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SUMMARY: Long limb bones and fragmentary portions, such as the humerus, are commonly used and examined in forensic and
archaeological investigations. This study aimed to estimate the maximum length of the humerus from the measurements dkits segmen
lengths in our population. The right and left humeri of 100 dry bones from unknown sexes were included in the study28 tiittdreint
segments were obtained from 8 different anatomical landmarks named HO, H1, H2, H3, H4, H5, H6, and H7. The length of each segme
was compared with the maximum length of the humerus (MHL). An independent t-test, Pearson’s correlation, and linear @hd multipl
regression analyses were performed and statistical significance was assigned to p values <0.05. The differences in teetmeftheem
right and left humeri were not statistically significant (p > 0.05). All of the humerus segments indicated a high corfedatioompared
with the maximum humerus length (p < 0.05). The H2-3 segment showed a weak correlation with MHL r = 0.173 (p > 0.05)y This stud
demonstrated that the linear and multiple regression equations can be used to estimate the humerus length from itsreggments’ le

KEY WORDS: Humerus length; Segment length; Regression equation.

INTRODUCTION

For many years, anatomists, anthropologists, arisken a moderately studied bone. It plays an essential role in
forensic experts have taken a keen interest in the relationsbigture estimation and sex identification of the individual in
between stature and different parts of the body (Ozadlanmedico-legal cases and anthropological studies (Radoinova
al., 2003). The estimation of height from an unknown bodgt al; Hamzehtofigtet al, 2019). Also, classical osteometric
body parts, and skeletal remains is crucial and can hardly feehniques have been used to appreciate the value of estimating
ignored in forensic cases (Ozasttal; Danborneet al, 2008;  the humerus length from its fragments (Metlal, 2001;
Borkar, 2014). In the absence of other bones such as thos®Ratioinovaet al; Kate & Majumdar). This information is also
the skull or pelvis, for example (even if only a part of the longf interest to anatomists in the academic field.
bones of the extremity are present), the total length of the long
bone is primarily calculated with the help of anatomical Various regression formulas have been used
knowledge of these long bones, and then appropriate regressi@ridwide to determine the humerus length by different
formulas are applied to estimate their lengths (Nath & Badkuinthropometric measurements. In different population
2002). Collectively, the femur and tibia are the most suitabtgroups, intact long bone samples of the upper and lower
bones for this assessment (Nath & Badkur; Radoiebed, extremities have been used to derive regression equations
2002). However, when these bones are unavailable, itfir the estimation of the limb and stature length (Beddoe,
possible to estimate the statue by the morphometric analy$888; Pearson, 1899). The estimation of the humerus length
of the humerus (Kate & Majumdar, 1976). Especially aftefrom its segments’ lengths has been conducted by various
catastrophic events, such as earthquakes, floods, tsunamésearchers in different countries. Each researcher has had
plane crashes, train accidents, and terrorist attacks, it is oftéig or her unique formula for calculating the humerus length
necessary to identify the victims from their fragmented remaiffissm its segments, as the relationship between long bones
(Ozaslanet al; Danbornoet al). Therefore, in forensic to stature differs when factoring in sex, race, and side of the
examinations and anthropometric studies, the humerus Hasdy among the populations (Ozaskinal.; Wright &
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Vasquez, 2003; Sallest al, 2009; Premchand &

Manjappa, 2014).

Estimating the humerus length is also helpful i
medicolegal work. It is believed that morphometric
information of the humerus segments is vital fo
clinicians in the treatment of proximal and dista
fragment fractures of the humerus (Jupiter & Mehng
1992; Green & lIzzi, 2003).

Formulating regression formulas suitable for ou
population is necessary. This study aimed to deri
regression equations that would provide a high degr
of prediction for the establishment of the total length @
the humerus from its segments in our population.

MATERIAL AND METHOD

In this study, 100 dry humeri (35 right, 65 left)
belonging to a modern population in the Department of
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Fig. 1. The measurement
methods of different
segments of the humerus
(HO); most proximal
point of the humeral
head, (H1); most
proximal point of the
greater tuberosity, (H2);
most proximal point of
the lesser tuberosity,
(H3); most distal point of
the circumference of the
caput humeri, (H4); most
distal point of the
tuberositas deltoidea,
(H5); proximal margin
of the fossa olecrani,
(H6); distal margin of the
fossa olecrani, (H7);
most distal point of the
trochlea humeri.

Anatomy, Faculty of Medicine, Cukurova University, werébones (Fig. 1). The measurement points were as follows: the most
included. Any deformities or damaged bones werproximal point of the caput humeri (humerus head) (HO), the most
excluded from the study. A total of 28 different segmentgroximal point of the tuberculum majus (greater tuberosity) (H1),
were obtained from 8 different measurement points of tibe most protruding point of the tuberculum minus (lesser

Table |. Descriptive statistics and bilateral differences in the right and left humerus bones.

tuberosity) (H2), the most distal
point of the circumference of the

Right (n = 35) Lefi (1 =65) tvalue Gaﬂatgral caput humeri (H3), the most distal
Variable (mm) ifference . . K
Mean SO SEM Mean SO SEM T b point qf the tubergsnas deltoidea
MHL 30748 2265  3.83 30975 1939 2.40 20526 0.600 (deltoid tuberosity) (H4), the
HO1 851 206 034 827 236 029 0.512 0.610 proximal margin (border) of the
HO02 18.70 3.39 0.57 17.62 3.32 0.41 1.540 0.127 fOSSa O|ecrani (O|ecranon fOssa)
HO3 37.63  4.03  0.68 3770 298 037 -0.094 0.925 ; .
HO4 16454 1436  2.42 16483 1267  1.57 -0.103 0918 (H5), the distal margin (border)
HO5 27114 2011 3.40 27327 1793 2.22 -0.544 0.588 of the fossa olecrani (olecranon
HO6 29431 2144 3.62 29690 1865 231 -0.627 0.532 fossa) (H6), the most distal point
HI2 1007 272 046 928 270  0.33 1.389 0.168 of the trochlea humeri (H7).
HI3 29.05 458  0.77 2910  3.56  0.44 -0.059 0.953
H14 15466 1387 234 15584 1243  1.54 -0.436 0.664 "
HIS 26197 1930 326 26423 1775 2.20 -0.590 0.557 In addition to the
H16 28500 2027  3.42 28736 1851 229 -0.586 0.559 humerus, we use a code in the
H17 298.80 21.56 3.64 301.44 19.09 2.36 -0.631 0.529 form of a letter to refer to the
H23 1878 3.3 0.53 20.14 456  0.56 -1.563 0.121
H24 14511 1274 2.15 14662 1275  1.58 -0.568 0.571 segment lengths to represent the
H25 25203 1833 3.09 25520 1730 2.14 -0.854 0395 bone and the landmark numbers.
H26 27543 19.60 331 279.04  18.07 224 -0.927 0.356 For instance, “HO-1" represents
H27 288.90 20.78 3.51 292.19 18.83 2.33 -0.804 0.423 the Segment between landmarks
H34 12657 1188  2.00 12744 1110 137 -0.365 0.716
H35 23291  17.54 296 23510 1626  2.01 -0.624 0.534 HO anq H1 onthe humer'us. The
H36 25649 1878  3.17 259.13 1691  2.09 -0.717 0.475 equations we derived link the
H37 27002 1970 3.33 27232 1748  2.16 -0.601 0.549 distances between these
H45 10608 898 151 107.11 1095 135 -0.477 0.634 landmarks to the maximum
H46 12921 996  1.68 13070 1135 1.40 -0.655 0.514
H47 14268 1063  1.79 14445 1186 147 -0.734 0.465 length of each humerus,
H56 273 272 046 2313 249 0.30 0.738 0.462 measured after standard
H57 35.92 375 0.63 3609  3.65 045 0218 0.828 definitions. To measure the total
H67 13.12 273 046 1279 237 029 0.624 0.534 length of the humerus, we placed
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each bone on the osteometric board with the long axis of tRESULTS

diaphysis parallel to the length of the humerus. Then, all the

segment lengths of the humerus were measured using a Vernier

caliper that measured 0.01 (TTI Vernier caliper, 0-200 mm). The following results were obtained. The mean values
of the right and left humerus bones and bilateral differences

Statistical Analysis. An independent t-test was used taare shown in Table I.

identify bilateral differences. Pearson’s correlation analyses

were performed to determine the relationship between the  The mean length of the humerus on the right side was

maximum length of the humerus and its segment&0.48+ 2.26 cm, while it was 30.9¥ 1.93 cm on the left

measurements. Then, the linear and the multiple regressgitie. No statistically significant differences were observed

equations were derived to estimate the maximum length loétween the right and left sides in all measurements, including

the humerus. The statistical analysis was performed usitigg maximum humerus length (p > 0.05). The correlation

SPSS software, version 21.0 (SPSS, Inc., Chicago, IL, USAgtween the maximum humerus length and humerus segments
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Table IV. Multiple (stepwise) regression equations for the estimation of MHL (mm) from humerus segments.

egression equations +SEE R R? P-value
[HL = 32.096 + (1.251 _ H34) + (1.103 H45) 5.629 0.962 0.925 0.000
[HL = 13.988 + (1.173 _ H34) +(1.087 _ H45) + (1.294 _H56) 4.638 0.975 0.949 0.000
[HL = 12.876 + (1.049 _ H24) + (1.097 _H46) 4.805 0.973 0.946 0.000
[HL = 1.745+ (1.231 _HO03) +(1.010 _ H36) 2.872 0.990 0.981 0.000
[HL = 6302+ (1.211 _HO2) +(1.035 _H24) + (0.996 H46) 2.742 0.991 0.983 0.000
[HL = 2.875+ (0.473 _HI13) +(1.077 _H37) 2.664 0.992 0.983 0.000
[HL = 0.006 + (1.118 _HO03) + (1 _ H36) +(0.662 _H67) 2.401 0.993 0.987 0.000

length of long bones, measurements of bone fragments, lentith most proximal edge of olecranon fossa and most proximal
of individuals, and length of long bones. Each population hasint of trochlea of humerus (HE) (SEE = 2.02) (Soneish
been identified with specific regression equations (Udkayaal.). If longer segments of the humerus are available, a single
al.; Somestet al, 2011). regression equation can be used for the estimation of the total
length. However, this is not a very accurate tool for ancestry
The humerus is the longest and largest bone of the upp@entification. Longer segments help in the estimation of the
limb. Estimation of stature by applying the regression formuetal length and stature of an individual with greater accuracy
la can also be done using humeral length in the absenceg(®inghal & Rao, 2011).
other more appropriate long bones, such as the femur or tibia.
Accordingly, the total length of the humerus is derived from It has also been reported that smaller segments are more
its segments by applying regression formulas among differespecific, although they are less accurate and more unique to
population groups (Wright & Vasquez; Premchand &outh Indian and North Indian population groups (Singhal &
Manjappa; Sallest al; Udhayeet al; Somestet al). Rao). In this study, except for H23, which is a small segment
length (r = 0.173), all the measurements exhibit statistically
In this study, we used a regression equation for easkgnificant correlation coefficients with the total humerus
humerus segment in our population to estimate the total lendgimgth (p < 0.05). The greatest correlation coefficients between
of the humerus. The total humerus length was found to btature and humerus segment lengths were observed in the
30.89+ 2.0 cm. This result is similar to Udhagial study in  H17 (r = 0.994), H2-6 (r = 0.9749), H2-5 (r = 0.958), H3-6 (r
South India, with an average humeral length of 38.2844 = 0.976), H3-5 (r = 0.964), and H2-7 (r = 0.987) segments
cm. In this study, we also obtained the mean total length @fable I1). On further analysis, we formulated a linear
the humerus and its segments for the right and left sides aedression equation for each segment to estimate the length of
compared the data with the results of other Indian studitee humerus, which yielded good results (Table Ill). We
(Premchand & Manjappa; Udhayd al; Someshet al; observed that the lowest SEE = 2.25 for the H17 segment, and
Mohantyet al, 2012; Prasaet al, 2017; Samooet al, 2019). the results were comparable with the other studies (Wright &
Our results show that the average humerus length of the rigtésquez; Premchand & Manjappa; Sak¢sl; Udhayaet
side is 30.4& 2.26 cm and 30.9¥ 1.93 cm on the left side. al.; Mohantyet al; Singhal & Rao). Likewise, in their study,
No statistically significant differences between the right and/right & Vasquez studied 100 Maya skeletons from forensic
left sides of the humerus length were noticed (p < 0.005) (Taldgaminations using 27 different segmental measurements of
1). In India, Prasactt al. and Samooret al have reported the humerus. They drew on regression equations for bone
major differences in the humerus lengths between the rigehgth estimation from segmental measurements. In the
and left sides and have calculated different equations for batationship between the segments and the humerus length,
sides. they observed the greatest correlation coefficient in the H17
segment. It was also seen that the standard estimated error
Somestet al examined 100 dry humeri (49 right andranged between 2.86 and 17.48 mm in the linear regression
51 left) in five different segments and used regression equatia@guations (Wright & Vasquez).
for the estimation of the humerus length from its segments.
They reported that the mean humeral length value was 309.6 It has been stated that regression analysis is an
+ 20.6 on the right side and 299.6 + 22.5 mm on the left sidgppropriate method for defining the relationship between
Their results are comparable with our findings. They alsthe length of long bones and the living height of individuals;
reported positive results in the estimate of the humeral lengtrhas also been noted that it is appropriate for examining
with the right-side segments—distance between the mdbe relationship between the length of measurements of long
proximal point of the head of the humerus and the surgidabne fragments and their maximum length (Ocakoglu &
neck of the humerus (HB) (SEE = 2.67) and distance betweErcan, 2013). As regression deviations tend to be population-
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specific, researchers have recommended that regresshanborno, B.; Adebisi, S.; Adelaiye, A. & Ojo, S. Estimation of height and
equations obtained in a certain population group should not weight from the lengths of second and fourth digits in Nigeriastnet

. . J. Forensic Sci., 3(2)-6, 2008.
be applled to other groups (Krishan, 2007). Green, A. & lzzi, J. Jr. Isolated fractures of the greater tuberosity of the

proximal humerus]. Shoulder Elbow Surg., 12(631-9, 2003.
The morphometric analysis of humerus Segmentgmzehtofigh, M.; Bayat, P. & Rahimifar, R. Sex determination from the

sugaests some differences in different population groups. humerus bone in Iranian cast¥. J. Morphol., 37(4)1370-4, 2019.
99 . pop 9 F\)]u iter, J. B. & Mehne, D. K. Fracture of distal hume@ghopedics,
The humerus bones used for this study were of unknowr ;57y575.33 1992.

age and sex, and there was no available information on #age, B. R. & Majumdar, R. D. Stature estimation from femur and humerus
height and nutritional status of individuals whose bones were by regression and autometActa Anat. (Basel), 94(311-20, 1976.

used. Therefore, it was not possible to correlate tH%ishan, K.Anthropometryinforensic_med_icine and forensic science-forensic
. . nthropometrylnternet J. Forensic Sci., 2(1}12, 2007.
measurements of the segments of the humerus with the hel,gg\fG.. Hubig, M.; Biittner, A.: Kuznik, J.; Penning, R. & Graw, M. Sex

of the individuals. Thus, a more detailed analysis is determination and estimation of stature from the long bones of the arm.

recommended to attain these data. Forensic Sci. Int., 117(1-23-30, 2001.
Mohanty, S.; Sahu, G. & Das, S. Estimation of length of humerus from its

. . . . fragmentary portionsl. Forensic Leg. Med., 19(8)16-20, 2012.
In conclusion, this study prowded useful and deta"egath, S. & Badkur, P. Reconstruction of stature from long bone lerigihs.

data on the total length and different segments of the humerusanthropologist, 4(2)109-14, 2002.
in our population. These findings are crucial not only foPcakoglu, G. & Ercan, I. Traditional and modern morphomeffigsk. Klin.

anatomists, forensic experts, and archaeologists but also for’- Biostat., 5(1B7-41, 2013.
. P 9 . (gzaslan, A.; Iscan, M. Y,; Ozaslan, |.; Tugcu, H. & Kog, S. Estimation of
orthopedic surgeons who undertake reconstructive SUrgerieSg;,re from body partsorensic Sci. Int., 132(#0-5,2003.

for proximal and distal humeral fractures. Pearson, K. Mathematical contributions to the theory of evolution. V. On the
reconstruction of the stature of prehistoric ra¢dslos. Trans. R. Soc.
Lond. Ser. A Contain. Pap. Math. Phys. Character.; 162244, 1899.

. . Prasad, N. C.; Shivashankarappa, A.; Pavan, P. H.; Shruthi, B. N. & Saheb, S.
MUTLUAY, S. D.; ACIKGOZ, A. K. & BOZKIR, M. G.  Estima- H. A study on segments of humerus and its clinical importadntelJ.

cién de la longitud maxima del himero a partir de las longitudes de sus Orthop. Sci., 3(452-4, 2017.

segmentosint. J. Morphol., 38(5)1350-1355, 2020. Premchand, S. A. & Manjappa, T. Reconstruction of humeral length from

) ) measurements of its segments in South Indian populdtiand. Sci.
RESUMEN: Los huesos largos de los miembros y las porcio- Res., 3(8)1956-9, 2014.

nes fragmentarias, como el himero, se usan y examinan cominmeddoinova, D.; Tenekedjiev, K. & Yordanov, Y. Stature estimation from long

en investigaciones forenses y arqueoldgicas. Este estudio tuvo comobone lengths in Bulgarianslomo, 52(3)221-32, 2002.

objetivo estimar la longitud méxima del hiimero a partir de las medicigalles, A. D.; Carvalho, C. R. F.; Silva, D. M. & Santana, L. A. Reconstruction

nes de las longitudes de sus segmentos. Fueron evaluados 100 himerd¥ humeral length from measurements of its proximal and distal fragments.

secos, derechos e izquierdos, pertenecientes a individuos adultos, déaz- J. Morphol. Sci., 26(25-61, 2009. ,

sexo desconocido. Se obtuvieron 28 segmentos distintos de 8 punto§%‘@°°nj S.; Itoo, M. S.; Jan, N. & Bhat, G. M. Correlation of humeral length

referencia anatémicos diferentes. denominados HO. H1. H2. H3. H4 and its segments in a sample of Indian population: an osteological study.
- ' L ' . Int. J. Res. Med. Sci., 7¢247-50, 2019.

H5, H6 y H7. La longitud de cada segmento se comparo con la Ionglg%

L . gt B . ghal, S. & Rao, V. Estimation of total length of humerus from its segments.
maxima del himero (MHL). Se realizé una prueba t independiente, 1a “\yoq sci. Law., 51(1)8-20, 2011.

correlacion de Pearson y analisis de regresion lineal y mdltiple y §gmesh, M. S.; Prabhu, L. V.; Shilpa, K.; Pai, M. M.: Krishnamurthy, A. &

asigno significacion estadistica a valorep e®,05. Las diferencias en Murlimanju, B. Morphometric study of the humerus segments in Indian

las medidas del himero derecho e izquierdo no fueron estadisticamenteyopulation.int. J. Morphol., 9(4)1174-80, 2011.

significativas p> 0,05). Todos los segmentos del himero indicaron unddhaya, K.; Sarala, D. K. V. & Sridhar, J. Regression equation for estimation

alta correlacién en comparacion con la longitud maxima del htipero ( of length of humerus from its segments: a south Indian population study.

<0,05). El segmento H2-3 mostré una correlacion débil con MHL r = J. Clin. Diagn. Res., 5(4)83-6, 2011.

0,173 p> 0,05).Este estudio demostré que las ecuaciones de regresi§fiams, P. L.Gray's Anatomy37" ed. Edinburgh, Churchill Livingstone,

lineal y multiple se pueden usar para estimar la longitud del htmero a 1989- ) o _

partir de las longitudes de sus segmentos. Wright, L. E. & Va_squez, M. A. Estimating the length of incomplete long
bones: forensic standards from Guatemala. J. Phys. Anthropol.,

PALABRAS CLAVE: Longitud del himero; Longitud del 120(3)233-51, 2003.

segmento; Ecuacién de regresion.
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