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Abstract

 

Histological analysis of a growth series of alligator femora tests the correlation between strain milieu and micro-

structure. From mid-diaphyseal cross-sections of these femora (

 

n

 

 = 7), vascular canal orientation and density as well

as collagen fibre organization were recorded. Throughout ontogeny, the proportion of transverse–spiral (TS) collagen

in the dorsal cortex is significantly greater than it is in the ventral cortex (

 

P

 

 = 0.008). This regional difference in the

proportion of TS collagen is correlated with a regional difference in the state of peak principal strain (compressive

or tensile). Nevertheless, the predominant orientation of collagen fibres is longitudinal, which is inconsistent with

biomechanical hypotheses that involve peak principal or shear strains. Although the density and orientation of

vascular canals do not show significant regional differences (

 

P

 

 = 0.26 and 

 

P

 

 = 0.26, respectively), as with collagen

orientation, the vascular canal orientation is predominantly longitudinal. The longitudinal organization of both

the vascular canals and the collagen fibres is probably a consequence of longitudinal shifting of subperiosteal osteoid

during femoral lengthening. When taken together, these data suggest that growth dynamics is the dominant

influence on the histological organization of primary bony tissues in alligator femora.
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Introduction

 

The correlation of long bone structure to their mechan-

ical environment is well documented and is usually

addressed at either the organ or the tissue level of

integration (

 

sensu

 

 Petersen, 1930). At the organ level,

examples include the self-correction of abnormally curved

bones (Bassett, 1965) and diaphyseal hypertrophy

during overloading (Goodship et al. 1979; Lanyon et al.

1982). The tissue level of integration also reveals a

striking relationship between form and function. At

this level, several studies report a correlation between

histological organization of cortical bony tissue and

the strain pattern that tissue experiences (Riggs et al.

1993b; Petrt

 

y

 

l et al. 1996; de Margerie, 2002; Kalmey &

Lovejoy, 2002).

Collagen fibre organization and the distribution

and orientation of vascular canals are two histological

parameters that have been investigated in recent

years. Across transverse sections of primate and horse

long bones, differential organization of collagen is

correlated with the cross-sectional strain distribution

produced during locomotion (Portigliatti-Barbos et al.

1984; Riggs et al. 1993b; Martin et al. 1996; Kalmey &

Lovejoy, 2002). Regions of cortical bony tissue that experi-

ence peak tensile strain contain largely longitudinal–

spiral (LS) collagen, whereas regions that experience

peak compressive strain contain largely transverse–

spiral (TS) collagen. Furthermore, in the mallard (

 

Anas

platyrhynchos

 

), long bones that presumably experience

predominantly torsional loads have significantly

more circumferential vascular canals than bones that

experience predominantly bending loads (de Margerie,

2002). However, a major issue that remains largely

unaddressed, particularly in the collagen fibre literature,
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is whether these patterns of organization are consistent

throughout ontogeny. Consistent functional organi-

zation of bony tissue throughout ontogeny would

suggest that bone mechanics is relatively important

despite growth demands.

This paper deals with the bony tissue parameters

of collagen fibre and vascular canal organization in the

context of ontogeny. Femora of 

 

Alligator mississippiensis

 

were selected because the relationship between these

histological parameters and mechanical function have

only been studied in a limited set of mammals and

birds, which experience rapid rates of osteogenesis

(Riggs et al. 1993a; de Margerie, 2002; Kalmey & Lovejoy,

2002; Skedros et al. 2003). Furthermore, the degree

of secondary remodelling in alligator femora is low

(Enlow & Brown, 1957; de Ricqlès et al. 1991), so one

can test whether collagen fibres and vascular canals

in primary bony tissue reflect their bone strain milieu

like those in secondary tissues (Lanyon & Bourne, 1979;

Riggs et al. 1993b; Petrt

 

y

 

l et al. 1996; Kalmey & Lovejoy,

2002). 

 

In vivo

 

 strain data of the femur are also available

for 

 

Alligator

 

 (Blob & Biewener, 1999). Throughout the

stance phase, peak compressive principal strain occurs

in the dorsal cortex whereas peak tensile principal

strain occurs in the ventral cortex. Additionally, the

maximum principal strain direction is aligned signifi-

cantly away from the femoral axis (47

 

°

 

 dorsal and 29

 

°

 

ventral). This suggests that both cortices experience

substantial shear strain during locomotion; in fact,

average peak shear strains are 39% greater than peak

principal strains (Blob & Biewener, 1999). If the functional

organization of bony tissue is consistent throughout

ontogeny, then (1) the histological organization should

be predominantly transverse and (2) the dorsal cortices

should have significantly more TS collagen and transversely

orientated canals than the ventral cortices.

 

Methods and materials

 

An ontogenetic series of alligator (

 

A. mississippiensis

 

)

femora was provided by the Rockefeller Wildlife

Refuge (Grand Chenier, Louisiana, USA). The series (

 

n

 

 = 7)

sampled individuals from prehatching to adult stages

of development (Table 1). Femora were manually

defleshed, and their lengths were measured from the

most proximal surface of the femoral head to the

proximal surface of the intercondylar groove. The

cartilaginous caps were not removed so each femur

length was a combined length of bone and cartilage.

The femora were then fixed in 10% neutral buffered

formalin for 1 week.

After fixation, a 1-cm-thick block was cut from each

femur. To minimize the influence of large muscle insertions

such as that of the insertion for the m. caudofemoralis,

blocks were taken at mid-diaphysis, approximately

60% of the femoral length from the head to the

intercondylar groove. The mid-diaphyseal blocks were

vacuum embedded in polymethyl methacrylate (PMMA).

From these blocks, an undecalcified, transverse thick

section was cut from each femur, mounted on to a

slide, and ground and polished to 100 

 

±

 

 10 

 

µ

 

m. Under

circularly polarized light microscopy (Boyde & Riggs,

1990) for each section, greyscale images were captured

by a CCD (Polaroid) at 40

 

×

 

 magnification. Because light

intensity affects the birefringence of collagen, the

same illumination and CCD exposure time were used

for each section. The images were then montaged in

Photoshop (Adobe, ver. 6.0). Each map was then

divided into quadrants based on anatomical orienta-

tion as defined by Romer (1956) and Blob & Biewener

(1999) (Fig. 1). When the femoral condyles are resting

on a horizontal surface and the femur is aligned

horizontally, the dorsal quadrant faces upwards and

Table 1 Histological parameters of alligator femora

ID

Femoral 
length
(mm)

Snout–tail 
length
(mm)

% 
Dorsal 
TS 
collagen

Dorsal 
vascular 
density

% 
Dorsal 
trans 
canals

% 
Ventral 
TS 
collagen

Ventral 
vascular 
density

% 
Ventral 
trans 
canals

1 25 304.8 19.4 34 15 2.1 53 17
2 35 444.5 0.2 19 7 0.0 47 3
3 40 558.8 2.1 30 3 1.8 35 12
4 72.5 1092 7.5 19 9 1.0 26 9
5 160 2235 2.1 8 10 1.5 7 14
6 165 2286 3.7 12 7 3.1 12 19
7 171 2286 1.3 12 10 1.2 12 10
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the anterior quadrant faces the direction of femoral

protraction.

Vascular canals in each quadrant were counted

and their orientation (longitudinal or transverse) was

recorded. A vascular canal was considered transverse

if its major cross-sectional axis was at least three times

greater than its minor axis (Fig. 1). Non-parametric

Friedman 

 

ANOVA

 

s (SPSS, Systat, ver. 7.0) were performed

to test whether there was a significant difference in

canal density between the dorsal and ventral quadrants

and whether the quadrants differed in the proportion

of transverse canals throughout ontogeny. 

 

P

 

-values

less than 0.05 were considered significant.

To prepare the maps for an analysis of collagen

orientation, vascular and medullary spaces as well

as the occasional secondary osteon were erased and

replaced by black pixels (index value = 0). These black

pixels were not analysed further. Under circularly

polarized light, LS collagen fibres appear dark (i.e. their

index values approach 1). Conversely, TS collagen fibres

have greyscale indices that approach 255. Image analysis

was performed in ArcView GIS (ESRI, ver. 3.2) with Spatial

Analyst (ESRI, ver. 2.0). Pixels from each quadrant were

reclassified and colour-coded using a 9-bin scheme

similar to the 15-bin scheme in Carando et al. (1991). To

prevent counting pixels that represent compacted

coarse cancellous and endosteal lamellae, region-of-

interest masks were used within ArcView GIS. Conse-

quently, only pixels representing primary cortical tissue

were counted. To calculate the proportion of TS collagen

in each dorsal and ventral quadrant, pixels in bins 8 and

9 were summed and divided by the total number of

pixels within that quadrant. A non-parametric Friedman

 

ANOVA

 

 (SPSS, Systat, ver. 7.0) was performed to test

whether the proportion of TS collagen between the

dorsal and ventral quadrants was significantly different.

 

P

 

-values were significant if they were less than 0.05.

 

Results

 

Histological descriptions

 

Dorsal quadrant

Specimen 1 contains three zones (Fig. 2A). The outer-

most zone is lamellar and is largely composed of TS

collagen fibres. This region lacks vascularization but

a large resorption cavity is present between the

outermost and middle zone (Fig. 2B). The middle zone

is intermediate between lamellar and parallel-fibred

tissue, and collagen fibres are generally orientated

longitudinally (Fig. 2A). Circumferential lamellae are

not clearly visible. Lamellar organization, however,

is more visible within the numerous primary osteons.

Most of those primary osteons are longitudinal (Fig. 2B).

The innermost zone is lamellar and is largely composed

of TS collagen. No vascular canals are present in this

region.

In specimen 2, parallel-fibred lamellar tissue makes

up the outer two-thirds of the cortex (Fig. 2C). Collagen

fibres are largely LS. Primary osteons are abundant

in the inner third of the cortex, and most of them

are longitudinal (Fig. 2D). The collagen fibres within the

primary osteons are more transverse than the surrounding

tissue. Endosteal lamellae are present and have a strong

TS collagen component.

Specimen 3 contains parallel-fibred lamellar tissue

(Fig. 2E). Lamellae of TS collagen generally alternate

with lamellae of LS collagen throughout this quadrant

although the lamellae in the middle part tend to contain

more transversely orientated collagen (brighter).

Vascular canals are found generally in two levels of the

cortex: the first within 160 

 

µ

 

m of the periosteal surface

(Fig. 2F) and the second approximately 400 

 

µ

 

m from

the periosteal surface at about mid-cortex (Fig. 2G). A

large resorption cavity is also present at this latter level.

The cortical tissue of the outermost 300 

 

µ

 

m in specimen

4 has parallel-fibred organization (Fig. 2H). Much of

that cortical tissue consists of TS collagen fibres. The

relatively few canals in this region of the cortex are

longitudinal. The remaining part of the cortex consists

Fig. 1 Location of quadrants in a stylized femoral cross-
section and method of distinguishing orientation of vascular 
canals. Canals that are parallel to the long axis of the femur 
are longitudinal (Lg), and those that are more perpendicular 
to the long axis are transverse (Ts). Hatched regions were not 
analysed.
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of several thin packets of lamellar tissue alternating

with thick packets of primary osteons. Transverse canals

are more abundant deeper in the cortex (Fig. 2I). LS

collagen fibres are more prominent internally. On the

internal surface of the cortex, thin endosteal lamellae

are present.

In the dorsal quadrants of specimens 5–7, the cortex

is thinner than it is in the other quadrants (Fig. 2J–L,

respectively). Fine lamellar bony tissue comprises the

cortical tissue from the periosteal surface to mid-cortex.

Groups of lamellae that have more TS collagen alternate

with groups of lamellae that have LS collagen, and

both are generally thinner than those from the other

quadrants. Within the lamellar framework, canals

that lack osteonal lamellae (simple, 

 

sensu

 

 de Ricqlès

et al. 1991) as well as primary osteons are found. Those

canals are generally more abundant towards the

mid-cortex and are generally longitudinal. From mid-

cortex to the endosteal surface, there is parallel-fibred

bony tissue with primary osteons and resorption cavities.

Resorption cavities in the dorsal quadrant are less

numerous than they are in the other quadrants. Sec-

ondary osteons generally form towards the endosteal

surface. Deep to the parallel-fibred region, compacted

coarse cancellous tissue is found. Collagen fibres in this

tissue are generally more transverse than those in

other parts of the quadrant.

Ventral quadrant

Most of specimen 1 is lamellar tissue (Fig. 3A). Distinct

lamellation is often interrupted. Collagen fibres in the

outer half of the cortex appear more transverse than in

the inner half. Most of the vascular canals are found

within primary osteons deep in the cortex (Fig. 3B). Their

orientation is generally longitudinal. Resorption occurs

along the endosteal surface.

In specimen 2 (Fig. 3C), lamellar tissue is only apparent

along the periosteal surface. Most of the cortex appears

parallel-fibred. The dark birefringence suggests that

the collagen fibres are predominantly LS. Longitudinal

primary osteons are abundant throughout the cortex

(Fig. 3D). Although resorption occurs along short lengths

of the endosteal surface, much of that surface is covered

with endosteal lamellae.

Lamellar tissue is found in specimen 3 (Fig. 3E). Lamellae

that contain strongly LS collagen fibres alternate with

those that contain more transversely orientated fibres.

Within this lamellar framework, there are primary osteons.

Most are longitudinal, but a few are transverse (Fig. 3F).

Resorption is localized to the endosteal surface.

A 300-

 

µ

 

m-thick region of the outer cortex in specimen

4 consists of fine lamellar tissue (Fig. 3G). The birefrin-

gence of the collagen fibres in that region is brighter

than in other regions of the quadrant but is darker

than in the corresponding region of the dorsal quadrant

(Fig. 2H). Within this quadrant, however, TS collagen is

localized to the outermost part of the cortex. Primary

osteons are generally longitudinal although some are

transverse. Deeper to the outer region, packets of

LS-abundant lamellae alternate with packets of primary

osteons. The dominant orientation of these primary

osteons is longitudinal, although a number are transverse

(circumferential or reticular) (Fig. 3H). Towards the

endosteal surface, compact coarse cancellous tissue

is present but only towards the anterior side of the

quadrant. There is resorption on the posterior side.

The outermost region of the cortex to mid-cortex

consists of finely lamellar tissue in specimens 5–7 (Fig. 3I–K,

respectively). Generally, thin packets of TS-abundant

lamellae alternate with thick packets of LS-abundant

lamellae. Small primary osteons are prominent closer

to the periosteal surface whereas larger primary osteons

dominate the mid-cortex. The dominant osteonal

orientation is longitudinal, but note the occasional

transversely orientated osteon (Fig. 3L). Finely lamellar

tissue also occurs from mid-cortex to the endosteal

surface. Here, lamellae are also LS-abundant. Some

lamellar packets contain primary osteons. Large

resorption cavities are also common in this region, and

secondary osteons appear within 1 mm from the

endosteal surface. Along that surface, compact coarse

cancellous tissue is not present.

 

Quantifying histological parameters

 

Collagen fibre organization

Throughout ontogenetic series, collagen fibres in the

femora of alligator are predominantly aligned in the

 

Fig. 2

 

Ontogenetic sampling of the bony tissue from the dorsal quadrant. Scale bars = 100 

 

µ

 

m (A–I) and 500 

 

µ

 

m (J–L). Superficial 
is up, deep is down, anterior is to the left, posterior is to the right. Specimens 1–7, general view under circularly polarized light 
(A,C,E,H,J,K,L). Detailed view under non-polarized light (B,D,F,G,I).

 

 

 

Resorption cavity (RC), longitudinal canal (Lg), transverse 
canal (Ts).
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longitudinal direction (Fig. 4). TS collagen fibres are

not particularly abundant and appear restricted to

relatively thin packets of lamellae in the external

cortex of both quadrants. Despite the low proportion

of TS collagen throughout the cortex, the results support

a weak regional difference in that proportion. The

dorsal quadrants contain slightly more TS collagen than

the ventral quadrants (Table 1; Fig. 4). Non-parametric

statistical testing reveals a significant difference

between the proportion of TS collagen fibres in the

two quadrants (

 

P

 

 = 0.008).

Vascular canal density and orientation

Vascular canals, whether simple or osteonal, are

predominantly longitudinal and relatively abundant

in the inner half of the cortex. They generally become

less abundant towards the periosteal surface. Earlier in

ontogeny, the vascular density in the ventral quadrants

is slightly greater than it is in the dorsal quadrants.

However, differences between the vascular density of

the ventral and dorsal quadrants are not consistent or

significant throughout ontogeny (

 

P

 

 = 0.26; Table 1).

Several of the specimens in this ontogenetic sequence

of alligator femora have a greater proportion of

transverse canals in their ventral quadrants than in their

dorsal quadrants (Table 1). However, this difference in

proportion is neither consistent nor significant (

 

P

 

 = 0.26;

Table 1). Furthermore, the proportion of transverse

canals in either quadrant does not show any clear trend

during ontogeny.

 

Discussion

 

The objective of this study was to test whether bone

strain milieu accounts for regional differences in

the organization of histological parameters within an

ontogenetic series of alligator femora. Across these

femora, transverse (TS) collagen fibres occur in signifi-

cantly greater proportion in the dorsal quadrants than

in the ventral quadrants (

 

P

 

 = 0.008; Table 1; Fig. 4).

Because the dorsal and ventral quadrants, respectively,

experience peak compressive and tensile strain during

locomotion (Blob & Biewener, 1999), there is, albeit

weak, support for the hypothesis that collagen fibre

orientation is correlated with the state of principal

bone strain. However, insignificant regional differ-

ences in the density of vascular canals (

 

P

 

 = 0.26) and in

the proportion of transverse canals (

 

P

 

 = 0.26) do not

support a clear relationship between canal orienta-

tion and principal bone strain. Furthermore, neither

the vascular canal nor the collagen fibre orientation

is predominantly transverse as predicted by the

high magnitude of femoral shear strain. When taken

together, the data from both these parameters suggest

that bone strain milieu is not the sole determinant

for the organization of collagen fibres and vascular

canals during the growth of alligator femora.

Like all long bones, the size of the alligator femur

increases during ontogeny through a combination of

epiphyseal and subperiosteal osteogenesis (Duhamel,

1740; Horner et al. 2001). The former increases femoral

length, and the latter increases femoral width. In sub-

periosteal osteogenesis, osteoblasts of the subperios-

teum initially produce a non-mineralized collagenous

matrix, which also incorporates blood vessels from the

periosteum (Taylor, 1992). This matrix forms where the

cross-sectional bending and shear strains on the femur

are maximal and, as a consequence, collagen fibres and

blood vessels in that matrix should be prestrained (de

Ricqlès et al. 1991).

To an extent, the collagen fibre organization in the

alligator femora reflects the state of principal bone

strain. The distribution of TS and LS collagen fibres in

the respective quadrants that experience peak com-

pressive or tensile principal strain is generally consistent

with previous reports on the organization of bone

collagen (Riggs et al. 1993b; Martin et al. 1996; Kalmey

& Lovejoy, 2002). Interestingly, the post-hatching

organization of collagen fibres is also found in the

prehatching femoral section (specimen 1; Figs 2A and

3A; Table 1). Whether epigenetics or genetics influences

the collagen fibre organization of the prehatching

femur cannot be directly tested by the present study

because 

 

in ovo

 

 femoral strain and developmental data

are not available for alligators. However, several studies

do suggest that bone strain is an important epigenetic

regulator. Movements in the embryonic limbs of

developing chickens and humans (Carter et al. 1987,

1998; Chambers et al. 1995; Henderson & Carter, 2003)

 

Fig. 3

 

Ontogenetic sampling of the bony tissue from the ventral quadrant. Scale bars = 100 

 

µ

 

m (A–H) and 500 

 

µ

 

m ( I–L). 
Superficial is down, deep is up, anterior is to the left, posterior is to the right. Specimens 1–7, general view under circularly 
polarized light (A,C,E,G,I,J,K).

 

 

 

Detailed view under non-polarized light (B,D,F,H,L).

 

 

 

Longitudinal canal (Lg), transverse canal (Ts).
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Fig. 4 Ontogenetic series of collagen fibre distribution of the alligator femur. Scale bar = 1 mm. Specimen 1 (A), specimen 2 (B), 
specimen 3 (C), specimen 4 (D), specimen 5 (E), specimen 6 (F) and specimen 7 (G). Darker colours represent more longitudinal 
collagen fibres, and brighter colours represent more transverse collagen fibres. Medullary and vascular spaces are black. Dorsal 
is up, and anterior is left.
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generate bone strains through muscular contractions

and shell /uterine reaction forces. In the absence of

bone strain, those embryonic limb bones experience

reduced subperiosteal osteogenesis and increased

endosteal resorption (Rodríguez et al. 1988; Osborne

et al. 2002). Consequently, those limb bones have signif-

icantly thin cortices. Epiphyseal growth (bone length-

ening), however, seems to proceed normally in the

absence of bone strain (Rodríguez et al. 1988; Osborne

et al. 2002). Because bone lengthening places the

periosteum in tension (Taylor, 1992), the products of

reduced subperiosteal osteogenesis would have a

predominantly longitudinal organization.

Even in the presence of normal bone strains, the

orientation of collagen fibres in the alligator femora

is predominantly longitudinal. Because the alligator

femur is not loaded primarily in axial tension (Blob &

Biewener, 1999), the predominantly longitudinal organi-

zation of collagen fibres is more likely a reflection of

the longitudinal growth dynamics of the femur.

Additional support is found in the apparent cyclicity of

the thick, LS collagen packets and the thin, TS packets

(Fig. 4D–G). The cyclicity may be related to endogenous

rhythms that produce seasonal changes in periosteal

growth (Castanet et al. 1993). Both the predominantly

longitudinal and the somewhat cyclical organization

of collagen fibres suggest that, although bone strain

milieu does influence the organization of collagen

in alligator femora, growth dynamics has a greater

influence on that organization.

Regional differences in vascular canal density and

orientation are not significant. Furthermore, the

vascular canals are predominantly longitudinal. These

data are inconsistent with biomechanical hypotheses,

which predict that (1) the femoral sections should have

predominantly transverse canals and (2) the dorsal

rather than the ventral quadrant should have a signif-

icantly greater proportion of transverse canals. That

transverse canals are not more prominent in the alligator

femoral sections is surprising from a biomechanical

perspective, particularly if transverse canals are

adaptations to shear strains (circular canals: de Margerie,

2002), because the alligator femur experiences average

shear strains that are 39% greater than average principal

strains (Blob & Biewener, 1999). However, the relative

paucity of transverse canals is reasonable if one considers

growth strategy. In alligator femora, relatively low

rates of subperiosteal osteogenesis produce primary

bony tissue that is parallel-fibred or lamellar-zonal.

These patterns of tissue organization lack the spacious,

woven scaffolding that characterizes rapidly deposited

patterns (i.e. fibrolamellar) (Castanet et al. 2000; Horner

et al. 2001; de Margerie et al. 2002). Consequently,

vascular canals of parallel-fibred and lamellar-zonal

tissues are more constrained in their orientation

and are less likely to have circular, radial or reticular

orientations. Furthermore, subperiosteal blood vessels

experience longitudinal shifting as the femur grows

lengthwise (Taylor, 1992; Petrt

 

y

 

l et al. 1996). These results

suggest that the vascular canal organization in alligator

femora primarily reflects growth dynamics.

Bone growth is a potentially confounding factor in

understanding the relationship between histological

organization and bone strain milieu. Most studies have

focused on the secondary bony tissue of adults (Lanyon

& Bourne, 1979; Portigliatti-Barbos et al. 1984; Riggs

et al. 1993b; Hert et al. 1994; Kalmey & Lovejoy, 2002).

To my knowledge, only three studies have reported

comparative differences in the collagen fibre or vascular

canal organization between secondary and primary

bony tissue (Lanyon & Bourne, 1979; Riggs et al. 1993a;

Petrt

 

y

 

l et al. 1996). These studies report, in sheep

tibiae, horse radii and human femora, respectively, a

predominantly longitudinal histological organization

in the primary bony tissues. Subsequent remodelling of

that primary tissue produces a ‘strain-mode-specificity’

(

 

sensu

 

 Skedros et al. 2003) in the secondary osteons.

These studies suggest that the relationship between

histological organization and bone strain milieu in

primary bony tissue may be fundamentally different

from that relationship in secondary bony tissue.

The present study suggests that, in primary bony

tissue of alligator femora, collagen fibre organization

rather than vascular canal organization may be slightly

more sensitive to bone strain milieu. Certainly, further

testing is required; support for this relationship may

vary intraspecifically across different long bones that

experience different growth dynamics. If support for

this relationship is consistent, however, collagen fibre

organization may be an effective proxy for limb posture

and movement. Whether different limb postures and

kinematics are likely to alter the cross-sectional pattern

of strain is currently under investigation. If, for example,

sprawling limb kinematics produce a markedly different

pattern of strain than do erect limb kinematics, then

histological analyses in extinct taxa might provide

valuable insights into the diversity and evolution of

tetrapod locomotion.
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Conclusions

 

In the primary bony tissue of an ontogenetic series

of alligator femora, there is, albeit weak, support for a

correlation between collagen fibre organization and

peak principal bone strain. The presence of an ‘adult’

pattern of collagen fibre organization in the prehatching

femur suggests that the biomechanical regulation of

collagen organization begins 

 

in ovo

 

. Whether epige-

netic or genetic pathways dominate the direction of

that organization is not tested because the microstruc-

ture of prenatal bones that do not receive biomechanical

stimuli needs further study. Interestingly, a high propor-

tion of the collagen fibres do not show ‘strain-mode-

specificity’ as related to bone strain (

 

sensu

 

 Skedros

et al. 2003). LS collagen fibres dominate in all sections

and that orientation is probably a consequence of the

longitudinal shifting of subperiosteal osteoid during

femoral elongation. Apparently, growth dynamics rather

than bone strain milieu has a greater influence on the

organization of alligator femoral collagen.

The data do not support a biomechanical interpreta-

tion for the orientation of vascular canals in the primary

tissue of alligator femora. Reduced subperiosteal

deposition coupled with longitudinal shifting of the

periosteum against the bone surface probably account

for the largely longitudinal orientation of the vascular

canals. When taken together, the collagen fibre and

vascular canal analyses suggest that femoral growth

plays a dominant role in the organization of primary

tissues in alligator femora.
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