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Abstract
Background: The aim of the present study was to evaluate the efficacy of intraoral and 
extraoral ultrasonography evaluations performed with two different types of probes (linear 
and “hockey stick”) for the visibility of peri-implant bone defects. Material and methods: 
Fourteen implants were inserted into sheep heads. Peri-implant bone defects were created 
without knowing the depth, which served as the gold standard for the defects. The defects 
were scanned with two different probe types (linear and hockey stick probes) extraorally and 
intraorally, using two different ultrasonography systems. For intra- and interobserver agree-
ments for each probe types, Kappa coefficients were calculated. Results: The lowest ICC 
values were found in both intra- (ICC = 0.696) and interobserver reliability (ICC = 0.762)  
obtained with the extraorally used linear probe. There was a high agreement with the gold 
standard when using hockey sticky probes intraorally. For both linear probes, there were 
no significant differences in agreement among the two observers and the gold standard  
(p >0.05). Conclusions: High agreement was found when using high-frequency hockey stick 
probes intraorally, which means that they can be used with good effect for the evaluation of 
the visibility of peri-implant bone defects. To the best of our knowledge, this study is the first 
one on this subject. Thus, it can be stated that US can be an alternative method of examining 
defects. However, further studies are needed to evaluate the effectiveness of US in visualizing 
peri-implant bone defects.
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Intraoral and panoramic radiography techniques show the 
mesial and distal areas of the bone(5); but there can be geomet-
ric distortions and anatomical superimpositions(6). If 3-dimen-
sional observation of the bone is necessary, conventional and 
cone-beam computed tomography (CBCT) can provide alter-
native options(7). There are certain major limitations of these 
techniques, though, including their high cost, increased radia-
tion exposure, and formation of metal artifacts(8).

In view of such disadvantages of CBCT, the effectiveness of 
ultrasonography (US) on bone surface evaluation, bone thick-
ness measurement, and peri-implant defects visibility has 
started to be evaluated in the literature in recent years(9–12).  
It is reported that US is the preferred modality due to its 

Introduction

For the success of dental implants, the implant surface 
must be covered with bone. There is a positive correlation 
between alveolar bone thickness and primary osteointe-
gration(1,2). Peri-implant defects are supportive bone tissue 
loss with a prevalence ranging from 28% to 56%(3). Routine 
radiographic evaluations are a technique used to evaluate 
whether peri-implantitis develops. When peri-implantitis 
goes unnoticed early on, marginal bone loss progresses 
and leaves the clinician with increasingly narrowing treat-
ment options. From the patient’s point of view, there will be 
a decrease in the quality of final oral rehabilitation unless 
the condition is promptly addressed(4).
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advantages such as non-invasive nature, use of non-ionizing 
radiation, good tolerability by patients, and low cost(13,14).

US is based on the principle of measuring the energy loss 
caused by the emission, reflection, and scattering of acoustic 
waves lower than 20 kHz in different tissues. The energy loss 
of the wave propagating throughout the tissue is associated 
with the acoustic properties of the waves(15). Due to the high-
frequency mode on US, the depth of signal penetration into 
the tissue decreases, but the image quality is improved. This 
means that there is an inverse correlation between the image 
resolution and the measured depth. It has been reported in 
the literature that high-frequency ultrasounds can be used to 
scan the bone surface(16). In another study, it was found that 
the combined use of high- and low-frequency ultrasound 
may be a new approach in cortical bone evaluation(9).

The present study aimed to evaluate the efficacy of intra-
oral and extraoral US evaluations performed with two dif-
ferent types of probes (linear and hockey stick) for the vis-
ibility of peri-implant bone defects.

Material and methods

This study was carried out using three sheep heads includ-
ing soft tissues with 14 implants [zirconium (n = 2) tita-
nium implants (n = 12)]. Before starting the implant sur-
gery, CBCT scanning was done (Planmeca 3D max, Helsinki, 
Finland) with the following exposure parameters: 96 kVp, 
12 mA, and 18 s from each sheep head to plan and iden-
tify the implant sites properly. A radiologist with 10 years’ 
experience in oral and maxillofacial radiology performed the 
implant surgery as well as defect creations. The implants 
were inserted with a sub-crestal incision to reflect the muco-
periosteal flap. The osteotomy was performed using a pilot 
drill, and after that sequential drilling was done to prepare 
the area, taking into account the size of the implant. Copious 
irrigation with saline was done during the surgical proce-
dure. The implant was inserted with the help of an inser-
tion tool and a torque wrench. Following dental implant 
placement, the same radiologist created standardized 
defects around the dental implants. These simulated defects 
were created only in the buccal surfaces of the implants, 
app. 3 mm in diameter and semi-elliptical in form, with 
high-speed equipment, using copious air/water spray and 
rounded diamond burs (KG Sorensen, Zenith Dental ApS, 
Agerskov, Denmark). A total of 9 fenestrations (all buccal 
surfaces) were created, while 5 surfaces were free of fen-
estrations and used as a control group. The bone defects 
were created without knowing the depth. After creating 
the defects the around dental implants, the mucoperiosteal 
flap was closed. Care was taken not to damage the gingiva 
around the implants. The defects noted by the same radiolo-
gist served as the gold standard for US imaging.

Imaging modalities

Two US consoles (ProSound Alpha 6, Hitachi Aloka Medical 
Ltd., Tokyo, Japan) with a hockey stick intra-operative 

probe, 13 MHz (UST-536, Hitachi Aloka Medical Ltd., 
Tokyo, Japan), and a linear probe, 5–13.3 MHz (UST-
5413, Hitachi Aloka Medical Ltd., Tokyo, Japan), and 
also a high-resolution ACUSONS 2000 ultrasound unit 
(Siemens, Munich, Germany) with a 4–9 MHz linear probe 
(9L4 Transducer) and a hockey stick intra-operative probe 
14 MHz (14L5 SP Transducer) were used in the study. All 
fenestrations and dental implants were scanned both intra-
orally and extraorally (Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5). 
Extraoral scanning was performed with a linear probe, 
while intraoral scanning was done only with hockey stick 
probes with a different frequency bandwidth. After adjust-
ing the probe to the desired trajectory, US images were 
obtained using both probes. Two observers (H.K., K.O) car-
ried out all US scanning and evaluations. The observers 
were dentomaxillofacial radiologists with 10 years’ and 18 
years’ of experience with US, respectively. 

The two observers conducted two separate US sessions inde-
pendently. The study was performed twice, with an interval of 
2 weeks after the initial US scanning. The same sheep heads 
were used for both US scanning procedures. The observers 
were free to position the probe when taking images. 

Image analysis

Before the US evaluations, both observers were trained 
to appropriately use the US software in a special session. 
However, no calibration was made for the US evaluations 
since the scanning itself was in real-time. The fenestration 
defects were detected simultaneously in each US session 
during scanning, so the detection of defects was done in 
real-time while scanning. US system proprietary soft-
ware was used (Hitachi Aloka Medical Ltd., Tokyo, Japan, 
Siemens S2000, Munich, Germany). The observers were 
free to use any enhancement procedure that was available 
in the US unit. Moreover, the observers were aware of the 
existence of the defects, however they did not know the 
dental implant type (titanium or zirconium).

For all imaging methods, a five-point scale was used to 
assess the visibility of each fenestration: (1) definitely 
absent; (2) probably absent; (3) unsure; (4) probably pres-
ent; (5) definitely present.

Examiner reliability and statistical analysis

Intraclass Correlation (ICC) analysis was used for the assess-
ment of intraobserver and intraobserver reliability. Kappa 
coefficients were calculated to evaluate the gold standard 
and the observers’ agreements for each image set. Kappa val-
ues were interpreted according to the guidelines proposed by 
Landis and Koch(17), and adapted by Altman(18) κ ≤0.20, poor; 
κ = 0.21–0.40, fair; κ = 0.41–0.60, moderate; κ = 0.61–0.80, 
good; and κ = 0.81–1.00, very good. Scores obtained from 
the (1) 1st linear probe extraorally; (2) 2nd linear probe extra-
orally; (3) 1st hockey stick probe intraorally; and (4) 2nd hockey 
stick probe intraorally were compared with the gold standard. 
A probability level of less than 5% (p <0.05) was accepted as 
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Fig. 3. �A. US image showing a fenestration defect around titanium implant (arrowhead), while the fenestration defects were non-visible 
around A. titanium and B. zirconium implant scanned with a 5–13.3 MHz linear probe that was used extraorally (arrows)

A B

A B C D E

Fig. 1. �A. Image using both zirconium and titanium implants with fenestrations, B. Fenestration defects around titanium implants,  
C. Preparation of scanning site; note that the flap was again placed on the scanned region, D. Intra-oral scan, E. Extra-oral scan-
ning of the dental implant sites

A B

Fig. 2. �A. US image showing fenestration defects around titanium implants (arrows), B. US showing a fenestration defect around zirconium 
implant (arrow) scanned with a 13 MHz intra-operative probe that was used intraorally
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statistically significant. Statistical analyses were performed 
using SPSS 21.0 software (SPSS Inc., Chicago, IL, USA).

Results

The lowest ICC value in the intraobserver reliability assess-
ment was obtained with a linear probe (UST-5413) that was 
used extraorally. The highest ICC value in the intraobserver 
reliability assessment was obtained with a 14 MHz (14L5 
SP Transducer) hockey stick probe (0.966) for Observer 
1, and with a 13 MHz (UST-536 Transducer) hockey stick 
probe that was used intraorally (0.952) for Observer 2 
(Tab. 1).

The interobserver ICC coefficients were presented in 
Tab. 2. Good interobserver reliability was achieved in all 
probes with ICC values between 0.762 and 0.914. The lin-
ear probe (UST-5413) that was used extraorally had the 
lowest interobserver reliability (Tab. 2). 

Fig. 4. �A. US image showing fenestrations around titanium (left arrow) and zirconium implant (right arrow) scanned with a 14 MHz intra-op-
erative probe, B. Same implants scanned with a 4–9 MHz linear probe that was used extraorally without any fenestration defect visible

A B

Fig. 5. �A. US image showing fenestrations around titanium implants scanned with a 14 MHz intra-operative probe, B. Same implants 
scanned with a 4–9 MHz linear probe that was used extraorally with the defect

A B

Observer 1 Observer 2
ICC p ICC p

1st hockey stick  
probe intraorally

0.878  
(0.632–0.960) 0.0001 0.952  

(0.817–0.986) 0.001

2nd hockey stick 
probe intraorally

0.966  
(0.885–0.989) 0.0001 0.921  

(0.752–0.975) 0.001

1st linear probe 
extraorally

0.696  
(0.095–0.901) 0.019 0.727  

(0.120–0.913) 0.016

2nd linear probe 
extraorally

0.849  
(0.524–0.952) 0.001 0.875  

(0.609–0.960) 0.001

Tab. 1. �Intraobserver agreement for Observer 1 and Observer 2. p value 
less than 0.05 considered as statically significant (95% CI)
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The 13  MHz hockey stick intraoral probe (UST-536 
Transducer) had a high level of agreement with the gold 
standard (p <0.05; κ = 0.837), while the other hockey stick 
intraoral probe showed a moderate to high agreement 
with the gold standard for Observer 1 (p <0.05; κ = 0.689). 
No significant differences were found in the agreement 
between Observer 1 and the gold standard for the linear 
probes that were used extraorally (p >0.05) (Tab. 3).

The agreement between Observer 2 with the gold standard 
was high (p <0.05; κ = 0.851 and 0.714, respectively) for 
both hockey stick probes used intraorally, while again no 
significant differences were noted in terms of agreement 
between Observer 2 and the gold standard for the linear 
probes that were used extraorally (p >0.05) (Tab. 3).

Discussion

Early diagnostic criteria of peri-implantitis include 
radiographic bone loss greater than one-third of implant 
height(19). For this reason, it is important to monitor 
bone loss in the follow-up period after the operation(20).  
In dentistry, radiographic examination is the most com-
mon choice to evaluate peri-implantitis(5). In the meta-
analysis of Bohner et al.(21), the majority of the reviewed 
studies used CBCT or intraoral radiography to diag-
nose peri-implant bone defects. However, Bornstein et 
al.(22) reported that the evaluation of bone around dental 
implants was limited due to the formation of beam-hard-
ening artifacts. In recent years, the question of whether 
bone defects can be examined without using ionizing radi-
ation has started to be investigated, with the conclusion 
that US is a promising technique for the evaluation of 
bone defects and soft tissue pathologies caused by surgical 
complications(23).

To the best of our knowledge, there are only a few stud-
ies on bone surfaces with evaluations performed using 
US(9,13,16,24). In their study, Degen et al.(9) compared low- and 
high-frequency US to CBCT in measuring cortical bone 
thickness, concluding that US can assist CBCT in measur-
ing bone thickness. Bohner et al.(10) used CBCT, Micro-CT, 
and US to evaluate peri-implant bone defects, and reported 
that US underestimated the measurements for the supra-
alveolar and intra-bony surfaces, compared with CBCT 
and Micro-CT. Also, it was found that US was accurate 
in measurements of the width of peri-implant defects, 
although vertical measurements were underestimated by 
about 1 mm compared to those performed with CBCT and 
Micro-CT(10). In the study of Choi et al.(25), US was found to 
be capable of showing representative features for implant 
planning in a porcine model; these included implants that 
were placed in edentulous ridges; implants for single miss-
ing teeth; implants and teeth with simulated dehiscences; 
and mental foramina.

Several studies have explored the effect of probes of dif-
ferent frequencies on the quality of imaging periodontal 
defects. Mahmoud et al.(24) investigated the effectiveness 
of high- and low-frequency probes in imaging periodon-
tal diseases. The authors stated that high-frequency probes 
were more effective in detecting periodontal diseases early. 
Similarly, Chifor et al.(26) reported that using high-fre-
quency probes was more effective in imaging periodontal 
bone defects. However, no study comparing the effective-
ness of the intraoral probe and linear probe in the visibility 
of defects has been found. Therefore, the aim of this study 
was to investigate the effectiveness of different probes in 
the visibility of peri-implant defects.

CBCT can also be used routinely for detecting these 
kinds of defects. However, the occurrence of metal arti-
facts around dental implants, as scattering or complete 
absorption of the beam can exist and be concluded with 
image degradation. This situation can prevent the obser-
vation of the implant-bone interface, and make it difficult 
to evaluate peri-implant bone defects(27,28). In the head 
and neck area, high-resolution images in multiple planes 
are obtained with modern US units with high-frequency 
linear probes (7.5–12 MHz)(29). In dental practice, US is 
mainly used in cases of maxillofacial fractures(30), cervi-
cal lymphadenopathy(31),soft tissue masses(32), mastica-
tory and neck muscles(33,34), temporomandibular joint(35), 

Sensitivity Specificity PPV NPV κ p
1st hockey stick probe intraorally Observer 1-Gold Standard 80% 100% 100% 90% 0.837 0.001
2nd hockey stick probe intraorally Observer 1-Gold Standard 80% 89% 80% 89%hz 0.689 0.011

1st linear probe extraorally Observer 1-Gold Standard 100% 33% 46% 100% 0.263 0.145
2nd linear probe extraorally Observer 1-Gold Standard 100% 33% 46% 100% 0.263 0.145

1st hockey stick probe intraorally Observer 2-Gold Standard 100% 89% 83% 100% 0.851 0.001
2nd hockey stick probe intraorally Observer 2-Gold Standard 100% 78% 71% 100% 0.714 0.005

1st linear probe extraorally Observer 2-Gold Standard 60% 22% 30% 50% -0.145 0.481
2nd linear probe extraorally Observer 2-Gold Standard 80% 11% 33% 50% -0.068 0.649

PPV – positive predictive value, NPV – negative predictive value

Tab. 3. �Comparison of observers with the gold standard. p value less than 0.05 considered as statically significant

 ICC p
1st hockey stick probe 

intraorally 0.784 (0.349–0.930) 0.002

2nd hockey stick probe 
intraorally 0.909 (0.721–0.971) 0.001

1st linear probe extraorally 0.762 (0.300–0.922) 0.006
2nd linear probe extraorally 0.914 (0.728–0.972) 0.001

Tab. 2. �Interobserver agreement between observers. p value less than 
0.05 considered as statically significant (95% CI)
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periapical(36,37) salivary gland diseases(38), intraosseous jaw 
pathologies(39), and carotid paragangliomas(40).

There are several limitations of this study. Firstly, two dif-
ferent ultrasound systems with probes slightly differing in 
frequency were used. Although the frequencies of probes 
are similar to each other, they may still influence the results 
obtained. This can be due to the value of the signal to noise 
ratio (SNR) which increases as the frequency of the ultra-
sound signal rises. It was stated that less speckle noise 
was produced as higher frequency signal was applied(41). 
In a recent paper, it was also found that lower frequency 
may achieve a better depth penetration, while higher fre-
quencies are associated with better resolution. While the 
output power may improve image quality by increasing the 
intensity of transmitted sound energy, the impact is usually 
insignificant(42). This issue can be addressed in more depth 
in future studies. 

Another limitation of this study is that even though two 
observers performed two separate US sessions independently, 
observational differences in US can affect the results. Also, no 
comparison was performed for implant types (zirconia and 
titanium implants). Since the number of implants of both 

types in this study is not sufficient, the comparison between 
them has not been studied statistically. However, further stud-
ies with more implant types and numbers should be done to 
elucidate the differences between implant types in US images.

Conclusion

Hockey stick probes used intraorally can be an effective option 
for the evaluation of the visibility of peri-implant bone defects. 
No report was found in the literature regarding a compari-
son of peri-implant bone defect visibility with different US 
probes. To the best of our knowledge, this study is the first one 
addressing this subject. Thus, the conclusion is that US can be 
an alternative method of evaluating defects. However, further 
studies are needed to determine the effectiveness of US in the 
visualization of peri-implant bone defects.
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