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Ultrasonic device for measuring periodontal attachment levels
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Periodontal disease is manifested clinically by a degradation of the ligament that attaches the tooth
to the bone. The most widely used diagnostic tool for assessment of periodontal diseases,
measurement of periodontal attachment loss with a manual probe, may overestimate attachment loss
by as much as 2 mm in untreated sites, while underestimating attachment loss by an even greater
margin following treatment. Manual probing is also invasive, which causes patient discomfort. This
work describes the development and testing of an ultrasonographic periodontal probe designed to
replace manual probing. It uses a thin stream of water to project an ultrasonic beam into the
periodontal pocket, and then measures echoes off features within the pocket. To do so, the ultrasonic
beam must be narrowed from(the diameter of the transdug¢ao 0.5 mm(the approximate width

of the periodontal pocket at the gingival margifihe proper choice of transducer frequency, the
proper method for controlling water flow from the probe, and a model for interpreting these echoes
are also addressed. Initial results indicate that the device measures echoes from the hard tissue of the
tooth surface, and that the periodontal attachment level can be inferred from these ech@@92 ©
American Institute of Physics[DOI: 10.1063/1.1484235

I. INTRODUCTION reading of manual probe marking to the nearest 0.1 mm has
been investigated to improve the accuracy of the depth
Periodontal disease is one of the two major causes ofeadings’®?° Once again, this technique only addresses one
tooth loss today, and is widely pervasive in older adults.concern associated with manual probing—the inaccuracy in
Despite the widespread problem of periodontal disease todageading probing depths—while failing to address other
currently available diagnostic tests are limited in theirsources of error.
effectiveness. The best available diagnostic aid, probing Due to the inherent measurement error of routine manual
pocket depths, is only a retrospective analysis of attachmemirobing a 2 to 3 mmloss of probing attachment is required
already lost~8 In this technique, a probe is placed betweenbefore a statistically significant loss of actual connective tis-
the soft tissue of the gingival margin and the tooth. Usingsue can be identifiet?>! A manual probe cannot accurately
fixed markings on the probe, typically 1 or 2 mm apart, thedetect small changes in attachment level until the cumulative
depth of probe penetration is measured relative to a fixetbss reaches this threshold. The accuracy of research-
point on the tooth such as the cemento-enamel junctiooriented, computerized controlled force probes reduces this
(where the enamel endsalled the clinical attachment level. critical attachment loss threshold to a potential minimum of
Alternatively, the depth is measured relative to the gingival=1 mm?3?
margin (gum line called the probing depth. Subtraction radiography provides an alternative to
Numerous studies have questioned the ability of the pemanual probing. However, it can only measure loss of the
riodontal probe to accurately measure the anatomic pocketupporting aveolar bone, which lags losses in connective tis-
depth®~*? Instead, the periodontal probe measures the probsue by several monti{&-3" Also, serial radiography subjects
ing attachment level, which is defined as the distance fronpatients to increasing amounts of ionizing radiation, so that
the cemento-enamel junction to the apical depth of periodonits use is limited to patients who have already been identified
tal probe tip penetration into the gingival crevice. The degrees at risk for periodontal disease.
of probe tip penetration may be influenced by factors such as As an alternative to these diagnostic tests, an ultrasonic
thickness of the probe, pressure applied, tooth contour, toottievice has been developed that uses a small amount of water
position, presence of calculus, degree of periodontal inflamto couple the ultrasound wave into the pocket space. A tip
mation, and the actual level of connective tissue fiBdr€  placed over the transducer narrows the ultrasonic beam to
As a result, probing measurements may overestimate agpproximately the same width as the opening into the sulcus
tachment loss by as much as 2 mm in untreated sites, whilat the gingival margin.
underestimating attachment loss by an even greater margin
following treatment®?° The development of automated, Il SYSTEM DESIGN
controlled force probes has reduced some of the operator-
related error and subjectivity inherent in manual probing  The ultrasonic probe was designed to have a removable
technique$!—2* However, standardized probing forces dotip, room for a 2 mm active area transducer housed at the
not address anatomic and inflammatory factars’ base of this tip, a water line input running through the probe
In addition, a computer-vision system that automates théandle and emptying into a small open area around the trans-
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Uttrasonic Transducer setting below 5 psi provides the laminar flow needed for
Cablgto electronics accurate imaging with the periodontal probe.

/9 Finally, a range of custom transducers with a 2-mm-diam

? Owﬂo‘;v'a"' active area, a center frequency ranging from 10-25 MHz,

g and —6 dB bandwidth of between 5 and 8 MHz, were pro-

duced by Valpey—Fisher, Inc., and tested for use in this
probe. As a general rule, the higher frequency transducers
required more damping to eliminate ringing in the signal,
caused by secondary vibrations in the transducer. So al-
though higher frequency signals are theoretically capable of
greater axial resolution, ringing reduced the effective resolu-
(@) tion. Ringing can be eliminated through greater damping of
the transducer, but only by sacrificing signal strength.

As a result, the 20 and 25 MHz transducers did not pro-
vide enough signal strength to image small structures ad-
equately, while the 10 and 15 MHz transducers provided
comparable resolution and signal strength. In addition, two
other manufacturers provided 15 and 20 MHz custom trans-
ducers that did not perform well enough to use in this com-
parison study. Therefore, the 10 MHz transducers were used
in the tests that follow. Although the 15 MHz transducers
performed equally well in the study, the 10 MHz transducers
are easier to obtain, since 2-mm-diam transducers that oper-
ate above 10 MHz are difficult to produce.
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Ill. DETERMINATION OF OPTIMAL TIP SHAPE

A key component of the ultrasonic periodontal probe is
(b) Ligament the hollow funnel-shaped tip that houses the ultrasound
transducer. This tip narrows the beam path of the ultrasound
FIG. 1. Aschematic ofa) the ultrasonic periodontal probe as welllasthe ~ wave, thereby allowing it to enter the periodontal pocket
typical anatomy of dentition and probe position. without scattering. Because the tip alters the shape of the
ultrasonic beam, the design of this tip has a large impact on
ducer, and an electronics input—output cable also runninthe performance of the periodontal probe.
through the base and connected to the transdiiigr 1). To determine what tip shape produces the strongest and
The transducer was driven using the Matec SR-9000east-distorted return signal, a computer simulation was de-
pulser-receiver card, which is a plug-in card designed to conveloped using the cylindrical acoustic finite integration tech-
nect to a 16-bit expansion slot in an IBM-compatible com-nique (CAFIT), which is based on finite volume integration,
puter. The pulser produces a unipolar spike pulse with a volta special formulation of the finite difference method of com-
age output of up to 300 V and a rise time of less than 10 nputing the solution to differential equatiorfs.
into a 50Q) cable. The receiver offers 63.5 dB of computer The CAFIT algorithm is employed on a staggered grid,
addressable gain in 0.5 dB steps and has a bandwidth of 50ith the pressure elements a half-unit apart fromrtlaad z
MHz (with a low frequency end of 100 kHzIn addition, the direction velocity elements. The staggered grid provides a
receiver has independently adjustable low-pass and highbetter physical representation of the pressure field, since
pass filters. The low-pass filter was set to full band, while thestaggering gives a more accurate representation of nonuni-
high-pass filter was set to 7.5 MHz to filter out low fre- form pressure gradientIn addition, the staggered grid pro-
guency noise. vides better accuracy with less calculation time than second-
The receiver output was connected to a Gage CompuSsrder finite difference techniques, because it effectively
cope 2125 analog-to-digital converter. The digitized signaldivides the spatial lattice in half without requiring a corre-
was processed and saved using programs running LabViesponding halving of time steps to satisfy the Courant condi-
version 5.0. This system was run using a rackmount-typeion for numeric stability.
computer with a Pentium Pro processor contained in a rug- The CAFIT algorithm was first implemented for a coni-
gedized, portable case. cal tip with walls sloping down to a narrow opening, 0.5
The water line between the handpiece and the watereduced unitgr.u.) in diameter. In this simulation, the re-
source was equipped with a low-pressure regulating valveluced unit for distance is 1 ral mm and for time, 1 r.u. is
from Beaverstate Dental. This valve reduced the input watethe time it takes to move 1 r.u. of distance at the speed of
line pressure of up to 250 psi down to an adjustable range cfound in water, 1480 m/s. The top of the tip was 4.0 r.u. in
2-30 psi. After a systematic investigation of the return signalliameter with a 2.0 r.u. diameter transducer placed in the
at various pressure settings, it was determined that a pressurgddle of this area. To set the boundary conditions, the walls
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of the tip were assumed to be completely rigid, while outside 4
the tip the vacuum boundary condition was used at the air/ il
water interface. Finally, the simulation was set up so that the
probe was aimed at a metal reflector 20 mm from the trans-
ducer face, and an input wave pulse of the form
sin(2#ft)*sin(0.2x#ft) that lasted 0.5 r.u. was sent down the

tip. : . .
After confirming the stability of this algorithm foAr Ll_near Tlp EXponentlal

=0.005, the simulation was run on a range of tip geometries Wlth NOOk T|p

to determine which would produce the strongest output sig-

nal for the periodontal probe. §
First, the angle) of the tip walls was varied from 0° to N ﬁ&w&

90° in 5° increments, and the strongest return peaks occurred ma«g,&}

for the 80° and 85° angles. These angles correspond to a =%xg

smooth slope from the outer diameter at the top of the nozzle \\‘\\\‘iig&\,_,m S
to the tip outlet at the bottom. ’

Next, the diameter of the nozzle at the top was varied : ;
from 2 (the nozzle touching the edge of the transduter6 Splme- . S.hOI‘t, Linear
r.u., for a wall smoothly sloping down to the tip outlet. The Shaped Tlp Tlp
strongest return peak occurred when the nozzle diameter was
2 r.u. and the peak decreased as the diameter increased. FIG. 2. The tips produced for testing with the ultrasonic probe.

Thus, to optimize tip performance, its top diameter
should (?onform as close as possmlg to the transducer d|anah a spline-shaped tip, and a linear tip without the nook
eter, while making it as long as possible so that the afigge were also fabricate(Fig. 2)
as close to 90° as possible. Such a design minimizes the area After making thesé tips the periodontal probe was

of the tip wall perpendicular to the wavefront. aimed at a flat metal target 20 mm away from the transducer
While minimizing the top diameter and maximizing the face thus recreating the conditions of the simulations. In the
wall angle are useful guidelines for designing the tip, theresimulation, the long, thin linear tigwith the short nook at
are some practical limitations to these goals. First, the nozzlg,e top produced the strongest return signal, followed by the
top needs to be a little wider than the transducer face t%xponentia| t|p7 the shorter linear t|p7 and then the Sp”ne-
accommodate transducer packaging, and to allow adequaéaped tips walls. The experiment, however, showed that the
room for coupling water to flow into the tip. Second, the tip two linear tips performed the best, while the exponential and
length cannot be too long, because it must fit comfortably inspline-shaped tips hardly produced a return at all. This dif-

the patient’s mouth. ference between the simulation predictions and the experi-
After examining these general relationships, a few spemental results could be because the exponential and spline-
cific shapes were considered, including: shaped tips produce most of their backscatter up within the

. . . tip. Because real signals attenuate, earlier scattering has a
@D Sgliz/'v:kfrreem‘i radius of the tip walls varied eXponen'disproportionate effect on the size of the return sigiféd).

. - | . 3 .
(2) One where the radius of the tip walls takes a parabolic)

shapez— (1 —r )+ c? One factor possibly contributing to the difference may
L - | .

) ) .. lie'in the technique used to fabricate the tips. The first three
(3) One where the radius of the tip walls takes an eII|p30|dtipS (thin linear, exponential, and spline-shapectre made
shapez®+(r —r;)2=c?. by step-drilling a rough outline of the shape, followed by a
(4) One where the radius of the tip walls takes a splinesiner cut using electrodischarge machini®PM). The pro-
shape. cess was completed by polishing the inside with a fine grit.
) . . While this process produced tips of acceptable quality, it was
In the simulation, the exponential walls produced theyqy gifficult to reproduce, primarily because it was difficult
strongest return signal, although only slightly better than thgg, center the EDM electrode with the step-drilled holes. Also,
linear walls. Because the exponential walls narrow morgpe exponential and spline-shaped tips are more complicated
quickly, they confine the waveform before it has time 10gpapes, possibly leading to significant manufacturing irregu-
spread out. However, further down the walls, the curvedgrities that are hard to inspect.
edges of the exponential walls have more area perpendicular pye to these problems with EDM fabrication, a second
to the wavefront than the linear tip, thereby causing internafjanufacturing technique was tested with the second, shorter
reflections. linear tip. In this technique, a conical reamer was produced
Based on these results, a linear tip that has a sligho drill out the hole for the linear sloping tip. The reamer can
“nook” at the top was fabricated that incorporates the bestonly produce very simple shapes, like the short, linear tip
features of the exponential and the linear tips. For the purtwhich, in contrast to the longer linear tip, does not have a
poses of complete experimental validation, an exponentiadmall nook at the top of the tjpThis process produced per-
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sloping wallg produces the narrowest orifice towards the end
of the tip, further improving the signal output.

IV. PRELIMINARY TESTS

| L After the prototype ultrasonic periodontal probe was

! r completed, a series of tests was conducted to determine how
effective the probe was at measuring the depth of periodontal
pockets, and to begin developing methods for analyzing the
a return signals.

Y The first test was conducted on a human subject, in
which a single ultrasonic A scan of the periodontal pocket
was saved. In this setup, a dental hygienist held the probe
while an operator viewed the oscilloscope trace on the cus-

Linear Tip with Nook

- ‘ tom LabView data acquisition software’s graphical user in-

3 ' terface. As the hygienist pivoted the probe through various

L angles, the operator viewed which trace provided the best
Exponential Tip return signals and told the hygienist to hold the probe in

place to save that oscilloscope trace.

1 This process was repeated on three different pockets
. v chosen for their pocket depths as measured with a manual
F periodontal probe. One pocket depth was 3 mm, one 4 mm,

and one 5 mm. For each pocket, two sets of ultrasonic prob-

ing measurements were taken, once of a single trace and
once of a trace averaged from 50 continuously acquired sig-
nals.
This process proved to be cumbersome, since the return
Spline-Shaped Tip signal would fade as the probe angle changed slightly due to
hand jiggle, or as variations in water flow slightly changed
the return signal. In addition, signal averaging resulting in
blurring of the return signal, which is evidence that the signal
is not stationary but evolves over time.
To eliminate the coordination problems between saving a
trace and properly orienting the probe, the Lab View data
acquisition software was modified to continuously save a

series of scans as the hygienist aimed the probe in the peri-

odontal pocket. In later tests using the modified software, the

A—” ' probe started out in a vertical position, nearly parallel to the
' tooth face. From this position, the hygienist slightly moved
the probe about its vertical axis while watching the display to

Short, Linear Tip see if slight changes in probe position would provide a stron-
ger return signal. However, after looking at a few teeth the
strongest signal always came from the starting position, and
so the hygienist was instructed not to move the probe from
that position.
fectly aligned holes, but also left grooves along the walls as  After obtaining these data, the digitized A scans were
an artifact of the drilling. These grooves were too deep tdransferred to another computer for later analysis. Each trace
remove through polishing, and they produced significant rewas visually inspected to determine pockets depths as a time
flections that made these tips unusable. delay between the obvious tip echoes and the more subtle
To remove these grooves, the same shape tips were magecket-bottom echoes. These measurements were compared
by this process out of brass rather than stainless steel, and ttee the pocket depths measured with the manual probe by
grooves were etched using a bath of nitric acid. This etchingnormalizing with the speed of sound in water, 1480 m/s.
removed the grooves, resulting in the tips used in the comBecause the probe tip was placed at the gum line, the zero
parisons above. reference on the ultrasonic echo traces corresponded directly
Therefore, both the CAFIT simulation and the experi-to the manual probing zero references.
mental evidence indicate that linear tip walls sloping downto  Because the ultrasonic scans produce such a cluttered
a narrow outlet reduce the ultrasonic beam profile with thesignal, a visual examination is a laborious and subjective
least scattering. In addition, a sharper slope earlybmfore = measurement. The eye must pick out which peak among
the wave has spread out too much to reflect off these sharpipany is the feature of interest, and visually determine its

FIG. 3. A comparison of the experimentdbp) vs simulated(bottom) re-
sults for each of the tip shapes tested.
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position. Training a dental hygienist to make such a compli-
cated interpretation of the data in a clinical setting is highly
unrealistic given the short time allowed for the probing and
the myriad other duties of the hygienist. In cardiology and
obstetrics, by contrast, highly specialized sonographers are
available to both perform ultrasound examinations and do
some of the interpretations for the physicians. Any practical
tool for ultrasonically measuring periodontal pockets depths
in the general dentistry office must be able to automatically
extract the feature of interest from the ultrasonic echoes
without depending on the presence of an ultrasound expert.

The first step in automating this data analysis is to sim-
plify the trace and isolate only the features of interest. To this
end, an automated pick-peaking algorithm widely used in
making spectrographic measurements was adapted for this
analysis. The slope-detection algorithm used in this project
was modified from a commercial routine freely available
from Galactic Industries Corff. In this algorithm, the first
derivative of the discrete waveform is taken using a central
difference approximation, and the average value of the first °
derivative is computed. Next, the local maxima are found |
wherever the derivative changes sign from positive to nega-
tive. If the slope just before this point is greater than the
average slope, the original value of that data point is re-
tained. All other points are set to zero.

The next step is to smooth the data by taking the maxi-
mum value within each block of 10 data points. Data
smoothing reduces resolution between scan points frorfilG. 4. A comparison of the return signal trace from the periodontal pocket
0.0075 to 0.075 mm. which is still smaller than the funda_before(top) and afterimiddle) signal processing. The bottom trace zooms in

. o on the region of the processed waveform that corresponds to the area from
mental axial resolution limit for a 10 MHz transducer. the tip outlet to the periodontal pocket.

This simplified waveform can be further improved by
averaging the traces acquired while holding the probe in one

position. While averaging tended to blur the original signal,entirely satisfying approach, due to the inherent inaccuracy
peak picking and smoothing eliminates small variations ingf the manual probe. In addition, manual probing measures

the signal due to movement of the probe, changes in watggsijstance to probing force within the periodontal pocket, not
flow, or other factors. A comparison of the original waveform the gepth of a specific anatomic feature.

to the waveform after this processing has been completed Therefore, future clinical studies will need to be con-

can be seen in Fig. 4. ducted that will allow comparisons to anatomic features in
After this processing was performed, a second comparithe periodontal pocket. Flap surgefwhen the gum line is
son of manual probing depths to the processed data was Pgjpened to allow removal of plaque and calculus in patients
formed, which produced more accurate results than thgth severe periodontal diseasen bloc surgerywhen a
analysis of the raw data, as can be seen in Fig. 5. cancerous section of the jaw is remoyeahd extracted teeth
While peak detection followed by signal averaging sim-stydies are three possible procedures that will allow such a
plifies the waveform and improves pocket-depth measurecomparison.
ment accuracy, some human interpretation of the data is still T4 help guide the interpretation of the data obtained in
required. However, with more clinical data, it is hoped thatihese future studies, a candidate model describing ultrasonic
the peak-picking algorithm can be combined with a fully \yave propagation within the periodontium has been devel-
automated signal-interpretation algorithm. oped. This model is based on two observations. First, in one
test a patient had very smooth teeth due to a loss of enamel,
which led to weak ultrasonographic return signals. Second,
probing sites with unusually strong signals indicated correla-
The ultrasonic periodontal probe described here has bedion with teeth with “alot of anatomy,” or surface irregulari-
demonstrated to measure echoes from the periodontéies that produced ultrasonic returns. Based on these obser-
pocket, and a signal processing routine has been proposedyations, the first assumption of the model is that signals
aid in the interpretation of these echoes. analyzed using the probe are composed entirely of echoes off
However, if this probe is to replace manual probing ashard tissue within the periodontium.
the new standard for the diagnosis of periodontal disease, a Although the signal is composed from echoes off hard
more detailed understanding of the origin of these echoes isssues, rather than the soft tissues really of interest, these
needed. Correlating the echoes to manual probing is not atlata can be used to infer the depth of the periodontal pocket.

V. DISCUSSION
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Tooth Using this model as guide, an idealized two-dimensional
e i i} periodontium was developed for use in a computer simula-
tion designed to test this model. The simulation was designed
! b using the elastodynamic variation of the CAFIT algorithm,
t ‘ NIy . called the elastodynamic finite integration techniti@his
ST I "rM 4 ._ idealized periodontium consists of three regions: the peri-
‘ 1 ’ ‘ _ odontal pocket, which is filled with water from the ultrasono-
H/ \ graphic probe, the junctional epithelium, and the gingiva.
‘ The inner surface is an interface with the tooth, and so for
this lateral boundary the rigid-body boundary condition was
used. The outer surface is an interface between gingiva and
the oral cavity(air), and so for this lateral boundary the
vacuum boundary condition was used.
In addition, the ultrasonic parameters of the gingiva and
the junctional epithelium needed to be defined. Because di-
——  Ultrasonic probing depth agnostic ultrasound is not used now in dentistry, values for
o Manual probing depth the Lameparameters. and . were not available in the lit-
erature, or for the density. However, because the gingiva
contains fiber bundles that give it some stiffnedike
Tooth muscle, while the junctional epithelium is softer and more
skinlike, the ultrasonic properties of skeletal muscle and
skin, respectively, were used for this simulation. For muscle,
ki

-
PR S

W N
8

Depth for Raw Data (mm)

N o o

—

H,L X 10° kg/m® were used, and for skin,=2.30x10° Pa, u
NN =0.19< 10° Pa, andp=1.02x 10*kg/m® were used?®* In
iﬂl 1k ~ the simulations that follow, it should be kept in mind that

muscle and skin are probably more dense than gingiva and
the junctional epithelium, respectively, since gingiva is softer
than muscle and junctional epithelium mixes with crevicular
fluid to make it more liquidlike than skin.

The simulation was first run for the case in which the
surface of the tooth was completely smooth, and the only
return was from the bottom of the simulation space at four
reduced distance unita/hich corresponds to a return at eight
reduced time unibs
FIG. 5. A comparison of manual probing depths and the position where the ~ Next, a surface irregularity 0.15 r.u. wide and deep was
U|tl’ﬁSOﬂiC signal ends for the raw ultrasonic sigftap) and the signal after added to the tooth 1 r.u. down from the top of the periodon_
processingbottom. tium. In this case, a strong primary echo occurs at 2 r.u.
(time), with weaker secondary echoes at 4 and 6 r.u. The

. i large echo at 8 r.u. in Fig. 6 is from the bottom of the simu-
Within the pocket, the surface of the tooth is exposed, angion space.

ultrasonic signals can echo directly off the tooth surface.  pfier completing these initial simulations, another level
However, if the tooth surface is covered with tissue, the echgy complexity was added by accounting for attenuation
will be attenuated. Because the junctional epithelitmin  \ithin the different materials. For the purposes of this simu-
layer of attached gum tisshis softer and less heterogeneousiation, it is assumed water does not attenuate the signal at all
than the connective tissue, it is reasonable to assume thatdver the propagation distances of interest, while the junc-
will attenuate the signal less than the fibrous, and hencéonal epithelium has a small attenuation factor of 0.999 per
highly scattering, connective tissue. This leads to the thresimulation step, and gingiva attenuates signals more strongly
regions within the return signal: (due to the presence of collagen fibems0.98 per simulation
i ) ) step. As a result of attenuation, the return off the bottom of
1) A near region of very strong returns, in which the ultra- the simulation space was eliminated, while the return off the
sonic wave passes through watérom the probg to (15 1y, surface irregularity remained. If the surface feature
echo off the tooth surface. is moved beneath the junctional epithelium to 1.7 r.u., the
(2) A middle region of slightly attenuated returns, in which gchoes are still evident, but if it moved further down into the
the ultrasonic wave must pass through junctional epitheconnective tissue of the gingiva, attenuation of the signal is
lium layers before echoing off the tooth surface. too great for an echo to return to the transducer.
(3) Afar region with no detectable returns, in which connec- Finally, another simulation was run with the surface fea-
tive tissue completely scatters the ultrasonic wave andure at 1.7 r.u., but with the junctional epithelium moved
no echoes from the tooth can be detected. from 1.5 to 2.0 r.u. Thus, the irregularity is at the same depth

I the values\ =2.46x 10° Pa, u=0.25x 10° Pa, andp=1.08

N

w

»

¢

Depth for Processed Data (mm)

()]

w———— Ultrasonic probing depth
Manual probing depth
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of the junctional epithelium and the gingiva are not known, it
is still possible that ultrasonic echoes could result from in-
teractions with these structures, even though the simulation
did not produce such echoes. However, since muscle and
skin are most likely more dense than gingiva and junctional
epithelium, and therefore more likely to produce echoes, this
possibility does not seem likely.

Based on the results of this simulation, it appears likely
that transitions in signal strength can be correlated to ana-
tomic features. The first transition from strong peaks to
weaker peaks is likely to correspond to the border between
the open pocketor sulcug and the junctional epithelium,
while the second transition from weaker peaks to “noise” is
likely to correspond to the border between the junctional
epithelium and connective tissue.

The ultimate accuracy of this device in a clinical setting
will depend on the signal processing algorithms that auto-
matically identify those features in the ultrasonic echoes that
correspond to the anatomical features of interest. Our current
work is directed towards developing improved versions of
these algorithms along with testing the instrument in a vari-
ety of clinical settings.
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