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HISTOMORPHOMETRIC DIFFERENCES BETWEEN HUMAN AND SHEEP FEMORAL CORTICES: IMPLICATIONS FOR FORENSIC IDENTIFICATION




ABSTRACT

Aims: This study compared histomorphometric and micromorphological features of the femoral cortex in humans and sheep (Ovis aries) for accurate forensic species identification, particularly in cases involving fragmented skeletal remains.
Study design: Comparative histomorphometric study.
Place and Duration of Study: Department of Human Anatomy, University of Port Harcourt, Nigeria, with bone collection and analysis conducted between January and June 2024. 
Methodology: Thirty femoral midshaft samples were analyzed, consisting of 15 human and 15 sheep specimens. Samples were processed using the Modified Frost technique, sectioned, mounted, and examined under a Leica ICC 50K photomicroscope. Histomorphometric parameters including osteon count, osteon diameter, and Haversian canal dimensions were measured using ImageJ software. Independent t-tests (P = .05) were applied to assess species differences.
Results: Significant differences were observed in secondary osteon count, osteon fragments, and Haversian canal dimensions (P < .001), with human femoral cortices showing higher remodeling activity and larger vascular channels. No significant difference was found in primary osteon count (p = 0.82). Micromorphologically, humans’ femoral cortices exhibited irregularly arranged secondary osteons, numerous osteon fragments, and well-developed Haversian and Volkmann’s canals. Sheep femoral cortices displayed a more organized plexiform pattern with fewer secondary osteons and smaller canals, indicating reduced remodeling activity.
Conclusion: Key histomorphometric and micromorphological features reliably differentiate humans from sheep femoral bone. These findings support the applic​ation of histomorphometric and quali​ta​tive analys‍i​s as effective tools in forensic ant​hr‌opol​ogy f​or spe‍cies ide​ntifi​cation and contribute to the⁠ development​t of region sp​ecific⁠ forensic bone reference data.
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1. INTRODUCTION
Forensic identification of skeletal remains is crucial in various contexts, including mass disasters, crime scenes, and archaeological excavations. This process involves a multidisciplinary approach that integrates techniques from forensic anthropology, archaeology, and DNA analysis to ensure accurate identification and respectful handling of human remains (Kahana & Hiss, 2009, Garg, 2024, Sessa et al., 2020). However, when macroscopic features are absent due to fragmentation or taphonomic damage, microscopic analysis becomes essential for understanding archaeological contexts. This approach allows researchers to glean insights from small fragments that would otherwise be overlooked, providing a more comprehensive view (Henry, 2020, Bello & Parfitt, 2023).

Microscopic techniques like histomorphometry offer significant advantages in such challenging cases, providing more detailed and quantitative insights into bone microstructure (Frédérique Lagacé et al., 2020). Bone histomorphometry has proven to be a valuable method for species differentiation by providing detailed quantitative assessments of bone microstructure (Peev et al., 2024). Histomorphometry is a quantitative method for analyzing bone microstructures, such as osteons and Haversian canals, and is essential for understanding bone health, disease, and remodeling. It provides detailed measurements of bone architecture, formation, and resorption, supporting both clinical diagnosis and research (Malhan et al., 2018). The technique is used in forensic anthropology to estimate age by evaluating changes in cortical bone microstructure, particularly the remodeling and alteration of osteons over time (Gumpangseth & Mahakkanukrauh, 2023).

Previous studies have described the bone structure of ruminants like, ow (Bos taurus) elk (Cervus canadensis), red deer (Cervus elaphus), and roe deer (Capreolus capreolus), which are not domesticated (Oghenemavwe et al., 2024; Skedros, 2005; Gudea and Stefan, 2013). These features vary among species due to differences in physiology, biomechanics, and growth patterns.

For instance, Humans have a highly developed Haversian system and continuous bone remodelling, supporting lifelong adaptation and repair. Whereas other animals such as sheep in contrast, exhibit more uniform bone with slower and less extensive remodeling, reflecting differences in physiology and mechanical demands (Mori et al., 2005, Lieberman et al., 2003). Sheep bones are frequently mistaken for human remains in forensic contexts due to their anatomical and histological similarities, especially when fragmented. Accurate differentiation requires a combination of advanced morphometric and histological techniques as simple visual approaches are often insufficient (Hillier and Bell, 2007).

In some forensic settings, over 70% of skeletal cases involve non-human bones, with sheep being among the most common. Vertebrae, femora, and tibiae are the most frequently encountered elements, and fragmentation does not always make identification easier, as even complete bones can be misidentified (Donlon et al., 2020, Ellie Simpson et al., 2020) Moreover, the sheep femur is important as it provides a useful model for researching human bone conditions like osteoporosis and fractures (Zarrinkalam et al., 2012; Hernandez-Fernandez et al., 2013). Therefore, understanding the histomorphometric differences between human and sheep femoral cortices is essential for accurate species identification.




















2. MATERIAL AND METHODS
Ethical approval for this study was obtained from the University of Port Harcourt Research Ethics Committee. Bone samples were selected based on inclusion and exclusion criteria. Inclusion criteria comprised bones with visible anatomical features and normal physical appearance harvested from healthy human and sheep specimens. Excluded were damaged, degenerated, or unidentifiable bones.
A total of 30 midsections of the diaphyses of femoral bone samples were used, consisting of 15 from humans and 15 from sheep (Ovis aries). The human femur was harvested from an adult Nigerian cadaver in the dissecting laboratory of the Department of Human Anatomy, University of Port Harcourt. The sheep femur was obtained from a healthy male sheep sourced from an abattoir in Port Harcourt, with verification by a veterinary doctor.
2.1 Preparation of Bone Samples, Imaging, and Image Processing
The femoral bones were defleshed, sectioned, and processed using the Modified Frost Manual method. Samples were soaked in water for one week to remove soft tissues and subsequently fixed in 10% formalin. Thin cross-sections were cut with a hacksaw and ground using P220 sandpaper on a glass slab lubricated with water. The sections were manually thinned in a cyclical motion until they became translucent. After cleaning with distilled water and detergent, sections were mounted on slides using DPX mountant and covered with xylene-washed coverslips. Prepared slides were dried horizontally for 24 hours and stored in slide boxes. Photomicrographs were captured using a Leica ICC 50K photomicroscope. The images were analysed and processed using Image J software, with calibration set to 1200 pixels = 200 microns.
2.2 Morphometric Measurements
Histomorphometric analysis included the following parameters:
Osteon Count (OC): Total number of osteons observed in each section.
Osteon Diameter (OD): Measured as the mean of perpendicular maximum and minimum diameters.
Osteon Area (OA) and Perimeter (OP): Determined by tracing osteon boundaries.
Haversian canal Diameter (HCD): Measured across maximum and minimum perpendicular diameters.
Haversian Canal Area (HCA) and Perimeter (HCP): Calculated by marking the boundaries of the Haversian canal.
These measurements were conducted on photomicrographs adjudged to have the highest density of structures by two independent researchers.
2.3 Statistical Analysis
Descriptive statistical analysis was performed using Microsoft Excel to calculate means, standard deviations, standard errors, ranges, and variances. Independent Student’s t-test was applied to determine significant differences between human and sheep samples for all measured parameters. A significance level of P < .05 was considered statistically significant.

3. RESULTS

[image: ]
Figure 1: A Photomicrography of a thin section of an adult human femoral cortex obtained with Frost technique x10. OF = Osteon Fragment, CL. = Concentric Lamellar, PO = Primary Osteon
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Figure 2: A photomicrography of an adult male sheep obtained by using the Frost technique x10. PO = Primary Osteon, HC = Harvesian Canal.


The comparative histomorphometric analysis of the femoral cortex between humans and Ovis aries (sheep) revealed distinct differences in the quantitative parameters of cortical bone, highlighting their forensic relevance.













Table 1 Descriptive Statistics of Histomorphometric Parameters of Human Femur
	Parameters
	Mean
	SEM
	SD
	Var
	MinV
	MaxV

	Primary Osteon 
	2.67
	0.77
	2.97
	8.81
	0.00
	9.00

	Secondary Osteon
	12.60
	1.43
	5.54
	30.69
	3.00
	25.00

	Osteon Fragments
	7.73
	1.12
	5.54
	30.69
	3.00
	25.00

	HCD(µm)
	16.08
	0.97
	3.74
	13.99
	10.30
	24.80

	HCA( µm²)
	168.12
	18.38


	71.20
	5069.27
	94.22
	363.42


aOs-P = Primary osteon, Os-S = Secondary osteon; Os-F = Osteon fragment; HCD = Haversian canal diameter (µm); HCA = Haversian canal area (µm²); SEM = Standard Error of Mean; SD = Standard Deviation; Var = Variation; MinV = Minimum Value; MaxV = Maximum Value.
	



















Table 2 Descriptive Statistics of Histomorphometric Parameters of Sheep femur
	Parameters
	Mean

	SEM
	SD
	Var
	MinV
	MaxV

	Primary 
Osteon 
	2.93
	0.88
	3.39
	11.50
	0.00
	13.00

	Secondary Osteon
	6.07
	0.98
	3.81
	14.50
	1.00
	13.00

	Osteon Fragments
	3.20
	0.74
	2.86
	8.17
	0.00
	10.00

	HCD(µm)
	9.08
	0.71
	2.77
	7.65

	
	5.37
	16.01

	HCA(µm²)
	50.15
	5.95


	23.05
	531.10
	19.17
	94.62


aOs-P = Primary osteon, Os-S = Secondary osteon, Os-F = Osteon fragment, HCD = Haversian canal diameter (µm), HCA = Haversian canal area (µm²), SEM = Standard Error of Mean, SD = Standard Deviation, Var = Variation, MinV = Minimum Value, MaxV = Maximum Value.















Table 3 Independent t test for differences in the mean of histomorphometric parameters in Humans and Sheep femur

	Parameters
	Calculated T score
	Critical T score
	P value
	Inference

	Primary 
Osteon 
	0.22
	2.05
	P = .82
	There is no significant difference in primary osteon between sheep and humans

	Secondary Osteon
	3.76
	2.05
	P = .001
	There is significant difference in secondary osteons between sheep and humans

	Osteon Fragments
	3.37
	2.05
	P = .001
	There is significant difference in osteon fragments between sheep and humans

	HCD (µm)
	5.83
	2.05
	P = .001
	There is significant difference in HCD between sheep and humans

	HCA (µm²)
	6.11
	2.05

	P = .001
	There is a significant difference in HCA between sheep and humans.


aOs-P = Primary osteon; Os-S = Secondary osteon; Os-F = Osteon fragment; HCD = Haversian canal diameter (µm); HCA = Haversian canal area (µm²).

The mean and standard deviation of morphometric measurement of the human femoral cortex was presented in Table 1. The highest variability was observed in the Haversian Canal Area, indicating the presence of diverse canal sizes in human samples. Secondary osteons were notably more numerous than primary osteons. The mean and standard deviation of morphometric measurement of sheep was presented in Table 2. Sheep femoral bones displayed a lower average value across most parameters compared to human samples, except for a slightly higher mean in primary osteons.  The differences between human and sheep samples for all measured parameters was presented in Table 3. The result reveals that significant differences exist between human and sheep bones in all measured parameters except for the primary osteons. The secondary osteon count, osteon fragments, Haversian canal diameter, and canal area all differed significantly (P = .05).

[bookmark: _heading=h.b4yur1jyrrve]The human samples showed a significantly higher count of secondary osteons (12.60 ± 1.43) compared to sheep (6.07 ± 0.98). Primary osteons, however, did not differ significantly between species (humans: 2.67 ± 0.77; sheep: 2.93 ± 0.88; P = .74). Osteon fragments, which represent partially resorbed osteons or remodelling intermediates, were more prevalent in human bone (7.73 ± 1.12) than in sheep (3.20 ± 0.74), with a statistically significant difference (P = .001).
The Haversian canal diameter and area were also significantly larger in humans: Diameter: 16.08 µm in humans vs. 9.00 µm in sheep (P = .001) Area: 168.12 µm² in humans vs. 87.74 µm² in sheep (P < .001).

4. DISCUSSION
The histomorphometric differences observed between human and sheep femoral cortices in this study align with a robust body of forensic and anthropological research emphasizing species-specific bone microarchitecture shaped by unique biomechanical and physiological demands. 

The observed disparities reflect fundamental evolutionary adaptations. Humans’ Bipedal locomotion imposes vertical compressive forces on femora, favouring dense Haversian remodelling with larger canals to accommodate vasculature for sustained metabolic demands (Brits et al., 2014). Higher secondary osteon prevalence indicates prolonged remodelling cycles over decades.  Whereas, the Quadrupedal grazing of sheep generates torsional stresses, selecting for plexiform bone. A rapidly deposited tissue optimizing lightweight strength and nutrient diffusion (Oghenemawwe et al., 2024). 

 Our finding of significantly higher secondary osteon density and larger osteon diameters in humans corroborates prior work by Morales et al., (2012), who attributed such patterns to the greater mechanical loading and metabolic activity characteristic of human locomotion and physiology. Similarly, Martiniaková et al., (2006) demonstrated that osteon size and density can effectively distinguish species, with humans exhibiting more densely packed and larger osteons than sheep and other mammals. These observations are further substantiated by Zedda and Babosova (2021), who suggested that osteon morphology is influenced more by locomotor mechanics than by body mass alone, explaining the more elliptical and smaller osteons seen in sheep.
Larger Haversian canal diameters and areas in human femora, as observed in this study, support Hillier and Bell’s (2007) findings that human cortical bone tends to feature more extensive vascular channels to sustain elevated metabolic requirements. In contrast, sheep bone often retains a mix of plexiform and Haversian tissue, with the former showing smaller, more irregular canals, as noted by Stan et al., (2024) and Zedda and Babosova (2021). This architectural variance reflects species-specific remodeling strategies, with sheep demonstrating a transitional remodeling pattern that depends on age and anatomical location.

Moreover, the observation of thicker cortical bone in humans aligns with the work of Croker et al. (2016), who documented relatively thicker cortices in human femoral midshafts to withstand the higher mechanical stresses imposed by upright posture. Garvin et al., (2021) further highlighted the diagnostic utility of cortical thickness, alongside other histomorphometric variables, in reliably distinguishing human from non-human bone—underlining the forensic significance of our results.
Our findings are consistent with broader histological efforts to differentiate human and non-human bone microstructures. Hillier and Bell (2007), as well as Nor et al. (2010), emphasized the utility of Haversian system diameter and density in achieving high classification accuracy, particularly when combined with discriminant function analysis-highlighting the robustness of histological techniques in complex forensic scenarios.

Similarly, Cummaudo (2018) cautioned about intra- and inter-species variability, reinforcing the need for careful contextual interpretation of histological data in forensic casework. Our observations also echo the findings of Tiara et al. (2004), who investigated cortical allograft remodelling in sheep femora, noting dynamic changes in osteon parameters over time. In contrast, adult human femora tend to show more stable remodelling patterns, as described by Maggio (2022), who emphasized the forensic relevance of osteon population density and fragment ratios for age estimation. These comparative insights emphasize the value of understanding species-specific remodelling trajectories when evaluating bone samples in forensic contexts.

Furthermore, the need for region-specific histomorphometric databases is particularly pressing in under-resourced regions. Mosugu et al., (2023) highlighted the importance of tailored forensic tools for West African populations, where access to advanced diagnostic resources may be limited. The integration of micro-computed tomography (µCT), as advocated by Garvin et al., (2021), could enhance the depth of analysis by providing three-dimensional reconstructions of bone microarchitecture, complementing conventional two-dimensional histomorphometric assessments.
Our results also reinforce global histomorphometric trends while emphasizing ovine-specific cortical patterns. Notably, the disparity in Haversian canal area and diameter between humans and sheep mirrors findings in comparative human-dog (Oghenemawwe., et al., 2022) and human-cow (Oghenemawwe et al., 2024) studies, validating canal metrics as a broadly applicable discriminator in species identification. While higher osteon counts in sheep might appear counterintuitive, this may reflect regional anatomical variations or the presence of secondary plexiform bone, rather than uniform remodelling behaviour.

In summary, this study underscores the diagnostic value of histomorphometric parameters including secondary osteon density, osteon and Haversian canal dimensions, cortical thickness, and osteon morphology for distinguishing human from sheep femoral bone. By integrating both quantitative and qualitative assessments and building upon a wide range of comparative anatomical and forensic studies (Morales et al., 2012; Hillier & Bell, 2007; Zedda & Babosova, 2021; Garvin et al., 2021), we establish a reliable framework for species differentiation. Future research should extend these analyses to juvenile specimens and additional skeletal regions while embracing multidisciplinary approaches including imaging, histology, and artificial intelligence to further refine the accuracy and applicability of forensic identification techniques.

This study was limited by a small sample size and lack of age or sex standardization, which may affect histomorphometric variability. Only the femoral midshaft was examined, restricting anatomical generalizability. Future studies should use larger, age-controlled samples and include multiple skeletal sites for broader forensic application.


5. CONCLUSION
[bookmark: _heading=h.hs347ifh9xf5]This study confirms that key histomorphometric features such as secondary osteon density, osteon fragments, and Haversian canal dimensions can reliably differentiate humans from sheep femoral bone. These differences reflect species-specific structural adaptations and have important forensic implications, especially when dealing with fragmented remains. Our findings support the continued use of bone microstructure analysis as a vital tool in species identification and call for further research involving additional skeletal regions and technologies to enhance forensic accuracy.
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