragments, it increases the insertion torque and bending
strength'’. The existing literature on cutting flutes is present-
ed in Table 4%,

There are some characteristic features of implant geom-
etry: Microthreads of the neck, progressive threads, ex-
panding threads, deep threads, knife threads, and dynamic
threads.

1) Microthreads of the neck

Retentive features at the neck of the implants increases
bone-to-implant contact and convert shear forces to compres-
sive forces.(Fig. 2. A) Therefore, microthreads promote bone
formation'’. According to Wolff’s law, retentive components
at the implant neck aid in the distribution of certain stresses,
hence supporting the maintenance of the height of the crestal
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Table 3. Effects of thread depth and width on implant stability

Study Method Implant (thread) Parameter Conclusion
Reinaldo et al.'”(2021) In vitro Thread depth: 0.5, 0.35 mm 1SQ value Deeper thread depth (0.5 mm) had
higher ISQ values.
Gehrke et al.' (2019)  Invivo Conventional thread, deep thread Removal torque, bone-to-implant Deeper thread presented higher
contact, BAFO, osteocyte count amount of BAFO% and osteocyte.
Sun et al.” (2016) In vivo Thread depth: 0.45, 1.15 mm Bone-to-implant contact, bone  Thread depth and pitch in the
loss, ISQ, soft tissue height implant neck area do not influence
peri-implant hard and soft tissue
dimensions.
Lee et al.” (2015) In vitro Thread depth: 0.35, 0.85, 0.60, 1.10 mm Insertion torque Greater insertion torque can be

achieved with deeper threads

without the accompanying

decrease in mechanical strength.
Ao et al.” (2010) FEA Cylinder implants with depth of Maximum von Mises stress, The stress distribution was more

0.2-0.6 mm and width of 0.1-0.4 mm maximum displacement impacted by thread depth than

by thread width. The best results

were obtained with threads that

were 0.19-0.23 mm wide and had

a depth of more than 0.44 mm.
Kong et al.* (2008) FEA Threaded implants with height of Maximum von Mises stress The optimal thread depth and width

0.2-0.6 mm and width of 0.1-0.4 mm were, respectively, 0.34-0.5 mm
and 0.18-0.3 mm. Another more
sensitive element to lower the
peak stress concentration inside
the bone was thread depth.

(FEA: finite element analysis, BAFO: bone fraction occupancy, ISQ: implant stability quotient)
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Table 4. Effects of cutting flutes on implant stability

Study Method Implant (thread) Parameter or load Conclusion
Hsieh et al.' (2021) In vitro  Non cutting flute, spiral cutting  Insertion torque, maximum force, The peak insertion torque increased
flute, straight cutting flute resistance to lateral loads when the flute’s design was changed

from straight to spiral.

Compared to self-tapping implants, non-
self-tapping implants showed better
initial stability and more resilience to
lateral loading.

Jimbo et al.”7 (2014) In vivo Blossom (spiral cutting flute); Insertion torque, bone-to-implant  Organization of peri-implant bone
straight self-tapping contact, bone area fraction around implants with the Blossom flute
occupied was improved.
Markovié et al."* (2013) Invivo  Self-tapping, non-self-tapping ISQ value Self-tapping implants did produce

considerably greater primary stability
compared to non-self-tapping implants

when using the bone-drilling technique.
Wu et al.” (2012) In vitro Non flute, edge flute, bowl flute, Insertion torque, holding power,  Flute form also helps to reduce resistance

spiral flute bending strength to first insertion.
Both insertion torque and bending
strength in bowl cutting flute are

) 5 ) ) ) ) ) significantly higher.
Toyoshima et al.” (2011) Ex vivo Cutting flute, non-cutting flute  Insertion torque, Periotest, RFA, Hybrid self-tapping implants could
and push-out test achieve high primary stability, making
them suitable for usage in low-density
bone.

(ISQ: implant stability quotient, RFA: resonance frequency analysis)
Kyeong Jun Lee et al: A deep and multi-helix flute threaded implant: a review and clinical analysis. J Korean Assoc Oral Maxillofac Surg 2025

bone. Certain drawbacks exist, such as higher plaque reten- 2) Progressive threads: Greater depth in the apical portion
tion, if threads are exposed™. than in the coronal portion
This design may shift more load to the cancellous bone, which
is more flexible than the crestal cortical bone.(Fig. 2. B)’' This
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Fig. 2. Various implant thread designs: A. Microthread design. B. Progressive thread design with increasing depth. C. Variable threads. D.
Deep threads. E. Knife threads. F. Multiple helix and variable thread design.
Kyeong Jun Lee et al: A deep and multi-helix flute threaded implant: a review and clinical analysis. J Korean Assoc Oral Maxillofac Surg 2025

is claimed to help reduce cortical bone resorption. Proper
occlusal stress may improve blood circulation in cancellous
bone, enhancing bone metabolism and, as a result, bone re-

modeling™.

3) Variable threads: Gradually increased width from
the apical to the coronal part

The variable thread design promotes primary stability un-
der suboptimal conditions by compressing premature bone.
(Fig. 2. C)” This cutting characteristic allows the implant to
cut through brittle bone and be forced into place with a nar-
rower initial osteotomy. Although it still occurs with other
tapered implant types, alveolar fracture is less common with

this design™.

4) Deep threads

Deep threads increase the implant’s surface area, thereby
improving bone-to-implant contact.(Fig. 2. D) These features
convert shear forces to compressive forces. In addition, the
large inter-thread area promotes angiogenesis and sustains

26 The large distance between threads pro-

blood supply
motes bone regeneration area and increases the bone-to-

implant contact area”’.

5) Knife threads

Knife threads have a deeper thread depth and a smaller
thread width.(Fig. 2. E) Knife thread implants reduce mi-
crofractures in the surrounding bone and apply compressive
force, resulting in higher implant stability quotient values
compared to V-thread implants. This suggests that during the
early stages of the healing process following surgery, implant
stability is significantly influenced by the macro-thread de-
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sign.

6) Deep threads and multi-helix flutes: Spiral long flutes
with deep and variable threads
Spiral long flutes distribute bone chips along the full length
of the threads, enhancing primary and secondary stability.
(Fig. 2. F) Variable threads condense bone along the threads,
thereby achieving primary stability.

IV. Discussion

1. Macrogeometry of Straumann BLX design with four
distinguishing features

1) Deep threads

An efficient way to improve osseointegration at accelerated
healing times is to use deeper and bigger thread diameters to
provide increased implant stability in soft bone. Deep threads
provide more bone-to-implant interference and more space
for new bone formation. Therefore, it can improve both pri-

mary and secondary stability.

2) Spiral long cutting flute

Cutting flutes have two main characteristics: the cutting
edge that creates the osteotomy and the flutes that provide
space around the implant. Triple cutting flutes allow for easy
installation of the implant into the small osteotomy, enhanc-
ing initial stability. Long flutes distribute autologous bone
chips while relieving tension from the deep threads.

3) Variable threads

The implant’s cutting nature allows it to cut through the
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brittle bone and drive itself into place with a smaller initial
osteotomy. Alveolar fracture, which can occur with other ta-
pered implant designs, is reduced as a result.

4) Progressive threads

Crestal bone is better preserved when stress is distributed
apically rather than coronally around the implant fixture.
Thin cortical crestal bone areas like the posterior maxilla can
an indication for this design.

2. Clinical installation data of the implants

A total of 132 implants were placed in 66 patients, with
two implants subsequently removed due to failure to achieve
primary stability. The patient demographic included 26 males
and 40 females, with an average age of 61.9 years, ranging
from 21 to 92 years. In terms of implant diameter, 4.0-mm
implants were most commonly used, being placed 64 times
and accounting for 48% of all implants. Additionally, 4.5-mm
implants were placed 39 times, 3.5-mm implants were placed
23 times, and a smaller number of 5.0 and 5.5-mm implants
were used.(Fig. 3. A) The majority of implants, specifically
94, were 10 mm in length, followed by 36 implants of 8 mm
in length, and two implants of 6 mm in length.(Fig. 3. B)
Implant placements were most frequent in the mandibular
molar region with 65 implants, making it the predominant
site, followed by the maxillary molar, maxillary anterior, and
mandibular anterior regions.(Fig. 3. C) The leading cause for
implantation was identified as failure at the site of an existing

Number

Reason of edentulous area

Fig. 4. Distribution of reasons for edentulous areas, categorized
by factors such as implant failure, chronic periodontitis, osteomy-
elitis, and other pathologies.

Kyeong Jun Lee et al: A deep and multi-helix flute threaded implant: a review and clini-
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implant, with severe periodontitis and osteomyelitis also be-
ing significant factors.(Fig. 4)

1) Case 1: Straumann BLX in a substantial bone resorption
site

A 33-year-old female patient presented with a periapical le-

sion on #37. The preoperative radiogram revealed substantial

alveolar bone resorption around tooth #37.(Fig. 5. A) The

tooth was extracted with the mass excision of the lesion with
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Fig. 5. Straumann BLX (Straumann Co.) installation at the extraction site of an endo-periodontal lesion. A preoperative panoramic view
showed a periapical lesion at site #37 (A). A bone graft was performed at site #37 (B). The fixture was installed with a covers crew (C-E).
Re-entry at site #37i was done 5 months after the implant installation (G, H). The final prosthesis was delivered ().

Kyeong Jun Lee et al: A deep and multi-helix flute threaded implant: a review and clinical analysis. J Korean Assoc Oral Maxillofac Surg 2025

a subsequent bone graft.(Fig. 5. B) International Team for Im-
plantology (ITI) Straumann BLX 4.5x8.0 mm implant place-
ment and bone graft on #37i were performed at the 4-month
follow-up.(Fig. 5. C-5. E) The re-entry procedure with an ITI
Straumann BLX healing abutment 5.0 mm (gingival height
2.5 mm, abutment height 4.0 mm) was carried out 5 months
following implant placement.(Fig. 5. F-5. H) The final pros-
thesis was delivered.(Fig. 5. I)

2) Case 2: Immediate reimplantation in the implant failure
site
A 51-year-old female patient had ITI Straumann BL (4.1x10
mm) dental implants placed at the sites of #25 and #27. Dur-
ing the regular follow-up when adjusting the prosthesis at
#251 after 3 years and 6 months, the implant fixture came out.
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(Fig. 6. A, 6. B) There was no clinical or radiological evi-
dence of implant failure. Peri-implantitis granulation tissue
was observed in the implant bed upon endoscopic examina-
tion.(Fig. 6. C) The previously grafted maxillary sinus site
appeared healthy.(Fig. 6. D) The implant site was prepared
for an ITI Straumann BLX WB 5.0x10.0 mm with an regulat
base 4.0-mm cover screw.(Fig. 6. E, 6. F)

V. Conclusion

Deep, multiple helix flutes, and variable thread implants
are particularly suitable for challenging clinical scenarios.
Their design is beneficial in regions where enhanced primary
stability is required, such as the posterior maxilla, areas with
severe bone defects, osteoporotic bone, or in sites of previous
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Fig. 6. Straumann BLX (Straumann Co.) installation at the site of an implant failure. The implant fixture at site #25 was lost (A, B). Endoscopic
examination revealed granulation tissue associated with peri-implantitis (C). The previously grafted maxillary sinus site appeared to be healthy

(D). A new implant was placed at the failed implant site, #25 (E, F).
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implant failure. The aggressive thread design and multiple
helix flutes allow for better engagement in compromised
bone quality, providing higher initial stability which is crucial
in such conditions.

However, these implants are contraindicated in areas with
thick cortical bone, high bone density, or insufficient bucco-
lingual width due to the potential risk of over-stressing the
bone, leading to complications like pressure necrosis or frac-
ture. Therefore, careful consideration of the patient’s bone
anatomy and quality is essential to selecting an implant de-
sign that ensures optimal outcomes.
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