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Wednesday moming, 10 March 1982

]SES!ON GY: POSTER SESSION
Roysl Room, Fairmont Hotel st 10:30 A M.

GY A New Transient P .enonenon associated
with Photcstirulated FExcelectron Evission.*

H. SHIGEKAWA and S. HTODU, Un:v. s0xvo. -- When
photoillumination is interrupted, the excelectron
emission from scratched metal samples decay
Gquickly; when the illumination is resumed, however,
the recovered exoelectron emission shoots up to
a value significantly higher than before and
then decrezses gradually. — a fact overlooked
by previous authorsl!. This trarsient phenomenon
has been studied in some detail as a function of
the finterval of the interrurt:.on and ghotorn
energy. To explain our data we propose a model
that there are two excitation prcooss competing
during TISEE; one is the phctoex:::aion of the
electrons at defects-related eneray levels above
the Fermi level and the other is the thermal
exciatation of the lower ly:in: electrons to the
empty defect-related levels. The rate equations

Lased on this model explain our observations to
a satisfactory extent.

*Submitted by T. SAKURAI.

1.D.R. Arnott and J.A. Ramsay,

Surface Science
28, 1 (1971).

GY?2 Model Calculations of the Effective EXAPS and
EAPFS Phase Factors for Br2, Alp03, snd Si0p. G.E,
LARAMORE*, Dept. Radiation Oncology, University of Wash-
ington--Model calculations are made for the effective
EXAFS phase factor fcr excitation of the ls Jevel in Brj.
A copparison is made between nonselfconsistent potentials
constructed from atomic Br and fonic Brl* (ls hole)
charge densfties and for fully selfconsistent pctentials
.determined using the SCF-Xa-SW method. The effect of
\creening charge transfer is described. Calculations are
also presented for the Jowest~lying o+o* and n»r*excited
states in lrzl* (1s hole). The effective phase factor is
calculated as a fynction of comentunm over the range
0.5471 < k < 16.2471 corresponding to energies to
~1000eV above the absorption edge. All of the calculat~
ed curves have similar slopes for k > 6A~1 but their be-
havior diifers significantly for lower momentum values.
Noneelfconsistent culculations are precented for the ef-
fective EXAFS and EAPFS phase factore jor excitation of
the 0 ls level in clusters corresponging to bulk Al;03
and Si02. Agein is noted a breakover between a low-
momentyum and a high-momentum pehavior but this time the
changeover occurs berween 3-4A~}. The irplications of
this for surface EXAFS measurements are discussed.
“Supported in part by ONR Contract NOOC14~79-C-0371

GY3 the Solvent Effect in Enzyme-Substrate Interac-
tions: Models of Carboxypepticase. C.A. Venenzi, H. Wein-
stein, ML. Sinai Medicel School, CUNY, . Corongiu, and £
Clementy, T8M Poughkeepsie--The structure of water in the
active site of carboxypeptidase A 1s studied’'with ab ini-
tio ouantum mechanical calculations and the Monté Cerlo
‘statisticai method. The zinc-containing portion of the ac-
tive site was modelled by [In(Kiy) (0M)1* 1n a geometry
token trom the crystal structure ol fhe enzyme. The poten-
tial energy surface was probed by caiculating the interac-
tion energy ot the mogel with a water molecule situated at
211 representative positions. knergy points were fit to an
analytical erpression which was used to oetermine cross-
sectional contour maps ot one water molecute moving on the
fitted potential energy surtace. Expansion of the model to
include other cataiytically important funciional groups
showed the «recific contribution of &¢:h to the interac-
tion potential. This wers s a pilot study for a Monte
Carlo simulation of the scivent structure in the SU-amino
PQ\G active site of carboxypeptidase Al under the condi-
tions: {1) native enzyme and (2) enzyne bound to the sub-
strate glycyltyrosire.

Supported by grants from the National [nstitute on Drug

“the temperature from 300 to 1CK.

. #5-132-DA-07135 (CAV) and DA-ULObUY (HW).
Tg:;:tagsstructure by W.N. Lipscomb, et al., Brookhaven

symposium 21, 24 (196d).

GY4  Protein Conformation Fron Elestron Spir-latlice
Aciaxaticn Pata.* dJ. P. Atlen, J. T. rmu-.; :m(‘ He Js
Stapleton, University of lllincis at Urtana-2h nn?iﬁn.
Elect-on spin relaxaticr data from five low spin
ferric proteins are presented as evidence that :he
fractal model of Stapleton et. al. 1) zccur:tc.y de-
scribes the temperature depencence observed in these
biopolymers. This mocel relates protein structur?, as
characterized by a fractal dirension d (2)f and¢ the den-
sity of vibrational states (1), which varies as
w*#(d-1), to the terperaturc cependence of tre Raman
relaxation rate, which then veries zs T#r(242d). Y-ray
data fror several proteirs _-cicate they zre ckoracti~=-
jze¢ by non-imtegan~ valucs 7 4 which mange fron afc;t
1.22 to 1.88, thus bracwel . v=e 1,67 valu~ associated
uigh a self-avcid:ny randem welk in three dimensienal
space. Relaxatisn data from ferricytech=ome C and
ferredoxin yicid d values of 1.67(3) and 1.%5(0), )
respectively, in agreement with x-ray cata fron whioh a
values of 1.66(5) and 1.34(5) can be corputed.
flthough d is but a single structural pa-armeter, it i3
nevertheless a usef:] indicator of protalr ccnf{'ﬂ:';:.h
* sSupported by the USPHS under NIF Crant zuu&e._ )
(1) M. J. Stapieton et. al. Phys. Rev. Let. U5, 1itf "S0
(2) B. B. Mandelbrot, "Fractals" (Freeman, 19771.

GYS Resonance Raman Detection cf Structural
Dynarics at the Active Site In Kemoglokin, D. L.

ROUSSEAL, M. R. ONDRIAS, beil Laboratoric., ané S. R.
SIMON, SUXY, Steny Brock - The low frequency (100-500
cw~1) resonance Raman spectra of various hemoglobins,
isolated a and § subunits, and model 2-methyvlimidazole
heme complexes have heen obtrained at 77K. /(11 heno-
globin species have nearly equivalent spectra under

these condi{tions suggesting that quaternary structure
dependent differences are not maintained at low temp-
erature. The tempera2ture dependence of the dvoxrhemo=
globin spectrum was examined over the range of 10-300K.
Of partricular interest is the behavior of the band
assigned as the iron-histidinc stretching mode. It dis-
plays a large change in frequenry and wid*h upon lowering
The Lexzperature depend-
ence cf the data indicates the presence ¢! dyvra=.c
processes. The dynamics of this mode in frozen hemo-
globins can be qualitatively and quantitatively describec
as vibrational dephasing via anharmonic coupling to other
vibractions of the heme-imidazole system.

GY6 Rotational Motion of the NHf-Tetrahedron in
NH,C1. R. W. GERLING*™, U. of Georgia and A. HULLER, U.
of Erlangen-Nirnberg, W. Germany - We have treated the
rotational motion of the NEZ-group in the framework of
the Langevin-equaticn. Hiller and Kane calculated the
rotational potential from an electrostatic point charge
model.® There is excellent agreement betwecn their
thecretical and experimental results for the librational
frequencies. Nevertheless their predictions disagree
with the resvlts from neutron scattering experimenls.z
By mapping the rotational motion of the tetrahedron on
the motion of a point on the 4-dimensional unit sphere .
we have derived a Langevin-equation. Dctailed informa-
tion about the jump dynamics can be extracted from the
numerical sclution of this Langevin-equation. We found
that wultiple jumps play an important role. Using
multiple jumps as well as single jumps we can explain

the ncutron scattering experiments without using
edjustable parametere

:}m.lenve from U. of Erlangen-Nirnberg, W, Geriany.
Supported 1in part by a Fulbright Travel Grant.

A. Hiller, J. W. Kane, J. Chen. Phys. 61, 3594 (1974).
J. M. Tépler et al., J. Chem. Phys. 69, 3170 (1978).
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GY 15 ¥oire To for the Measurement of Angle of S
Curvature in 6 DIMEenslions. O , Lndiana

Flooaington—Cobb's angle can be measured Irom 1wo
ensional roentgenograns.it gives information abowt
scoliosis. If there is Xyphosis or lordesis in additien
te scoliesis, it is necessary ‘to defixe three dimension-

&l angle. In this paper three dimemaional angle is
defined in terms of direction cosines of the ssine. A
relation is derived conmecting three dimensional angle
%o Cobb's angle. The spinal deformity may be partially
or coxpletely corrected by asking the satient to hang
freely. After passive correction angle ean be measwred
from Bosterio-anterior and lateral X-rays. The angle
between the old and new swinal position can therefore be

caleulated. The cegree of deformity is defined in terms

of this angle. Cobb's angle can also be measured {rom
noirse topo;raphlll 2, This pawer gives a method to
measure three dimensional angle by woire topographs.
1S. A. Eamal, Veasurement of the Angle of Spinal

Curvature by Moire Topographs, JDA(Florida),to be
wblished.
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.M. El-Sayyad and S. A. Kamal, Cobb's Angle o is expressille as ¥ R, diuwensionaiiy. ks T

(easurement by Moire Topographs, 3lth Annual Conference Lwolves 't © ip sca-caistent i .t is o Tl

m Bngineering in Med. & Biol., 1981, Howston, Texas. Lie colclusion whal T is peneraved vy aedd taizi '
struct ozl patters (i bei., there;, es envisu,t

GY 16 W_ﬁﬂ@%& A. KAAAL, Dy k. Einstein is estedlished by the present conce b

Indisna U., oring ton—Proper patien nment is

necessary for moire topography. To align the patient a
10 x 10 ca mirrer is fixed to itwo plastic strips. The
strips are provided with a belt so that they can be
attached to patient's sides. We take z-axis perpendicu~-
lar to floor, y-a2xis passing through the uidpoint ef the
mirrer (attached to the patient) and perpendicular to
4%. A 10 x 10 om wooden plate iz held fixed in the
xz-plane and the mirrer is 20 cum amay from this plate.
The mirrer should alse be in xz-place. x~axis is perp—
endicular e s-axis and passes threugh the plate. Lamp
11 is en (-z)-sxis and tilted upwards. Laup L2 is en
(x)-axis and tilted to the left. The lights frem beth
the lsmps fall on the mirrer and reflected back on the
scile. Fnem light from L1 {alls on (z¥}-axis and from
12 falls en {-x)-axis, the patient is ready for moire
topography. For the pRotograph of the back, the
equipment is fixed on chest/stomach and sides and viee

versa. The process presented here is simple, easy te
perferm and cheas.
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fields.
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Complete Document: https://www.ngds-ku.org/Papers/C16.pdf

MOIRé TOPOGRAPHY FOR THE MEASUREMENT OF ANGLE OF SPINAL CURVATURE

IN THREE DIMENSIONS

SYED ARIF I(AMAL+

Department of Physics, Indiana University, Bloomington, Indiana 47405, U.S.A.

KEY WORDS

moiré topograph, spinal curvature, passive test, Cobb's method, scoliosis, kyphosis,
Asr angle

The measurement of angle is an important step in the evaluation of
spinal deformity. The spinal curve is measured either by Cobb's or
Risser-Ferguson's method!. These methods are applicable for two
dimensional roentgeneograms and give information about the curve due to
scoliosis. If there is kyphosis or lordosis in addition to scoliosis,
Cobb's or Risser-Fergusen's method does not give full information. It
is necessary that angle of spinél curvature is defined in three
dimensions. The three dimensional angle, named as 'Asr Angle‘2 is
defined in terms of direction cosines of the spine.

->

Consider a vector ML making an angle @ with the x-axis, B with the

y-axis and Y with the z-axis. I have

(1) cos?a + cos?B + cos?y = 1

->
If ML is another vector having direction cosines cosao, cosBo, cosy0
0 .

*Updated version.
tpresent address: Dept. of Physics & Astronamy, The Johns Hopidins Univ., Beltinore, MD 21218.

Homepage: https://www.ngds-ku.org/kamal
e-mail: profdrakamal@gmail.com
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and ¢ = <LML°. I have

(2) cosp = cosacosa + cosBcosBo + cosYcosYa
0

-»> .
The projections of ML on x4 'yo z-axes and xy-, yz-, zx-planes can be

written as (Fig 1)

(3a) ML = ML cosa, MLy = ML cosB, ML, = ML cosY

(3b) MLyz = ML sina, ML = ML sinB, Mny = ML sinY

In the case of scoliosis, the angle of lateral deviation of spine can he
measured from posterio-anterior roentgenogram. The angle of spinal-

curvature 6 can be expressed as (Fig 2)
4 - +
(4) 0 D A A

The railroad sign line in Fig 2 represents the position of spine. Further

note that

= o = s = o =
(Salb) 31+Y1 90 82+Y2, Ql 90 Qz
Therefore
(6a) cos’ax + cos’B1 + coszY1 =1
(6b) cos’uz + coszs2 + coszy2 -1

. Similarly a lateral roentgenogram would give information about kyphosis

or lordosis. From Fig 3 I get

(7) . ¢ = X €Y,

Bull. Amer. Phy. Soc. 27 (3), 301: abstract#GY15



Note that I am using A, B, C for posterio-anterior roentgeneogram and Ao,
B and C for lateral roentgenogram. In principle these should be identical.
0 0

I am using different symbols to allow for experimental errors. For Fig 3 eq.

(5) takes the form

= 0 = = 900 - B
(8a,b) @ _+Y, 90 @+, 83 .
Therefore

(9a) cosza3 + coszﬁ3 B coszYa = 1

(9b) cosza3 + coszﬁ3 + coszy3 = 1

The above are projections of spine in yz- and xz-planes. Considering

spine in three dimensions (Fig 4), I have
(10) Q = v +y,'
Qi is given the name 'Normal Asr Angle'(NAA). Using eq. (1) I can write

2 2 2
(11a) cos®a, + cos Bi +cosy; = 1

2 1 2 1 2 t i
(11b) cos“a,' + cos Bi +cos®y,' =1

The above angle is measured when the subject is standing. Now the
subject is asked to hang freely from a bar in the wall and the angle is

again measured after guarded graduated passive correction®. Let me denote

'"Corrected Asr Angle' (CAA) as Q. I can, therefore, write
= ]
(12) Q Ye * Y

(13a) coszaf + coszBf + coszYf = 1

Bull. Amer. Phy. Soc. 27 (3), 301: abstract#GY15



(13b) coszaf' + coszﬁf' + cossz' = 1

Let U = <R'A R, ¥' = <R'B R be the angles between the old and the new
1 1

spinal positions. Using eq. (2) I can write (Fig 4)

(l4a) cosy = cosuiCOSaf + cosBicosﬁf + cosy;cosY

(14b) cosV' = cosai'cosaf' + cosBi'cost' + cosYi'cosz'
The degree of correction of spinal deformity can be defined as
(15) D = 100(sind + sin¥')/(sinY; + sinY; ")

If the deformity is completely correctable ¥ = Y, V' = Y;' and D = 100.
If it is not correctable at all y = ¥' = 0 and D = 0. The deformity is
classified as severe, intermediate or mild if D lies between 0-33.33,
?3.34-66.66 or 66.67-100 respectively.

Consider Figures 4 and 5. Using eq. (3) I can write

(16a,b) NA° = (Alk)zx = A1R31nBi; 0OA (Alk)yz = Alemui

(RA1)Y = RAlcosBi

(16¢c,d) AIS = (A1R)x = A1Rcosai; AIT

(16e) CA = (AIR)z = AchosYi

For an explanation of the symbols A, Ao and A1 see the note below eq. (7).

From Figures 2 and 3 I have

(16f,g) OA = AC/cosy ; NA = A C /cosy
1 0 00 3

Comparing (16a,b) and (16f,g) I have

(17a,b) AC/cosY_ = RA sin0,; A C /cosY = RA sinB.
: C 00 1 1 i

Bull. Amer. Phy. Soc. 27 (3), 301: abstract#GY15



Similarly I can write

(18a,b) CB/cosYz - Blelnmi'; COQ/cos\; - BlRainﬁi'
From Fig 5

(19a,b) AlT - OAcoaBI; AlS = NAocosfa
Using (16¢c,d) I get

(20a,b) AchoaBi = OAcosBl; Achosai = NAocosa3

Using (5a) and (16f) I have

(20c¢) OAcoaB1 = OAsinY = ACtanY
Therefore
(21a,b) A Rcosua, = A C tany ; A RcosB, = ACtany
1 i 0 0 3 1 i 1
(22a,b) RB cosai' = C B tany ; RB cosg@ ' = C B tany
1 00 . 1 00 2

In order to get rid of different scales, I introduce

(23) P = (AC+CB)/(AC +CB)
1 0o 00

(24a,b) AC = P(AC); CB = P(CB)
11 1 00 11 1 00

AC and A C can now be replaced by-A‘C . Similarly CB and C B are
00 1 0 0
replaced by C1BL' Equations (17), (18) and (21), (22) can, therefore,

be written as

(25a,b) Alksinq1 - AIClsecyl; A1R51n31 = A1C18ech

Bull. Amer. Phy. Soc. 27 (3), 301: abstract#GY15



(26a,b) RBlsinai' = ClBlsech; RBlsinBi' = ClBlsecy“
(27a,b) Achosai = AxcxtanYa; AchosBi = Axc1tanY1
(28a,b) RBlcosai' = ClBltanY“; RBlcosBi' = CxBltanY2
Therefore

(29a) | A1R = AICl(tanzy1 + 1+ tanzys)i
(29b) , RBl = ClBl(tanzy2 + 1+ tanzyh)i

which gives

(30a) cosa, tanYa/(tanZY1 +1+ tanzYs)*

(30b) cosa; = tanYI/(tanzy1 +1+ tanzYs)i
Using eq. (lla) I get

' 2 2 *
(31a) cosY; (1 - cos @, - cos.Bi)

which can be written as

(31b) cosy; = Q- tanzYl - tanzYa)%/(l + tanzy1 + tanzyz)&
Similarly

(32a) cosci' = tanY“/(tanzYz + 1+ tanzy“)*

(32b) cosBi' = _tanYz/(tanzY2 +1 + tanZY“)%

Using eq. (11b) I get

(33a) cosy,' = (1 - coszai' -coszﬁi')%~

Bull. Amer. Phy. Soc. 27 (3), 301: abstract#GY15



which can be written as

2 S A
(33b) cosvi' = (1 - tanzY2 - tanzY“)&/(l + tan Y2 + tan Y“)

The measurements can be ﬁerfbrmed in the same way after guarded graduated

passive correction. I can write the relations for the corrected angle as

(34a)
(34b)
(34c)

(34d)
(34e)
(34f£)

cosaf
cost

COSYf

1
cosa,

1
cost

cosz'

canYa'/(tanzyl’ +1+ tanzyz")?f

tanYl'/(tanzYl' +1+ t:an273’)i

a- coszaf - coszsf)%

(1 - tan®y ' - tanzYs')*/(l + tan®y '+ tanzYa')%
tany '/(tan®y ' + 1 + tanzY“')*

tanYz'/(tanzyz' + 1+ tanzY“')%
a - coszaf' - coszﬁf')}

(1 - tan®y ' - tanzvb')§/(1 + tan®y ' + :anzy“')*

The angles ¥ and %' can now be found using eq. (l4a,b). Eq. (15) will

give the degree of correction of spinal deformity.

In order to measure these angles in a patient having spinal deformity,

roentgenograms need to be taken at regular intervals. Also orthopedic

problems cannot always be detected by inspection and physical examination

only“. A full length standing roentgengenogram taken many times during

the sensitive age period would result in too much radiation exposure to

the children. During recent years,

moiré fringe topography for the detection and documentation of scoliosis® ®

there has been much interest in using

The teclinique of moiré topography consists of photographing the part of

body to be studied through a specially constructed screen.

Dark fringes
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are produced on the body because of the presence of screen. The details

10911
of the the moiré technique are described elsewhere P

A relation for the measurement of the angle of spinal curvature

from moiré topographs is derived elsewherell and applied in different

clinical situations”1°. Here the method is briefly described. Consider

Fig 6. The angle of spinal curvature for a single curve scoliosis can

be written as

(35) ® = <CAO + <CBO

To measure this angle, the midpoint of the neck P is joined to the
midpoint of the waist Q. To find the position of the spine at a given
point draw a line perpendicular to PQ. Let this line intersect PQ at C
and a particular moiré fringe at H and E such that E is always on the
right side of'?. The midpoint O of the line segment HE gives the
position of the spine, provided the positioning during the X-ray and
moiré examinations is identical!. From the position of the spine at

a given point, the distance to the line PQ is obtained as d = CO. The
point where d is maximum is denoted by d1' Considering C as the origin
and taking the distance on the right as positive and that on the left

as negative, d1 can be written as

(36) d, = 3(CH + CE)

At point A above the point C on line PQ, where the moiré fringes show

minimum asymmetry d should be minimum and is given by

(37 d = 3(AD + AG)

Bull. Amer. Phy. Soc. 27 (3), 301: abstract#GY15



At point B below the point C on the line PQ, where the moire fringes

show minimum asymmetry, the distance is given by

(38) d3 = #%(BF + BI)

Using eq. (4) this can be written as

(392,b) tany = |d - d_|/aC; tany, = |, - a,1/CB

The railroad sign line in Fig 6 represents the position of the spine.
The way the angle is measured looks similar to Ferguson's method for
measurements performed on the X rays.

The question now is which fringe should be chosen to perform the
measurements. The fringes near the edge would be inappropriate because
of edge effects. If the first fringe is chosen, measurement error would
se more significant because CH and CE are small, Therefore a compromise
has to be reached regarding the fringe chosen. Often it is difficult
to find the exact point of maximum asymmetry. However, an area of
asymmetry can be easily judged. El-Sayyad and I® suggested that
measurements be taken at two points far below the point of maximum
asymmetry and a line be drawn. Similarly measurements be taken at two
points far above the point of maximum asymmetry and a line be drawn
joining these points. The intersection of these lines would give the
angle of spinal curvature which can be geometrically measured. The way
the angle is measured looks similar to Cobb's method for measurements

performed on the X rays.

Moiré topdgraph of the side (with hand excluded) will give

Bull. Amer. Phy. Soc. 27 (3), 301: abstract#GY15
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information about kyphosis and lordosis. In this case d1 is replaced
byd, d by ds and d3 by ds (see Figures 2 and 8). Therefore
W’ 2
(40a,b) tanYa = |d“ = dsJ/AoCo; taan = ld“ - dsl/CoBo
Using (23), equations (39) and (40) can be written as

(41a,b) ld1 - dzl = A C tanY ; Id1 - d31 = C B tanY

(42a,b) Id“ - dsI = Axcltaan; |d“ - ds‘ = ClBltanY“

Using these in equations (30) and (32) I have

(43a) cosa, = [d - d|/[(d -4d)*+ (AC)* +(d, - ds)zl*
(43b) cosB, = [d - |/[(d -d)" + (AC)* + (4, - ds)zl%
(44a) cosa,'= |d - d1/((d -d)* +(CB)* + (4 - dG)Z]%
(44b) cosB,'= |d ~-d |/[(d ~d)*+(CB)* +(d - ds)zl*

For the measurements performed after guarded graduated passive correction,

I obtain
(45a) cost; = ld“' - ds'l/[(dl' - dz')z + (AI'CI")2 +(’ - ds')zlé
(45b) cosB; = Idl' - dz'l/[(dx' - dz')2 + (Al'Cl')2 + (d“' - ds')2]§'
(46a) cosa,'= Id“' - ds'|/[(d1' - da.')2 B (CI'BI')z @ ~ ds')’]*
(46b) cosf "= 14,' = 4,"1/0G8," - 4,7 4 (€,"B,)? + @, - de')’15
where
(47) Q, = (A'C' +C'B')/(A'C' +C 'B ")
(48a,b) A'C' = Q(A'C"):; B ' = QB 'CH

) FE 1‘00 T 1 1 0 o
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Let me apply equations (45) and (46) to calculate the angle. Suppose
the moire fringe topograph of the back when the patient is standing looks

like Fig 7. The following measurements are obtained:

AD = 11.0 mm, AG = -21.0 mm, CH = 3.0 mm, CE = 9.0 mm, BF 1.0 mm,

Bl = -5.0 mm, AC = 42.0 mm, CB = 20.0 mm, d = 4(CH + CE) = 6.0 am,

d
2

4(AD + AG) = -5.0 mm, d, = 4(BF + BI) = -2.0 mm.

If tﬁe moiré topograph of the side in the .standing position looks 1like
Fig 8, I have

AODo = 2.5 mm, AOG° = -13.5 mm, COHo =-7.5m, CE = 18.5 mm,

BF =4.5mm, BI =-9.5mm, AC = 42.0 mm, CB = 20.0 om,
00 0o 00 00

d = &(COHO + COEO) 5.5 mm, d_ = J;(AODo +46) =-5.5mm,
ds = §(B°F° + BOIO) = -2.5 mm.
Substituting these values in (43a,b), (3la) and (44a,b), (33a), I get
cosa, = 0.2456, cosBi = 0.2456, cosY; = 0.9377,
cosci' = 0.3482, cosBi' = 0.3482, cosYi' = 0.8704
Therefore
a. = 75.78°, B, = 75.78°, Y, = 20.32°,
i i i
@' = 69.63%, B.' =69.63°, Y,' = 29.50°,
i i i
Q =Y, +7." =49.82°,
1! i i
Let the moire topographs of the back and side when the patient is hanging
freely from a bar in tle wall look like Figures 9 and 10. The following
measurements are obtained
A'D' = 11.0 mm, A'G' = -21.0 mm, C'H' = 4.0 mm, C'E' = 6.0 mm, B'F' =
1.0 om, B'I' = -5.0 mm, A'C' = 42.0 mm, C'B' = 2.0 mm, dx' = 3(C'H' +

C'E') = 5.0 mm, dz' = 4(A'D' + A'G") = -5.0 mm, da' = }(B'F' + B'I")
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= -2.0 mm, Ao'Do' = 2,5 mm, AO'GO' = -13.5 mm, Co'Ho' = -7.5 mm,
Co'Eo' = 16.5 mm, Bo'Fo' = 4,5 mm, Bo'Io' = -9.5 mm, Ao'Co' = 42,0 mm,
C'B'=200m,d"= $}C'H'+C'E ') = 4.5 mm, d =AD"+
A'G')=-5.5mm, d" = ¥E'F ' +B'I") =-2.5mm.

Therefore

cosae = 0.2256, cost = (0.2256, cosz = 0,9477,

cosuf' = 0.3137, cost' = 0,3137, cosYk' = 0.8962,

o = 76.96°, B, = 76.96°, Y, = 18.60°,

o' = 71.62°, B.' = 71.62°, Y,' = 26.33°,

Q =Yg +Yg' = 44.93°, cos¥ = 0.9995, cos¥' = 0.9985, D = 10.28.

The same calculation done using fortran program ASR.FOR gives D = 10.13.
Therefore the deformity is classified as 'severe'. The fortran program
ASR.FOR is given in the appendix.

The moiré topogfaphic technique offers numerous possibilities in
the documenatation of orthopedic defects. The possibility of physio-
theraputic improvement of back deformity can now be quantitatively
determined by taking a moiré topograph of the patient (in the normal
and hanging positions). The same procedure can also be applied for the
deformities of lower limbs. The method and elaboration here reported
provides the necessary basis for a correct diagnosis and prognosis of
back deformities, It also offers a means of determining the effective-
ness of treatment. It is hoped that with accurate measurements performed

on the moiré topographs, X rays will not be needed for the measurement

of the angle of spinal curvature.

I would like to thank Dr. Mohsen M. El-Sayyad for suggesting me to treat
the spinal problem in threé¢ dimensions.
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APPENDIX: FORTRAN PROGRAM FOR THE CALCULATION OF ASR ANGLE

C ASR. FOR

C THIS PROGRAM COMPUTES_ASR ANGLE FROM MOIRE TOPOGRAPHS "

¢ ALL RIGHTS RESERVED. THIS PROGRAM CANNOT BE REPRODUCED OR RUN WITHOUT
¢ PRIOR PERMISSION FROM S ARIF KAMAL

% CALL _LENGTHS_ARE_IN MM
¢

ANGLES ARE CALCULATED IN DEGREES
UARIABLES ENDING WITH AN "A"™ ARE FOR_BACK MEASUREMENTS IN NORMAL POSITICHN
¢ VARIABLES ENDING WITH A "B" ARE FOR SIDE MEASUREMENTS IN NORMAL POSIT (27
.CVARIABLES-ENDINGWIT non _ARE-FOR-BACK--MEASUREMENTS IN CORRECTED 20,.:1I0N
< yprrtami e ENDING WITH A "D” ARE FOR SIDE MEASUREMENTS IM CORRECTZD Fu-]1TIOH

C Vé ENDING WITH A "U" ARE FOR UPPER PORTICM IN NGRMAL POSITIC
C V¢ DING WITH A "L" ARE FOR LOWER PORTION IN MOPMAL POSIT %
WGV DING-WITH. A ."U" ARE.FOR UPPER.PORTICN IN CORRECTED ISR D |

VAR DING WITH A “M" ARE FOR LOWER PORTIOM IN COARRECTED BORT I
THE . _ ___ ¢ COMMANDS SHOULD BE USED FOR CREATING FILES AMD RUNNLIND PPOGRAM
CR ASRDAT. DAT(ENTZR DATA), CR_ASROUT.OUT. FOR ASR, LINK ASR

C
*
-
Mg.ASSJGN—ASRDAIrDAI—FOR$READf—ASSIGN—ASROUITOUT—FDRsPRXNT; RUN-ASR. EXE - ---
C

m

"TO TERMINATE THE PROGRAM ENTER -1,1.0,1.0,..... , 1.0 IN ASRDAT. DAT
GUTPUT WOULD BE GBTAINED BY PRINTING ASROUT. OUT
REAL NAA, KA, LA, KB, LB, KC, LC, AD, LD :

o CHARACTIER#3.C0,.Cl,.C2. C3, C4,_CS5. Cé.C7, c8 :
CHARACTER*3 ¢9, C10, cii, €12, C13,-Ci4, C15, Clé6
CHARACTER#3 - C€17. €18, Ci9, €20, €21, €22, €23, C24
CHARACTER#*J 25, €26, €27, €28, €29, €30, €31, €32
.CHARACTER*14_CLASS- e e e e - — -
CHARACTER#*4 M
READ 4, M

4 FORMAT (A7)

__READ_S5._CO.. C1,..€2,_C3,.C4, C5,.Cbs L7, C8

) FORMAT (A4, AS, 746) ; -
READ &, c9, €10, C1i, Cci12, Ci13, C14, C15, Clé6 ,
) FORMAT (A, 7A6)
e e RE A 0170 C18s—C194--C2G,--C21 - C22—-C23, C24 - -- -t u oS 4
74 FORMAT (A9, 7Ab6)
READ 8, c25, €26, €27, €28,-C€29, C30, €31, €32
8 FORMAT (A9. 7A6)
e PRINT#._ - . -t e e e emen e e me e -
PRINT#, ‘ 4
PRINT#*, i
PRINT*, ‘CALCULATION OF ASR ANGLE
A o e _PR.INTae s L4 o i S . BE—— sty g
PRINT#, * ¢
PRINT 9
FORMAT (/ SURGICAL TREATMENT IS RECOMMENDED IN CASE OF SEVERE
. ADEFOIMITYL) - -
PRINT*, 4
PRINT 11
i1 FORMAT (’ BRACE TREATMENT IS RECOMMENDED IN CASE OF INTERMEDIATE
o DEFORMITY D — R R e i B & i B ol
PRINTH*, 7
PRINT 12 _
i2 FORMAT (’ EXERCISE TREATMENT 1S RECOMMENDZD IN CASE GF MILD
. +DEFORMITY.L)- . S— " L 3 2
PRINT*, “ 4
PRINT*, ' 2
PRINT#, ‘MOIRE TOPOGRARPH NUMBER: N’ "
.--u...m..PRINT*»_JNDRMQL—ASR—ANGLE~(DEGREES):4NAA'
PRINT#, ‘CORRECTED ASR ANGLE (DEGREES): CRA’
PRINT#, ’‘DEGREE OF CORRECTION OF DEFORMITY: D’
PRINTH#*, .7 ’
i e PRINE-IO - e e o . . - e
1 FORMAT (4%, "N7, 8%, "NAA’, 9%, ‘CAA’, 10X, ‘D, §X, "CLASSIFICATION’)
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PRINT#*, * /
READ*, N, AGA. ADA, CHA, CEA, BIA, BFA, ACA, CBA
READ*,  AGB, ADB, CHB, CEB, BIB, BFB, ACB, CBB
READ*,  AGC, ADC, CHC, CEC, BIC, BFC, ACC, CBC

READ%, AGD, ADD, CHD, CED, BID, BFD, ACD., CBD
IE _(NLT. 0)L_GO_TO 4Q

(CHA + CEA)/2
(ADA + AGA)/2
(BFA + BIA)/2

LCHB = (‘CB_}/Q(

<
]
HHupREY

ZC = (BFC + BIC)/2

XD = (CHD + CED)/2 -

YD a-(ADR-!— AGD) /2
A

(ACA + CBA
(ACC + CBC

)
)
ABS(XA - YA
X

ABS(XC - YC)
A

)
e CSBU= KALISORT(C(KA%X2 )+ _(ACA%#D) .+ (KB##2)
)
)

>
w
wuphuwpuwwn
>
[~}
1)
<
w
|

(ABS(XD - YD))*Q
L (ABS(XD - ZD))#Q
CSAU = KB/(SQRT( (KA*%2) + (ACA##2) + (KB##2

‘.

CSCU = SART(1 — (CSAU##2) ~ (CSBU##2))
CSAL = LB/(SQRT((LA#%2) + (CBA%#2) + (LB##2

Bull. Amer.

COEE—=—C0RT{ 11—~ —(CBAL##2 )——(CSBL##2)) - . . ...
CSAV = KD/ (SQRT((KC##2) .+ (ACC##2) =+ (RD##2)
CSBY = KC/(SAQRT((KC##2) + (ACC##2) + {(KD#%#2))
CSCV = SQART(1 — (CSAV##2) - (CSBY##2))

--CSAM- = [ DALSQGRT((L C##2) .+ (CBCx#2) .+ (LD¥®2)))
CSBM = LC/(SAQRT((LC##2) + (CBC##2) + (LD#%#2)))

CSCM = SOQRT(1 — (CSAM##2) — (CSEM##2))

CSSU = (CSAU%#CSAV)Y + (CSBU#CSBV) + (CSCU#CSCY)
~~CEBk-=—( CSAL#ESAM)—-{ { SBLA#ESBM)—h—(CSOL ¥CSCM)L——
- TS0 = ACOS(CSSU)

ACOS (CSSL)

ACOS(CSCUV)

ACOS(CSCL )~ oo - . L

ACOS(CSCV)

ACOS(CSCM) ]

(CU + CL)Y#130/3. 14159

~-CAA—=(CV A_CMI513043-1415F — .. _ . P——

D = 100%(SIN(SU) + SIN(SL))/Z(SIN(CU) + SIM(CL)}

IF (D .LE. 33.34) THEN

CLASS = ~ SZYERE ’

ELSE4IF~(D_-LEﬂ~6b.67X THEN—. .. =
CLASS = / INTERMEDIATE -

ELSE
CLASS = ¢ MILD ’

))
)
))
CSBL = LA/(SQRT((LA#¥2) + (CBA%#3) + (LB*%3)))
)y
>

0
Hunnnmi

ggéNT*SO- N, NAA, CAA, D, CLASS

CD"r;S'_‘élx: 14, 7X, Fb5. 2, 7X, F3.2, 7X, F5. 2, 7X, Al%)
STg? © |

END —— e e e e e e - L R
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DATA
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1

CALCULATION OF ABR ANGLE

EURGICAL TREATMENT I8 RECOMMENDED IN CASE OF SEVERE DEFORMITY
BRACE TREATMENT IS RECOMMENDED IN CASE OF INTERMEDIATE DEFORMITY
EXERCISE TREATMENT IS RECOMMENDED IN CASE DF MILD "DEFORMITY

o — e e e,

v'&“l‘-}

 MOIRE.TOPOGRARH NUMBER: N oo < o o+ £ 2or o e s S
7 NGRMAL ASR ANGLE (DECREES): NAA : ‘
|  CORRECTED ASR ANGLE (DEGREES): CAA

DEGREE OF CORRECTION OF DEFORMITY: D

4
- ———— ——

-r

O\.r

R N NAA CAA D CLASSIFICATION

,A i 49. 82 44, 94 10. 13 SEVERE
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Fig 2. Projection of spine Fig 3. Projection of spine Fig 4. Spine in three
in yz-plane in xz-plane dimensions
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Fig 6. Measurement of the angle of spinal curvature by moiré
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Fig 7. Moiré topograph of the back ~ Fig 8. Moiré topograph of the side
in the standing position in the standing position
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\ oo |
Fig 9. Moiré topograph of the back Fig 10. Moiré topograph of the side
after pessive correction after passive correction
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