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Reconstruction of Tibial Length and Stature from

Fragmentary Dimensions
Surinder Math
INTRODUCTION obtained by simply measuring the body in

A forensic anthropologist is often called
upon e examine the human remains that are
recoversd from a crime scene Lo reconsiruct
the biological nature of the individual at the
time of death. Forensic anthropologist is
trained to interpret postmortem changes in the
human skeleton and differentinpte prehistoric
skeletons from enknown modern skelelons.
Besides identification of war dead, forensic
anthropologists are often called upon 1o assist
in identification of mass disaster victims,
where identification of individuals may not be
ag big a problem as the separstion of commin-
gled remains into individual skeletons. They
also perform examination of the skeletal ma-
terial to determine age, sex, risce, slalure elc,,
in such cases, Bui under such circumstances
where no commingling exisis, fragmented,
burnt or partial skeleial remains pose much
complications in examining them for identi-
fication,

Determination of age and scx of the skele-
tal material do not pose much complication
when skull and pelvia are available. Howey-
er, their absence may complicate the proce-
dure of Wentification. With regard to the es-
timalion of stature, a near accurate estimate
can be obtained by certain methods which ane
based on the agsumption that there exists a
constant relationship between the long bone
lengths and siature, Reconstruction of stature
i% an imponant aspect in the skeletal exami-
nation as after ascertaining the age and sex it
1% perfinent to know how tall the person was
at the time of death. This task is accomplished
by measuring the total length of the long bones
of upper and lower limbs and applying the re-
gression formulae or the multiplication fac-
tors that are based on the relatively constant
relationship of each long bone to living stat-
ure. Though, stature of a recently dead, de-
compased or mutilated but intact body may be

supinge position, However, the identification
value of such measurements is dependent
upon the availability of the antemortem heigh
of the deceased. The accuracy of postinoriem
height is greater than the antemortem height
because we are not certain as 1o when and how
it was recorded, Age at which the antemortem
height was recorded 15 important as with in-
crease in age beyond 45 vears the height is
likely to decline due to atrophic changes that
cccur in the disc cartilage or bones. Thus the
postmortem height is likely o Muciuate by 2-
Aem either side of the antemoriem helght of
an individual.

The systematic research on stature estima-
tion started with the work of Beddoes (1887)
who made an atempt to estimats stature from
femoral length on the “Odder Roces of Eng-
land™ using separate formulae for males and
females. Subsequently, Rollet (FB5E) pub-
lished the earliest formal tables for estimation
of statue using humerws, radius, ulna, femur,
tibim and fibula of 50 male and 50 female
French cadavera, Manowvrier (1892) reas-
sessed Rollet's dota and based his prediction
tables on 26 males and 25 females.

Thomas Dwight {1894} described the fol-
lowing two methods for estimation of stature
from the skeletonised remains, Le., Anatom-
ical method, and Mathematical method. The
anatomical method involves in simply putting
the bones ogether, in reproducing the natural
curves of the spine, in making due allownace
for the soft parts and measuring the length.
This method is workable when the complets
skeleton is available. The mathematical meth-
o, o the other hand, is based on the propor-
tion of the long bone lengths to the height of
an individual. This method is workable even
if & single bone is available. The mathemati-
cal method may be used in too ways, L., by
formulating prediction equations, or by com-
puting multiplication factors, for reconstruc-
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ticn of steture. However, of these two meih-
uds, the snatomical method is more reliabkle
and prow rdes fear Lecuranl: SEAtUe o Codmpar-
ison 1o the mathematical method. But due to
a major lunitation, Le, it reguires whaole skel-
clon, its use i5 highly resiricted while mathe-
matical methaod s much more freguently used.

Pearson ( 1899 following the mathematical
micthod as suggested by Dwight, wsed Rollet's
data and [ormulpted sex specific regrassion
egquations for estimation of stature by not only
using a single long bone but also from com-
bination of more than one hones rom upper
amd lower exlremities as well.

Muosl researehers subseguent to Pearson
el e i iechnigquee and lormulated predic-
tion equations for different population groups
from diMferent parts of the World (Macdonnel,
190 Stevenson, 1929, Mendes-Correa,
1932; Breivinger, 1937; Telkn, 1950; Duper-
twis and Hadden, 1951; Trofler and Gleser,
1952, 1958; Fuji, 1958; Allbrook, 19%61; Gen-
oves, P67, Dliver, 1969, Kate and Majemidar,
1976; Badkur, 1985; Lundy and Fieldsman,
19T Al these researchers vsed long bones
of upper and lower extremities for formulat-
ing population andfor sex specilic regression
wipuations using single or multiple bones. The
wse of mulnplication factor for estimation of
stature was first advocated by Pan (1924 ).
Mulviplication factor was obtained as a pro-
pesrticsi ol a long bone o stature and then eoin-
puting the average proportion, Pan's study was
followed by o couple of researchers who for-
mulated such muliplication factors for differ-
enl bidian skeletal growps {Nat, 1931 Siddig-
w1 and Shah, 1944, Singh and Sohal, 1952,
Hadkur, 19H85).

Krogman and Iscan { 1986) kave listed var-
isis studies on stature estimation carmied out
in dilferent parts of the World, OF numerous
studies citied by them, almost all pertain o
complete long bones, But what should be done
with broken or burnt bones recovered in frag-
mentary stale [rom a scend of erime, For such
situntions, they suggested that the bone length
should be reconstructed from its fragments
first before using them in statural formulae,

Over sixty year back, Muller (1935} used
ceratin lineor sepment lengths of humerus, fa-
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dius and tibia to formulae means of respec-
tive bone length recostruction from their frag-
imentary dimensions, This stedy opened a new
vista of research in skeletal reconstruction.
Thirty one years later Chandra e1 al, {1966}
used four linear segment lengths of femur and
formulated regression equations for ¢stima-
tion of femoral length. Steele and MeKern
(E969) modified Muller's method by replac-
ing radius by femur and wsing the linear seg-
ment lengths of these bones, e, humerus,
femur and tibia, formulated regression formu-
Ine for estimation of bone lengihs as well as
stisture rom (ragmentary dimensions. Steele
(19700 further modified the earlier method for
more acewurale prediction of siatere, This
method was further reassessed by Simmons e
al. {1990 who incarparated certain (ransverss
measurements along with the linear segiment
lengths,

During the past cighieen years numerous
studies have been conducted using fragmen-
tary dimensions of almost all the long bones
to Tormiulate mesans of bone length and stature
reconsiruction {Mysorekar et al,, 1980, 1982,
1984; Chandra and Math, 1984, 1985; Shroff
and Fakhruddin, 1286, Badkur and Math,
[98%, 1990z b, Rao c1 al., 1989 Simmons e
al., 1909 Nath and Badkur, 1990, 19093, 1995;
Maih et al., 1995; Gupta and Nah, | 996,
1997 a.b). Most of these studies incorported
cither linear segment lengths of a couple of
transverse dimensions of the long bones of
upper anddor lower exiremity for estimation of
respoctive bone length or stature. While cer-
tain studics {Badkur and Math, 1989 1990, b;
Muth and Bodkur, 1990, 1993, 1995 and Nah
ctal., 1995y used multiple dimensions ol the
long bones, i.e., linear, ronsverse, sagictal and
circumferentinl, to reconstruct either bone
length or stature from frogmentary dimen-
sions of long bones.

Tihia 1s yel another important long bone of
the lower extremity which directly contributes
1o the height of an individual like femur. Stud-
ies reported on tibia relating W0 reconstruction
of tibial length or stature are scanty (Muller,
1035, Siecle and McKern, 1969; Steele, 1970;
Mysorckar et al., 1984, Badkur, |985; and
ﬂ-upﬂa and Math, |'9';|ﬁ-]. Mast of these studies
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have incorported either linear segment lengths
or a couple of ransverse dimensions of tibia
to reconstruct its length or stature cxcept for O e
the study of Badkur {1985) where multiple = . 2
bone dimensions have been used. T, o e
The present study periains to formuolation

of liner regression equations, based on four- Wiy,
teen (linear, transverse, sagitial and circum- .
ferentinl) dimensions of male and female tib- C
pie, For reconstiuction of tibial length ond st -
ure from fragmentary bone dimensions.

MATERIAL AND METHODS

Drata for the present study comprises of 288
tibiae {164 male and 124 female) belonging
to 144 documented skeletons from Medico-le-
gal Institute, Bhopal, (Madhya Prodesh). All
the skeletons belonged (o Madhya Pradesh
and were properly documented for sex, age
and stature and ranged in age between 20 and
35 years of age. There was no information
available regarding their ethnicity. A todal of
14 measurements (3 linear, 5 transverse, 1
sagittal and 3 circumferential) were recorded
on completely dry right and lefi tibiag, besides
recording of documented height of all the 144
skeletons, All the measurements were taken in
pccordance with the techniques recommend-
ed by Martin and Saller (1935%) and Bass
(1971}

Description of various measurements on
Tibia

I Heighr of Tikial Tuberority (HTTE It measares the
straighd dislance beraen the highest and the lowest
parints (e ) of the fibaal tubsnoaily, using vermier
calliper (Fig. 1)

2 Heigpht of Fibiidar Facer {HFF 18 measure ke
sirnight distancs betecen (ke highest asd the deep-
exl points (d&e) om che fibular faced, using the vor-
nlercadliper [Fig_ L}

x, Hedphof Medied Madleofer (M) It measures the
siraight distance between the deepest palat an the
root af medial mallealos (£) and the distal neost
poine &1 the tip of the medial mallealss (gh using
vermior calliper (Fig, 1)

4 Marimum Leagnh of Tibia (ML) Il meagurce the
straight distanee frosn the most projecting poiet (2}
ol the intercondylar emimence (o lbe distal most
polnt (g of the medial malbealui, usiag nsieamet-
mec board (Fag. 1)

A farercondylor Eminewce Fitrular Facer Langih { 1C- Fig. 1. Location of landmuories on tibia
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EFFLYE It measures the siredght distance from the
1ol prajecting point (a) of the intercond ylar emi-
nence b0 the deepest poist (2] on ke Fhalar facee,
uging asteomelric baand (Fag. 1.

& Upper End Bremdrl (UER) It meagures the Lrani-
verse distance between the mast laseraly pleced
points on the medial and lateral condyles of libia,
msing vermier calliper.

7. Didund Epiphveral Breadih {DER): 1t measures the
dhistance between the most lasemally placed poings on
the med ol malbsolus anid the lower surface o2 the
dizial epaphiysis, using vemmier calliper,

L8 Uipper Shaft Corcumference {U5C): It measwre the
cincomfercnce at the midpoin of ihe mpper half of
the tibial shafi. using thread and scale

W Middie Shalr Clrcumferencs (MSCE Iimestures the
cirgmmlcrunce at the maddles of the ishisl skalt, us-
ing thresd snd scale.

i Lower Shaft Circumference: i measures the cir-
cumference at the midpaint of the lower hall of 1he
tibial ghafl, wsing thread nd scale.

1. Upper Skafs Ddamerse (LSO Wmeasunes the diam-
eler ol 1he tibial shaft where the upper shaft circum-
ferencne is abialsed, using vernier calliper

I3, Mididle Shalt Dimweder (MED): It meazures the di-
amelerat the middpeing of the tibial shaft, wsing vor
miercalliper.

{3 Sapiirel Ddamerer ar e Midadle (50M) : It measures
the aniero posterior dismeter s the mid poknt of the
tibial shafl, waing vermier calliper.

14 Lower Shafr Dieeserer{ L5 1t ecasares the diam-
cler of the tibial thaft whare the lower shafi circum-
ference is ohirined, using vernber calliper

F3 Siwure {51 It was obtaimod from the documened
records foreach skeleron

After measuring the bones for the aforel-
isted fourteen measurements the data were
subspected 1o statistical analysis for assessing
the sex differences in variouws dimensions of
tibia and computation of linear regression
equations for reconstruction of tibial length
and stature from these foureen bone dimen-
HI0ME,

RESULTS AND DISCUSSION

Assessment of Bilateral Variations in the
Fragmentary Measures of Male and Female
Tibige: In order 10 assess to bilateral varia-
Lions in the different dimensions the data have
been subjected to t-1251. Tables | and 2 present
the mean values of all the fourieen messure-
ments abiained on the right and left male and
female tibiae along with the valees of #-test.

SURINDER MATH

[t is apparent from table | that the male right
tibiae have greater dimensions than the left
oncs for all the measuremenis except for HFF
and UEB, These apparent variations reveal a
non significant bilateral differences for all the
measurements except for HFF and HMBM,
whiere the differences are significant {p=0.05),

A similar pattern is observed in case of fe-
male tibiae (Table 2} where only three out of
fourteen bone dimensions exhibit greater
mean values for the lefi tibiae (HTT, HFF and
UEB}). The differential irends reveal non-sig-
nificant bilateral variations for all the bone di-
mensions except for HMM, where the differ-
ences are ghly significant (p<0.01).
Assessment of Sex Differences in the Fragmen-
tary Bone Dimenzions ag well as Documeni-
ed Statwre; Dwing to the non significant bilat-
eral variations observed in almost all the frag-
mentary bone dimensions (Tables 1 and 2} of
male and female tbine, the sides (right and
lelth have been pooled 1o assess the sex differ-
ences (Table 3). It is evident from the table
that the male tibiae have greater dimensions
for all the fourteen dimensions than the female
ones, The average documented stature of
males is also sufficiently greater than that of
the females. The differential trends reveal
highly significant sex differences (p<0.001)
for all the bone dimensions as well as for stat-
ure excepl for HFF and HMM where the sex
differences are non significant.

Based on the highly significant sex differ-
ences (Table 3) in twelve oul of fourtecn bone
dimensions and stature the data have been
treated separately for computation of correla-
tion and regression analysis for formulation of
regression equations for prediction of tibial
length as well as stature from fragmentary
bone dimensions.

Formulation of Sex Specific Regression Egqua-
tions for Estimarion of Tibwal Lengik from
Fragmentary Bone Dimensions: In order 1o
formulate prediction equations, data on male
and female tibiac have been subjected to cor-
relation and regression analysis. Table 4
presents the values of correlation coefficient
(r) between different dimensions of male tib-
nae with tibial lengih and the regression equa-
tions formulated for reconstruction of tibial
lengih from all the bone dimensions. It is ob-
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Tahle 12 Bilateral varialions In dilleient dimensingns of moke tihiine
¥ e CHrer regndizans {mmeh
K P TTEIT B LE T Y LefiiN=RZ} Viedwr of
].d'-pul LA Mt £, "
1 Height of Tibaal Tubesasiy (HTT) 50K 615 A5 51 1.06 4l
2 Heightof Fibalor Pacet i HFF) 17.72 2,49 TE.& 241 1.23™
5 Height of Medial Mallealus (HMB ) 15. 16 2.00 L5.00 1.97 343
4 Maximein Lengrh (ML) AT .ER 17.27 37T .40 17.11 ol
5 Inler Candylar Emisence-Fibular e 17 16,97 LS R 17.08 027
Facel Longih (ICEFFL)
v Upper Emd Breadih (UER) T1.15 473 71,49 417 41
7 Distal Epiphyscal Breadib (DER) 40573 157 48.71 328 1.51
B Usper Shaft Ciremmference |LUSC) 93.87 1.33 BI04 37 073
G Middie Skal Circumlenemsce (MS0C) TO2G I 6l TH4X 562 087
1 L ower Shal Clecumference (LS C) TI.A2 530 T1.45 &1 n.30
11 Upper Shafi Dinmeter (LIS 1157 143 532 141 ]
12 Blidedle Shal Diameier (M50) 20020 1.93 20.01 01 &2
i3 Sngiitsl Diameierat the Middie (SOM 2434 344 .08 135 .94
14 Lenwer Shalt Dismernes (LX) 2057 |98 2.3 b 1] IR
® Signifcany ar 3% level {po{l05)
‘Tahle 2: Bitateral variations in different dimensioo of female libias
.7 Feuie hervafiows {smn )
Mo, dimewsions Mighi (N=62} Hﬂl’ﬁﬁ?! Vadue al
Memm L ) Mean L) at
I Height ol Tibial Tuberosly (HTT) 42 04 Bl 4265 6RO i dd
2 Height of Fibuksr Facet (HFF) I7.52 1327 17e7 132 .09
1 Heightof Medial Melleales {HMR} I5.49 149 14.58 L7l 116
4 Maximmm Lemgth (ML) 5500 1227 354.63 163 13
5 Inter Condyler Eminence- Fibular 346,18 19.43 ey fa 19.39 kil
Facer Lengih (ICEFFL)
i  Upper End Breadih (UEB) ek, T4 4.1 6727 4.59 a2
7 Dizal Eglphyses] Breadih (DEB ) 46 57 4.54 af 10 13 0G0
8  Upper Shaft Circemiferenee (LRS00 HL 45 T.213 Bd 34 T.03 LRE
G pddle Shalt Crreumlerence {MEC) ThAS 6,57 TLG3 &.19 0o
10 Lower Shal Circumbzrence (LSC)H 67,31 543 G6.BY 541 naw
11 Upper Shaft Diameter (LISEY) 3.0 231 2000 218 (24
12 Middle Shah Diameer M50 IE.80 1,84 1871 1.7 02T
I3 Saghical Diameierat the Middle (SDM) 2593 1M 2593 .77 0,00
18 LowerShailt Diamutes (LSEY 1913 1.93 19.16 1.7T8 0.13

=Sigmificantal | % level (p<0.00)

served that [ICEFFL, non fragmentary linear
dimension, shows the highesi correlation {r=
0,992 ) with bone lengih, USC shows the high-
est correlation among the circumferential di-
mensions while MSD exhibits the highes! cor-
relation among the transverse dimensions,
The sagittal diameter at the middle (SDM)
correlates moderately (r = (0.523) with tibial

lengih while HTT shows the highest correla-
tion among lingar fragmentary dimensions (r
= (1.323) with tibial length. The lowest corre-
latiom with tibiol length is observed with
HMM (r = 0.239),

Table 5 lists the volues of correlation coel-
ficient {7} between different bone dimensions
of femule tibiae with tibinl length and the re-
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Tahle 3; Sex di Werences in different messarensenis of tibls (R4 L) snd staiare

L1 Baine bervaiions {mm )
Mo, dimenricar Male [Nw 84} Fewale (N=124} atue af
Memn 5D Mean 0. 7
L Height of Tibial Tuberosity (HTT) 4555 a7 4237 6.47 4 55%
2 Height of Fibuler Faces (HFF) IB.IT 159 iT.7% 2.3 1.43
1 Height of Medial Malleolss [HMM) 1539 .02 1504 .66 1498
4 Maximuen Lesgrh (ML) A77.54 IT.16& LLEN: T 19,44 I 45*
5 Inter Condylsr Eminence-Fibular 368 20 17068 345,96 19.4] .60
Facer Lengih (ICEFFL§
&  Upper End Breadih (UEB) 7032 431 O7.00 476 =
T sl Epiphysesl Breadib (DEH) 4911 151 & 34 4,33 &.02*
&  Upper Shaft Circamference (LISC) 241 & HH Rd 40 T.i& Al
% Middle Skah Circumierence (M50) TE B4 14 T304 &40 T.79%
o Lovwer Shafl Circumberence (LEC) T1.54 .20 67,07 543 T e
1 Upper Shaft Dhsmener (USIY) 13140 148 2019 125 PR
12 Meddie Shaft Daameter (MSD) 2001 1.97 18.75 180 594~
11 Sagivial Desmerer st the Middle (5184} 2816 .37 2593 100 7 6=
14 Lawer Shali Diameter (LSL¥) 2034 20k 149,19 (13 497"
15 Sesiwre(5) 1561.2 X597 1542 G0 4020 18.58%

* Sugnificant at 1001 % (p=<0{H01) kevel,

Table 4; Linear regressiom equnibons for reconstrses:
than of tibial lemgeh frems fragmentary dimen-
sinns of male tibin

highest correlation (r = 0.561) among the
transverse dimensions followed by sagital
diameter al the middle (SDM) while among

SNa  Megression egmarioa Virlue af the circumferential dimensions, M5C exhib-

¥ its the highest correlation (r=0.497) with tib-

| TL=9.26+ L.OO{ICEFFL} £ 2.15 0592 Table 51 Linear regresston equatkons for reconsiroe:

2 TL=240.79 + [ 48{USC) = 1393 0,592 tiom of tibial length from fragmentary dimen-

1 TL=25160+| 6(M5C)= 1420 0571 slena of famals tibla

| TL=24631 + 1 BNLSC) = 14,38 1,555 SNo. Regresviom eguarlvar Valwe of
5 TL= 18514 + 4. 600MSD) = 14,60 0.527 il
& TL=ZT1.00+ A TRISDM} 2 14.74 0.523 1 TL= 10,06+ |.00{iCEFFL) = 3.39 0.a93
T TL=I95.23 + 4.05(LSD) + 15.27 0.47a 2 TL = 200,86 + 2 IMUER) m 16,25 hSE1
B TL= 266,65 + 2.I6(DER) = 13,34 T ] k] TL = 267.68 + 1 3WEDM) = 16.76 521
9 TL= 30293+ 3 1MUSD) x 15.36 0450 i TL=244 31 « 1 S1iMSC) 1 17.04 OL&ST
10 TL=2150.95+1.76(UEB)+ 1349 0445 5 TL=247.70 + L2WUSCi 2 1726 0477
1 TL= 33949 4+ DAMHTT) ¢ 16.34 0E3% & TL=254.91 « | SNLSC) 2 17.84 bdlE
12 TL= 3346+ LAMHFF) £ 16,38 (282 7 TL=274.31 + L T4(DER) = 1890 0388
13 Th= 34623 + 2.0d(HMM) = 16.T0 0239 B TL= 20150 & 1, 9(M50) 2 1871 0.3
TL: Tibial Lengih % TL=ME76+218(USD)+19.00 0251
gression equations formulated for fiction 1a TL= 31991 & 197 (HFFi= 19.10 0.7%3
of tibial length from fragmentary dimensions. 11 TL=31067 + 2M(LESD) £ 19,06 0.220
ICEFFL, a non fragmentary dimension, as in 12 TL=320 10+ 0.61(HTT)x 19.23 0.202
13 TL=3I1.38+ ZIMHMM)+ 1928 0,190

case of males, exhibits the highest correlation
{r=0,993) with tibial length. UEB shows the

TL: Tibial Length
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Tahble &; Linear regressbon equotions for estimation of
stature from fragmentary dinensions of male

Lilsla

Sl Repression eguatioes Virdue aff

i
| S=094.47 & | R1(ICEFFL}= 1865 0857
2 S=9R762 & 1. TR(ML) = 15.00 HE ]
k] 5= 136800 + 3. 16(LISC) £ I8.58 U604
4 5= 1392 3T + L.76{LECI w 30.42 543
5 S= 141078 4 L15MEC) £ X056 0537
& S 1449 36+ T 5EDM) 2 3147 DAY
T 5= 4B0.25+900MSDI= M 52 0492
E = 1494 65+ T I XUSD) 2 31,58 0450
L] 5= 142098 + 4 SN(DER) + 31,58 0475
o 5= 1493 53 & B M(LED) 2 31.23 0457
] S= 138991 + 1L.BMUER) £ 32.17 0.455
12 5= 136120+ 5.51(HFF) x 33.28 0,395
13 5= 158057« | T5(HTT) £ 34.24 0.327
14 5= 162444 + 2 IMHMM) & 33,91 i,134

5 Suure

ial length, Among the linear fragmentary di-
mensions, the HFF reveals the highest corre-
lation with bone length while the least curre-
lation is observed with HMM (r = 0.196).
The patiern of correlation between differ-
ent fragmentary dimensions with bone length
among male and female tbiae reveal sufii-
cient variation. Among different type of frag-
mentary dimensions, i.e., linear, iransverse,
sagittal and circumferential, the best predic-
tion of bone length may be obtained using
USC, M5D, SDM and HTT, pertaining to cir-
cumferential, transvere, sagitlal and linear
dimensions respectively among males. While
among females, the best estimate of bone
length is obtained using UEB, SDM MSC and
HFF pertaining to transvers, sagittal, circum-
ferential and linear dimensions respectively.
The variation observed in the two sexes re-
garding the type of fragmentary dimensions
providing the best estimate of bone length
further suggests that these equations are sex
specific.
Formulation of Sex Specific Regression Equa-
rions for Reconstruction of Stature From Fray-
mentary Bone Dimensions: Afer formulating
regression equations for prediction of tibial
length form its fragmentary dimensions an at-
tempt has been made in the present study 1o

formulate prediction equations for reconstrc-
tion of stature from fragmentary dimensions
of tibia. Earlier Steele and Mckern (1969)
used only linear segment lengths of tibia (o
formulate regression equations for estimation
of stature. The present study incorporates
transvere, sagivtal and circumferential dimen-
sions besides the linear ones to reconstruct
stature from fragmentary dimensions of tibia.
Table &, depicts the relationship of various
fragmentary dimensions besides maximum
length (ML) of tibia with staiure and the lin-
ear regression equations formulated for esti-
mation of stature using all the fourteen dimen-
sions of tibia. It is observed that among the
non fragmentary linear dimensions ICEFFL
shows greater correlation {r=0.857) than the
ML (r=0.851) with stature among males. Of
the three circumferential dimensions USC ex-
hibits the hightest commelation {r = 0,604 with
stature while SDM, a sagittal dimension, cor-
relates moderately (r = 0.495) with stature.
Among the transverse dimensions, M5SD ex-
hibits the highest correlation with stature (r=
0.395) while among the linear fragmentary
dimensions, the HFF exhibits the highest cor-
relation {r = 0.395). Thus, it is apparent that
excepting the two lingar non fragmentary di-
mensions i.e., ICEFFL and ML, the best stat-
ural estimate for males is obtained through
USC, SDM, M5SD and HFF respectively per-
taining 1o circumferential, sagitial, transverse
and linear fragmentary dimensions of tibia.
Table 7 exhibits the relationship of all the
fourteen bone dimensions of female tibia with
stature along with the linear regression equa-
tions formulated for estimation of stature from
fragmentary dimensions of tibia. It is observd
that the two non fragmentary linear dimen-
sioned, i.e., ICEFFL {r = 0.852) and ML (r=
0.846) exhibit the highest correlation with
stature as also observed among males {Tables
6). Among the fragmentary dimensions, UEB
u trapsverse dimension exhibits the highest
correlation (r = 0.611) with stature, while
among the circumferential dimensions, USC
exhibits the highest correlation (r = 0.477)
followed by SDM (r=0.414) while among the
linear fragmentary dimensions, the HMM
exhibits the highest correlation (r = 0,196),
This indicates that excepting the two lingar
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Table T: Linear regressbkom equations for estimation
ol gthture feom feagnseniary dimensions of
femnle tibin

S.Ma. Regression equaticas Walue ar

"
I 5= F301.74 & 1L.7T(ICEFFL) & 21,21 0.852
1 3= 023.06 + L.7S(ML) = 21.64 0.B44
3 5= 110068 + LITUER) £ 3211 0600
d 5= 133142 + 151(USC) = 3627  0.447
i 5= IMHLAT « SE5(50M) £ 3692 D414
b &= 135468 ~ L3B(MEC) = 36,99 D410
7 § = 137493 & L6HDER) £ 37,35 0359
] 5= 136698 + 2.62(LEC) = 3791  D.3254
4 5 = 140566 « 6. MHUSD) = 3706 0,352
1o 5= 143026 + 6.0{M3SD) + 319.06 0265
i 5= 144503 « 5 LLEDY & 3941 0.235
12 5= 147145 + 4 T5{HMM) = 3076 0.196
11 5= 148043 » LIRHFF) £ 1088 0182
14 5 = 1498.25 + L.OS(HTT) = 39.97  0.169

8- Sraure

non - fragmentary dimensions, &e., ICEFFL
and ML, the best statural estimate for females
is obtained through UEB, USC, SDM and
HMM respectively pertaining to transverse,
circomferential sagitial and lincar fragmen-
tary dimensions of tibia.

It may be concluded from the analysis that
lor estimation of tibial length USC, MSD,
SDM and HTT would provide the best esti-
mate of bone length among males while UER,
SDM, MSD and HMM would provide the best
estimate among the females besides ICEFFL,
a non fragmentary linear dimension which
shows an overall highest correlation with bone
length for both the sexes (Tables 4 and 5).
While for the prediction of stature from frag-
mentary dimensions of tibia, USC, SDM,
MSD and HFF respectively pertaining circum-
ferential, sagittal, transvere and linear frag-
mentary dimensions provides the best statu-
ral estimate among males while UEB, USC,
SDM and HMM pertaining to iransvere, cir-
cumferential, sagittal and lincar fragmentary
dimensions would provide best statural esti-
mate among females. However the best over-
all staturnl estimate is obtained through TEF-
FL and ML, linear non-fragmentary dimen-
sions of tibia for either sex (Tables & and 7).

SURINDER NATH

Thus depending upon the availability of
bone fragments belonging to tibia, tibial
length as well as stature could be reconstruct-
ed with reasonable accuracy using cireumfer-
ential, sagittal and transvere dimensions as the
measurements of these categories are signifi-
cantly related 10 bone length and stature for
either sex. However, the linear fragmentary
dimensions should be used with certain reser-
vation due to their relatively low correlation
with tibial length and stature for cither sex.

EEYWORDS Tibda. Pragmestary Dimensions, Bone
Lengih. Stature Estimation. Regression
Equaticons.,

ABSTRACT  Anatiempt has been made in b present
study to reconstract tibial length and stabare from frag-
micntary dimensions of Hhis. Deta comgrisss of TER tibi-
ne (164 male and 1 24 females) belonging bo 144 dogu-
menied skeleions. mnging in age from 20 10 35 years. A1l
the bones were mesaured far |4 measurements pertals-
Ing 1 lingar. transverse, sagittal and clrcemferepial di-
mancslons besddes recarding of the documented stature of
ech skebolon. Analysis of data reveals mon signilicant bi-
lareral varakibons im a1l ihe hone dunensions (oreither sex,
while the sex diferences are highly significan for all di-
mensions {poih. 0k ). The predictian equalions have beer
formemlased separaely for malos and females for esims-
tian el tibial length as well as stature, Amsong the ragmen-
tary meassres, (he upper ehall circumberence (UEC) pro-
vides 1k bogt estimate for tibkdal length and statere for
makes while upper end bresdth (UEB) provides the best
#H.iﬂ'rllt Tow tikial Iupplh..lud sinbare among femsbes, Thus
using these regressian quations both tibiall length and
atargre could be eslimated for males and femabes will rea-
somahle socurncy,
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