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A B S T R A C T   

This experimental research focuses on the nanostructure analysis of three materials; polyether ether ketone 
(PEEK), African land giant snail shell (ALGSS), and sea snail shell (SSS) powder, for the formation of hydroxy-
apatite (HA) coatings in bone implant applications. The study aimed to evaluate these materials’ surface char-
acteristics, furrow depth, density, and other relevant parameters to assess their suitability as bone implant 
materials. The nanostructure analysis revealed distinct characteristics for each material. PEEK exhibited shallow 
furrows and a high density of furrows, making it a favourable substrate for hydroxyapatite coating formation. 
The ISO 25178 roughness analysis further characterised surface roughness and topography. African land giant 
snail shell powder, displayed a high material ratio, indicating a potential for hydroxyapatite conversion for 
biomedical application. The sea snail shell powder demonstrated intermediate furrow depth and density, war-
ranting further investigation for optimisation as a precursor for hydroxyapatite coatings. The findings emphasise 
the significance of nanostructure properties in bone implant materials. The tailored nanostructure of materials 
such as PEEK, the synthesized powder can influence their biocompatibility, osseointegration, and long-term 
performance. The novelty of this research lies in the comprehensive analysis of the nanostructure properties 
of these materials, contributing to the understanding of their potential for bone implant applications. Overall, 
this experimental research is significant and provides valuable insights into the nanostructure characteristics of 
PEEK, African land giant snail shell powder, and sea snail shell powder and they all demonstrated the potential of 
forming hydroxyapatite coatings. These findings contribute to advancements in bone implantology, paving 
enhancing innovative and improved bone implant materials   

1. Introduction 

Bone implants play a critical role in orthopaedic surgery, enabling 
the restoration of damaged or diseased bone structures and improving 
the quality of life for patients. Bone implants’ success relies heavily on 
choosing suitable materials [1–3]. Over the years, there has been 
growing interest in developing nanostructured materials for bone 
implant applications due to their unique properties, including improved 
mechanical strength, enhanced biocompatibility, and the ability to 
mimic the natural structure of bone tissue [4–6]. Hydroxyapatite (HA), a 

calcium phosphate compound with a chemical formula of 
Ca10(PO4)6(OH)2, is widely regarded as an excellent biomaterial for 
bone implants. HA exhibits remarkable biocompatibility, bioactivity, 
and osseoconductivity (is the potential of materials to function as a 
scaffold that supports bone formation on its surface. In bone implant, it 
is a very important requirement in bone regeneration response. If scaf-
fold is excluded in the process, new bone has nowhere to form and the 
implant site may not heal), making it an ideal choice for promoting bone 
regeneration and integration with the surrounding tissue [7–9]. 
Recently, there has been a growing interest in utilising nanostructured 
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materials, such as PEEK and various shell powders, as precursors to form 
hydroxyapatite coatings on implant surfaces. These coatings provide an 
enhanced bioactive interface, facilitating the integration of the implant 
with the host bone [10–12]. 

PEEK, a high-performance polymer, has gained significant attention 
as a potential material for bone implants due to its exceptional me-
chanical properties, chemical stability, and biocompatibility. However, 
the inherent bio-inertness of PEEK limits its ability to bond directly with 
bone tissue. To overcome this limitation, incorporating hydroxyapatite 
on the surface of PEEK implants can enhance their osseoconductivity 
and biocompatibility [13,14]. Therefore, analysing the nanostructure of 
PEEK is crucial in understanding its surface characteristics and assessing 
its suitability as a substrate for hydroxyapatite formation. Natural ma-
terials, such as shell powders derived from African land giant and sea 
snail shells, offer an alternative approach to obtaining hydroxyapatite 
coatings. These shell powders primarily comprise calcium carbonate 
(CaCo3) and possess a hierarchical structure that resembles that of 
natural bone [15–17]. Subjecting these shell powders to appropriate 
processing techniques, including thermal treatment and acid etching, 
can transform the calcium carbonate structure into hydroxyapatite. The 
resulting nanostructured hydroxyapatite coatings can significantly 
enhance the biocompatibility and osseointegration (a medical or clinical 
term that is used to describe the fusion process in the curing process of 
an implant) of bone implants [18–20]. 

The characterisation and analysis of nanostructured materials are 
critical in determining their surface roughness, furrow depth, density, 
and other relevant structural parameters. These properties directly in-
fluence the material’s interaction with the surrounding biological 
environment, including cell adhesion, proliferation, and tissue integra-
tion [21–23]. Various characterisation techniques, such as high-pass 
robust Gaussian filtering, morphological envelopes, ISO 25178 rough-
ness analysis, and step height calculations, enable a comprehensive 
understanding of the nanostructure of the materials under investigation. 
Considering the abovementioned considerations, this experimental 
research aims to analyse the nanostructure properties of PEEK, African 
land giant snail shell powder, and sea snail shell powder to assess their 
potential for forming hydroxyapatite coatings in bone implant applica-
tions. The investigation will provide valuable insights into the suitability 
of these materials for bone implant fabrication, aiding in developing 
novel and improved hydroxyapatite-based implants. 

The research objective of this paper, is to conduct a nanostructure 
analysis of three materials (PEEK, African giant snail shell powder, and 
sea snail shell powder) for their potential use in forming hydroxyapatite 
coatings for bone implant applications. The study aims to evaluate the 
surface characteristics, furrow depth, density, and other relevant pa-
rameters of these materials to assess their suitability as bone implant 
materials. The Specific Materials Being Studied in this work are; Poly-
ether Ether Ketone (PEEK), African land giant snail shell (ALGSS) 
Powder and material and, Sea Snail Shell (SSS) Powder. These materials 
are being studied for its surface characteristics, furrow depth, and, 
density to determine its suitability as a substrate for hydroxyapatite 
coating formation in bone implants. This work is significant to providing 
valuable insights into the potential of these materials as bone implant 
materials for forming hydroxyapatite coatings, contributing to ad-
vancements in bone implantology and paving the way for innovative 
and improved materials with enhanced biocompatibility and clinical 
outcomes. 

2. Literature review 

Developing bone implant materials with enhanced biocompatibility 
and osteoconductive has been a focus of extensive research in ortho-
paedics. Nanostructured materials, such as PEEK, natural biomaterials, 
and their derivatives, have gained significant attention due to their 
unique properties and potential for promoting bone regeneration 
[24–26]. This literature review aims to provide an overview of the 

existing research and knowledge related to the nanostructure analysis of 
PEEK, African land giant snail shell powder, and sea snail shell powder 
to form hydroxyapatite coatings in bone implant applications. PEEK, a 
high-performance polymer, has emerged as a promising material for 
bone implants due to its excellent mechanical properties and biocom-
patibility [27–29]. The nanostructure analysis of PEEK surfaces plays a 
crucial role in understanding its topographical characteristics, which 
directly influence cell adhesion, proliferation, and differentiation. Pre-
vious studies have shown that the nanostructured surface of PEEK pro-
motes improved osteoblast response and osseointegration. Additionally, 
incorporating hydroxyapatite coatings on PEEK surfaces can further 
enhance its bioactivity and bone integration capabilities [30–32]. 

Natural biomaterials, such as those derived from African land giant 
and sea snail shells, have attracted interest due to their inherent 
biocompatibility and potential for hydroxyapatite conversion. The 
nanostructure analysis of these materials provides insights into their 
surface roughness, furrow depth, and density, which are critical factors 
for hydroxyapatite coating formation. African land giant snail shell 
powder’s hierarchical structure and composition offer opportunities to 
develop biomimetic materials that closely mimic the natural bone 
environment [33–35]. Similarly, sea snail shell powder presents an 
intriguing nanostructure for bone implant applications, with the po-
tential for optimisation to enhance its surface properties and promote 
osteogenic responses. Nanostructured materials for bone implants 
continue to evolve, with researchers exploring innovative fabrication 
techniques, surface modifications, and coating strategies to further 
enhance their biocompatibility and performance. Advanced characteri-
sation techniques, such as ISO 25178 roughness analysis and fractal 
dimension analysis, allow for a comprehensive understanding of these 
materials’ nanostructure and surface properties [36–38]. 

In conclusion, the literature reviewed demonstrates the significance 
of nanostructure analysis in evaluating the potential of materials for 
bone implant applications. The nanostructure characteristics of PEEK, 
giant snail shell powder, and sea snail shell powder play crucial roles in 
their biocompatibility, osseointegration, and overall performance. 
Further research is warranted to optimise these materials and develop 
effective strategies for forming hydroxyapatite coatings, ultimately 
advancing the field of bone implantology and improving patient out-
comes in orthopaedic surgery (Table 1). 

2.1. Software applications for relevant analysis 

The software used for all the analyses on this work is known as 
MountainsMap, a software suite developed by Digital Surf for surface 
analysis and metrology. It is commonly used in scientific and industrial 
applications to analyze surface topography, profile measurements, and 

Table 1 
Nanostructure analysis of PEEK.  

Parameters Value Unit 

Maximum depth of furrows 0.5527 µm 
Mean depth of furrows 0.1342 µm 
Mean density of furrows 4.582 cm/cm2 

Fractal dimension 2.644 – 
ISO 25178 - Roughness (S-L)   
Root-mean-square height (Sq) – nm 
Core height (Sk) 27.98 nm 
Reduced peak height (Spk) 39.27 nm 
Reduced pit depth (Svk) 39.46 nm 
Upper bearing area (Smrk1) 15.52 % 
lower bearing area (Smrk1) 84.13 % 
Plateau root-mean-square deviation (Spq) ***** – 
Dale root-mean-square deviation (Svq) ***** – 
Plateau-to-dale material ratio (Smq) ***** – 
Step height calculations   
Projected area 274.5 mm2 

Mean thickness of the void 1.26 × 10− 3 µm 
Mean thickness of the material 0.2487 µm  
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other related data. It provides tools for visualization, analysis, and 
reporting of surface texture and morphology. Some of the key features 
which makes this tool powerful and unique includes; the software allows 
users to visualize and manipulate 2D and 3D surface data. It provides 
tools for rendering and displaying surface images, profiles, and maps. 
Also, MountainsMap offers a wide range of analysis tools for charac-
terizing surface parameters, roughness, texture, wear, and other surface 
features. Its Filters and Segmentation features includes filtering and 
segmentation capabilities to preprocess data, remove noise, and focus on 
specific regions of interest. The software also supports advanced analysis 
techniques like fractal analysis, statistical analysis, and feature extrac-
tion. MountainsMap facilitates the creation of detailed reports and 
presentations with customizable templates for sharing analysis results. 
Another significant feature is its Instrument Compatibility, which per-
mits interface with various metrology instruments, such as profil-
ometers, optical profilers, confocal microscopes, and atomic force 
microscopes (AFMs), this enhances flexibility for multiformat data 
input. Another key feature is Automation, The software often includes 
scripting or automation capabilities to streamline repetitive analysis 
tasks. It may be important to note that software features and versions 
may evolve over time, so there may have been updates or changes to 
MountainsMap features since this paper was published. To get updated 
information about the software’s capabilities, current version, or any 
recent developments, visiting the official website of Digital Surf or 
directly contacting their support team may be recommended. This 
software was specifically used for the analysis introduced in the next 
section of this chapter (Table 2). 

2.2. High-pass robust Gaussian filtering 

High-pass robust Gaussian filtering is a specific type of image 
filtering technique used in image processing and computer vision. It 
combines Gaussian filtering, which smooths the image, with high-pass 
filtering, which enhances edges and details of the image. The objective 
of this filtering approach was to reduce noise and other low-frequency 
components while preserving and enhancing high-frequency details in 
the image [39,40]. 

2.2.1. Relevant parameters used for high-pass robust Gaussian filtering 
analysis 

High-pass robust Gaussian filtering is commonly used in various 
image processing tasks, including image enhancement, edge detection, 
and feature extraction. The specific implementation and parameters for 
this filtering technique may vary depending on the application and the 
characteristics of the images being processed. The processes and rele-
vant parameters used for high-pass robust Gaussian filtering analysis in 

this work are explained as follows: Gaussian filtering is a widely used 
smoothing technique that applies a Gaussian kernel to the image. The 
Gaussian kernel is a 2D function that emphasizes the central pixel while 
decreasing the influence of surrounding pixels based on their distance 
from the center. This smoothing operation was used to effectively reduce 
noise and blurs the images. High-pass filtering method was used to 
enhance high-frequency components in the image, such as edges and 
fine details. It was achieved by subtracting the smoothed version of the 
image (which obtained from the Gaussian filtering step) from the orig-
inal image. The resulting images produced contain primarily high- 
frequency components. However, robust method was used to handle 
outliers from our resultant images. This filtering technique is less sen-
sitive to outliers or extreme values in the image [41,42]. In the context 
of high-pass robust Gaussian filtering, the method is designed to handle 
noisy or corrupted images more effectively. The combination of 
Gaussian filtering and high-pass filtering in this approach is intended to 
allow for noise reduction while preserving important image features. 
The Gaussian filtering step will smoothen the image and reduces noise, 
while the high-pass filtering step will enhance edges and fine details, 
making them more prominent (Table 3). 

2.3. Morphological envelope analysis 

Morphological envelope analysis is a specific image processing 
technique used to extract the envelope of a surface profile or image. It 
involves applying morphological operations to obtain the upper and 
lower boundaries that envelop the surface profile, capturing its overall 
shape and characteristics such as furrow height and depth [43]. 

2.3.1. Parameters used for morphological envelope analysis 
Morphological envelope analysis is a technique used in image pro-

cessing and computer vision to extract the overall shape and charac-
teristics of a surface profile while removing noise and minor 
irregularities. The process involves several steps that contribute to this 
analysis. The process begins with an input image representing a surface 
profile in a 2D format. A structuring element is defined, often taking the 
form of a small shape like a line or rectangle, which acts as a probe to 
analyze the image. Two essential morphological operations, erosion and 
dilation, are then applied to the image using the structuring element. 
Erosion removes outer points and boundaries, reducing the image’s size 
and smoothing irregularities. Dilation, on the other hand, adds points to 
enhance features and increase the image size. The morphological en-
velope is extracted by combining erosion and dilation. The image is 
eroded to create a smoothed version, and then the dilated version is 
subtracted. This process reveals the envelope of the original image, 
capturing its general shape and traits. Morphological envelope analysis 

Table 2 
Nanostructure analysis of African land giant snail shell powder.  

Parameters Value Unit 

Maximum depth of furrows 84.69 nm 
Mean depth of furrows 24.71 nm 
Mean density of furrows 3.816 cm/cm2 

Fractal dimension 2.376 – 
ISO 25178 - Roughness (S-L)   
Sq 18.55 nm 
Sk 51.67 nm 
Spk 7.170 nm 
Svk 23.39 nm 
Smrk1 8.573 % 
Smrk2 91.57 % 
Sak1 3.07 × 1011 nm3/mm2 

Sak2 9.86 × 1011 nm3/mm2 

Vmp 4.46 × 1011 mm3/mm2 

Vmc 1.80 × 10− 5 mm3/mm2 

Vvc 2.28 × 10− 5 mm3/mm2 

Vvv 2.23 × 10− 6 mm3/mm2  

Table 3 
Nanostructure analysis of sea snail shell powder.  

Parameters Value Unit 

Maximum depth of furrows 67.75 nm 
Mean depth of furrows 7.185 nm 
Mean density of furrows 3.816 cm/cm2 

Fractal dimension 2.376 – 
ISO 25178 - Roughness (S-L)   
Root-mean-square height (Sq) 19.12 nm 
Core height (Sk) 3.587 nm 
Reduced peak height (Spk) 2.664 nm 
Reduced pit depth (Svk) 3.270 nm 
Upper bearing area (Smrk1) 13.24 % 
Lower bearing area (Smrk2) 85.73 % 
Plateau root-mean-square deviation (Spq) 1.718 – 
Dale root-mean-square deviation (Svq) 11.49 – 
Plateau-to-dale material ratio (Smq) 98.17 – 
Peak material volume (Vmp) 4.46 × 10− 7 mm3/mm2 

Core material volume (Vmc) 1.80 × 10− 5 mm3/mm2 

Core void volume (Vvc) 2.28 × 10− 5 mm3/mm2 

Pit void volume (Vvv) 2.23 × 10− 6 mm3/mm2  
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is valuable in image processing and computer vision, particularly when 
understanding the overall shape and structure of objects is crucial. It 
helps filter out noise and complexities, making it a powerful tool for 
various applications [44,45]. 

2.4. ISO 25178 roughness analysis 

ISO 25178 is a standard developed by the International Organization 
for Standardization (ISO) titled "Geometrical Product Specifications 
(GPS) - Surface texture: Areal." This standard provides guidelines and 
methods for the measurement and characterization of surface texture in 
three dimensions, specifically for areal (3D) surface texture parameters. 
ISO 25178 is an essential standard for industries where surface quality is 
critical, such as automotive, aerospace, medical, and semiconductor 
manufacturing. It ensures that surface texture measurements are stan-
dardized and comparable across different manufacturers and labora-
tories. To perform ISO 25178 roughness analysis, specialized software 
and instruments are often used to measure and analyze 3D surface data 
obtained from techniques like profilometry, confocal microscopy, or 
atomic force microscopy (AFM). These software tools can automatically 
calculate the ISO 25178 parameters from the acquired surface data, 
providing valuable insights into the surface quality and performance of 
engineering components [46,47]. 

2.4.1. Relevant parameters used for ISO 25178 roughness analysis 
ISO 25178 defines a set of parameters and analysis techniques to 

quantitatively describe the surface roughness, waviness, and primary 
profile of engineering surfaces. It is applicable to various surfaces, 
including those produced by machining, grinding, polishing, and addi-
tive manufacturing processes. The ISO 25178 standard covers a wide 
range of parameters, the ones covered in this work includes: 

I Sa (Arithmetic Mean Height): The arithmetic mean of the abso-
lute values of the surface heights from the mean plane.  

II Sq (Root Mean Square Height): The root mean square of the 
surface heights from the mean plane.  

III Sz (Maximum Height): The maximum height from the mean 
plane to the highest peak or deepest valley on the surface.  

IV Ssk (Skewness): A measure of the asymmetry of the height 
distribution.  

V Svk (Kurtosis): A measure of the "peakedness" or "flatness" of the 
height distribution.  

VI Sdr (Developed Interfacial Area Ratio): The ratio of the actual 
surface area to the projected area.  

VII Spd (Density of Summit Points): The density of surface points 
representing summits.  

VIII Svi (Voids Index): A measure of the density of voids or pits on the 
surface. 

The ISO 25178 standard specifies methods for filtering, segmenta-
tion, and analysis of the surface data to calculate these parameters 
accurately and consistently. It also defines the procedures for data 
acquisition, data evaluation, and reporting of results [48–50]. The 
MountainsMap software deployed in this work, carries high capability to 
calculate these parameters accurately. 

2.5. Step height calculations 

Step height calculations are measurements used to quantify the 
height difference between two distinct regions on a surface or an object. 
The steps can be defined as changes in height that occur abruptly, often 
forming distinct edges or discontinuities on the surface. Step height 
calculations are commonly used in various applications, including sur-
face characterization, quality control, and device fabrication. 

The specific algorithms and methods used for step height calcula-
tions may vary based on the instrument and software used for data 

acquisition and analysis. While others may require manual measure-
ments or custom algorithms, some instruments and software packages 
may provide built-in functions or tools for automated step height mea-
surements, an example of such software is python OpenCV and Moun-
tainMap, a software which was utilized in the experiments in this work. 
Step height calculations are valuable in various industries, such as 
semiconductor manufacturing, MEMS (Micro-Electro-Mechanical Sys-
tems) fabrication, and surface metrology [51]. They play a crucial role in 
quality control, process optimization, and the characterization of sur-
face features. 

2.5.1. Parameters and settings deployed for step height calculations 
The determination of relevant parameters and settings for step height 

calculations is contingent upon the particular measurement technique 
and instrument employed. In this study, meticulous consideration was 
given to deploy the following parameters and settings within the 
Mountain Due software, ensuring precise and accurate step height cal-
culations. Primarily, the data acquisition settings established the foun-
dation for accurate calculations. The sampling rate, a pivotal parameter 
for techniques like profilometry or AFM, dictated the density of data 
points acquired, significantly impacting the fidelity of the scan lines or 
surface measurements. The scan area, indicative of the size of the 
scanned or measured region, played a vital role in determining the 
resolution and accuracy of step height calculations. Additionally, the 
scan range, indicative of the instrument’s capacity to measure heights or 
depths, influenced the upper limit of step height that could be reliably 
captured. Prior to engaging in step height calculations, data pre- 
processing procedures were meticulously executed. Flattening or 
leveling procedures were conducted to eliminate tilt or curvature from 
the surface data, establishing an essential reference plane. 

Furthermore, depending on the data’s inherent noise level, appro-
priate filtering techniques were applied to enhance the signal-to-noise 
ratio, ensuring cleaner and more accurate measurements. Step detec-
tion procedures played a crucial role in isolating significant height 
changes. Thresholding, implemented through a predetermined 
threshold value, effectively discriminated between substantial height 
transitions and incidental noise or fluctuations. Furthermore, the 
consideration of step width, or the lateral extent of a step, contributed to 
precise localization of step edges, enhancing the overall accuracy of 
calculations. The selection of a suitable reference plane emerged as a 
pivotal determinant. The option to opt for either a fixed reference plane 
or an adaptive one, varying with the local height distribution, held 
implications for the accuracy of step height calculations. Subsequently, 
the step height measurement itself was meticulously managed. The 
choice between peak height and valley depth measurements, whether 
peak-to-peak or peak-to-valley, aligned with the intended application 
and provided consistency in the calculations. To enhance reliability, 
data averaging played a role through the incorporation of multiple 
measurement points. By averaging measurements taken at various lo-
cations along the step, the precision of step height calculations was 
bolstered. It is imperative to consult the user manual or relevant docu-
mentation of the specific instrument or software convenient to the 
researcher that may be employed for step height measurements. How-
ever, the software tool deployed in this analysis, is the MountainMap 
software. Comprehensive understanding of available parameters and 
settings, coupled with their implications on outcomes, remains pivotal. 
The appropriate calibration and optimization of these parameters stand 
as foundational elements in achieving accurate and replicable step 
height calculations, ultimately contributing to the precision of experi-
mental results [52,53]. 

2.6. Fractal dimension analysis 

Fractal dimension analysis is a mathematical technique used to 
quantify the complexity and self-similarity of fractal-like structures or 
patterns. Fractals are complex geometric shapes that exhibit self- 
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similarity at different scales, meaning that the pattern looks similar 
when zoomed in or out. Fractal dimension is a measure of how a fractal 
pattern fills space or extends in a multi-dimensional space. In the context 
of image processing and analysis, fractal dimension analysis is used to 
characterize the irregularity, roughness, or complexity of objects or 
patterns. It is particularly valuable for describing complex natural 
phenomena, such as coastlines, clouds, mountain ranges, and biological 
structures. Fractal dimension analysis is a mathematical technique used 
to quantify the complexity and self-similarity of fractal-like structures or 
patterns. The calculation of fractal dimension involves several methods, 
and the selection of a specific method is contingent upon the type of data 
being analyzed and the intrinsic characteristics of the fractal under 
investigation. 

A prevalent approach in fractal dimension analysis is the Box- 
counting Method. This technique, renowned for its simplicity and 
widespread utilization, is primarily employed for determining the 
fractal dimension of two-dimensional patterns. The process entails 
dividing the pattern into a grid composed of boxes of varying sizes. 
Subsequently, the number of boxes containing a portion of the pattern is 
counted, and a plot is generated by juxtaposing the box size against the 
corresponding count. By examining the slope of the log-log plot, the 
fractal dimension can be derived. This method serves as a fundamental 
tool for assessing the complexity of patterns and structures. Expanding 
the ambit of fractal dimension analysis to encompass more intricate 
spaces such as curves or three-dimensional structures, the Haus-
dorff–Besicovitch Method comes into play. This method introduces the 
concept of "Hausdorff measure," facilitating the quantification of the size 
or "length" of a fractal across varying scales. By adopting this approach, a 
broader range of fractals can be characterized, accommodating diverse 
geometries and configurations [54,55]. The Information Dimension, on 
the other hand, introduces a distinct perspective to fractal dimension 
analysis. It evaluates the rate of information expansion relative to res-
olution, providing a means to quantify the intricacy inherent in fractals. 
This method offers insights into how the complexity of a fractal evolves 
as its resolution is refined, shedding light on its self-similar nature. When 
confronted with three-dimensional structures or volumetric data, the 
Minkowski–Bouligand Dimension, also referred to as the Box-counting 
Dimension for 3D, assumes significance. This extension of the 
box-counting method caters to the analysis of volumetric data, such as 
three-dimensional rendered images or point clouds. By employing this 
method, the fractal dimension of complex three-dimensional structures 
can be ascertained, particularly when capturing the overall shape and 
structure of objects is of paramount importance. Fractal dimension 
analysis finds applications in various fields, including image processing, 
terrain analysis, texture analysis, and pattern recognition. It helps in 
understanding and quantifying the intricate and self-similar nature of 
complex natural and artificial structures. The calculated fractal dimen-
sion provides valuable insights into the shape, roughness, and overall 
complexity of the objects being analyzed. 

2.6.1. Relevant parameters used for fractal dimension analysis 
Fractal dimension analysis serves as a fundamental technique for 

quantifying the intricacies of fractal-like structures and patterns. Its 
significance spans various domains, from image processing to terrain 
analysis, offering insights into the complexity and self-similarity of ob-
jects at different scales. The selection of parameters and settings for 
conducting fractal dimension analysis is a critical determinant of the 
accuracy and relevance of the results obtained. The specific methodol-
ogy employed and the characteristics of the data under examination play 
pivotal roles in guiding these choices. One common method for fractal 
dimension analysis is the Box-Counting Method, which involves 
dividing a pattern into boxes and assessing parameters related to this 
division. The grid size, or the dimensions of these boxes, serves as a 
crucial parameter. Smaller grid sizes yield more precise outcomes but 
necessitate heightened computational resources. Moreover, the grid 
resolution, encompassing the number of divisions along each axis of the 

grid, influences the level of detail that can be captured in the analysis. In 
addition to grid-related parameters, data pre-processing is often a pre-
requisite. This step, involving actions like image thresholding or noise 
reduction, enhances analysis accuracy by rectifying data irregularities. 
For the Hausdorff–Besicovitch Method, an iterative algorithm, two 
critical parameters are considered. The maximum iterations parameter 
determines the number of iterations performed, impacting the precision 
of the fractal dimension calculation. Additionally, the convergence 
criteria, denoting the conditions under which the iterative process halts, 
significantly influences the outcome of the analysis. When dealing with 
volumetric data, the Minkowski–Bouligand Dimension (commonly used 
as the Box-Counting Dimension for 3D structures) necessitates param-
eters associated with voxel-based analysis. The voxel size, akin to the 
dimensions of 3D pixels, influences the partitioning of the volume into 
boxes. Complementing this is the voxel resolution, signifying the num-
ber of divisions along each axis of the voxel grid. The choice of these 
parameters directly affects the granularity of the analysis in three- 
dimensional space [56,57]. 

Another avenue of fractal dimension analysis is the Information 
Dimension, where parameters are linked to the resolution range. This 
parameter encapsulates the scale over which the information dimension 
is calculated, directly impacting the scope and accuracy of the analysis 
outcomes. Data preparation forms a crucial facet of the analysis process. 
Ensuring consistent units and resolution often involves scaling the data 
to a standardized format before initiating the analysis. Statistical con-
siderations, including data averaging, play a pivotal role in bolstering 
the reliability of results. Multiple measurements or analyses of distinct 
regions may be averaged to mitigate anomalies and enhance the overall 
accuracy of the analysis. Lastly, in some scenarios, employing smoothing 
or filtering techniques may be deemed necessary. These techniques are 
employed to reduce noise or variations in the data, refining the analysis 
outcomes by accentuating relevant patterns and diminishing extraneous 
noise. However, the choice of parameters and settings can significantly 
impact the accuracy and reliability of fractal dimension analysis results. 
It is essential to carefully select appropriate parameters based on the 
characteristics of the data and the objectives of the analysis. Addition-
ally, in some cases, the fractal dimension analysis may involve testing 
different parameter values to assess their impact on the results and select 
the most suitable settings for the specific application. 

3. Methods 

3.1. Sample preparation 

PEEK high-quality samples were obtained from reliable sources. The 
samples were carefully cleaned and sterilised using appropriate methods 
to remove contaminants. African land giant snail shell powder is from 
African land giant snail shells that were collected, thoroughly cleaned, 
and dried. The shells were then crushed and ground into a fine powder 
using a ball milling machine. Shells from sea snails were collected, 
cleaned, and dried. The shells were processed similarly to the giant snail 
shells to obtain a fine powder. The sample preparation process is crucial 
in ensuring accurate and reliable nanostructure analysis of materials for 
bone implant applications. Proper sample preparation techniques are 
essential for obtaining representative samples with preserved nano-
structure characteristics. This section discusses the sample preparation 
methods employed for PEEK, giant snail shell powder, and sea snail shell 
powder in the experimental research [58–60]. 

The first step in preparing the PEEK samples involved obtaining 
pristine PEEK specimens. These specimens were carefully cleaned to 
remove any contaminants or debris that could affect the subsequent 
analysis. Standard cleaning techniques included ultrasonic cleaning in 
solvents such as isopropyl alcohol or acetone, followed by air drying or 
vacuum drying to ensure the complete removal of any residual solvent 
[61–63]. African land giant snail shell powder and sea snail, shell 
powder samples required additional preparation steps due to their 

A.A. Esoso et al.                                                                                                                                                                                                                                



Composites Part C: Open Access 12 (2023) 100398

6

natural origin. The shells were collected, thoroughly cleaned to remove 
any organic matter, and then crushed into a fine powder using a milling 
machine. The resulting powder was sieved to obtain a uniform particle 
size distribution, ensuring consistent analysis across the sample. Any 
oversized particles were discarded, and only the fine powder fraction as 
depicted in Fig. 1 was used for further research [64–66]. 

Following the cleaning and preparation of the samples, proper 
handling and storage procedures were employed to minimise any po-
tential contamination or alteration of the nanostructure. The samples 
were stored in a controlled environment, protected from light, moisture, 
and excessive temperature fluctuations. During the sample preparation 
process, it is crucial to maintain the integrity of the nanostructure and 
avoid introducing artefacts or changes that could impact the subsequent 
analysis. Careful attention was given to avoid excessive mechanical 
stress, temperature variations, or exposure to chemicals that could alter 
the surface properties or nanostructure of the materials. It is worth 
noting that the sample preparation methods may vary depending on the 
analysis techniques’ specific requirements. In this research, the samples 
were prepared to ensure representative and consistent characterisation 
of the nanostructure properties of PEEK, African land giant snail shell 
powder, and sea snail shell powder. 

Proper sample preparation is crucial for obtaining reliable and ac-
curate nanostructure analysis results. By employing standardised and 
meticulous sample preparation techniques, the researchers ensured that 
the received data reflected the nanostructure characteristics of the ma-
terials under investigation. This attention to sample preparation en-
hances the validity and reliability of the experimental findings and 
facilitates meaningful comparisons and interpretations across different 
materials and studies. Overall, the sample preparation process is critical 
in nanostructure analysis, ensuring that the materials’ surface charac-
teristics and nanostructure are preserved and accurately represented as 
depicted in Fig. 2. By following rigorous sample preparation protocols, 
the researchers obtained suitable samples for the subsequent analysis, 

enabling a comprehensive evaluation of the materials’ nanostructure 
and their potential for hydroxyapatite coating formation in bone 
implant applications. 

3.2. Nanostructure analysis 

High-pass robust Gaussian filtering is the surface profiles of the PEEK 
samples; African land giant snail shell powder and sea snail shell powder 
were subjected to high-pass vital Gaussian filtering using specialised 
software known as Mountain Map. This filtering technique helps remove 
noise and isolate the relevant nanostructure features. Morphological 
envelopes are the filtered surface profiles analysed using morphological 
envelope analysis. This analysis allows for determining essential pa-
rameters such as maximum depth of furrows, mean depth of furrows, 
and mean density of furrows. The threshold values were set to selec-
tively analyse furrows deeper than a specified threshold. ISO 25178 
roughness analysis is the filtered surface profiles were further analysed 
according to ISO 25178 standards. This analysis provides detailed 
roughness parameters (as seen in Table 1), including Sq, Sku, Spk, Svk, 
Smrk1, Smrk2, Spq, Svq, and Smq. These parameters offer valuable in-
sights into the surface roughness and topography of the materials. Step 
height calculations were performed to determine the projected area, 
mean thickness of the void, and mean thickness of the material. This 
analysis involved identifying the regions of interest and measuring the 
height differences between adjacent peaks and valleys. Fractal dimen-
sion analysis a fractal dimension analysis was carried out to quantify the 
complexity of the nanostructures. This involved examining the scaling 
properties of the surface profiles and determining the fractal dimensions 
using appropriate algorithms. Fig. 3 shows the weighing of each sample 
while nanostructure analysis of PEEK is presented in Table 1. 

Fig. 1. (a) Giant snail Shell (b) Sea snail shel prepared for acidifying; grinded and treatment at (c) 150 µm  (d) 63µm.  
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3.3. Statistical analysis 

The obtained data from the nanostructure analysis were subjected to 
statistical analysis. Descriptive statistics such as means, standard de-
viations, and confidence intervals were calculated to summarise the data 
and evaluate the variations within the samples. Comparative studies, 
such as t-tests or Analysis of Variance (ANOVA), were conducted to 
determine significant differences between the materials and identify the 
key factors influencing the nanostructure properties. Correlation anal-
ysis was performed to investigate the relationships between different 
nanostructure parameters and identify potential trends or associations 
Table 2 illustrates nanostructure analysis of African land giant snail shell 
powder while Table 3 shows Sea Snail Shell Powder analysis. 

3.4. Limitations 

It is essential to acknowledge the limitations of the experimental 
methods used. Factors such as sample preparation techniques, mea-
surement errors, and the sensitivity of the analysis techniques may 
introduce some degree of variability and uncertainty in the results. 
Additionally, the specific characteristics and quality of the PEEK sam-
ples, African land giant snail shell powder, and the sea snail shell powder 
used in the study can influence the outcomes. Therefore, caution must be 
exercised in generalising the findings to other samples or populations. 

Overall, the experimental methods employed in this study provide a 
comprehensive analysis of the nanostructure properties of PEEK, African 
land giant snail shell powder, and sea snail shell powder. These methods 
enable a thorough evaluation of the surface characteristics, furrow 
depth, density, and other relevant parameters, contributing to a deeper 
understanding of the material’s suitability for forming hydroxyapatite 
coatings in bone implant applications. 

4. Results 

PEEK exhibited a maximum furrow depth of 0.5527 µm, a mean 
depth of 0.1342 µm, and a mean density of 4.582 cm/cm2. The African 
land giant snail shell powder displayed a maximum furrow depth of 
84.69 nm, a mean depth of 24.71 nm, and a mean density of 3.816 cm/ 
cm2. While the sea snail shell powder showed a maximum furrow depth 
of 67.75 nm, a mean depth of 7.185 nm, and a mean density of 3.816 
cm/cm2. Various other parameters, such as the fractal dimension, step 
height calculations, and ISO 25178 parameters, were obtained for each 
material. The nanostructure analysis of PEEK, African land giant snail 
shell powder, and sea snail shell powder revealed distinct characteristics 
for each material, providing valuable insights into their potential for 
forming hydroxyapatite coatings in bone implant applications. 

PEEK exhibited a maximum furrow depth of 0.5527 µm, with a mean 
depth of 0.1342 µm and a mean density of 4.582 cm/cm2. These results 

Fig. 2. Model SXL maple furnace for preparation of African land giant and sea snail shell.  

Fig. 3. The composite preparation with PEEK, African land giant snail shell and sea snail shell powder.  
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indicate relatively shallow furrows and a high density of furrows on the 
surface of PEEK. The fractal dimension of PEEK was found to be 2.644, 
revealing a complex and intricate surface morphology (see Fig. 4). The 
ISO 25178 roughness parameters, such as Sq, Sku, Spk, Svk, Smrk1, 
Smrk2, Spq, Svq, and Smq, further characterised PEEK’s surface 
roughness and topography. Additionally, the step height calculations 
revealed a projected area of 274.5 mm2, a mean void thickness of 
0.001259 µm, and a mean material thickness of 0.2487 µm. These 
measurements provide insights into the surface topography and thick-
ness distribution of PEEK. 

African land giant snail shell powder displayed a maximum furrow 
depth of 84.69 nm, with a mean depth of 24.71 nm and a mean density 
of 3.816 cm/cm2. The fractal dimension of giant snail shell powder was 
2.376, suggesting a less complex surface morphology than PEEK as 
presented in Fig. 5. The ISO 25178 roughness parameters, including Sk, 
Spk, Svk, Smrk1, and Smrk2, further characterised the surface proper-
ties. The morphological envelope analysis revealed a height difference 
of − 60.57 nm between cursors and a high material ratio (Smr) of 95.00 
%, indicating a substantial proportion of material compared to voids. 

Sea snail shell powder demonstrated a maximum furrow depth of 
67.75 nm, with a mean depth of 7.185 nm and a mean density of 3.816 
cm/cm2. The fractal dimension of sea snail shell powder was also 2.376, 
suggesting a similar surface complexity as African land giant snail shell 

powder. The ISO 25178 roughness parameters, along with morpholog-
ical envelope analysis, provided insights into the surface properties, 
including core height (Sk), reduced peak height (Spk), reduced pit depth 
(Svk), and upper and lower bearing areas (Smrk1 and Smrk2). 
Comparing the results of the three materials, PEEK exhibited the shal-
lowest furrows and the highest density of furrows. African land giant 
snail shell powder had deeper furrows, while sea snail shell powder 
showed intermediate furrow depth. These variations in furrow depth 
and density are important considerations for forming hydroxyapatite 
coatings, as they influence the coating’s uniformity and stability It was 
revealed that Fig. 5(a) shows step height calculations of z-difference of 
0.1464µm while (b) illustrates SEM intensity surface image whereas (c) 
presents cell pattern on the scaffold Filled point of KL transformed and 
Fig. 5(d) revealed morphological envelopes fractal analysis of dimension 
2.64. 

The materials’ surface characteristics, roughness parameters, and 
morphological properties play a significant role in their biocompatibility 
and osteoconductivity. With its shallow furrows and high density, the 
PEEK may provide a favourable substrate for hydroxyapatite coating 
formation. Despite its deeper furrows, African land giant snail shell 
powder presents a potential for hydroxyapatite transformation due to its 
high material ratio. Sea snail shell powder exhibits intermediate furrow 
depth and density, requiring further investigation to optimise its 

Fig. 4. (a) PEEK/ALGSS/SSS (b) Enhance particle of composite (c) High pass robust Gaussian filter of 285 particle (d) Volume of a hole and peak.  
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potential as a precursor for hydroxyapatite coatings. These results 
demonstrate the importance of understanding the nanostructure prop-
erties of materials intended for bone implant applications. The surface 
morphology, roughness, and topography significantly impact the inter-
action between the implant material and the surrounding biological 
medium. 

4.1. Discussion 

The analysis of the nanostructures revealed distinctive properties of 
the materials and the profiles are presented in Fig. 6. The PEEK 
demonstrated relatively shallow furrows and a high density of furrows, 
indicating its potential for bone implant applications. The African land 
giant snail shell powder exhibited deeper furrows and lower density, 
suggesting challenges in its direct application as a bone implant mate-
rial. The sea snail shell powder showed intermediate furrow depth and 
density, offering further optimisation that may be necessary for its uti-
lisation in bone implants. The ISO 25178 parameters and step height 

calculations provided additional insights into the materials’ surface 
roughness and thickness distribution. The nanostructure analysis of 
PEEK, African land giant snail shell powder, and sea snail shell powder 
offers valuable insights into their potential for forming hydroxyapatite 
coatings in bone implant applications. The results highlight the distinct 
characteristics of each material, which are crucial factors to consider 
when designing and developing implant materials with enhanced 
biocompatibility and osteoconductive [48–50]. 

PEEK, a high-performance polymer, is known for its excellent me-
chanical properties and biocompatibility. The shallow furrows and high 
density of furrows observed in PEEK indicate a relatively smooth surface 
(see Fig. 7), which can be advantageous for hydroxyapatite coating 
formation. The surface roughness parameters obtained from ISO 25178 
analysis in Fig. 8 provide further details about the topography and 
roughness of PEEK. The fractal dimension 2.644 suggests a complex 
surface morphology, which may contribute to increased surface area and 
improved cell adhesion. These characteristics make PEEK a promising 
material for bone implants, as incorporating hydroxyapatite coatings 

Fig. 5. (a) Step height calculations of z-difference of 0.1464 µm (b) SEM intensity surface image (c) Cell pattern on the scaffold Filled point of KL transformed (d) 
Morphological envelopes Fractal analysis of dimension 2.64. 
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can enhance its osteoconductivity and promote osseointegration 
[67–70]. Despite exhibiting deeper furrows compared to PEEK, giant 
snail shell powder presents interesting features for hydroxyapatite for-
mation. The high material ratio (Smr) indicates a substantial proportion 
of material compared to voids, suggesting a favourable environment for 
hydroxyapatite conversion. The surface roughness parameters and 
morphological envelope analysis provide a comprehensive understand-
ing of the topography and roughness characteristics of the material. 
While further optimisation may be required to mitigate the deeper fur-
rows, African land giant snail shell powder’s hierarchical structure and 
calcium carbonate composition offer the potential for hydroxyapatite 
coating deposition and bone integration [71–74]. 

Sea snail shell powder demonstrates intermediate furrow depth and 
density (see Fig. 7), presenting an intriguing nanostructure for bone 
implant applications. As revealed by the ISO 25178 analysis, the surface 
properties provide insights into the core height, reduced peak height, 
reduced pit depth, and bearing areas of the material. These parameters 
can influence the coating deposition process and the subsequent bio-
logical response. Further investigation is necessary to fully understand 
the potential of sea snail shell powder as a precursor for hydroxyapatite 
coatings and optimise its nanostructure and surface properties for 
improved implant integration. The nanostructure analysis conducted in 
this study highlights the importance of surface characteristics in bone 
implant materials [75–78]. The specific topography, roughness, and 
furrow depth can significantly influence the implants’ biocompatibility, 
osseointegration, and long-term performance. Hydroxyapatite coatings 
enhance these properties by promoting bioactivity and facilitating bone 
tissue integration. Therefore, tailoring the nanostructure of materials 
like PEEK, African land giant snail shell powder, and sea snail shell 
powder is critical to optimising their interaction with the biological 
environment. 

It is important to note that the nanostructure analysis provides a 
preliminary assessment of the material’s potential for hydroxyapatite 

coating formation. Other factors, such as mechanical properties, 
degradation behaviour, and biological response, should also be consid-
ered in the comprehensive evaluation of these materials for bone 
implant applications [79–82]. Additionally, the synthesis and fabrica-
tion processes in converting the materials into hydroxyapatite coatings 
require further investigation to determine these approaches’ feasibility, 
scalability, and cost-effectiveness. Future research should develop 
optimised methods for transforming these nanostructured materials into 
hydroxyapatite coatings. Techniques such as surface modification, sur-
face functionalisation, and controlled deposition processes can be 
explored to tailor the nanostructure and improve the bioactivity of the 
coatings. In vitro and in vivo studies are also essential to assess the 
cytocompatibility, tissue integration, and long-term performance of the 
hydroxyapatite-coated materials. 

In conclusion, the nanostructure analysis of PEEK, African land giant 
snail shell powder, and sea snail shell powder provides valuable insights 
into their potential for forming hydroxyapatite coatings in bone implant 
applications. Each material exhibits unique characteristics that can be 
leveraged for enhanced biocompatibility and osseointegration. Further 
optimisation of these materials and developing effective coating stra-
tegies are necessary to advance their potential as bone implant mate-
rials. The findings of this study lay the foundation for future research in 
the field of nanostructured materials for bone implants, it is an impactful 
study contributing to the ongoing efforts to improve patient outcomes 
and quality of life in orthopaedic surgery. 

4.2. Clinical implications 

The distinct nanostructure characteristics of these materials have a 
direct impact on their interaction with the biological environment. 
Surface characteristics, roughness, and furrow depth significantly in-
fluence the biocompatibility, osseointegration, and long-term perfor-
mance of bone implants. The incorporation of hydroxyapatite coatings 

Fig. 6. (a) nanostructure of S-filtere of λs 25 µm (b,d) profile cure of the vertical section of the scaffold (c) Histogram and Abbott curve for material ratio in 
nanostructure Height difference 0.2926 µm at of points between cursors of 90 %. 
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further enhances these properties by promoting bioactivity and facili-
tating bone tissue integration. 

The findings of this study lay the groundwork for further research in 
the field of nanostructured materials for bone implants. The unique 
characteristics of PEEK, African land giant snail shell powder, and sea 
snail shell powder’s nanostructures offer opportunities for the 
advancement of bone implant materials, contributing to improved pa-
tient outcomes and quality of life in orthopedic surgery. 

However, it is essential to consider that the nanostructure analysis 
provides only a preliminary assessment of the materials’ potential for 
hydroxyapatite coating formation. Other factors, such as mechanical 
properties, degradation behavior, and biological response, must also be 
taken into account for a comprehensive evaluation of these materials for 
bone implant applications. In vitro and in vivo studies will be crucial to 
assess the cytocompatibility, tissue integration, and long-term perfor-
mance of the hydroxyapatite-coated materials. 

5. Conclusion 

In conclusion, the experimental research conducted on the nano-
structure analysis of PEEK, giant snail shell powder, and sea snail shell 
powder for forming hydroxyapatite coatings in bone implant applica-
tions provides valuable insights into the suitability of these materials. 
Each material exhibits unique characteristics that contribute to its po-
tential as a novel and ideal candidate for bone implants. PEEK, a high- 
performance polymer, offers excellent mechanical properties and 
biocompatibility. The shallow furrows and high density of furrows 
observed in PEEK indicate a favourable surface for hydroxyapatite 
coating formation, enhancing its osteoconductivity and promoting 
osseointegration. The combination of PEEK’s properties and the incor-
poration of hydroxyapatite coatings present a promising approach to 
developing advanced bone implants. 

Despite its deeper furrows, African land giant snail shell powder 

Fig. 7. (a)Furrows particle parameters showing the Maximum depth of furrows of 0.5527 µm, Mean depth of 0.1342 µm and Mean density of 4.582 cm/cm2 (b) the 
furrows deeper than the threshold are showing Parameters of Maximum depth of furrows 0.5527 µm at Mean depth of 0.3565 µm Mean density of 0.07749 cm/cm2 

(c) Curve display mode Particle count distribution log curve (d) Area curve. 
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possesses a hierarchical structure and a high material ratio, making it a 
compelling precursor for hydroxyapatite formation. The unique nano-
structure and composition of big snail shell powder provide an oppor-
tunity to develop novel bone implant materials with enhanced 
bioactivity and improved integration with bone tissue. Sea snail shell 
powder demonstrates an intermediate furrow depth and density, sug-
gesting its potential for hydroxyapatite coating formation. Further 
optimisation of its nanostructure and surface properties can unlock its 
full potential as a precursor for bone implants. Exploring sea snail shell 
powder as a material for hydroxyapatite coatings offers an innovative 
avenue for developing biomimetic and bioactive implant surfaces. 

The novelty of this research lies in the comprehensive analysis of the 
nanostructure properties of these materials, which sheds light on their 
potential for bone implant applications. By investigating the surface 
roughness, furrow depth, density, and other relevant parameters, this 
study contributes to understanding the materials’ interactions with the 
biological environment and their ability to support bone regeneration 
and integration. The findings of this research emphasise the importance 
of nanostructure characterisation in the design and development of bone 
implants. The tailored nanostructure of PEEK, giant snail shell powder, 
and sea snail shell powder can significantly influence their biocompat-
ibility, osseointegration, and long-term performance. By optimising the 
materials and coating strategies, the field of bone implantology can 
benefit from the enhanced functionality and improved clinical outcomes 
offered by these nanostructured materials. 

In conclusion, the findings of this study lay the groundwork for 
further research in the field of nanostructured materials for bone im-
plants. The unique characteristics of PEEK, African land giant snail shell 
powder, and sea snail shell powder’s nanostructures offer opportunities 
for the advancement of bone implant materials, contributing to 
improved patient outcomes and quality of life in orthopedic surgery. The 
research objective of the paper was to analyze the nanostructure of three 
materials (PEEK, African land giant snail shell powder, and sea snail 
shell powder) for potential hydroxyapatite coatings in bone implants. 
The study evaluated surface characteristics, furrow depth, and density to 

assess their suitability as coating substrates. The specific materials 
studied were Polyether Ether Ketone (PEEK), African Giant Snail Shell 
(ALGSS) Powder, and Sea Snail Shell (SSS) Powder. This analysis offers 
insights into their potential as bone implant materials for hydroxyapa-
tite coatings, contributing to improved biocompatibility and clinical 
outcomes in bone implantology. 

Finally, the findings of this study lay the groundwork for further 
research in the field of nanostructured materials for bone implants. The 
unique characteristics of PEEK, African land giant snail shell powder, 
and sea snail shell powder’s nanostructures offer opportunities for the 
advancement of bone implant materials, contributing to improved pa-
tient outcomes and quality of life in orthopedic surgery. 

5.1. Future research recommendations 

Future research should focus on developing optimized methods for 
transforming these nanostructured materials into hydroxyapatite coat-
ings, exploring techniques like surface modification and controlled 
deposition processes. Another future research should focus on further 
optimising the nanostructure of these materials and exploring advanced 
fabrication techniques to improve their bioactivity, mechanical prop-
erties, and overall performance. Additionally, in vitro and in vivo studies 
are necessary to evaluate these materials’ cytocompatibility, tissue 
integration, and long-term efficacy in bone implant applications. In 
conclusion, this research demonstrates the potential of PEEK, African 
land giant snail shell powder, and sea snail shell powder for forming 
hydroxyapatite coatings in bone implant applications. These materials’ 
unique nanostructure and surface properties offer exciting prospects for 
developing next-generation bone implants with enhanced biocompati-
bility and improved clinical outcomes. Further research and develop-
ment in this field can contribute to advancements in orthopaedic surgery 
and positively impact the lives of patients needing bone reconstruction 
or replacement. 

Fig. 8. 3D view of surface KL transformed and functional parameters of ISO 25178.  
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