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Objectives: Ultrasonography has shown promising diagnostic value in dental implant 
imaging research; however, exactly how ultrasound was used and at what stage of implant 
therapy it can be applied has not been systematically evaluated. Therefore, the aim of this 
review is to investigate potential indications of ultrasound use in the three implant treatment 
phases, namely planning, intraoperative and post-operative phase.
methods: Eligible manuscripts were searched in major databases with a combination of 
keywords related to the use of ultrasound imaging in implant therapy. An initial search yielded 
414 articles, after further review, 28 articles were finally included for this systematic review.
Results: Ultrasound was found valuable, though at various development stages, for evalu-
ating (1) soft tissues, (2) hard tissues (3) vital structures and (4) implant stability. B-mode, the 
main function to image anatomical structures of interest, has been evaluated in pre-clinical and 
clinical studies. Quantitative ultrasound parameters, e.g. sound speed and amplitude, are being 
developed to evaluate implant-bone stability, mainly in simulation and pre-clinical studies. 
Ultrasound could be potentially useful in all three treatment phases. In the planning phase, 
ultrasound could evaluate vital structures, tissue biotype, ridge width/density, and cortical 
bone thickness. During surgery, it can provide feedback by identifying vital structures and 
bone boundary. At follow-up visits, it could evaluate marginal bone level and implant stability.
conclusions: Understanding the current status of ultrasound imaging research for implant 
therapy would be extremely beneficial for accelerating translational research and its use in 
dental clinics.
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introduction

The use of dental implants to replace missing denti-
tion is rapidly increasing and has become the standard 
of care owing to the high survival rate.1,2 Successful 
implant treatment requires  prudent clinical evaluation 
and high-quality images of the surgical site. An ideal 
imaging modality should provide sufficient anatomical 

information pertinent to the implant site and cause no 
harm, in addition to being easy to use and low cost.3 
Currently, two-dimensional (2D) imaging modalities 
including panoramic films and intraoral radiographs 
are the most commonly used. However, image magni-
fication/distortion and the lack of cross-sectional infor-
mation, etc are among the major disadvantages.4 During 
the past decade, the use of cone beam CT (CBCT) is on a 
rise.5 The American Academy of Oral and Maxillofacial 
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Radiology recommends that evaluation of a potential 
implant site should include cross-sectional imaging, 
orthogonal to the site of interest.6 Being the only reason-
able form of cross-sectional imaging tool commonly 
available to clinicians, CBCT potentially offers a more 
accurate diagnosis and aids with the successful manage-
ment of a wide range of clinical challenges, such as 
placements of multiple implants and major reconstruc-
tive surgeries.7–9 In addition to planning for implant 
surgery, CBCT enables a digital workflow for surgical 
guide and restoration fabrication.10 However, errors in 
acquiring the image, designing virtual implant location 
and fabricating the guide can compound and unbe-
known reach clinical significance in critical cases during 
surgery. Malpositioned implants have a higher risk for 
developing post-operative complications including bone 
loss and mucosal recession. Other disadvantages include 
limited soft tissue contrast, higher cost, higher radiation 
exposure, and suboptimal imaging quality from inter-
fering artefacts created by metal objects.11,12 

Non-ionizing, real-time and low-cost ultrasound has 
the potential to emerge as a useful cross-sectional imaging 
tool in implant therapy.13,14 It is by definition acoustic waves 
with frequencies at or above 20 kHz, that are coupled and 
transmitted by means of a conducive medium into the 
human body. Resulting images are based on acoustic waves 
that are reflected back to the transmitter as they encounter 
heterogeneous tissues. Depending on the so-called time-
of-fight t, i.e. the time the sound travels from the transmit-
ting ultrasound probe into the body and reflect back to the 
probe, the physical distance d is then computed as d = t · 
c, where c is the sound speed in tissue. A significant body 
of research has demonstrated the potential of ultrasound 
for measuring both hard and soft tissues around teeth.15–17 
Ultrasound can be utilized not only during the treatment 
phase but also during the surgery and at follow-up visits. 
With flapless implant surgeries becoming more popular, 
instantaneous intraoperative evaluation of the drill bit 
location is crucial. In the recent years, peri-implantitis has 
been receiving considerable attention both in the clinical 
and academic circles.18,19 It is estimated, that approxi-
mately 20% of implants have marginal bone loss beyond 
the accepted clinical threshold.20 Additionally, implants 
that are prone to developing peri-implantitis need periodic 
clinical and radiological monitoring for early intervention 
and treatment success.18,19 Cross-sectional imaging that 
can be repeatedly used to monitor marginal bone level 
after implants are in function is, therefore, much needed.

Ultrasound has been applied in almost every field of 
medicine but has never got its foot into clinical dentistry. 
The major hurdles include challenges associated with 
developing high-resolution and small form factor ultra-
sound probes that can be used in the oral cavity.21 Recent 
technological advances have allowed for the fabrication 
of miniature-sized probes with superior image quality. 
In addition, quantitative ultrasound parameters, derived 
from interactions between the sound and the object(s) 
to be tested, have significantly augment ultrasound’s 

diagnostic value. Examples include the use of sound speed 
for evaluating bone density22,23 and sound reflective inten-
sity patterns for evaluating implant stability.24–26 There is 
a lack of information about the current developments in 
research and the potential clinical indications of ultra-
sound technology in implant dentistry.15 Dissipating this 
information can potentially help encourage interested 
stakeholders and accelerate the commercialization of 
this useful imaging modality for the welfare of millions 
of patients. Therefore, the aim of this study is to system-
atically review available literature on the applications of 
ultrasound technology in the three phases, namely (1) 
pre-surgical planning phase, (2) intraoperative phase, and 
(3) post-surgical follow-up phase of implant therapy.

methods and materials

A comprehensive literature search was initially run on 
26  February 2017 and then rerun on 5  February 2018, 
and included several major health sciences databases, 
such as: Ovid Medline, Ovid Medline In-Process & Other 
Non-Indexed Citations, Ovid Medline Epub Ahead of 
Print, CINAHL (EBSCOhost),  Embase. com, Dentistry 
and Oral Sciences Source (EBSCOhost), and Cochrane 
Central Register of Controlled Trials (Wiley). The search 
strategies combined dental implant and ultrasound 
imaging subject headings and keyword combinations. No 
restrictions were included in the searches. Duplicate cita-
tions were eliminated in Endnote X6 (Clarivate Analytics). 
The complete and reproducible search strategies are avail-
able in Addendum I.

Inclusion and exclusion criteria
All types of study designs involving the use of ultra-
sound imaging in implant dentistry were considered for 
inclusion, with no limitations based on age, gender, clin-
ical setting (private practice  vs  educational institution 
or geographic location). Articles published prior to 1971 
were excluded, because the earliest article on the use 
of ultrasound in dentistry was published in that year. 
Exclusion criteria included non-English studies, reviews 
and narrative summaries, and conference abstracts. 
Supplementary table 1lists the inclusion and exclusion 
criteria based on the objective of this review.

Study selection
Two authors (HL, VB) independently reviewed all titles 
and abstracts, as well as the full-text of articles that 
passed the initial review. Conflicts were resolved through 
discussion. Data extraction were done by two investiga-
tors (HL, VB) and abstracted in Table 1.

Results

The initial search strategy retrieved 414 unique cita-
tions. After initial screening of titles and abstracts, as 
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described in the “Materials and Methods” section, 35 
articles were selected for full-text assessment. Of these, 
seven were excluded; the reasons for exclusion were 
summarized in  Supplementary table 2. The remaining 
28 articles13,14,22–47 were selected for inclusion in this 
review. See PRISMA flowchart for a breakdown of the 
screening process (Figure 1). The included articles have 
been summarized in Table 2 based on their clinical indi-
cations and study types (pre-clinical vs clinical study 
design). Four main potential indications were identified 
and will be described narratively below: evaluations 
of soft tissue, hard tissue, vital structure, and implant 
stability. For the first three indications, there have been 
a mixture of pre-clinical and human clinical studies 
available, indicating that the technology development 
is closer to clinical use. However, for studies aiming at 
evaluating implant stability, a significant portion of 
research is still in the pre-clinical stage.

Main indication 1: soft tissue evaluation
Several studies28,29,32,40 evaluated the accuracy of ultra-
sound in measuring soft tissue thickness for implant 
planning. The mean difference between ultrasound and 
direct soft tissue thickness readings was 0.13–0.5 mm. 
The larger deviation is related to thicker tissue (approx-
imately 5 mm). One study32 did a correlation analysis 
and found a strong correlation (r = 0.89) between ultra-
sound and direct measurements. Two studies30,32 applied 
ultrasound to measure soft-tissue dimensional changes 
after a grafting procedure around implants in humans 
and found a reduction of 0.1 to 0.15 mm at 1-year  
follow-up.

Main indication 2: hard tissue evaluation
A descriptive study39 suggested the crestal bone level 
was detectable in at least 90% of the 162 studied sites 
from three patients on ultrasound images. A valida-
tion study13 on human cadavers of 139 teeth showed an 
accurate estimation of midfacial crestal bone height and 
thickness. The mean absolute differences in crestal bone 
height and thickness between ultrasound and CBCT 
were 0.09 mm [95% confidence interval (−1.20 to 1.00 
mm)] and 0.03 mm [95% confidence interval (−0.48 to 
0.54 mm)], respectively. Residual ridge width, measured 
with ultrasound on 11 sites from 4 patients, produced 
nearly (no statistics were provided) the same data as 
ridge mapping.41 

Peri-implant bone level of 29 implants diagnosed 
with peri-implantitis was evaluated using ultrasonic 
imaging.27 Ultrasound measurements made at moderate 
bone loss levels (3–6 mm) were the most reliable (intra-
class correlation coefficient = 0.81 for reproducibility 
and 0.76 for accuracy). However, the correlations in 
normal (<3 mm) and advanced bone loss (>6 mm) cases 
were moderate to poor (intraclass correlation coefficient 
= 0.63–0.73).

Jawbone density was possible to be evaluated using 
ultrasound.23 Significantly high ultrasound transmission A
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velocity (UTV) was found in maxillary anterior 
and mandibular posterior regions than in maxillary 
posterior regions. A subsequent study by the same 
group22 found a high correlation (r > 0.9) between 
UTV values and those from histomorphometry and  
radiography.

Cortical bone thickness was determined with a 
combination of low (5 MHz) and high (50 MHz) 
frequency ultrasound set up, with approximately 10% 
deviation from the true thickness.31 Therefore, the 
authors concluded that ultrasound has a high potential 
to supplement CBCT in measurement of cortical bone 
thickness.

Main indication 3: vital structure evaluation
The inferior alveolar canal and the maxillary sinus floor 
were evaluated.35 Overall the differences between ultra-
sound and radiography measurements were minor (0.4 
mm), with positive correlation (r = 0.57). After strati-
fying the data, the differences in inferior alveolar canal 
readings were 0.1 mm, with high correlation (0.967). 
Subsequently, a follow-up study with a larger sample 
size was conducted by the same group, showing the 
mean differences in residual bone height were 0.18 mm, 
with good correlation (r = 0.61).47 

The diameter, direction of blood flow, and blood 
volume of the sublingual artery were evaluated.34 The 

Figure 1  PRISMA flow chart for the systematic review.
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average diameter of the artery was 1.41 ± 0.34 mm and 
the average blood flow 2.92 ± 3.19 ml min-1.

Bone boundaries should not be violated during 
implant surgery, otherwise soft tissue damage and 
surgical complications may occur. A study38 measured 
bone boundaries with two parameters: the depth of drill 
penetration into bone (drilled tract), and the distance 
between the drill tip to the bone boundary (residual 
depth). The correlations of ultrasound and mechanical 
measurements in the pre-clinical settings were ~0.99, 
with the mean measurement differences between 0.27 
and 1.1 mm. In the clinical settings, the correlation 
between ultrasound and mechanical measurements was 
0.78, with the mean difference of 0.05 mm. Therefore, 
the study concluded this ultrasound method could be 
useful to monitor intraosseous drilling.

In a proof-of-principle study,14 the following three 
anatomical structures were identified with ultrasound: 
the greater palatine foramen, the mental foramen and the 
lingual nerve. The three structures were clearly shown; in 
addition, merged ultrasound and CBCT images demon-
strated overall spatial accuracy of ultrasound images.

Main indication 4: implant–bone interface evaluation

Studies using “transmission sound velocity” as an indi-
cator: In an ex vivo rabbit cadaver study,46 the corre-
lation of a quantitative ultrasound parameter, ampli-
tude-dependent speed of sound to implant insertion 
torque was studied. A significant negative correlation 
(−0.706) was found, implying that samples with a lower 
amplitude-dependent  speed  of sound measurement 
have a higher implant insertion torque.
An ex vivo porcine cadaver study33 evaluated the “UTV” 
on implant primary stability, measured by radiofre-
quency analysis and push-out test. Samples with a 
higher UTV also have higher radio  frequency analysis 
and push-out test values, indicating that this ultrasound 
method can give reasonably objective information on 
the expected primary implant stability.

Studies using “transmission sound amplitude (energy)” as 
an indicator: An ex vivo bovine cadaver study36 inves-
tigated the feasibility of monitoring implant primary 
stability using a simple transmission ultrasound test. 
Higher implant primary stability was associated with 

table 2 Summary of the studies classified by the main indications and study designs

Indication category Specific parameter to measure Author (year) Study design

Pre-clinical/simulation Clinical human

Soft tissue evaluation Tissue thickness Traxler et al (1991) V

Culjat et al (2008) V

Culjat et al (2012) V

De Bruyckere et al (2015) V

Eghbali et al (2016) V V

Hard tissue evaluation Ridge width Traxler et al (1992) V

Peri-implant bone level Bertram et al (2007) V

Bone density Klein et al (2008) V

Crestal bone level Salmon et al (2011) V

Bone density Kammeler et al (2013) V

Cortical bone thickness Degen et al (2017) V

Crestal bone level and thickness Chan et al (2017) V

Vital structure evaluation Sublingual A. Lustig et al (2003) V

Inferior alveolar canal & maxillary sinus Machtei et al (2010) V

Bone boundaries Rosenberg et al (2014) V V

Inferior alveolar canal Zigdon- Giladi et al (2015) V

Greater palatine foreman, mental foramen and 
lingual n.

Chan et al (2017) V

Implant stability 
evaluation

Transmission sound velocity Veltri et al (2010) V

Kumar et al (2012) V

Transmission sound energy Ossi et al (2011) V

Ossi et al (2013) V

Reflection sound amplitude pattern Mathieu-a et al (2011) V

Mathieu-b et al (2011) V

Vayron et al (2013) V

Vayron et al (2014a) V

Vayron et al (2014b) V

Vayron et al (2015) V

Vayron et al (2016) V

http://birpublications.org/dmfr
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higher received amplitudes. The same group37 also 
evaluated variables that may affect ultrasound energy 
readings. The results showed transmission through 
glass–ionomer cement to be closest to human bone. The 
study also showed ultrasound transmission through 
bone is dependent on its degree of hydration.

Studies using “reflection sound amplitude pattern” as an 
indicator: A single research group contributed to the 
literature in this field; therefore, the sequence in this 
section has been organized based on the study design.

Ex-vivo studies/material testing: The potential of 
ultrasound to measure implant–bone contact was eval-
uated.25 The radiofrequency (rf) signal during the first 
60 μs was recorded and the summation of the maximum 
amplitude of each echo was calculated as a quantitative 
indicator  I. The results showed that the indicatorIwas 
significantly associated with the amount of implant–
bone contact. Subsequently, a significant association (p 
< 10−5) between the amount of implant–bone contact 
and indicatorIwas found.
Ultrasound was used to test the fatigue behaviour of a 
bone substitute, tricalcium silicate-based cement around 
dental implants.26 The output parameter significantly 
increased as a function of fatigue time. This increase 
may be due to the degradation of the material at the 
implant interface.

Numerical simulation studies: A computer-based 
numerical simulation study was performed in order to 
understand ultrasound wave propagation in cylindrical 
implants.24ant, or 1.1 mm of cortical thickness or 12% of 
trabecular bone mass density could be detected by ultra-
sound. Three types of ultrasonic waves during propaga-
tion were identified, direct, transverse and lateral waves. 
The results also showed that, either a change of 1 mm of 
bone in contact with the implant, or 1.1 mm of cortical 
thickness or 12% of trabecular bone mass density could 
be detected by ultrasound.
More clinically relevant modelling of the implant–
bone system for studying ultrasonic wave propagation 
was performed with a three-dimensional axisymmetric 
geometrical configuration model.43 The implant ultra-
sound response changes significantly when a liquid 
layer was located at the implant interface. Furthermore, 
the indicator I decreases as a function of healing time. 
Subsequently, the geometry of a commercially available 
implant was modelled in lieu of a cylindrical shaped 
implant used in previous studies.44 The simulated ultra-
sound response was also consistent with the experi-
mental results.

In-vivo preclinical study: A pre-clinical study using a 
rabbit model45 was performed to investigate the sensi-
tivity of the ultrasound to implant–bone contacts. 
Ultrasound response varied as a function of healing 
time between 7 and 40%. The results also showed that 
ultrasound correlated (R2 = 0.45) with the implant–
bone contact.

Discussion

This systematic review successfully identified 28 manu-
scripts that studied the applications of ultrasound for 
use in implant therapy in three treatment phases. Table 3 
summarizes the potential indications of using ultra-
sound in these phases.

During each treatment phase, accurate knowledge 
of soft/hard tissue dimensions, relationship to vital 
structures and bone density measurement are pre-req-
uisites for safe and successful implant placement. Addi-
tionally, tissue biotype has many clinical implications, 
e.g. the amount of marginal bone remodelling, timing 
of implant placement, and selection of restorations, 
etc.48 Various methods have been developed to eval-
uate soft tissue biotype, including visual estimation and 
probing techniques but with limitations.49,50 Ultrasound 
is an excellent tool for tissue biotype evaluation, with 
a measurement deviation less than 10%.28–30,40 Ridge 
width before surgery can currently only be revealed with 
CBCT. Preclinical data suggested ultrasound can image 
ridge surface topography and therefore measure ridge 
width.41 It is possible ultrasound can become a chair-
side initial screening device for measuring ridge width. 
Ultrasound has been used to diagnose and follow-up 
osteoporosis clinically. The velocity of ultrasound in 
isotropic materials correlates to the modulus of elas-
ticity and the physical density. Although bone is aniso-
tropic, ultrasound velocity measures have been proved 
an indirect indicator of bone elasticity and density. 
Two identified studies22,23 using a similar mechanism 
to indicate alveolar bone density, suggesting that ultra-
sound holds a potential to quantify ridge density. The 
greater palatine foramen, mandibular lingual foramen 
and lingual nerve are hard to identify with the current 
clinical methods. Ultrasound would be useful to identify 
and characterize these important structures.14,34 There-
fore, ultrasound could potentially find its unique role to 
provide important clinical information during the treat-
ment planning phase.

During the surgery, it is fundamental to place an 
implant in an ideal position without disrupting nearby 

table 3 Potential clinical indications of ultrasonography for different 
phases of implant therapy

Treatment phase Potential indications

Planning phase Identify vital structures

Evaluate soft and hard tissue biotype

Evaluate ridge width

Indicate bone density

Evaluate cortical bone thickness

Surgical phase Identify vital structures

Evaluate drill bit-bone boundary distances

Indicate primary stability

Follow-up phase Evaluate marginal bone level around implants

Indicate implant–bone stability

http://birpublications.org/dmfr
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