
(19) United States 
US 20010034009A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0034009 A1 
Lang et al. (43) Pub. Date: Oct. 25, 2001 

(54) METHOD AND APPARATUS FOR 
DETERMINING THE PRELOAD FOR 
SCREWS FOR DENTAL IMPLANT SYSTEMS 

(76) Inventors: Brien R. Lang, Ann Arbor, MI (US); 
Roman Gr. Maev, Windsor (CA); 
Andrei Ptchelintsev, Windsor (CA) 

Correspondence Address: 
Welsh & Katz, Ltd. 
Eric C. Cohen 
22nd Floor 
120 South Riverside Plaza 
Chicago, IL 60606 (US) 

(21) Appl. No.: 09/731,590 

(22) Filed: Dec. 7, 2000 

Related US. Application Data 

(63) Non-provisional of provisional application No. 
60/169,546, ?led on Dec. 7, 1999. 

74 

Publication Classi?cation 

(51) Int. Cl? . A61C 8/00; A61C 19/04 
(52) Us. 01. ............................................ .. 433/173; 433/72 

(57) ABSTRACT 

A method and apparatus are provided for determining the 
preload in a dental implant system. The preload is deter 
mined by transmitting a sonic impulse, Which is preferably 
an ultrasonic impulse, at a predetermined frequency to the 
head of the implant screW through a transducer, Which may 
be incorporated into the head of the screW, the head of a 
Wand Which generates the sonic impulse, or the transducer 
and pulse-generating instrumentation may be incorporated 
into a torque generating instrument used to tighten the screW. 
The preload is determined by measuring the delay betWeen 
the ?rst and second re?ections through the preloaded screW 
to determine a preload value and comparing that value With 
a pre-established baseline value for the screW, and compar 
ing the difference With a predetermined table of values to 
determine the preload on the screW. 
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Fig 6. 

WINDOW Function 

Gauge Con?ggation: 

Speci?es number of samples and name of 
con?giration ?le 
N samples can be any of TDS52O 
acquisition lengths. 
N frames must be 1 (N samples>l is used 
only for FASTFRAME MODE N/A) 

. E auge 'miigisn 

c: \config_slrairt gag 

Measurement Settings: 

Speci?es coefficients for strain, 
temperature, force measurement, precision, 
maximum load and cross area of the screw 
Degree/ns-coef?eient for temperature 
NeWton/ns-coef?cient for force 
Units-one of the following (ps, ns, N, MPa, 
Degree) 
Precision-number of signi?cant digits after 
decimal point. (Default 2) 
Cross area of the screw in mm2 (Default 
2.137) 
Max load is maximum TOF deviation in 
nanoseconds allowed 
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METHOD AND APPARATUS FOR DETERMINING 
THE PRELOAD FOR SCREWS FOR DENTAL 

IMPLANT SYSTEMS 

BACKGROUND 

[0001] This invention relates to a method and apparatus 
for ensuring that small screWs used to hold together dental 
implant components are tightened to the correct initial stress 
level, or “preload.” According to the National Institute of 
Health, among the factors involved in the design of a dental 
implant are the forces produced during implant loading, the 
dynamic nature of loading, and the mechanical and structure 
properties of the prosthesis in stress transfer to tissues. 
Unfortunately, accurate data on such parameters are incom 
plete. National Institutes of Health Consensus Development 
Conference Statement on Dental Implants. June 13-IS, 1988. 

[0002] During the early 1970’s the dental profession Was 
very hesitant to use dental implants or ?xtures surgically 
implanted into a patient’s jawbone as a treatment option to 
replace missing teeth. HoWever, success With implants in the 
past 30 years has replaced this skepticism. This is due to the 
efforts of P-I Branemark and co-Workers in SWeden Who 
introduced the concept of osseointegration in humans. When 
the principles of osseointegration are folloWed, the anchor 
age of a non-biological titanium implant unit to living bone 
Will occur, With approximately 95% and 85% implant sur 
vival rates for the loWer and upperjaWs, respectively. See, 
for example in US. Pat. Nos. 4,824,372, 4,872,839 and 
4,934,935 to Jorneus et al., Brajnovic and EdWards, respec 
tively. 
[0003] One of most critical aspects in the replacement of 
missing teeth using dental implants is the ability of small 
screWs positioned Within the implant complex to hold the 
various implant parts together during loading and stress 
transfer. As any screW in the implant system is tightened, the 
initial stress level developed Within the screW becomes 
critical to the maintenance of the joint stability betWeen the 
parts the screW is clamping together. OWing to the high 
strain level that the assembled joint experiences in everyday 
life, this initial stress level called the preload is of paramount 
importance. Insuf?cient tightening of a screW in the implant 
system can result in the screW becoming loose rather 
quickly, and over time this looseness can lead to fracture of 
the screW and potentially failure of the implant reconstruc 
tion. This is particularly critical for screWs that secure 
spacers or abutments to the implant or ?xture. 

[0004] The stability of the screW joint is considered a 
function of the preload stress achieved in the screW When 
applying the preload tightening torque to clamp the implant 
components together. The optimum preload torque is in?u 
enced by the geometry of the screW, the contact relationships 
betWeen the screW and its bore, betWeen the screW and its 
threads, and betWeen the bearing surfaces of the components 
clamped together by the screW, friction, and the properties of 
the materials used. One example is the joint formed betWeen 
the bearing surface of the implant and the bearing surface of 
the spacer or abutment. Another example is the joint formed 
betWeen a prosthesis and an abutment, also held together by 
a small screW in the implant system. 

[0005] When the screW joint experiences instability, the 
screW Will either loosen or fracture. ScreW joint failure 
occurs in tWo stages. The ?rst stage consists of external 
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functional loading applied to the screW joint that gradually 
leads to the effective erosion of the preload in the screW 
joint. Any transverse or axial external force that causes a 
small amount of slippage betWeen the threads releases some 
of the stress, and therefore, some of the preload is lost. The 
greater the preload applied to a screW joint (up to a maxi 
mum equal to the proportional limit), the greater the resis 
tance to loosening and the more stable the joint. As long as 
the frictional forces betWeen the threads remain large, a 
greater external force Will be required to cause loosening. 

[0006] Once the critical load exceeds the screW joint 
preload, it becomes unstable. The external load rapidly 
erodes the remaining preload and results in vibration and 
micromovement that leads to the screW backing out. Once 
this second stage has been reached, the screW joint ceases to 
perform the function for Which it Was intended and has 
failed. 

[0007] OptimiZing the preload of a screW used in a dental 
implant system is critical for implant screW joint stability. As 
Was stated earlier, implant screW loosening and fractures are 
quite common. The fact that on average complications With 
implant screW Will occur in one out of every four implants 
surgically placed is signi?cant. The need for optimum 
preload in screW tightening at the initial stages of implant 
component assembly and completion of the ?nal implant 
restoration cannot be left to chance. An instrument that 
scienti?cally records the preload established in these implant 
screWs folloWing tightening and prior to any external load 
applications is essential to implant performance and the 
quality of life of the patient Who receives implants as part of 
their dental rehabilitations. 

[0008] It has been reported by Patterson and Johns that to 
achieve the maximum preload possible in component screWs 
for dental implants, it is necessary to apply the appropriate 
tightening torque to each screW. Torque tightening devices 
for implant screWs are discussed, for example, in US. Pat. 
Nos. 6,109,150 and 5,626,474. HoWever, most screW torque 
tightening devices lack accuracy because of a number of 
variables beyond the control of these conventional instru 
ments. This means that the maximum stress developed in an 
implant screW tightened by conventional torque-tightening 
devices may be less than 70% of the yield strength of the 
screW itself and therefore Well beloW the maximum possible 
preload for a stable joint. If the screW is loaded to the 
appropriate preload level one can be con?dent that the screW 
Will not fail during the life of a patient When “normal” 
external loads are applied. 

[0009] Ultrasound instrumentation has been used to mea 
sure the preload established in large bolts and screWs in 
industrial applications. Thus far, hoWever, it has not been 
applied to small screWs the siZe of those used in implant 
systems. In industrial applications for large bolts and screWs, 
the most common ultrasonic instruments for control of 
screW tension are called “pulse-echo” or “transit time” 
instruments. Bickford has described the use of this method 
With large bolts. A drop of ?uid is placed on the head of the 
bolt to reduce the acoustic impedance betWeen the trans 
ducer and bolt head. An acoustic transducer of some sort is 
placed against the bolt head. The instrument is then Zeroed 
for this particular bolt because each bolt Will have a slightly 
different acoustic length even if their physical lengths are the 
same. The Zero load is recorded before tightening. Next, the 
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bolt is tightened. If the transducer can remain in place during 
tightening, it Will show the buildup of stretch or tension in 
the bolt during tightening. If it must be removed, it is 
repositioned on the bolt again after tightening to shoW the 
stress level achieved. If at some future time one Wishes to 
measure the tension present Within the bolt, the original data 
can be input to the instrument computer unit and after 
placing the transducer on the top of the bolt, the instrument 
Will record the existing tension and the Zero stress condi 
tions. 

[0010] In principle, the electronic instrument delivers a 
voltage pulse to the transducer, Which emits a brief burst of 
ultrasound (typically ?ve to seven or more cycles). This 
burst passes doWn through the bolt, echoes off the far end, 
and returns to the transducer. The electronic instrument 
measures very precisely the time delay required for the burst 
of sound to make its round trip in the bolt. As the bolt is 
tightened, the amount of time required for the ultrasound to 
make its round trip increased for tWo reasons: 1) the bolt 
stretches as it is tightened, so the path length increases, and 
2) the average velocity of sound Within the bolt decreases 
because the average stress level has increased. At loW strain 
those functions can be approximated by linear ones of the 
preload in the bolt, so the total change in transit time is also 
a linear function of preload. 

[0011] In dental implant technology, it is important to 
knoW What preload exists in implant screW joints at any time 
during implant therapy and throughout the life of the 
implant. 

[0012] All of the currently used implant screWs are fab 
ricated from materials that are nontransparent and nonmag 
netic. No other ef?cient technique for stress measurements 
of nonmagnetic and nontransparent materials is available. In 
contrast, a magnetic hysteresis curve can be used to infer the 
stress in magnetic materials, and also optical coherent meth 
ods can be used to infer the stress in transparent materials. 
HoWever, the accuracy of this latter method is signi?cantly 
loWer than that of the ultrasonic TOF measurements, and as 
stated the implant screWs are made of nonmagnetic materi 
als. The use of mechanical methods for stress measurements 
requires exact measurements of the length of the implant 
parts, and With the 30 plus implant manufacturers through 
out the World and their reluctance to provide this data, this 
method has de?nite limitations. 

[0013] Ultrasonic measurement of the stress in a screW or 
bolt With a relatively big cross-section and length has been 
knoWn for some time. Since the early ?fties the technique 
has been theoretically and experimentally proven for a range 
of materials [31-34]. Experimental and theoretical results 
obtained by Huges and Kelly [31 ] on samples of rail steel 
With various load conditions have shoWn the proportionality 
betWeen the uniaxial stress and velocity of acoustic Waves. 
HoWever, since then the method has been used for only 
relatively long and large cross-section components, partially 
due to an insuf?cient accuracy of TOF measuring devices. At 
present a digital oscilloscope’s sampling rate ranging to 
several gigahertZ makes possible a real time measurement of 
time intervals With the 10-100 picosecond accuracy. As to 
the dental implant screW in question, the ultrasonic evalu 
ation of the stress via the time of ?ight measurement in 
principle is feasible. In practice the method is not straight 
forWard and several factors have the potential to in?uence 
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the accuracy, hoWever, the Whole performance is predict 
able. Dif?culties reside in the small siZe transducer required 
(around 0.5 mm. active element diameter), and the small 
length inducing a loW variation of the time of ?ight of the 
ultrasonic pulse. The smaller the transducer, the greater the 
exposure to a stronger mechanical stress. The smaller the 
length of the screW, the less variation in the time of ?ight and 
consequently the loWer precision of the stress measurement 
obtained. Ambient temperature in?uencing elastic properties 
of materials, could also be a concern, Which can be con 
trolled. 

[0014] The optimum preloads suggested for implant screW 
joints are a percentage of the yield strength of the screW. For 
example, 50-60% of yield has been suggested for average 
nongasketed joints, With “normal” safety or performance 
concerns. A70-75% of yield has been suggested as the upper 
limit for nongasketed joints Where “loW preload” problems 
have been experienced in the past such as leaks, self 
loosening, fatigue, etc. Joints Which have had consistent 
“loW preload” problems in the past, and Where the need to 
avoid failure is signi?cant and Where service loads (or 
ignorance of service loads) make it unWise to take the screWs 
any closer to the yield point, a 85-95% of yield has been 
suggested. Obviously, the preloads suggested for various 
screW joints demonstrate considerable variation, and 
depending on the joint requirements, the amount of preload 
achieved (% of the yield) Would be signi?cant in the 
performance of the joint. Furthermore, the amount of pre 
load suggested depends on the accuracy of knoWing the 
yield point of the screW. McGlumphy has reported signi? 
cant differences betWeen screWs from several implant manu 
facturers even though the suggested tightening forces, and 
thus the preload achieved for these screWs Were the same. 
The force needed to cause failure in abutment screWs for the 
systems as tested by McGlumphy ranged from 1.22 to 17.23 
kg. [36] HoWever, even if the ultimate tensile strength of the 
screW, the proportional limit and the elastic range Were 
knoWn, neither the preload created by tightening using a 
torquing device suggested by the manufacturer for the 
particular screW nor the variability in the preload as a result 
of the tightening instrument used by the operator is knoWn. 

[0015] In summary, it Would appear that a great deal of 
subjectivity exists in the tightening of implant screWs. It 
isn’t any Wonder that screWs loosen or fracture. The tight 
ening instruments are a major variable. The quality and 
quantity of the tightening torque is in question. The “target” 
preload is uncertain. Finally, the achieved preload is 
unknoWn. In implant joints, Which are very critical joint 
assemblies, the stability of the joint begins With knoWing the 
exact preload achieved folloWing the clamping together of 
the components. The Preload Measurement Gage Will pro 
vide clinicians With that information. 

SUMMARY OF THE INVENTION 

[0016] This invention provides a method of determining 
the preload on a screW used in an implant system that 
secures a component to a ?xture or to another component in 
a dental implant system Which comprises the steps of 
transmitting a sonic impulse at a predetermined frequency to 
the head of the screW through a transducer When the screW 
is in an unstressed condition; measuring the delay betWeen 
the ?rst and second re?ections through the unstressed screW, 
and establishing a baseline value for the unstressed screW; 
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applying a preload of a predetermined value to the screw to 
secure the implant component in the implant system; trans 
mitting a sonic impulse at a predetermined frequency to the 
head of the screW through a transducer; measuring the delay 
betWeen the ?rst and second re?ections through the pre 
loaded screW to establish a preload value; and determining 
the difference in the delay betWeen the baseline value and 
the preload value, and comparing the difference With a 
predetermined table of values to determine the preload in the 
screW. 

[0017] Transducers used in this invention may be any 
transducer that transmits and receives sonic impulses. Pref 
erably, the sonic impulse is an ultrasonic impulse. The 
frequency of the impulse may vary depending on the mate 
rial characteristics of the screW. 

[0018] ScreWs used With this invention may be measured 
in this manner in the unstressed state before they are 
packaged and sold, and the baseline value may be provided 
With the sales information. 

[0019] This invention also includes apparatus for deter 
mining the preload in a dental implant system that includes 
a ?xture having one end adapted for osseointegration into a 
jaWbone, the other end adapted to receive a spacer and 
including an internal bore that includes threads for engaging 
With a screW to secure the spacer to the implant, the spacer 
including an internal bore to receive the screW. The pros 
thesis may be attached to the implant system With a second 
screW. The apparatus comprises means for achieving a 
preload in the screw to secure the component in the implant 
system, Which may be any conventional means, such as a 
heX Wrench or screWdriver, as are commonly sold by com 
panies such as Nobel Biocare, Implant Innovations, or others 
Who market dental implants, abutments, and tools. The 
apparatus also includes means for transmitting a sonic 
impulse, Which is preferably an ultrasonic impulse, at a 
predetermined frequency to the head of the screW through a 
transducer, Which may be any apparatus that generates an 
ultrasonic impulse at the desired frequency. The frequency 
of the sonic impulse may vary, depending on the material 
and con?guration of the screW. The apparatus also includes 
means for measuring the delay betWeen the ?rst and second 
re?ections through the preloaded screW to determine a 
preload value, Which may consist of a suitable measurement 
circuit, Which may be in a separate control boX, or part of a 
Wand used to transmit and receive the ultrasonic impulse and 
pulses. The apparatus also includes means for determining 
the difference in the delay betWeen a pre-established base 
line value for the screW and the preload value, and compar 
ing the difference With a predetermined table of values to 
determine the preload on the screW. 

THE DRAWINGS 

[0020] FIG. 1 is a sectional vieW of a dental implant 
installation of the prior art, adapted for purposes of this 
invention. 

[0021] 
[0022] FIG. 2 is a block diagram of one embodiment of 
the apparatus of this invention. 

[0023] FIG. 3 is a typical A-scan pattern of pulses gen 
erated by this invention. 

FIG. 1A is a sectional vieW taken along line A-A. 
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[0024] FIG. 4 is a diagram that demonstrates the principal 
of the time of ?ight. 

[0025] FIG. 5 is a depiction of a preload strain gauge 
program WindoW for a computer program that may be used 
in the present invention. 

[0026] FIG. 6 is a diagram shoWing con?guration Win 
doWs that may be used With the present invention. 

[0027] FIG. 7 shoWs a diagrammatic depiction of a Wand 
that may be used With the present invention. 

[0028] FIG. 8 is a diagrammatic depiction of a second 
type of Wand that may be used With the present invention. 

DETAILED DESCRIPTION 

[0029] Implant systems, Which are Well knoWn in the art, 
generally consist of an implant or ?Xture, Which is surgically 
implanted into a patient’s upper or loWer jaWbone. As shoWn 
in FIG. 1 and FIG. 1A, the ?Xture 10 includes an externally 
threaded body 12, Which is surgically screWed into the 
jaWbone. At one end of the body is a ?ange 14, Which has 
bearing surface 16. Body 12 of ?Xture 10 includes an 
internal bore 18, Which eXtends from the ?ange 14 and 
Which is at least partially threaded to receive an abutment 
screW (also knoWn as a spacer screW) 22, Which includes a 
threaded portion 24, and a head 26. An abutment 30 includes 
a bearing surface 32, Which forms a joint 34 With the bearing 
surface 16 of ?ange 14. Abutment 30 also includes an 
internal bore 36 to receive screW 22 and a ?ange 38 Which 
is smaller in diameter than the head 26 of abutment screW 
22. The abutment screW 22 passes through the bore 36 of 
abutment 30, and the threaded portion 24 of abutment screW 
22 mates With the internal threads 20 of internal bore 18 of 
the ?Xture 10. Abutment screW 22 is screWed into the 
internally threaded bore 18 of ?Xture 10, and tightened the 
a predetermined pre-load to secure the abutment 30 to the 
?Xture 10. 

[0030] Head 26 of the abutment screW 22 is provided With 
an internal bore 40 Which has a geometric shape, such as an 
internal heX, adapted to receive a tool such as a heX Wrench 
for tightening the screW. Other geometric shapes for tools 
are Well knoWn in the art. The abutment screW used for 
practicing the invention is provided With a re?ecting surface 
at the bottom 42 of bore 40. A second re?ecting surface 44 
is provided at the opposite end of the screW. Each re?ecting 
surface is preferably generally ?at, and generally perpen 
dicular to the line of transmission of the sonic pulse. Any 
number of screW head designs may be used, so long as each 
end of the screW (heads and ends) has a re?ecting surface 
that is suf?ciently perpendicular to the ultrasound propaga 
tion pathWay in order to register and record at a suf?cient 
amplitude the time of ?ight betWeen tWo acoustical impulses 
traveling the length of the screW. All dental implant screW 
designs can potentially be modi?ed to create a suf?ciently 
re?ecting area Within and at the base of the head alteration 
and also at the end of the screW for this purpose. Alterna 
tively, other forms of re?ecting surfaces may be used. 

[0031] In one embodiment of the invention depicted in 
FIG. 1, a small 20 MHZ PZT element (transducer) 50 of 
Q08 mm is ?Xed to a ?attened area 42 in the head 26 of a 
screW 22. This transducer 50 provides the interface betWeen 
the screW 22 and an acoustic source 70 (See FIG. 2) for the 
transmission of an acoustic pulse along the long aXis of the 
screW. 
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[0032] As shown in FIG. 7 and FIG. 2., the acoustic 
source is a hand held Wand 70 that is electronically con 
nected to a control box 72. The electronic connection may be 
hard-Wired 74, or it may be accomplished remotely, such as 
by infrared or by so-called “bluetooth” technology, so long 
as the Wand is provided With appropriate infrared transmis 
sion and/or receiving means. Alternatively, the control box 
can be provided in miniaturiZed form through microelec 
tronics entirely Within the handle 76 of the Wand 70. 

[0033] Within the control box 72 are the electronics 
needed to initiate an ultrasonic impulse from an acoustic 
source 78 near the small tip 82 of the Wand 70. The tip 82 
of the Wand 80 is placed in contact With the transducer 
element 50 in the head 26 of the screW 22, Which clamps 
together the abutment 30 and implant 10 to form the screW 
joint 38 of the implant assembly. Asound impulse is initiated 
from the tip 82 of the Wand 80 and the sound is transmitted 
by the transducer 50 in the screW head 26 to the opposite end 
44 of the screW 22. TWo clear sequential echo-pulses are 
re?ected from the screW bottom (end) back to the transducer 
and ultimately across the interface to the Wand. 

[0034] The time of ?ight betWeen pulses 1 and 2 can be 
determined independent of the acoustic contact variations. 
The time of ?ight of the Wave propagation through the screW 
is registered by the transducer 50 and the information is 
transmitted and processed in the control box 72 by a 
computer microchip. Tightening of the screW Will produced 
variations in screW length related to the elastic properties of 
the screW. ScreW length variations in?uence the time of 
?ight of the ultrasonic pulse along the long axis of the screW. 
The differences in the time of ?ight recorded before and after 
screW tightening are used to compute the stress Within the 
screW as a function of screW tightening. The stress is 

computed by the control box electronics, and displayed both 
graphically and digitally at the control box 72. 

[0035] As shoWn schematically in FIG. 2, a system for 
preload measurement may include, for example, an embed 
ded 20 MHZ ultrasonic transducer 50, an ultrasonic pulser 
receiver USD-lS (Krautkramer) 72, a digitiZing oscilloscope 
TBS-520 (Tektronix) 73 connected to a GPIB port 
(IEEE488) 75 With computer 77. As is discussed above, the 
implant screW is provided With a generally ?attened surface 
inside the tool-receiving bore in order to accommodate a Q1 
mm pieZoelectric piston. A pieZoelectric disk 50 is posi 
tioned inside the screW head and tWo Wires soldered in order 
to provide the electric path. To protect the pieZoelectric 
element and the Wiring the head Was molded With epoxy 
compound. The setup immediately provided tWo clear echo 
re?ections from the opposite end of the screW. To increase 
amplitude of the re?ected signals the threaded end of the 
screW Was slightly ?attened. In FIG. 3 a typical A-scan is 
given. The basics of the measurement consist of determining 
variation of the delay betWeen 1St and 2nd re?ections. To 
measure the TOP betWeen the tWo pulses Zero cross-section 
method is used. The softWare seeks for the ?rst minimum of 
both signals and then calculates the time coordinate of next 
Zero cross-section linearly interpolating the signal betWeen 
tWo consecutive samples for both ?rst and second echo 
pulses and ?nally estimates TOF as given by the folloWing 
formula. 
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[0036] Where fsarnpl is the sampling frequency, Wfm(k) is 
the digitiZed Waveform data, i, j are samples around Zero 
crossing (see FIG. 4). Better results are obtained at 1 GHZ 
sampling rate. A real-time measurement provides 10.2 ns 
precision, With 32-average mode the precision goes to 0.02 
ns. This corresponds approximately to 0.025° C. tempera 
ture variation, or 0.6N force variation using for approxima 
tion elastic parameters of mild steel. Exact values of these 
uncertainties are to be calculated after the stress-TOF and 
temperature-TOF characteristics are studied for the material 
used in manufacturing the screW. This system results in 
excellent resolution of the method. 

[0037] To realiZe the measurement method a softWare 
program may be used. Basic features of the program are 
transfer of the digitiZed A-scan from TDS520 to a personal 
computer, serial port communication, time delay compen 
sation and measurement, and data storage. The outlook of a 
program WindoW is given in FIG. 5. Con?guration WindoWs 
for the preload gauge are shoWn in FIG. 6. 

[0038] In another embodiment, depicted in FIG. 8, Wand 
90 is designed to transmit and receive acoustic and time of 
?ight data Without the need for contact betWeen the Wand tip 
and a transducer located in the head of the screw. In this 
embodiment, the transducer 50 is positioned Within the tip 
92 of the Wand, near enough to the end to transmit and detect 
sonic impulses. The Wand also incorporates technology for 
digital analog signals to be transmitted and received in order 
to carryout the functions identi?ed in the hard-Wired control 
box. The information received and transmitted by the Wand 
may be displayed in a remotely located display mode. 

[0039] In another embodiment, the ultrasonic transducer 
may be located Within the tool used to tighten the screW. 
Thus, a screWdriver may be used to tighten the screW and 
either simultaneously or at the end of the torquing procedure 
measure the stress Within the screW. One end of the screW 
driver is formed in a Well knoWn latch-type design for 
attachment to an electronic or manual tightening torque 
apparatus. At the other end of the screWdriver, the ultrasonic 
transducer is positioned Within the screWdriver end in a 
position permitting it to transmit and detect sonic impulses. 
The transducer is electronically connected to the latch-type 
end by internal circuitry. The transducer is electronically 
connected to either the electronic or manual tightening 
torque handpiece by an electronic interface Within the hand 
piece head. The screWdriver is positioned in the screW bore 
and brought into intimate contact With the screW. FolloWing 
initiation of the sound impulse, the sound travels through the 
screW to the end of the screW. In the electronic tightening 
torque apparatus, the time of ?ight of the Wave propagation 
through the screW is registered by the transducer in the screW 
driver, and the information is transferred electronically back 
to the tightening torque apparatus control boxes or an 
associated display unit. The elastic properties of the screW, 
Which have been altered by the torquing force used to tighten 
the screW, are displayed both graphically and digitally at the 
control box (6) as the preload. 
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[0040] In the case of the manual tightening torque appa 
ratus, the electronics for initiation of the Wave impulse from 
the screwdriver, and data retrieval and processing are 
located in a modi?ed handle for the tightening torque 
apparatus. The registration, recording and computation of 
the time of ?ight are performed using micro-processing 
technology and transferring the information from the elec 
tronic port in the manual tightening torque handle (2) as a 
digital analog signal to a remote display unit. 

We claim: 
1. A method of determining the pre-load on a screW that 

secures a component to other components in a dental 
implant system comprising: 

a. Transmitting an sonic impulse at a predetermined 
frequency to the head of the screW through a transducer 
When the screW is in an unstressed condition; 

b. Measuring a ?rst delay betWeen the ?rst and second 
re?ections through the unstressed screW, and establish 
ing a baseline value for the unstressed screW; 

c. Applying a preload of a predetermined value to the 
screW to secure implant components together; 

d. Transmitting a sonic impulse at a predetermined fre 
quency to the head of the preloaded screW through a 
transducer; 

e. Measuring a second delay betWeen the ?rst and second 
re?ections through the preloaded screW to establish a 
preload value; and 

f. Determining the difference betWeen the ?rst delay and 
the second delay to establish a difference betWeen the 
baseline value and the preload value, and comparing 
the difference With a predetermined table of values to 
determine the preload on the screW. 

2. The method of claim 1 Wherein the sonic impulse is an 
ultrasonic impulse. 

3. The method of claim 1 Wherein the screW secures an 
abutment to an implant. 

4. The method of claim 1 Wherein the screW secures a 
dental prosthesis to an abutment. 

5. The method of claim 1 Wherein the screW secures a 
dental prosthesis directly to an implant. 

6. Apparatus for determining the preload on a screW in a 
dental implant system that includes at least one screW for 
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securing components of the dental implant system together, 
Wherein the dental implant system includes at least a ?Xture 
having one end adapted for osseointegration into a jaWbone, 
the other end adapted to receive an abutment, and the 
abutment adapted to receive and support a dental prosthesis, 
the apparatus further comprising 

a. Means for applying a preload to the screW to secure at 
least some components of the implant system together; 

b. Means for transmitting a sonic impulse at a predeter 
mined frequency to the head of the screW; 

c. Means for transmitting the sonic impulse through the 
screW and detecting ?rst and second re?ections of the 
pulses; 

d. Means for measuring the delay betWeen the ?rst and 
second re?ections through the preloaded screW to 
determine a preload value; and 

e. Means for determining the difference in the delay 
betWeen a pre-established baseline value for the screW 
and the preload value, and comparing the difference 
With a predetermined table of values to determine the 
preload on the screW. 

7. The apparatus of claim 1 Wherein the sonic impulse is 
an ultrasonic impulse. 

8. The apparatus of claim 1 Wherein the screW secures an 
abutment to an implant. 

9. The apparatus of claim 1 Wherein the screW secures a 
dental prosthesis to an abutment. 

10. The apparatus of claim 1 Wherein the screW secures a 
dental prosthesis directly to an implant. 

11. The apparatus of claim 1 Wherein is means for 
transmitting a sonic impulse is an apparatus that produces an 
ultrasonic impulse. 

12. The apparatus of claim 1 Wherein the means for 
transmitting the sonic impulse through the screW and detect 
ing ?rst and second re?ections of the pulses is a transducer. 

13. The apparatus of claim 12 Wherein the transducer is 
af?Xed to the head of the screW. 

14. The apparatus of claim 12 Wherein the transducer is 
af?Xed to a Wand, and the Wand is in electronic communi 
cation With an electronic control and measurement circuit. 


