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Abstract

Aim: To describe the application of power Doppler Ultrasonography (US) for evaluating blood 

flow at implant and palatal donor sites following soft tissue augmentation with the connective 

tissue graft (CTG).

Materials and Methods: Five patients exhibiting a per-implant soft tissue dehiscence received 

treatment with a coronally advanced flap and corresponding CTG. Power Doppler US was used 

for assessing blood volume at baseline, 1 week, 1 month, 6 months and 12 months post-surgery for 

assessing blood flow dynamics at the implant and palatal donor sites. The speed-weighted and 

power-weighted color pixel density (CPPD) were computed from color velocity (CV) and color 

power (CP), respectively.

Results: A mean increase in CV of 199.25% was observed at the midfacial region of the implant 

sites after 1 week compared to baseline. CV and CP were increased in all sites at 1 week and 1 

month. At 6 and 12 months, the mean CV appeared lower than baseline at the implant sites. CCPD 

was increased at the palatal donor sites and at the great palatine foramen areas at the 1-week and 

1-month post-operative evaluations.

Conclusions: Power Doppler US is a non-invasive and valuable tool for estimating tissue 

perfusion and CPPD variation during different phases of intraoral soft tissue graft healing

One sentence summary:

Application of power Doppler Ultrasonography for evaluating blood flow at implant and palatal 

donor sites following soft tissue augmentation with the connective tissue graft.
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1. Introduction

Over the past decade, technological advancements have had major impact in dentistry by 

changing the way that oral health care is delivered. Non-ionizing, cross-sectional and real-

time ultrasonography (US) is a promising imaging modality that serves as a valuable tool for 

evaluation of vital anatomical structures, and soft and hard tissue dimensions (Barootchi et 

al., 2020a, Chan et al., 2017a, Bhaskar et al., 2018, Chan and Kripfgans, 2020b). Recently, 

studies have validated the accuracy of US compared to histology or cone-beam computed 

tomography (Barootchi et al., 2020a, Chan et al., 2017a, Chan et al., 2018, Tattan et al., 

2019). Another unique advantage of US is the functional soft tissue evaluation, i.e., blood 

flow and tissue perfusion. As different pathological states are characterized by altered 

vascularity in perfusion (Levy et al., 2008), perfusion estimation has been explored in 

medicine with numerous technologies. Among them, power Doppler US, a technique 

introduced to overcome the limitations of color Doppler US (Rubin et al., 1994). This new 

scanning-angle independent approach integrates the color flow power spectrum which 

extends the dynamic range and increases the machine’s sensitivity to blood flow versus the 

traditional mean frequency estimator that is prone to noise for reduced flow (Rubin et al., 

1994, Bude et al., 1994, Newman et al., 1994). In addition, power Doppler ultrasound has 

advantages for blood flow (color and power) quantification because of its ability to depict 

low-velocity signals and multidirectional flow and its lack of aliasing (Rubin et al., 1994, 

Welsh et al., 2019). To compensate for possible signal attenuation due to depth and tissue 

inhomogeneity, a method termed fractional moving blood volume (FMBV) has been 

established (Rubin et al., 1995, Welsh, 2004). This technique is based on the cumulative 

power distribution function to define a stable intravascular point, providing an absolute value 

for vascularity for inter- and intra-case comparisons (Rubin et al., 1997, Welsh et al., 2019). 

FMBV evaluation requires an offline image analysis technique applied to raw exported 

three-dimensional (3D) power Doppler US (Stevenson et al., 2015, Welsh et al., 2019). This 

method has been used to assess blood flow and perfusion of the kidney (Welsh et al., 2019), 

optic nerve (Vosborg et al., 2020), placenta (Lai et al., 2010) and fetal organs (Hernandez-

Andrade et al., 2007, Hernandez-Andrade et al., 2004b), among others.

It is possible that this non-invasive and real-time technology becomes an accurate and cost-

effective tool for evaluating periodontal tissue perfusion. Detecting subclinical inflammation 

before the occurrence of periodontal or peri-implant bone loss could be one of the potential 

benefits of US (Chan and Kripfgans, 2020b). In addition, power Doppler US could also 

explore blood flow changes following soft tissue grafting, which might relate to the course 

of wound healing and the final clinical outcomes. In particular, blood volume analysis at 

grafted implant sites could provide further insight about the effect of phenotype modification 

on peri-implant health, as inflammation accompanies changes in tissue perfusion. The 

current clinical method of staging inflammation by “bleeding on probing” is subjective, and 
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relative to implants still controversial (Hashim et al., 2018, Renvert et al., 2018, Barootchi et 

al., 2020b). Another possible application of power Doppler US includes the evaluation of 

palatal donor site perfusion during different phases of wound healing. Having the advantages 

of being point-of-care, cost-efficient, and non-ionizing, US can become a convenient and an 

objective tool for research and for routine clinical practice for estimating tissue perfusion 

and possible would healing outcomes in research and clinical care arenas. Therefore, the aim 

of the present manuscript was to demonstrate the application of novel power Doppler US for 

assessing the alterations in blood flow and tissue perfusion at implant and palatal sites 

during the healing process after soft tissue augmentation with a connective tissue graft 

(CTG).

2. Clinical innovation report

2.1 Study registration, design and participants

Five periodontally and systemically healthy patients with esthetic concerns regarding a 

dental implant diagnosed with peri-implant soft tissue dehiscence/deficiency (PSTD) 

(Zucchelli et al., 2019) requiring a treatment were selected from the Department of 

Periodontics and Oral Medicine, School of Dentistry, University of Michigan, Ann Arbor, 

USA. Further details of the inclusion and exclusion criteria are presented in the Appendix. 

The study was in accordance with the Institutional Review Board of the University of 

Michigan Medical School (HUM00140205) and was in accordance with the Declaration of 

Helsinki of 1975, revised in Tokyo in 2004.

2.2 Surgical procedures

All surgical procedures were performed at the same clinic (Department of Periodontics and 

Oral Medicine, University of Michigan), by a single operator (L.T.). PSTDs were treated 

with an envelope split-full-split thickness coronally advanced flap (eCAF) + CTG as 

previously described by Zucchelli et al. (Zucchelli et al., 2013, Zucchelli et al., 2019). The 

CTGs were obtained as an epithelialized gingival graft from the premolar areas on the 

palatal regions and were extraorally de-epithelialized. The palatal wounds were covered with 

a collagen dressing (Collatape, Zimmer Biomet, USA) and secured with cross sutures (5/0 

Vicryl, Ethicon, Johnson & Johnson, USA). A few drops of cyanoacrylate tissue glue 

(PeriAcryl 90 HV, Glustitch, Delta, Canada) were applied over the palatal wounds on top of 

the collagen dressing (Tavelli et al., 2019b, Tavelli et al., 2018). Presurgical procedures, 

surgical approaches and post-operative protocols are described in detail in the Appendix.

2.3 Ultrasound images acquisition

The ultrasound equipment setup and the scanning procedures were performed by two 

experienced operators with expertise in the field of ultrasonography (H.C. and O.K.) (Chan 

et al., 2017a, Chan et al., 2017b, Barootchi et al., 2020a, Chan and Kripfgans, 2020b, Tattan 

et al., 2019). The scans were taken at baseline (prior to the initiation of the surgical 

procedure), and at 1-week, 1-month, 6-month and 12-month follow-up appointments at both 

the implant recipient, and palatal donor sites. A commercially available ultrasound imaging 

device (ZS3, Mindray, Mountain View, CA) as described in previous reports (Chan et al., 

2017b, Barootchi et al., 2020a, Chan and Kripfgans, 2020b) coupled with a 24 MHz (64 μm 
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axial image resolution) and miniature-sized (approximately 30 mm long, × 18 mm wide × 

12 mm thick) probe prototype (L25–8) was used to generate ultrasound images (Figure 1).

As ultrasound is a real-time imaging modality, two types of images (“still” and “cine loops”) 

were recorded and stored. A “still image” presents a single 2D image frame, while “cine 

loops” are videos that are generated as result of the collection of consecutive still images. 

Both image types were saved in the Digital Imaging and Communications in Medicine 

(DICOM) format. US “B-mode” generates 2D grey-scale images in which brightness is 

determined by the envelope of the returned echo signal. The strength of the echo signal 

depends on the mechanical properties of the involved soft and hard tissues (Figures 2 and 3). 

US is either scattered or reflected. Structures much smaller than the acoustic wavelength 

(λ=64 μm) scatter the ultrasonic waves in all directions, whereas large structures reflect the 

ultrasonic wave obeying Snells’ Law. (Chan and Kripfgans, 2020a).

“Color flow” is an imaging mode in which the B-mode display is overlaid with additional 

color pixels that represent detected blood flow. In this case B-mode provides an anatomical 

reference for the physical location of the detected blood flow (Chan and Kripfgans, 2020b). 

“Color flow”, also known as “color Doppler”, detects phase-changes in the received US 

signal. Red blood cells scatter US. Flowing red blood cells produce a scattered signal that 

changes in phase as long as the direction of the motion is non-perpendicular to the US beam. 

The largest phase shift is seen when blood flows in the direction of the US beam and no 

phase-shift is observed when the flow is perpendicular to the beam. In particular, color flow 

computes the mean phase change, i.e. the mean velocity, that is derived from the detected 

US signal. Therefore, color flow mode utilizes color Doppler signals, displaying blood-flow 

direction and relative velocity, with shades of red and blue colors assigned to image pixels 

based on the flow direction and velocity. In particular, the color red indicates blood flow 

towards the transducer, while blue color denotes blood flow in the opposite direction (Figure 

4). Lack of color pixels can be interpreted as either no blood flow or blood flow 

perpendicular to the US beam. Live scanning allows the operator to position the US probe in 

a way that is most representative of the given vascular anatomy.

The displayed color velocity (CV) is the projection of the actual velocity onto the US beam, 

which mathematically equals the multiplication of the true velocity by the cosine of the 

angle to the US beam. CV data are filtered using a “wall filter” to eliminate tissue motion of 

the adjacent vascular walls (Chan and Kripfgans, 2020b). CV visualizes the speed at which 

blood flows within the lumens in the field of view. For higher tissue perfusion higher 

velocities might be observed. “Color power” (CP) is an imaging mode that is also based on 

detecting phase-change of the received US signal. However, instead of displaying the mean 

velocity, it displays the integrated power of the received US signal after the wall filter has 

been applied. This power is displayed in a single-hue red color (Figure 4). Since the power is 

derived after the wall-filter has been applied, CP visualizes the amount of blood flowing 

within the lumens in the field of view and it is particularly useful for small vessels and those 

with low-velocity flow. For higher tissue perfusion, more blood vessels might be active, and 

the vasculature might also show vasodilation, thus more blood might be flowing.
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2.4 Areas of interest

The areas of interest at the implant site were: i) midfacial, ii) mesial (at the line angle 

between the crown and the mesial papilla), iii) distal (at the line angle between the crown 

and the distal papilla) and iv) transverse scan at 3 mm from the mucosal margin level (Chan 

and Kripfgans, 2020b). For the midfacial, mesial and distal scans, the US probe was oriented 

parallel to the long axis of the implant and perpendicular to the occlusal plane, while for the 

transverse scan the probe was oriented parallel to the occlusal plane. The areas of interest at 

the palatal donor site were: 3-, 5-, and 8-mm reference points apical to the gingival margin 

of the first and second premolars, and the greater palatine foramen (GPF) area, which was 

identified by palpation at the junction between the horizontal plate of the maxilla and 

alveolar ridge at the 3rd molar location (Fu et al., 2011, Tavelli et al., 2019a). For each area 

of interest at the implant and palatal site, B-mode, CV and CP scans were performed and 

saved as still images (for the B-mode) and cine loop videos (for CV and CP modes) at the 

baseline, 1 week, 1 month, 6-months and 12-months.

2.5 Ultrasound image analysis and blood volume calculation

As a preliminary analysis, ultrasonography measurements were taken of the mucosal 

recession depth (MRec), mucosal thickness (MT) and palatal thickness (PT) on the B-mode 

images using a commercially available software package (Horos™, version 3.3.6, Horos 

Project), as previously described (Chan and Kripfgans, 2020b). All the measurements were 

carried out by a single calibrated and experienced examiner (J.M.) who is an active member 

of the dental ultrasonography laboratory and has been conducting extensive US periodontal/

peri-implant measurements for the past 2 years. Additional details are also listed in the 

Supplementary Appendix.

The speed-weighted color pixel density and power-weighted color pixel density (CPPD) was 

computed from CV and CP, respectively. For such, a ROI on the soft tissue of interested was 

identified. For the implant site, the ROI was defined as the area between the soft tissue 

margin and extending 7 mm apically, while for the palatal scans, the entire the soft tissue 

above the palatal bone was used as ROI (Figure 5). The color pixel information from within 

the ROI were extracted using the displayed color- and power-bar to decode the underlying 

velocities and power (Chan and Kripfgans, 2020b).

It should be noted that color velocity imaging was performed using a constant velocity scale 

(±2.3 cm/s) to maintain the same wall filter for all cases. This opens the possibility for 

aliasing in the color velocity image, i.e. velocities larger than +2.3 cm/s or smaller than −2.3 

cm/s, will lead to the positive/negative velocity scale, respectively. Affects to the speed-

weighted color pixel density is, however, minimized by using the absolute measured 

velocities, i.e. negative velocities are negated to obtain positive velocities. The CV and CP 

gain was also kept the constant throughout the study in order to warrant sensitivity (velocity 

and power) and to ease the comparison of velocity power values from individual scans and 

patients.

Speed-weighted (CVw) and power-weighted (CPw) color pixel densities were computed by a 

calibrated examiner with expertise in ultrasound imaging and image/signal processing 
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(O.K.) using custom scripts for Matlab (The Mathworks, Natick, MA) (Supplementary 

Video 1). All data were processed using the same scripts to improve scientific rigor and 

eliminate bias.

CVm and CPm were obtained as an average of CV/CPw across at least 5 the cardiac cycles (6 

second cine clips at minimum 20 Hz frame rate for cardiac averaging). The variation in 

percentages compared to baseline was computed and descriptive statistics were used to 

present the gathered data as means ± standard deviations (SD).

3. Results

3.1 Experimental population and baseline characteristics

Five female patients (mean age 52.2 ± 11.1 years), each with a single PSTD were 

consecutively treated with a eCAF + CTG. All PSTDs extended until the abutment 

component alone, without exposure of the implant fixtures to the oral cavity. Baseline 

characteristics and blood volume before the surgery (baseline) are depicted in the Appendix, 

Tables 1 and 2.

3.2 Imaging interpretation

Figure 2 showed representative US images taken in the abovementioned 4 locations. In the 

mid-facial slice, the implant-supported crown surface appeared as a hyperechoic (bright) 

band with relatively uniform (apparent) thickness along its length. The abutment surface, 

also a hyperechoic structure, followed the crown in an apical position. The implant fixture 

surface was also visible as a uniform hyperechoic band, with possible thread appearance if 

exposed. The bone surface was identifiable as a bright curved line. The peri-implant mucosa 

appeared as a hypoechoic (dark) band surrounding the abutment, implant fixture and bone. 

The mesial and distal scans showed the interproximal soft tissue between the bone crest and 

the papilla tip. The transverse scan showed the implant abutment in the middle of the image 

as a hyperechoic semicircular structure, the facial alveolar bone surface in front of the two 

adjacent teeth, and the investing hypoechoic overlying soft tissues. The palatal scans showed 

hypoechoic palatal mucosa between the two hyperechoic lines running relatively parallel 

between them. The superior hyperechoic line is the soft tissue surface, while the inferior 

represents is the palatal bone. A similar imaging was observed at the GPF area, except for 

the soft tissue shaping as a funnel at the foramen site through which the neurovascular 

bundles leave the oral cavity for the pterygopalatine fossa. The palatal bone showed as a 

discontinued bright line at the foramen location.

Blood flow was seen as “cine loop” videos generated by the collection of consecutive image 

frames where the B-mode display is overlaid with color pixels (Supplementary video 2). 

Color Doppler cine loops display blood velocity, with shades of red and blue colors, while 

the color power cine loops show the blood volume in the area of interest as a single-hue red 

color. The overlaid implant or palatal structures observed in the B-mode provide anatomical 

references for the blood velocity and volume image interpretation.
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3.3 Blood volume changes at the implant site

In the midfacial scan, an increase in CVm of 199% was observed compared to baseline at the 

1-week follow-up. The CVm increase in the mesial, distal and transverse scans were 102%, 

95.6% and 163%, respectively, compared to baseline. The CVm increase at 1 month was 

similar to the one observed at 1 week in all the scans. At the 6- and 12-month follow-up, 

CVm was found to be lower than baseline (Figure 6). A similar trend was observed for CPm 

change over time (Table 3 and Appendix).

3.4 Blood volume change at the palatal donor site

At the 1-week follow-up, the CVm change was 146% at the 3-mm scan, while the 5-mm and 

8-mm scan showed a CVm increase of 179% and 222%, respectively compared to baseline. 

The CVm increase at 1-month was found to be still higher than baseline values in all the 

scans. At the 6- and 12-month recalls, similar CVm change were found in the 3-, 5- and 8-

mm scans, with minimal differences compared to baseline CVm. The CVm at the GPF area 

showed an increase of 50.1% after 1 week, 40.8% after 1 month, 11.8% after 6 months and 

4.81% after 12 months (Figure 7). Table 4 and Appendix depict CVm and CPm over the 12-

month observation period at the palatal site.

4. Discussion

Power Doppler US has grown to be a full portion of diagnostics across a diversity of medical 

specialties, in particular for distinguishing normal from abnormal blood flow (Oglat et al., 

2018, Hansen et al., 2017, Goddi et al., 2017, Pinter et al., 2018, Welsh et al., 2019). Its 

application in dentistry and in particular in periodontics can also prove beneficial with 

exploring blood flow alterations around natural teeth and dental implant in a non-ionizing, 

chairside and cost-efficient manner with potential implications such as detecting 

pathological conditions, or identifying an undetectable subclinical inflammation prior to the 

detection of bone loss (Chan and Kripfgans, 2020b).

Earlier studies examined the vascular morphology and blood flow in healthy, or inflamed or 

diseased periodontia (Kennedy, 1974, Hock, 1979, Kaplan et al., 1982, Hock and Kim, 

1987). They showed that induction of inflammation resulted in the development of collateral 

circulation from the periodontal ligament to the gingiva (Kennedy, 1974), that could explain 

the increased blood flow in the presence of gingivitis (Hock and Kim, 1987) or periodontal 

disease (Kaplan et al., 1982). In particular, sites with moderate to severe periodontitis 

demonstrated a much greater blood flow (250–400%) than sites with minimal periodontal 

destruction (Kaplan et al., 1982). Nevertheless, their method of using radiolabeled 

carbonized microspheres infused into the left cardiac ventricle (Hock and Kim, 1987, 

Kaplan et al., 1982) is not reproducible in human clinical studies, nor possible during 

standard clinical patient-care procedures. Some authors have evaluated gingival perfusion 

using laser Doppler flowmetry (Mavropoulos et al., 2001, Ambrosini et al., 2002, Patino-

Marin et al., 2005, Retzepi et al., 2007, Kuraji et al., 2020). However, some limitations of 

this technology may include the presence of motion artifact noise, lack of quantitative units 

for perfusion, limited diagnostic values in smokers, and lack of studies validating this tool in 

periodontics (Firkova and Bouka, 2019). Fluorescein angiography has also been utilized for 
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assessing capillary blood microcirculation after mucogingival and soft tissue grafting 

procedures (Mormann and Ciancio, 1977, Mormann et al., 1975, Burkhardt and Lang, 

2005). Nevertheless, some of the drawback can be the prerequisite of intravenous injection 

of a contrast medium, progressive dye leakage that may lead to loss of vascular details, and 

possible side effects such as vertigo, nausea, vomiting or anaphylaxis (Burkhardt and Lang, 

2005, Keane and Sadda, 2010).

The present study aimed at describing an US-based color and power pixel density (CPPD) 

technique for assessing blood flow and tissue perfusion changes at implant and palatal sites 

following connective tissue grafting procedures. While this method is well-validated in the 

medical field (Hernandez-Andrade et al., 2004a, Gao et al., 2013, Welsh et al., 2019), to the 

best of our knowledge, this is the first report of its application in Periodontics. Among the 

advantages of ultrasonography compared to other technologies previously utilized for 

assessing tissue perfusion in natural dentition, it has to be mentioned that power Doppler US 

allows for a non-ionizing, chair-side and real-time evaluation of blood flow and its variation 

over time. Despite the pilot nature of the current article and the limited sample size we 

observed a mean increase in blood volume at 1 week and 1 month compared to baseline 

values. Interestingly, at the 6- and 12-month follow-up we noticed a reduction in the mean 

blood flow. If these findings are confirmed in future studies, it will be possible to speculate 

that the decrease of subclinical inflammation compared to baseline could have been related 

to surgical interventions that modify the soft tissue peri-implant phenotype (Roccuzzo et al., 

2016, Perussolo et al., 2018, Tavelli et al., 2020a) or that participating in this study with 

frequent follow-up visits may have had a positive impact on patients’ motivation and oral 

hygiene levels resulting in a significantly decreased mucosal inflammation.

Two previous studies evaluated blood flow following soft tissue grafting (Demirkol et al., 

2001, Tatarakis et al., 2018). Demirkol et al. used a xenon-133 clearance method for 

assessing blood circulation of free gingival grafts during the initial healing phase, showing 

that mean blood flow gradually increased at 10 and 20 days before reaching the initial value 

of the recipient area on the day 40 (Demirkol et al., 2001). Using laser Doppler flowmetry, 

Tatarakis et al. found that collagen matrix and CTG displayed a differing pattern of blood 

flow changes over time (Tatarakis et al., 2018). Due to the preliminary nature of this study, 

no efforts were made for performing direct or indirect comparisons between our findings and 

blood volume variation obtained with different technologies.

In addition, soft tissue wound healing around dental implants differs from the healing 

process observed in the natural dentition, with the peri-implant soft connective tissue that 

resembles a scar in composition, fiber orientation and vasculature (Sculean et al., 2014). 

Most of the blood supply of the peri-implant mucosae are provided by supraperiosteal 

plexuses that divides into several branches running towards the abutment surface, with the 

least number of vessels found close to the implant surface (Berglundh et al., 1994, Buser et 

al., 1992, Sculean et al., 2014). This difference in the vasculature may affect the pattern of 

blood volume changes during the healing compared to natural dentition.

A previous study by Molnar and coworkers evaluated blood flow changes following the 

single-incision palatal harvesting technique with Laser Speckle Contrast Imaging showing a 
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strong correlation between reperfusion time and healing score (Molnar et al., 2019). Our 

study evaluated the CPPD of the palatal donor site following free gingival graft harvesting, 

which has slowly become a popular technique among clinicians (Tavelli et al., 2020a, 

Barootchi et al., 2020c, Tavelli et al., 2019b). The peak of CVm was observed at 1 week for 

all the examined scans, with the 8-mm area displaying higher values of blood volume 

compared to the other palatal sites. This is in line with a cadaver study showing that a higher 

mean number of medium and large vessels are found in the deep palate (Tavelli et al., 

2020b). It is important to highlight that even though the harvesting was performed in the 

premolar regions, the greater palatine artery at the area of the GPF showed an increase in 

blood volume at both 1-week and 1-month. This finding is in agreement with the 

observations from a recent wound healing model, showing major changes in the vascular 

network in the whole region following an injury, with the blood supply redirected to the 

wounded area (Yousefi et al., 2014). The increase in vessel diameters and the enlargement of 

the recruited collateral bridges mediate the enhancement of the blood flow, which is vital for 

the healing and surviving of the injured tissue (Yousefi et al., 2014).

Among the limitations of the present pilot study, the inclusion of a single light smoker (even 

though CPPD variations at the implant- and palatal donor site did not show a substantial 

difference compared to the other subjects) have to be noted. In addition, although the 

presented method has already been shown to be reliable and it has been validated in the 

medical field (Carson et al., 1998, Fleischer et al., 1999, Hernandez-Andrade et al., 2004a, 

Gao et al., 2013, Welsh et al., 2019), future studies comparing power Doppler US and other 

techniques, such as fluorescein angiography or laser Doppler flowmetry, for tissue perfusion 

evaluation at implant and palatal sites are needed. Future studies may benefit from power 

Doppler US for evaluating tissue perfusion during different phases of periodontal/peri-

implant healing, diagnosis of pathological conditions or subclinical inflammation. Definition 

of blood flow thresholds for health vs inflammatory or infective processes, based also on 

patient’s characteristics and anatomical location, are therefore encouraged.

5. Conclusions

A novel ultrasound power Doppler method was developed to estimate tissue perfusion and 

CPPD variation, which correlates well with the course of normal oral wound healing events. 

Once validated, this technology can become an objective, non-ionizing and chairside method 

to study wound repair dynamics and tissue perfusion.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical relevance

Scientific rationale for the study:

Non-ionizing, real-time ultrasonography (US) has shown to be a valuable tool for 

evaluating soft and hard tissues. Another advantage of US is the evaluation of blood flow 

and tissue perfusion with power Doppler ultrasonography. This technology is routinely 

used in medicine, however, its applicability in the oral cavity has not yet been explored to 

the best of our knowledge. This study describes a method for using US for assessing 

blood flow variation in terms of color and power pixel density (CPPD) at the implant and 

palatal donor sites following augmentation with connective tissue grafting procedures.

Principal findings:

US power Doppler captured and estimate tissue perfusion at different time points at 

implant and palatal sites, with the 1-week and 1-month follow-up showing the greatest 

increase in CPPD. Blood volume at 6 and 12 months was reduced compared to baseline 

at the implant sites.

Practical implications:

The use of US power Doppler is a non-invasive and suitable tool for estimating tissue 

perfusion and CPPD variation during different phases of wound healing. This method 

may become useful in the future in identifying conditions with abnormal blood flow or 

subclinical inflammation.
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Figure 1. 
Miniature-sized probe prototype (L25-8). A) Frontal view. B) Lateral view. C) Frontal view 

of the probe after its preparation for clinical use. D) Ultrasound gel applied on the probe. E) 

Clinical picture showing the application of the ultrasound probe at the midfacial aspect of an 

implant site (left central incisor).
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Figure 2. 
B-mode scan of the implant site showing the ultrasonographic imaging at the mesial-, 

midfacial-, distal- and transverse scan. Legend. A: abutment; B: bone plate; C: crown of the 

implant; CB: crestal bone; I: implant; ST: soft tissue.
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Figure 3. 
B-mode scan of the palate showing the scan obtained 3-mm, 5-mm and 8-mm from the 

gingival margin of the second premolar prior to the harvesting. A scan in the region of the 

greater palatine foramen was also performed. Legend. GPF: greater palatine foramen; PB: 

palatal bone. ST: Soft tissue.
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Figure 4. 
Color velocity and color power at the midfacial, mesial and distal scans. The displayed color 

velocity visualizes the speed at which blood flows, while color power shows the amount of 

blood flowing within the lumens in the field of view. Color velocity imaging was performed 

using a constant velocity scale (±2.3 cm/s), with the color red indicating blood flow towards 

the transducer, and the blue color denotes blood flow in the opposite direction. Color power 

is displayed in a single-hue red color.
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Figure 5. 
Definition of the region of interest (ROI) at the midfacial (A) and transverse (B) scans of the 

implant site and at the 5-mm palatal scan (C). The ROI includes the soft tissue component 

only, with the same anatomical references that are using to define the ROI at different time 

points.
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Figure 6. 
Ultrasound color mode at the implant site at the midfacial, transverse, mesial and distal scan, 

showing the variation in color velocity at baseline, 1-week, 1-month, 6-month and 12-month 

post-op.
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Figure 7. 
Ultrasound color mode at the palatal sites at different time points. An increase in blood 

volume was observed in all the scans (3 mm, 5 mm, 8 mm and greater palatal foramen 

[GPF]) at the 1-week and 1-month follow-up, compared to baseline.
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Table 1.

Characteristics of patients at baseline and ultrasonographic analysis at the implant sites.

Variable Baseline characteristics

Age (mean ± SD) (years) 52.2 ± 11.1

Sex (M/F) 0/5

Smokers (n) 1 (4 cigarettes/day)

Sites 1 maxillary central incisor, 1 maxillary lateral incisor and 3 mandibular 
premolars

PSTD class Ila 1

PSTD class Ilb 4

PD (mean ± SD) (mm) ** 2.7 ± 0.6

MRec (mean ± SD) (mm) * 1.97 ± 0.39

MT at 1 mm (mean ± SD) (mm) * 0.69 ± 0.26

MT at 3 mm (mean ± SD) (mm) * 1.2 ± 0.2

MT at 5 mm (mean ± SD) (mm) * 1.39 ± 0.76

CPPD Midfacial (mean ± SD) (cm/s and fractional-pixel) * 0.12 ± 0.04 (CV) / 0.54 ± 0.08 (CP)

CPPD Mesial (mean ± SD) (cm/s and fractional-pixel) * 0.15 ± 0.06 (CV) / 0.59 ± 0.09 (CP)

CPPD Distal (mean ± SD) (cm/s and fractional-pixel) * 0.16 ± 0.05 (CV) / 0.61 ± 0.09 (CP)

CPPD Transverse (mean ± SD) (cm/s and fractional-pixel) * 0.13 ± 0.04 (CV) / 0.58 ± 0.08 (CP)

PSTD: peri-implant soft tissue dehiscence/deficiency. PD: probing depth. MRec: Mucosal recession depth. MT: mucosal thickness. CPPD: color 
and power pixel density. CV: color velocity. CP: color power. n: number. M: male. F: Female. mm: millimeter. cm: centimeter. SD: standard 
deviation.

*
measured with ultrasound

**
measured using a periodontal probe (PCP UNC 15, Hu-Friedy, Chicago, USA).
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Table 2.

Baseline characteristics at the palatal donor site.

Variable 3-mm scan 5-mm scan 8-mm scan GPF scan

Palatal thickness (mean ± SD) (mm) 3.49 ± 0.36 4.13 ± 0.67 4.48 ± 0.67 5.98 ± 0.84

CV (mean ± SD) (cm/s) 0.14 ± 0.05 0.17 ± 0.07 0.18 ± 0.1 0.18 ± 0.09

CP (mean ± SD) (fractional-pixel) 0.62 ± 0.08 0.62 ± 0.11 0.61 ± 0.08 0.64 ± 0.11

CV: color velocity. CP: color power. GPF: greater palatine foramen. mm: millimeter. cm: centimeter. s: second. SD: standard deviation.
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