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A Quick Anatomy Lesson

Composition

• Bones are comprised 

mainly of collagen and 

calcium phosphate

Microstructure

• Bone growth is determined 

at the central canals

• Bone matrix does not 

develop uniformly

Human Bones

Figure 1: Labeled image of bone tissue structures
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A Quick Anatomy Lesson

Lacuna Definition

• Small cavity within the bone 

matrix containing an osteocyte

Indications

• A small quantity of lacuna will 

serve as an indicator that bones 

are prone to fracturing
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Figure 2: Central Canals and Surrounding Lacunae

Lacunae



Literature Review

Studies have shown that:

• Osteocytes play a key role in the Mechanotransduction and remodeling process of bone 

tissue

• Postmenopausal and T1D women who have experienced a bone fracture have reduced 

bone quality

• Higher density of lacunae, and a higher percentage of mineralized osteocyte lacunae 

contribute to a higher bone tissue hardness

Existing Bone Research
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Our ResearchChallenges, Motivations and Goals

Challenges

• Natural problems occur when dealing with biomaterials (heterogeneity) 

• The direct role of osteocytes in modulating bone matrix remains largely unknown

Motivations

• There has never been a microscale observation comparing near-lacunar areas to far-lacunar areas 

in T1Ds

• Additional information with regards to the intrinsic material strength properties of bone tissue is 

needed for better treatments

Goals

• Develop a method of study to aid in differentiating the probability of bone fracturing in T1D

women

• Determine whether a correlation between the distance from a lacunar site and the hardness and 

modulus of bone tissue exists
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Our Research

• Bone biopsies were taken from the iliac crest of 

type 1 diabetic and non-diabetic women

• A Longitudinal section of 250 µm thickness was 

cut from each bone biopsy

• Each slice includes both trabecular and cortical 

bone, but only trabecular bone was analyzed

• Biopsies were then embedded in clear resin on a 

glass slide

• Sample surfaces were polished with a series of 

sandpaper and buffing solutions ending with a 1 

µm slurry buff

Sample Preparation

Figure 3: CGI image of bone biopsy 
acquisition
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Instrument Overview

• Laser Scanning Microscopy: A microscopy technique combining features of optical 

microscopes, roughness gauges, laser profilometers, and scanning electron 

microscopes

• Laser Microscopy is a wide scale tool that can generate images up to 28,800x 

magnification with a large depth of field

• Nanoindentation is among the most important tools for the assessment of the 

mechanical properties of bone tissue

• Nanoindentation utilizes a small diamond tip pressed into the material surface, and a 

high accuracy transducer measures the force feedback, allowing for hardness and 

modulus values to be obtained

“Keyence laser scanning microscope VK-X200K,” Keyence laser scanning microscope VK-X200K | College of Engineering | University of Nebraska–Lincoln. [Online]. Available: 

https://engineering.unl.edu/nercf/keyence-laser-scanning-microscope-vk-x200k/. [Accessed: 06-Aug-2022].

“TI 950 TriboIndenter user Manual - University of Nebraska–Lincoln.” [Online].Available:https://engineering.unl.edu/downloads/files/UserManual-HystrionTriboIndenter-sm.pdf. [Accessed: 

06-Aug-2022].

Laser Microscopy and Nanoindentation
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Microscale Investigation of Bones

The VK-X200K Series combines features of an optical microscope, 

roughness gauge, laser profilometer, and scanning electron 

microscope, our laser scanning confocal microscope performs non-

contact surface profile, surface roughness, and thickness 

measurements without the need for sample preparation.

• Up to 28,800x magnification

• .5 nm Z-axis resolution on almost any material

• High-resolution, large depth-of-field observation

• Profile and roughness measurements with zero 

sample preparation

• Measures thickness and uniformity of clear layers

• No data loss – even on steep angles

• 3D Color imaging
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Keyence Confocal Scanning 

Laser Microscope

Figure 4: Keyence Confocal Scanning 

Laser Microscope



Microscale Investigation of Bones

The TI 950 combines Hysitron’s patented three plate capacitive transducer* technology with 

state-of-the-art control technology to achieve unmatched performance in nanomechanical 

characterization. The system features a sub 30 nN force noise floor, ultra-fast feedback control, 

user-definable data acquisition rates up to 30 kHz, the widest range of nanomechanical testing 

techniques, and the ability to test with various Hysitron heads seamlessly.

Hysitron TI 950 

Triboindenter
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Figure 5: CGI image of nanoindentation Figure 6: Force-Displacement curve



Microscale Investigation of Bones
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Figure 7: Common 

nano-indenter probes



Microscale Investigation of BonesKeyence Data 

• The scanning laser microscope provided the first image of the lacuna and the surrounding structure.

• The surrounding bone features were utilized to relocate the same lacuna on the Nanoindenter
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Figures 8-10: Images taken by laser microscope of central canals and the local lacuna



Microscale Investigation of BonesRoughness Measurement
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• Roughness Data provided by Keyence laser 

microscope

• Ra is the arithmetic average roughness for the 

length of measurement performed

• 49 total roughness areas tested

• 50µm x 50µm measurement areas

• Total roughness average: 1.32µm

Figure 11: Roughness analysis showing sample areas
and table with corresponding Ra values



Microscale Investigation of BonesNanoindentation Data
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Figure 12: Near-Indentation Force-Displacement 

Curves

Figure 13: Far-Indentation Force-Displacement 

Curves



Microscale Investigation of Bones
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Post-Indentation Images

Figure 14: 150x laser scanning image following 

nanoindentation

Figure 15: 150x laser scanning image following 

indentation with labeled near & far lacunar areas



Microscale Investigation of BonesStatistical Data Analysis
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Figure 16: SPSS data analysis of the modulus and hardness values. Pair 1 is a paired t-test between the lacunae-near and 

lacunae-far modulus values. Pair 2 is a paired t-test between the lacunae-near and lacunae-far hardness values. Sig. (2-tailed) 

represents the p-value of the respective test.

• With p-values > .05, there is no statistically significant difference between 

lacunar-near and lacunar-far regions' modulus or hardness values



Conclusions

Summary
• We implemented two different scientific instruments, including a laser scanning microscope

and a quasi-static Nanoindenter with the objective of characterizing material properties near

and far from lacunae in trabecular bone biopsies from T1D women

• No statistically significant difference was found in either the modulus or hardness values

when comparing the near and far values

Ongoing work
• Additional extensive data analyses are required to provide more convincing evidence of

altered lacunar characteristic and changes in peri-lacunar bone as mechanisms related to T1D

women and fragility fractures

From us
• We will continue this research by improving the smoothness and number of samples to derive 

a more complete and consistent understanding of bone tissue
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