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SUMMARY: Recent studies have regarded the fibula flap as the benchmark for the reconstruction and treatment of compound
wounds and lesions. Owing to its postero-lateral location within the leg, the application of the fibula flap is deemechiestheti
advantageous as the donor scar can be easily hidden. Since the fibula is anatomically characterized by a shaft andidésotleistremit
study aimed to investigate the nutrient foramen morphology and the relative fibular osteometry. Osteometric and morpladladical e
of 104 dry human fibulae, representing male and female individuals of the Black and Caucasian population groups thatare native
South Africa, were conducted (Age range: 15 — 81 years old). The presence of single, double and six nutrient foramind. Were note
total of fifteen different locations of the nutrient foramen relative to the fibular surfaces, margins and component pdeistifiece In
addition to several other osteometric parameters, the mean fibular length (mm) and diameter of the nutrient foramina[(miadewere
374.85%2.01; female: 345.49.86) (Black: 363.682.38; Caucasian: 380.42.01)] and [(male: 1.06D.34; female: 0.960.42) (Black:
0.98t0.37; Caucasian: 1.10.27)], respectively. In light of the lack of osteometric data regarding destabilization and subsequent
reconstruction of the talocrural joint, the relative sides and angles of the irregular triangular talar facet were gDaetifeethe
correlation of the respective fibular parameters with age, sex and races, the focus of this study was extensive in copreaimos t
studies. The recorded statistically significant differences for age, sex and race may suggest a South African standiatdozaion o
demographic factors with the relevant fibular parameters. Furthermore, the location of nutrient foramina within the fiboay sha
assist with the mapping and development of simple classification schemes for the harvesting of fibular grafts.

KEY WORDS: Fibula; Osteometry; Morphology; Nutrient foramen.

INTRODUCTION

The fibula, better known as the calf bone, was As height presents as a major anthropometric
introduced into anatomical nomenclature by Versalius durirg@mponent in the nutritional assessment of an individual,
the sixteenth century (Skinner, 1961; Gray, 2000). As thgwly-developed linear regression models have incorporated
slender lateral bone of the leg, the fibula is characterized #he fibula length as a measure of stature in convalescent
a proximal head, a twisted shaft and a distal lateral malleologmes and hospitals as it is infrequently affected by
(Standring, 2008; Mooret al, 2010). osteoporotic fractures in old age (Auyeusigal, 2009).

Furthermore, the inconsistency in leg length is especially

The growing popularity of fibula flap transfer andimportant in the management of cases presenting with a
the advent of micro-vascular surgery have specified tigeficiency of the fibula because the absence of the bone is
fioula flap as the workhorse flap in mandibularoften accompanied by other leg malformations (Achterman
reconstruction (Taylcet al, 1975; Fernandes, 2006). Since& Kalamchi, 1979).
the fibula group is considered to present with fewer
complications at the respective donor and recipient sites than ~ The vascular supply to long bones, particularly the
any other bone group and the distant location of the fibufibula, is a central factor in ensuring the success of
from the head allows for a concurrent two-team approachithopaedic procedures (Perestaal, 2011). Despite the
the fibula is extensively used in orthopaedic and plastidassical description of the nutrient foramina, there appears
surgery (Matsuurat al, 1999; Fernandes; Winters, 2007)1o be much variability regarding their location (Matsuura

* Department of Clinical Anatomy, School of Laboratory Medicine and Medical Sciences, College of Health Sciences, UnikevaifylofNatal,
Durban, South Africa.
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et al). Furthermore, since there is much uncertainty RESULTS
the exact location of the nutrient foramina within the
relative fibular surfaces, an understanding of the re-
gional distribution of nutrient foramina is necessary thorphology: Nutrient Foramina. The respective
avoid injury to such regions during surgery in order tmcidences of the relative fibular nutrient foramina
stimulate fracture healing (Shimada & Yoshimuragparameters were recorded: (i) Number of nutrient
1981; Cheret al, 1981; Matsuurat al; Pereiraet foramina: (a) One [(male: 53.8%; female: 39.4%) (Black:
al.). 91.3%; Caucasian: 1.9%)]; (b) Two [(male: 5.8% only)
(Black: 4.8%; Caucasian: 1.0%)]; (c) Six [(male: 53.8%;
Despite the lack of a weight-bearingfemale: 39.4%) (Black: 91.3%; Caucasian: 1.9%)] (Figs.
functionality and the non-participation in the knee jointl, 2, 3 and 4A-B; Table 1); (ii) Location of nutrient
the fibula plays a pivotal role in the tibiofibularforamina: (a) Posterior surface, middle 1/3 shaft [(male:
syndesmosis for the stabilization of the talocrural joir80.8%; female: 15.4%) (Black: 43.3%; Caucasian:
(Taseret al, 2009; Mooreet al). Pre- and post- 2.9%)]; (b) Posterior surface, proximal 1/3 shaft [(male:
operative evaluation of talocrural fracture patterns a#e8%; female: 1.0%) (Black: 5.8% only)]; (c) Medial
dependent on the distal fibular anatomy (Tatexl). margin of posterior surface, middle 1/3 shaft [(female:
1.9% only) (Black: 1.9% only)]; (d) Lateral surface,
Therefore, in view of the widespread clinicaimiddle 1/3 shaft [(male: 2.9%; female: 1.0%) (Black:
relevance the purpose of this study was to investig&ae% only)]; (e) Mediatnarginof posterior surface, distal
the osteometry and morphology of the human fibul/3 shaft [(male: 1.0% only) (Black: 1.0% only)]; (f)
within a South African population group. Postero-mediamargin of posterior surface, middle 1/3
shaft [(male: 4.8%; female: 3.8%) (Black: 8.7% only)];
(g) Postero-mediaharginof posterior surface, proximal
MATERIAL AND METHOD 1/3 shaft [(female: 1.9% only) (Black: 1.9% only)]; (h)
Postero-mediatargin, middle 1/3 shaft [(male: 2.9%;
female: 5.8%) (Black: 7.7% only)]; (i) Postero-medial
This study comprised the osteometric andurface, middle 1/3 shaft [(male: 4.8%; female: 1.9%)
morphological evaluation of 104 randomly selectedBlack: 6.7% only)]; (j) Postero-medial surface, proximal
unpaired dry fibulae obtained from the existing osteological3 shaft [(male: 1.0%; female: 1.0%) (Black: 1.9%
bank at the Discipline of Clinical Anatomy, School ofonly)]; (k) Antero-medial surface, middle 1/3 shaft [(male:
Laboratory Medicine and Medical Sciences at th6.7%; female: 3.8%) (Black: 10.6% only)]; (I) Antero-
University of KwaZulu-Natal (n= 104). Ethical clearancamedial surface, proximal 1/3 shaft [(male: 6.7%; female:
was granted by the relevant institutional authority (Ethick.0%) (Black: 7.7% only)]; (m) Antero-medial surface,
number: BE 036/14). distal 1/3 shaft [(male: 1.0% only) (Black: 1.0% only)];
(n) Lateral surface, middle 1/3 shaft [(male: 2.9%; female:
The sample series consisted of 63 males and #.D0%) (Black: 3.8% only)]; (o) Lateral surface, proximal
females with an age range of 15 to 81 years old frof3 shaft [(male: 1.0%; female: 1.0%) (Black: 1.9% only)]
the Black (101) and Caucasian (3) South Africa(Figs. 1, 2 and 3; Table I).
population groups. Fibulae displaying evidence of
previous fracture and/or fragmented heads or malle@steometry. The mean distance between the following
were excluded from this study. All osteometridibular osteometric parameters were documented (mm):
parameters were quantified through the use of a digi{gl Apex of fibular head and distal edge of nutrient fora-
caliper (Mitutoyo Digimatic Caliper, Model No. CD- men [(male: 166.7638.27; female: 147.222.48)
8” C). The relative angles of the irregular triangulaBlack: 158.3%33.82; Caucasian: 196.480.94)]; (ii)
talar facet were estimated via the use of an online wébterior and mediamargins [(male: 5.721.92; female:
calculator (www.handymath.com). 5.24t1.47) (Black: 5.561.80; Caucasian: 6.32.16)];
(iii) Anterior and postero-mediainargins [(male:
Statistical analysis, which compared for thd3.94t1.94; female: 12.72.65) (Black: 13.482.31;
levels of significance between the fibular parametetzaucasian: 15.1®.13)]; (iv) Medial and postero-medial
and age, sex and race was conducted using thargirs [(male: 9.621.69; female: 9.442.02) (Black:
Statistical Package for Social Sciences, version 219%65+1.85; Caucasian: 9.60.13)]; (v) Anterior and
(SPSS Inc., Chicago, lllinois, USA). A p value of <0.0fostero-lateramargins [(male: 15.421.79; female:
was considered to be statistically significant. 14.40:1.62) (Black: 15.041.78; Caucasiani6.1Gt2.21)];
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(vi) Medial and postero-lateratargirs [(male: 14.381.84; female: 13.86L.69) (Black:
14.1%1.80; Caucasian:; 14.13.95)]; (vii) Postero-lateral and postero-medisrgirs
[(male: 12.441.70; female: 11.6€1.58) (Black: 12.221.70; Caucasian: 10.96.54)]
(Table II). The mean fibular length (mm) and mean diameter of the nutrient foramen (m
were [(male: 374.862.01; female: 345.401.86) (Black: 363.662.38; Caucasian:
380.42:3.01)] and [(male: 1.G6D.34; female: 0.960.42) (Black: 0.980.37; Caucasian:
1.11£0.27)], respectively (Table I1). The three sides of the triangular talar facet were recor
(mm): (i) Antero-medial distance [(male: 19#827; female: 18.322.22) (Black:
18.88t2.29; Caucasian:; 19.26.84)]; (ii) Postero-medial distance [(male: 2@2(B5;
female: 18.212.15) (Black: 19.582.50; Caucasian: 21.12.43)]; (iii) Base [(male:
18.7#2.27; female: 17.141.50) (Black: 18.282.15; Caucasian: 16.22.38)] (Table II).
The relative angles between the sides of the talar facet were also calculated (0): (i) A
between antero-medial and postero-medial distances [(male: 56.6; female: 55.7) (B
56.4; Caucasian: 48.6)]; (ii) Angle between postero-medial distance and base [(male: §
female: 62.8) (Black: 59.9; Caucasian: 60.1)]; (iii) Angle between antero-medial distan
and base [(male: 64.9; female: 61.6) (Black: 63.8; Caucasian: 71.4)] (Table II).

Statistically significant differences were documented between males and fema
for the following fibular osteometric parameters: (i) Distance between apex of fibul
head and distal edge of nutrient foramen (p value= 0.001) (ii) Distance between ante
and postero-mediahargins (p value=0.006); (iii) Distance between anterior and posterg
lateralmargirs (p value= 0.003); (iv) Distance between postero-lateral and postero-me
margirs (p value = 0.023); (v) Fibular length (p value = 0.000); (vi) Postero-medial distan
of talar facet (p value= 0.000); (vii) Base of talar facet (p value= 0.000) (Table II).

Levels of statistical
significance were recorded
between age and the following
fibular osteometric parameters:
(i) Fibular length (p value=
0.001); (ii) Diameter of
nutrient foramen (p value=
0.005); (iii) Distance between
anterior and mediahargins (p
value= 0.020); (iv) Distance
between anterior and postero-
lateral margins (p value=
0.000); (v) Distance between
medial and postero-lateral
margirs (p value= 0.010); (vi) y
Distance between postero-late-g
ral and postero-medialargirs
(p value= 0.000) (Table II).

In addition, a
statistically significant

, . , . . difference was determined-2
Fig. 4. Six nutrient foramina on fibular shaft: A. Antero—b 5

medial surface: Three foramina on middle 1 /3 of shaft ano‘:"'[\.m.aen Black and Cgucasmr%
two foramina on proximal 1 /3 of shaft. B. One foramen oH]dlv'duals for the dIStz_ance b
posterior surface of middle 1 /3 of shaft. Key: AmS= AnteroP€tween the apex of the fibularg
medial surface; I= Inferior; L= Lateral: LM= Lateral head and distal edge of the=
malleolus; M= Medial; NF= Nutrient foramen; PS= Postenutrient foramen (p value= 2
rior surface; S= Superior; TF= Talar facet on distal fibula0.030) (Table II).
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DISCUSSION

Apart from its shape-shift ability and morphometric The current study revealed the presence of nutrient
consistency, the fibula appears to be superior to any otlieramina within the component parts of the antero-medial
bone group as it allows for a reduction in operative timbular surface, a finding that has not been documented in
(Matsuuraet al, 1999). Since the fibula is considered tdhe literature reviewed. Such statistical data regarding the
provide an osseous platform for the prosthetic restorationdibtribution of nutrient foramina may suggest safe osseous
an individual, osteometric and morphological data pertainirgglection levels thus preventing disruption of the nutrient
to the fibula may prove pivotal for reconstruction followingblood flow during placement procedures (Corner, 1913;
disarticulation and fracture (Fernandes; Tasat; Nguyen Pereiraet al).

& Lin, 2011).

Osteometry. Despite the conventional use of the Body-Mass
Number of Nutrient Foramina. According to Ellis (2006), Index to determine the nutritional status of an individual, it is
long bones typically bear one or two nutrient foramina. Theonsidered to be rather impractical in the aged (Auy&ting
presence and location of nutrient foramina is especialdf.). As the height of the older population decreases with ver-
important for the vascularization of the fibular shaft as thiebral column shrinkage, the Body-Mass Index may overstate
survival of osteophytes in pathological cases is dependémné¢ actual nutritional status of the patient (Auyeengl).
on an ample nutrient blood flow (Pereatal). Although, Since the fibula is composed of distinguishable anatomical
the presence of double and six nutrient foramina welandmarks that are seldom affected by arthritic symptoms, this
identified, a single nutrient foramen appeared to be mastudy placed special emphasis on the osteometric architecture
prevalent in the present study (Table I). This was iaf the fibula. In light of the lack of fibular osteometric data
accordance with the findings of Peredtaal who reported and norms regarding population demographics, the present
the presence of one nutrient foramen in 99.13% of fibulastudy focused extensively on the fibular osteometry.
In this study the presence of six nutrient foramina was
observed on a single Black male fibula only (1%) (Table I). With the exception of the angle between the antero-
Similarly, double nutrient foramina were also mostnedial side and base of the triangular talar facet, the
prominent in Black male fibulae (Table I). This appears teemaining fibular osteometric parameters were larger in
be a unique observation as it has not been reported previousigles (Table Il). The statistically significant p values
These relatively minute values of double nutrient foramingcorded for the comparison of sex with a number of
corroborated the findings of Gimisburenal (1994), osteometric parameters may suggest that male individuals
Kizilkant et al (2007) and Pereiret al, who documented generally present with larger fibular osteometry values (Table
values of 5.4%, 11.6% and 0.87%, respectively. ). This was in accordance with the findings of Auyeeng

al., who reported the fibular length to be 36&D0F mm
Location of Nutrient Foramina. In light of the reported and 320.081.8 mm in males and females, respectively.
variation regarding the precise location of the fibular nutrient
foramina within the relative surfaces, the current study Although the distances between the medial and
identified the nutrient foramina to be present on four differepostero-lateramargins, postero-lateral and postero-medial
fibular surfaces, viz. posterior, postero-medial, antero-medialargins, base of talar facet and the angle between the
and lateral, in relation to the respective fibutargins and postero-medial and antero-medial sides of the talar facet were
component parts (Table I). The nutrient foramina wermarkedly greater in Black individuals, larger fibular
predominantly located on the posterior fibular surface insteometry values appeared to be a characteristic in
relation to the middle 1/3 of the shaft, an observation th@aucasian individuals (Table Il). The correlation of race with
was formerly noted by Matsuuet al and Pereir@t al. the distance between the apex of the fibular head and distal
This was in accordance with the studies conducted Ieglge of the nutrient foramen yielded a statistically significant
Shimada & Yoshimura and Chet al, who noticed that difference of 0.030 indicating that this osteometric parameter
nutrient foramina were most prevalent within the middle 1s classically larger in Caucasian individuals (Table I1).
3 of the fibular shaft. In this study, nutrient foramina were
found to be situated within the medial and lateral fibular Consequently, the comparison of age with six of the
surfaces, which corroborated the findings of Matsetied  fibular osteometric parameters resulted in statistically
and Pereiraet al, respectively. The presence of nutriensignificant p values. This may account for the ability of the
foramina along the medial fibulanargin appeared to be a fibula to withstand degenerative age-related changes that are
frequent occurrence which was also seen by Mat&iwla generally a common phenomenon of long bone osteometry.

1075



NAIDOO, N.; ISHWARKUMAR, S.; LAZARUS, L.; PILLAY, P. & SATYAPAL, K. S.  Osteometry and morphology of the human fibula: A South African study.
Int. J. Morphol., 33(3)1071-1077, 2015.

CONCLUSION

Since this study documented several locations of tisteometry and morphology may assist in the determination
nutrient foramen within the fibular shaft, it may lead to th@f height and other nutritional parameters. In addition, the
development of a simple classification scheme providingsteometry of the talar facet may lead to advances in the
appropriate sites for the harvesting of grafts. The standapgerative management and design of prosthetics regarding the
fibular osteometry investigated in this study are novel arf@locrural joint. The consideration of specific South African
unique as previous studies have only reported on the fibudgmographic factors may represent a potential platform for
length. As the osseous platform of preference, the fibul#te introduction of standard norms and fibular models.

NAIDOO, N.; ISHWARKUMAR, S.; LAZARUS, L.; PILLAY, P. & SATYAPAL, K. S. Osteometria y morfologia de la fibula
humana: Un estudio de Sudafritat. J. Morphol., 33(3)1071-1077, 2015.

RESUMEN: A partir de estudios recientes se ha considerado al colgajo de fibula como punto de referencia para la recons-
truccion y el tratamiento de lesiones y heridas compuestas. Debido a su ubicacién postero-lateral en la pierna, la @plicacién d
colgajo de fibula se considera estéticamente ventajoso ya que la cicatriz del sector donante puede ser disimulada facilmente.
Anatémicamente, en la fibula se puede reconocer una diéfisis y dos extremos. Este estudio tuvo como objetivo investigar la morf
logia del foramen nutricio y la osteometria relativa de la fibula. Se realiz6 una evaluacion osteométrica y morfologittauties 104
humanas secas, pertenecientes a hombres y mujeres de grupos de poblacion de raza negra y caucésica, nativos de Sdelafrica (rango
edad: 15-81 afios). Se observo la presencia de foramenes nutricios individuales, dobles y en nimero de seis. Se ideantédicaron un
de 15 sitios diferentes de ubicacién del foramen nutricio en relacién con las superficies, margenes y demas compoiieuiges de la f
Otros parametros osteométricos como longitud media de la fibula (mm) fueron:127@188n hombres y 345,49,86 en mujeres,
363,6@2,38 en Negros y 380,43,01 en Caucasicos, y el diametro de los foramenes nuticios (mm) fueraf,306n hombres y
0,96+0,42 en mujeres, 0,28,37 en Negros y 1,30,27 en Caucasico, respectivamente. Debido a la falta de datos osteométricos
respecto a la desestabilizacion y la posterior reconstruccion de la articulacion talocrural, se cuantificaron los lambog fetativ
angulos de la faceta triangular irregular del talus. Debido a la correlacién de los respectivos parametros de la féxlaal coexa
y razas, el foco de este estudio fue extenso en comparacion con los estudios anteriores. Las diferencias estadistifiaatente signi
vas para la edad, el sexo y la raza pueden sugerir una estandarizacion en Sudafrica de esos factores demograficosetmslos param
pertenecientes a la fibula. Por otra parte, la ubicacion de los forAmenes nutricios dentro del eje de la fibula puedelayldar co
desarrollo de sistemas de clasificacion simples para la recoleccién de los injertos de fibula.

PALABRAS CLAVE: Fibula; Osteometria; Morfologia; Foramen Nutricio.
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