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Abstract: This paper aims to present a new model
ser probe. A study of the current measuring met

of a lengthsuring system in orthopedics using a la-
hodwthopedics revealed the need of an accurate,

easy to use device, whose production or operatogjscare not very high, and that doesn’t exposé bot
pacient and doctor to radiation. In order to achéethis requirements several researches upon differe
possible models were done. The devices are baseaavdinate metrology, that has reached a highlleve
of accuracy. This paper will present one of theotk&cal models, trying to define a certain poirittioe
laser beam, so that in any moment, the doctor talite to measure the distance between two polmis, t
achieving, for example, the length of a leg. Whnenktest solution will be found, the device willkdagit
and used both in clinical and intraoperative assestn
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crepancy.

NOMENCLATURE

CATIA Computer Aided Technical Innovations and

Applications;
OA homogenous rod;
G weight;
L length;
0,0, vertical rod;
AB laser beam;
(0} angle betwee®0, andOJA,;
% speed;
] angle betweddx andOB;
B certain position d;
£ Lagrange function;
E kinetic energy;
rn potential.
1. INTRODUCTION

There is a constant need of measurement in ou
evryday life. Without even noticing we measure time
speed of a vechicle, temperature in a room, weifjbur
body, size of an object. For every measuring tasépe-
cific device is being used [1]. In this paper, ldngmeas-
uring in orthopedics will be the task, and therefarnew
length measuring system will be described. Research
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have been made towards the existing measuring etho
in orthopedics. Literature revealed that there three
major categories for assesing and measuring legtHen
discrepancy: clinical, imaging and intraoperativetin
ods [2-5]. After analysing the advantages and disad-
vantages of each method, the need of a new lengés-m
uring system was found [6]. This system has the ad-
vantage, that it can measure with a higher pretigltan
other devices, it does not expose the pacienteodtictor

to radiations, it is a non-invasive method, and weas-
ure both at the bedside and on the operating taiée,
results being stored in the computer memory. Ireotd

see if this is the best system to build, anotheortétical
devices have been studied [7]. One of them is gtlen
measuring system with a laser probe that is further
desribed in this article.

The major advantages of the system are the absence
of contact between the device and the surgicad fipa-
tient), high accuracy in optimal conditions and eca$
lse. Among the disadvantages following can be men-
tioned: measurement accuracy variation accordintipdo
environment in which the laser beam is reflected te
angle of incidence (at small angles of incidencie &he
repeatability of measurements decreases) and lugh ¢
of production.

In order to increase the accuracy when the anatdmic
landmarks variate (periosteum, ligament, chondsalie,
fascia, etc.) some disposable "targets" were deeeo
These “targets” are round plastic pieces of varisiass
that reflect uniformly the wavelength of 635 nmdre
laser). They are attached to anatomical landmaik®sy-
ing tracking, regardless of patient position.

This measuring system is further presented in the
article.
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2. METHODS

A review of the literature was made, in order ¢& s
what methods are used for assesing leg lengthegiaor
cy. Three main methods were found, that are besegl u
by doctors, both for clinical and intraoperativeesment
[2-5]. A new length measuring system based on coordi-
nate metrology was designed, in order to increase t
measurement precison [6]. This new device has becom
the starting point for a PhD thesis, during whichtHer
research have been made. Based on a comparatiye ana
sis, which revealed the advantages and disatvantaige
each measuring method, new theoretical models have
been developed, so that in the end the best methbd
choosed and built. The current paper presents almod
designed in CATIA and its mathematical model amd-si
ulation. The potential advantages or disadvantatges,
gether with further research direction are preskitahe
discussion section.

3. FUNDAMENTALS OF COORDINATE
MEASURING USING NONCONTACT PROBES

Coordinate measuring machines are widely used fol
accurate dimensional mearurements of modern enginee
ing objects. In order to cover different needs apecific
requirements, a great number of probes have beai-de
oped. They can be divided in two main categories:-c
tact and non-contact probes. Non contact probes ar
mainly used for flexible parts, that would be defed if
touched with a contact probe. High speed of paiogui-
sition, high level of quality in results and thensequent
time/cost reduction are the main advantages oftyitis
of probes. Two categories of non contact probesbean
distinguished: laser and vision{81].

» The most common laser technologies used in coordi-
nate metrology, are those based on laser triarignjat  °
due to its higher precision and lower cost. A laser
beam is projected by a laser probe onto the sudfce
a part, and its position is then read by triantoha
through a lens in the probe receptor. In order to®
achieve a high accuracy, the laser beam must be pro
jected at the normal direction of the object [8]. 12 .

e Vision probes are very useful for high speed inspec *
tion, for very small 2D parts and for work piectst
suffer frequent changes. A picture is digitizedtsat
the dimensions of the work piece can accurately
measured and evaluated in comparison to other mo
els, by counting the pixels. This probes have tte a
vantage, that they need to be calibrated only ¢hde
and 14].

bes

4. GENERAL CHARACTERISTICSOF A
LENGTH MEASURING SYSTEM IN
ORTHOPEDICSUSING A LASER PROBE
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Fig. 1. Length measuring system using a laser probe.

[

Fig. 2. Sliding system.

a rod 5, which has a slot and is attached to gl
system;

a rod 6, which is articulated to the rod 5, throtigé
slot, and can rotate in vertical plane;

a handle 7 with sterilizable sleeve and integrated
command button;

a laser command device 8 with display;

laser beam 9.

The entire system is mounted on the ceiling in the

urgical room, or in cabinet, on a sliding systéke the
dc_)ne presented in Fig. 2.

The system consists of four rods (1, 3) fixed ba t

ceiling, that are used as rails for a sliding ebg®. The
base (3) serves as a mounting platform for theds{ah
from Fig. 1.

The positioning system has two degrees of freedom

and its role is to settle the entire system in ptineal
point relative to the measurement that will be peried.

As soon as a fixed position is obtained, the mesasur
The length measuring system has the following com-ments using laser telemetry system can be done.

ponents:
» arod 1, which is fixed on its top side to stanc2d

It is worth mentioning that the system does not use

any incremental rotation or translation transdudbe

has on its bottom end a disc 3, with a higher diame entire length calculation is made by using a fixexdnt

that doesn’t permit the sliding system 4 to fahaio

where the source is, and based on the implemeilded a

« stand 2 has 4 holes, that allow the system to beithm from the processing unit.

mounted on the ceiling;

The entire system is mounted on the ceiling in the

 the sliding system 4 can move in vertical plane andsurgical room, or in cabinet. When the doctor neteds

rotate around rod 1;

measure a length on the pacients body, he simghsta
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the hadle 7, points the laser beam on the firsedand-  tion). According to this parameters, the coordisaié a
mark, pushes the button, than points the laseherse-
cond landmark, pushes again the button, and stasiee
device will calculate the distance between the paimts, - -
and display them. The calculated datas can beféraus X =0, Bsingpcosy
via bluetooth to a computer ans stored in the pésie P
file. This measuring system has the advantagettban y =0, Bsingsiny, (1
measure precisely the lengths on the human bodi, bo i—(L-O é)co

o ; ; = ! P
clinical and intraoperative. The whole system can b
covered with a sterile sleeve that can be throwayaw
after each surgery. Because nothing comes in contagvhich leads to the determination of the speed cempo
with the human body, it reduces the risk of infect,
and it has also the advantage, that it doesn’t &xbwth
pacient and doctor to radiations.

certain positioné , of the extremityB are written:

nents of pointé :

x = O, Blip[tospcosy — O, B Bingsiny
5. ANALYSISOF A LENGTH MEASURING . - _ -
SYSTEM USING A LASER PROBE y =0, Blpleospsiny + O, Bl [Singcospr  (2)

For the convenience of analysis, the structurehef t z= —(L -0, éj [pSing
measuring system, can be simplified into a materahti

model, as it can be seen in Flg'_ 31151 The differntial equations of movement can be deter-
A homogenous ro@ A (weight ‘6‘ =15gN and  mined with Lagrange equations second kind:

length L=2m ), can slide on a vertical ro®0,, so

that point B, which represents the extremity of laser E[%J—a_[: 0 q=qy, (3)

beam AB, to remain in the horizontal plar@xy. Tak- dt\dq ) oq

ing into consideration the purpose of the considiete-

vice, the movement of the rcd,A and implicit of the

point B will be stydied, so that the movement law to be Z=E-N 4)

known, which is necessary for the required expenital '

Study. For the initial position, it is ConSidel’&pj, the which is equa' to the sum between kinetic ene@pnd

angle between the ro@,Aand Oz, the extremityB of potential 1 .
The kinetic energy of the rod can be written:

where £ represents the Lagrange function

laser beam having the speé&t), normal to the plane

determined byO,A and Oz axis. E _1 vdm=
The rod O,A and laser beanAB, have the same di- 254
rection, and this is defined by two parameters:ahgles 1L(-2 -2 -2 6‘ -
¢ and Y (the planeOxy corresponds to the initial posi- :EI[X +y +z ] oL m(ol Bj =
-2 4.
6+ ° g +u* sin o)+ ©)
:g—j + 2 [ [3in® - (olsj:
- 2L [ (O, BEin’ ¢
Gl .
:—((p2 + % [$in? (p),
69

and the potential:

— 1 —
M :‘G‘ 52 :E‘G‘ [L [tos (6)
: The both terms of the Lagrange function (4) are
N ¥ known, therefore it can be written that:
» \\ ‘GLZ . ) 11—
vo e £ :—(cp2 + | ($in? cp)——‘G‘ (L cosp )
z Y 69 2
Fig. 3. Schematic representation of the length Based on Egs. (3) and (4), the differential equmstio

measuring system. of the desired movement can also be written:
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‘GLZ ) ‘GLZ ] ‘G‘L @
—p-— $in2¢p—-——[$inp=0(a
3g ) 6g [ ¢ 5 ¢
_ 8
] ‘G 2 Z o 8
— | ——mEine|=0 b
dt| 39 v ¢
Taking into consideration the initial condition:
1=0]97% pgl% =Lvicosy, (9)
Y=0""|y, =LOSing, =V,
and
=0 p=—0 (10)
Lsing,
it results that:
Y &in° = \_/0 $in*@, or
Lsing,
v, $ing, _.
=2 B T3ing,, 11
Il Lsin o ing, (11)

Replacing (11) in (8a) and amplifing wittp and in-
tegrating, taking into consideration the initiahdition
(9), (10), the following equation is obtained:

(p2+ili-l\£

. 39
&in* @ +—[¢o
sinf @ L ® L *
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¢, ¢, =
o

v2 V¢ +12V2Lgcosy, +36L°g? | (16)

= arccos
6Lg

From the equation (8) results that the extrerBityf
the laser beam describes tBxy plane, with a constant
areolar speed = lJJ[ﬂOB)Z. The movement of the rod,
and implicitly of the laser beam is possible inldaling
intervals: [(po,(pz] or [(pz,(po], and pointB describes in
Oxy plane a curve situated inside a circural crown; ta
gent to the circles with radiulssing, and Lsing, [15].

For the considered calues, a numerical solutioh wil
be further presented.

6. SIMULATION EXPERIMENT OF THE
STUDIED MODEL

Considering the Weight‘6‘=1.59N, the length

L=2m, the initial speedv,= 01m/s, (which takes

into account the movement of the laser beam ermdigftr
an external action), the gravitational acceleration

g= 98Im/s’, and the initial positiong, =1/12, when
this is considered constant, following graphs ef aimgu-
lar velocity @, are obtainted. They correspond to the
cases from Table 1.

Z 3 (12)
:_°2+_g|1os(p0 . . Table 1
L L The casesfor the angular velocity ¢
which allows the writing of the solution, dependimg a Case The initial position expressed | Figure
third grade polynonQ3(coscp), respectively: through the angles ¢, and ¢
. 1. @, = Tt/12- determinated Fig. 4 - ac-
®= Lsing [b Q (COS(p) : (13) ¢ — variabile in range{— T, T[] E%rd(lgg) to
The polynonm®Q, has the following form: 2. Both angles@,, and ¢ vary in | Fig. 5 — ac-
. . cording to
[— T, TT] interval with 0.2 Eq. (13)
Q,(cosy) = (cosp- cosy, )01 @ 4
agL(cos -1)-v2(cosp+cosg,)] ’
with the roots: §
cosp = cosy, AT -
V2 =V +12Lgcosy, +36L%g” =
cosp, = o T% *12¢Lgcosp +36L°g° |\ F |
6Lg & :
o 2 VAV T27Lgc0m, +SELg = -
* 6Lg g
a3

Analysing the roots, it is found that the solutign is
always possible, becausel< cosg, <0, whatever the
angle ¢, would be, while the solutiorp, has no mean-
ing, becauseosp, >1.

It is considered, that the movement is possible for
@ >0, which impliesQ,(cosg) > 0.

The following equation is obtained:

4 b

¢ [rad)

Fig. 4. Case 1: the variation of angular speed for thélinit
position. ¢, = T1/12.
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10 L.

d( ¢ Ydt-angular speed [rad/s]

¢0 [rad] 4 4

@ 1)

Fig. 5. Case 2: variation of the angular speed¢prand ¢

Knowing the variation of the angular spegd de-

pending ong, as well the posibility of drawing the varia-

tion of this two parameters in a certain periodtiofe
(Figs. 6 and 7) it is possible to identify the labeam
position, for each moment of the considered tinaents.

The position of the laser beam (poBjtis determined by

@ andy conf. (11)) through (1), wher®, B=L.

d( ¢? )/dt- angular speed [rad/s]

45 -4 35 3 25 2 15
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Fig. 7. Phase pIane((D[O, Tl] ,tD[O,ZO] [s]).

7. DISCUSSION

The proposed model was analysed based on a math-
ematical model and an experimental simulation. The
purpose of the research, was to identify a cefasition
of the laser beam extremity. In order to achievs tb-
quirement, the Lagrange equations second kind eirggb
used, taking into consideration all the implied extp
[15]. For the simulation experiment and in orderotn
tain the necessary results for describing the stughe-
nomena, for the indicated construction values, MABL
and CATIA were used. In the end, it is for certhitown
which are the coordinates of any laser beam point.

8. CONCLUSIONS

The present paper aims to present a new model of a
length measuring system using a laser probe, with
aplicability in orthopedics. After analysing theiging
measuring methods used by doctors, the need ofva ne
system is identified. A new model is designed ]t in
order to be sure, that this is the best solutiobaduilt,
another researches are made. In this paper a naeede
was presented, together with the analysis of itsadyic,
based on an adequate mathematic model, so thpotie
tion of the laser beam extremity to be identifiadich
corresponds to the purpose of the designed systam.
simulated experiment revealed the position of #eel
beam extremity, so that for a measuring task, égmys
known the coordinates of a measuring point, thusghe
able to measure any distance on a human body.

The major advantages of the system are the absence
of contact between the device and the surgicad fipa-
tient), high accuracy in optimal conditions and eca$
use. Among the disadvantages following can be men-
tioned: measurement accuracy variation accordintipdo
environment in which the laser beam is reflected e
angle of incidence (at small angles of incidencie &he
repeatability of measurements decreases) and lugh ¢
of production.

Further researches will be made, and the bestigolut
will be built and tested, first in a laboratory,datinan for
clinical assesment.

REFERENCES

[1] S.G. Rabinovich,Evaluating Measurement Accuracy. A
Practical ApproachSpringer, New York, 2009.

[2] S. Sabharwal, A. KumarMethods for Assessing Leg
Length DiscrepangyClinical Orthopaedics and Related
Research, 466, 12, 2008, pp. 292922.

[3] I. Takigami, M. Itokazu, Y. Itoh, K. MatsumotoT.
Yamamoto, K. Shimizul.imb-Length Measurement in To-
tal Hip Arthroplasty Using a Calipers Dual Pin Rettar,
Bulletin of the NYU Hospital for Joint Diseases, 68,
2008, pp. 10710.

[4] M.R. Petrone, J. Guinn, A. Reddin, T.G. SutliveW.
Flynn, M.P. GarberThe Accuracy of the Palpation Meter
(PALM) for Measuring Pelvic Crest Height Differeraed
Leg Length Discrepancyournal of Orthopaedic & Sports
Physical Therapy, 33, 2003, pp. 319-325.

[5] B.S. Ball, A technique for comparison of leg lengths dur-
ing total hip replacemeniThe American Journal of Ortho-
pedics, 25 (1):61-2, 1996.

[6] C.A. Micu, C. Buean, L. Bogatu,S. Cristea,Sistem de
masurare a lungimilor Tn ortopedjeBuletinul Oficial De



274 R.l. Guica et al. / Proceedings in Manufacturingt®yns, Vol. 7, Iss. 4, 2012 / 2694

Proprietate Industriala, Sectiunea Brevete de Inewent [11] H. R. A. Salah (2010Rrobing System Characteristics in

(Romanian patent), 12, RO-125950 A2/ 28.01.2011. Coordinate MetrologyMeasurement Science Review, 10,
[71 R.l. Guica, L.E. Trifan, A.C. MicuA comparative analy- 4, 2010, pp. 124129.

sis of orthopedic measuring method¥AAAM, sent for [12] X. Zexiao, Z. Chengguo, Z. Qiumei, Z. Guoxioridpdel-

review on 15.06.2012. ing and verification of a five-axis laser scannisgstem
[8] E. Karug,Design Of A Touch Trigger Probe For A Coor- International Journal of Advanced Manufacture Texth

dinate Measuring MachineA Thesis Submitted To The ogy, 26, 2005, pp. 391-398.

Graduate School Of Natural And Applied Sciences Of [13] D.H. Genest (Brown & Sharpe Manufacturinghe Right

Middle East Technical University, 2007. Probe System Adds Versatility to CMMsvailable at:
[9] S. Martinez, E. Cuesta, J. Barreiro, B. Alvakaalysis of http://ww. qual i t ydi gest. conljan97/ probes. ht

laser scanning and strategies for dimensional aednget- m , accessed 2012-06-22.

rical control, International Journal of Advanced Manufac- [14] M. Nashman, T. Hong, W. Rippey, M. Hermam Inte-

ture Technology, 621-629, London, June 2009 Springe grated Vision Touch-Probe System for Dimensional In
[10] T.V. Vorburger, H.G. Rhee, T.B. Renegar, J.F. ok spection TasksSME Applied Machine Vision ‘96 Confer-

Zheng, Comparison of optical and stylus methods for ence, pp. 36, Cincinnati, OH, 1996.
measurement of surface textudat. J. of Adv. Manuf. [15] R. Voinea, E. Deciu, C. Dragomirescd,echnische
Tech., 33, 2007, pp. 110-118. Mechanik ALMA( CNCSIS COD 118), Craiova, 2009.



