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I. INTRODUCTION 
 

In order to analysis the bone formation and 

deformation, bone strain measurement is important 

in addition to the understanding of bone 

mechanism. It is necessary to identify the range of 

load which makes variation in the structure of load. 

Bone strain measurement gives the range of the 

loads for which the bone can with stand. The 

monitoring of strain upto some extend is useful in 

rehabilitation exercises. The unit to measure the 

bone strain consists of sensor unit, amplifier , filter, 

analog to digital converter as basic components [1]. 

Initially to measure the bone strain, human bones are 

not directly used at this level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phantom tissues or scaffolds are used in place of the 

bone. These scaffolds are used for load bearing 

applications. They are fabricated by fused deposition 

model process uses a small chamber, extrusion 

system. Scaffolds are made from composite materials 

such as biopolymers and bioceramics which possess 

their chemical properties as it changes their shape as 

days passes [2]. Bone loss occurs due to different 

reasons. It may be due to ageing, drug treatments, 

estrogen deficiency, mechanical unloading or disuse 

of bones. Bone loss due to mechanical unloading has 

greater Impact when compared to estrogen 

deficiency. This leads to the precaution measures to 

protect from osteoporosis. The bone modeling and 

remodeling are the two important mechanisms of 

the bone tissues. Some of the factors include 

activation frequency and threshold of bone multi 

Abstract 

Nowadays several people suffer due to bone loss and this happens due to different reasons. This leads 

to bone diseases like osteoporosis. Bones are the vital organs of the body. It supports different 

functions of the body. Bones are the rigid and hardest structures. It provides mobility, protection to 

internal soft tissues, mechanical support and shape to the body. It acts as a calcium reservoir. Bones 

are attached to the muscle to make contraction and relaxation. Bones are not stable because it is they 

change their structure constantly according to the biological needs. The biological study based on the 

structural variation of bone is very important to analyses the mechanism of bones. The healthy bone 

should possess good bone mass. Generally the bone mass gradually increases from birth and the bone 

mass acquisition becomes slower as a person get older. Due to some reasons it may be biological 

factor or heavy mechanical loading; this bone loss becomes severe which leads to osteopenia and 

osteoporosis. Osteoporosis is the weakening of bone which occurs due to ageing and also further 

makes the bone to break. To reduce these types of illness several procedures are available. But not all 

the methods are 100% efficient to find the bone density accurately. To understand the mechanisms of 

bone clearly, it is the need to understand how the various load level have their effect on the bone. This 

type of learning leads to the advancement in the treatment of bone diseases like osteopenia and 

osteoporosis. By taking the X-ray images for diagnosis, only the calculus growth is visible. It is the 

process of analysis and eliminating location of pain in to the bone In this proposal name was bone 

strain measurement system using FPGA. It is to eliminate the pain from the bone concept. 
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cellular units, refilling rate and strain are the 

significant parameters for determining the status of 

bone [3].Currently the attachable clothing sensor 

system is employed to measure the knee motion of 

the orthopedic patient outside the laboratory. This 

leads to the ease of the monitoring and assessment 

of patients  regularly by the clinicians in the absence 

of patient because the usage of instruments such as 

inertia measurement units and electro goniometers 

are reduced due to their bulky nature. Sensors play a 

vital role in all the measures of bone and the 

composed carbon nano material is base material for 

sensor [4].  

 

Fiber Bragg Grating (FBG) based sensor networks are 

used in wide range of high speed applications. This 

sensor has a property of increased reliability, high 

speed and reduced crosstalk. The application areas 

of FBG include strain measurement in the field of 

measurement of rails, health monitoring, turbine 

blades, etc. The rate of measurement is limited and 

improved by the advanced chips [5]. In  this image 

acquired by the MRI scan does not destructed by the 

sensor activity [6]. A small unit on the moving subject 

is monitored by the system. The unit collects and 

sends information about the moving subject with the 

help of magnetic sensors [7]Also micro bend sensors 

are used to measure the strain which are very 

sensitive able to measure strain even at a minimum 

level [8]. The strain measurement of bones can be 

achieved through sensors by means of wireless 

communication with the help of bio implantable 

meta material sensors [9]. The normalized cross 

correlation computation using graphics processing 

unit is employed to estimate the deformation of 

bone with reduced computation time when 

compared to 2-dimensional normalized cross 

correlation based algorithm [10]. During Magnetic 

Resonance Imaging (MRI) scan, the patients cardiac 

and respiratory activities are monitored with the help 

of FBG based optical strain sensor, which is a safe 

and non-invasive method. The quality of  ystems 

(MEMS) [11]. Strains occur due to force, pressure; 

acceleration and sound are measured with the help 

of micro scale strain  

 

II. METHODOLOGY 
 

1. Architectural Design 

While measuring the strain for the localized single 

bone, six sensors are attached around the bone. This 

makes complete measure of the localized bone 

effectively. To provide power to the sensor, battery is 

connected to the sensors. The bone contracts and 

expands due to the mechanism of formation and 

deformation creates resistance in the bone which 

produces voltage difference. The measured voltage 

signal from the sensor output is transmitted to the 

receiver side for processing.The voltage signal is the 

very smaller value and cannot be further processed 

for analysis or to obtain the information. So the 

amplifier is used to enhance the signal level hence it 

can maintain the same information throughout the 

transmission without any degradation.  

 

The transmitted signal contains some of the noise 

along with the information. In order to design the 

system to measure the strain with low power and 

high speed, the system is simulated using Xilinx and 

implemented on FPGA. FPGA uses CMOS technology 

and generally works under low power. FPGA 

processes and produces only the digital value.  

 

But the sensor produces the output as Analog 

signal.To make the output fit for the digital 

processing, Analog to Digital Converter (ADC) is 

employed to convert the analog sensor output into 

digital value. All the sensor outputs as a measure of 

strain are obtained in parallel manner at the 

receiving end of the ADC. To obtain a particular 

sensor value, the processing unit is used. 

 
Srain Sensitive Array For The Study of Bone Surface 

Mechanics: 

Strain (deformation of a material) is an important 

measure for studying osteoporosis, tumors in bone, 

and designs of joint prostheses. However, 

measurement of strain on the surface of bone with 

high fidelity has been extremely difficult due to the 

lack of suitable tools. Current strain gauges are 

relatively large in size (2 mm by 5 mm gauge) and 

are difficult to mount on bone. As a result, strain 
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auges are not used very often, and when they are 

used, the fewest possible are used. In addition, when 

one uses relatively few gauges, one must know 

where to put the gauge if one wants to measure 

strain at the site of maximum or minimum strain. 

Because the strain gradients in bone can be extreme, 

mounting a gauge just a few mm or a cm away 

fromthe peak strain (or minimum strain) can lead to 

grossly understated (or overstated) measured values. 

Finally, with a gauge measuring 5 mm in length, the 

local strain cannot be measured and only an average 

strain in the region covered by the gauge is 

measured. When measuring strain to evaluate a 

prosthesis design, localized changes in strain are 

thought to be key indicators that potentially 

destructive bone remodeling will occur. For example, 

if strain decreases upon implantation of a prosthesis, 

bone will remodel to become less dense (bone 

resorption) and prosthesis failure can result. Bone 

resorption is a major clinical problem in 

orthopaedics. On the other hand, if strain increases, 

the patient can experience pain and bone 

hypertrophy can result. This situation occurs near the 

distal tip of the femoral component of a hip 

prosthesis. Currently available strain gauges are too 

large and too difficult to handle to adequately 

measure the changes in strain upon implantation of 

a prosthetic. Furthermore, in the case of patients with 

 

1. Significance method of rectifying: 

Through this develop an implantable device to 

provide high resolution mechanical data from live 

bone in real time. With this device, physicians can 

diagnose bone disorders at the early stages where it 

can be corrected using relatively non-invasive 

procedures that patients can easily recover from. 

Moreover, after major bone surgery such as bone 

tumor removal or the insertion of a prosthetic, 

scientists and physicians will be able to monitor how 

the bone is healing after the surgery. Bone surface 

strain is a strong indicator of the bone’s response to 

mechanical loading, and thus provides an important 

post-treatment metric of the bone’s recovery. The 

device that  are developing will have a major impact 

on the diagnosis and treatment of bone disease. 

 

1.1 Preliminary Data 

The primary strain sensing mechanism is through 

piezonresistors. Piezoresistivity is a reversible 

phenomenon, in which a resistor exhibits a change 

in resistance when an external stress is applied. 

This fractional change in resistance is proportional 

to the applied strain, and it persists as long as the 

applied stress remains. The piezoresistive effect is 

quantitatively expressed by a gauge factor, G, 

which is defined as the proportional change in 

resistance per unit strain: 

 

 Young's modulus or the modulus   of elasticity of 

the material of interest. Stress and strain can be 

tensile, compressive, or shear. It is important to 

understand the interaction of stresses and strains on 

strain gauges so that their structural changes can be 

accounted for in the design process. That designed a 

strain gauge that maximizes sensitivity. The gauge 

material chose was metal since it can be embedded 

inside a flexible substrate. The simulated the 

mechanical characteristics of thin-film metal strain 

gauges embedded in a poly-dimethyl-siloxane 

(PDMS, silicone rubber) membrane with various 

loading conditions using the ANSYS finite element 

analysis tool. Gauges with 3 - 38 turns were 

simulated under compressive and tensile stress in the 

x and y directions as well as tensile stresses in both 

directions simultaneously. Under formed gauge 

embedded in PDMS. Upon subjecting this gauge to 

10 Pa uniform compressive stress, the resulting 

deformed gauge. A tensile uniform compressive 

stress elongates the device. Values of strain were 

calculated from the simulation data for the various 

geometries. In all cases observed a linear relationship 

in the increase in strain with the increase in number 

of turns, which is expected as stress on longer 

gauges produces more strain. Upon analyzing the 

stress contours for both compressive and tensile 

forces for both the devices, that were able to 

demonstrate that the external stresses were 

effectively transmitted through the PDMS layer to 

the thin-film metal, validating our approach. Intend 

to further test and characterize these devices. 

Thorough electrical and mechanical tests will be 

performed. For example, the gauges will be subject 

to various amounts of deformation, and the resulting 

signal change will be measured. A tensile test, similar 

to that performed to verify silicone sealant adhesion, 

will be performed in which can be monitor the 

electrical signal of the thin metal gauge until the 

gauge fails. Expect the amount of strain at gauge 

failure to be Gauge calibration and testing will also 

be performed using a MTS servo-hydraulic testing 

machine. This machine can apply a specific 

deformation to a material and measure force, strain, 

etc. Unlike the tensile tester used for testing the 

effectiveness of the glue, the MTS tester will allow a 
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larger area to be affixed to the machine for a more 

comprehensive test.For this test the entire gauge will 

be affixed to a single piece of rigid, high-density 

polyurethane foam 1 – 2mm thick (identical to the 

foam used in the initial tensile tests). The actual foam 

thickness will be selected so that the stiffness of the 

material under the gauge is comparable to that 

under a gauge mounted on a femoral shaft. Initially, 

silicone gel will be used to attach the membrane to 

the foam. 1% strain will be generated by the MTS 

tester and the effect of the strain on the device will 

be analysed.  

 

1.2 Adc Operation: 

The AD72661 is a dual, 12-bit, high speed, low 

power, successive approximation ADC that operates 

from a single 2.7 V to 5.25 V power supply and 

features throughput rates up to 2 MSPS. The device 

contains two ADCs, each preceded by a 3-channel 

multiplexer, and a low noise, wide bandwidth track-

and-hold amplifier that can handle input frequencies 

in excess of 30 MHz.The conversion process and data 

acquisition used standard control inputs allowing 

easy interfacing to microprocessors or DSPs. The 

input signal is sampled on the falling edge of CS; 

conversion is also initiated at this point. The 

conversion time is determined by the SCLK 

frequency. There are no pipelined delays associated 

with the part.The AD7266 uses advanced design 

techniques to achieve very low power dissipation at 

high throughput rates. With 5 V supplies and a 2 

MSPS throughput rate, the part consumes 6.2 mA 

maximum. The part also offers flexible power/ 

throughput rate management when operating in 

normal mode as the quiescent current consumption 

is so low. The AD7266 has an on-chip 2.5 V reference 

that can be overdriven when an external reference is 

preferred. This external reference range is 100 mV to 

VDD. 

 

1.2.1 Terminology 

Differential Nonlinearity (DNL) is the difference 

between the measured and the ideal 1 LSB change 

between any two adjacent codes in the ADC.  

Integral Nonlinearity (INL)is the maximum deviation 

from a straight line passing through the endpoints of 

the ADC transfer function. The endpoints of the 

transfer function are zero scale with a single (1) LSB 

point below the first code transition, and full scale 

with a 1 LSB point above the last code transition. 

Offset error applies to straight binary output coding. 

It is the deviation of  

Offset Error Match is the difference in offset error 

across all12 channels. Gain Error applies to straight 

binary output coding. It is the deviation of the last 

code transition (111 . . . 110) to (111 . . .111) from 

the ideal (VREF − 1 LSB) after the offset error is 

adjusted out. Gain error does not include reference 

error. Gain error match is the difference in gain 

error across all12 channels. Zero code error applies 

when using twos complement output coding with, 

for example, the 2 × VREF input range as −VREF to 

+VREF biased about the VREF point. It is the 

deviation of the midscale transition (all 1s to all 0s) 

from the ideal VIN voltage(VREF).Zero code error 

match refers to the difference in zero code error 

cross all 12 channels. Positive Gain Error applies 

when using twos complement output coding with, 

for example, the 2 × VREF input range as −VREF to 

+VREF biased about the VREF point. 

 It is the deviation of the last code transition 

(011…110) to (011…111) from the ideal (+VREF −1 

LSB) after the zero code error is adjusted out. The 

track-and-hold amplifier returns to track mode 

after the end of conversion. Track-and-hold 

acquisition time is the time required for the output 

of the track-and-hold amplifier to reach its final 

value, within ±1/2 LSB, after the end of conversion. 

Signal-to-(Noise + Distortion) Ratio  is the 

measured ratio of signal-to-(noise + distortion)at 

the output of the ADC. The signal is the RMS 

amplitude of the fundamental.  

Peak harmonic, or spurious noise, is defined as the 

ratio of the RMS value of the next largest 

component in the ADC output spectrum (up to 

fS/2, excluding dc) to the rms value of the 

fundamental. Normally, the value of this 

specification is determined by the largest 

harmonic in the spectrum, but for ADCs where the 

harmonics are buried in the noise floor, it is anoise 

peak. Channel-to-channel isolation is a measure of 

the level of crosstalk between channels.  

Inter modulation Distortion with inputs consisting 

of sine waves at two frequencies, fa and fb, any 

active device with nonlinearities create distortion 

products at sum, and difference frequencies of mfa 

± nfb where m, n = 0, 1, 2, 3, and so on. Inter 

modulation distortion terms are those for which 

neither m nor n are equal to zero. For example, the 

second-order terms include (fa + fb) and (fa − fb), 

while the third-order terms include (2fa + fb ), (2fa 

− fb),(fa + 2fb), and (fa − 2fb). 

 

1.2.2 Modes of Operation 
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The mode of operation of the AD7266 is selected 

by controlling the (logic) state of the CS signal 

during a conversion. There are three possible 

modes of operation: normal mode, partial 

powerdownmode, and full power-down mode. 

After a conversion is initiated, the point at which 

CS is pulled high determines which power-down 

mode, if any, the device enters. Similarly, if already 

in a power-down mode, CS can control whether 

the device returns to normal operation or remains 

in power-down. These modes of operation are 

designed to provide flexible power management 

options. These options can be chosen to optimize 

the power dissipation/throughput rate ratio for 

differing application requirements.Normal Mode is 

intended for applications needing fastest 

throughput rates because the user does not have 

to worry about any powerup times with the 

AD7266 remaining fully powered at all times.  

The conversion is initiated on the falling edge of 

CS, as described in the section. To ensure that the 

part remains fully powered up at all times, Serial 

Interface CS must remain low until at least 10 SCLK 

falling edges have elapsed after the falling edge of 

CS. If CS is brought high any time after the 10th 

SCLK falling edge but before the 14th SCLK falling 

edge, the part remains powered up, but the 

conversion is terminated and DOUTA and DOUTB 

go back into three-state. Fourteen serial clock 

cycles are required to complete the conversion 

and access the conversion result. 

 

If CS is left low for a further 14     (or 16) SCLK 

cycles, the result from the other ADC on board is 

also accessed on the same DOUT line. Once 32 

SCLK cycles have elapsed, the DOUT line returns to 

three-state on the 32nd SCLK falling edge. If CS is 

brought high prior to this, the DOUT line returns 

to three-state at that point. Therefore, CS may idle 

low after 32 SCLK cycles until it is brought high 

again sometime prior to the next conversion 

(effectively idling CS low), if so desired, because 

the bus still returns to three-state upon 

completion of the dual result read.  

Once a data transfer is complete and DOUTA and 

DOUTB have returned to three-state, another 

conversion can be initiated after the quiet time, 

tQUIET, has elapsed by bringing CS low again 

(assuming the required acquisition time is 

allowed).Partial Power-Down mode is intended for 

use in applications where slower throughput rates 

are required.  

 To enter partial power-down mode, the 

conversion process must be interrupted by 

bringing CS high anywhere after the second falling 

edge of SCLK and before the 10th falling edge of 

SCLK. 

 Once CS is brought high in this window of SCLKs, 

the part enters partial power-down, the conversion 

that was initiated by the falling edge of CS is 

terminated, and DOUTA and DOUTB go back into 

three-state. If CS is brought high before the 

second SCLK falling edge, the part remains in 

normal mode and does not power down. This 

avoids accidental power-down due to glitches on 

the CS line. 

To exit this mode of operation and power up the 

AD7266 again, a dummy conversion is performed. 

On the falling edge of CS, the device begins to 

power up and continues to power up as long as CS 

is held low until after the falling edge of the 10th 

SCLK.  

The device is fully powered up after approximately 

1 μs has elapsed, and valid data results from the 

next conversion. If CS is brought high before the 

second falling edge of SCLK, the AD7266 again 

goes into partial power-down. This avoids 

accidental power-up due to glitches on the CS line. 

Although the device may begin to power up on 

the falling edge of CS, it powers down again on 

the rising edge of CS. If the AD7266 is already in 

partial power-down mode and CS is brought high 

between the second and 10th falling edges of 

SCLK, the device enters full power-down mode. 

 

1.2.3.Circuit Information 

The AD7266 is a fast, micro power, dual, 12-bit, 

single-supply, ADC that operates from a 2.7 V to a 

5.25 V supply. When operated from a 5 V supply, 

the AD7266 is capable of throughput rates of 2 

MSPS when provided with a 32 MHz clock, and a 

throughput rate of 1.5 MSPS at 3 V. The AD7266 

contains two on-chip, differential track-and-hold 

amplifiers, two successive approximation ADCs, 

and a serial interface with two separate data 

output pins. It is housed in a 32-lead LFCSP or a 

32-lead TQFP, offering the user considerable 

space-saving advantages over alternative 

solutions.The serial clock input accesses data from 

the part but also provides the clock source for 

each successive approximation ADC. The analog 

input range for the part can be selected to be a 0 

V to VREF input or a 2 × VREF input, configured 

with either single ended or differential analog 
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inputs. The AD7266 has an on-chip 2.5 V reference 

that can be overdriven when an external reference 

is preferred. The internal reference is to be used 

elsewhere in a system, then the output needs to 

buffered first. The AD7266 also features power-

down options to allow power saving between 

conversions. The power-down feature is 

implemented via the standard serial interface, as 

described in the Modes of Operation section. 

Block Diagram of Bone Strain Rectifying System: 

 
Figure 2: Bone Strain Rectifying System. 

 

In the formation is following to the measurement 

system. The system output of the strain 

measurement can be determine the location of the 

painful area of the  human by using controlling 

system. The IR Source is produced the infrared 

radiation. The light ray can be passed to the painful 

area of the  human body surface. The infrared ray 

improved wound healing and relief of acthritic knee 

pain. It is increased endorphin level and bio 

activation of Neuro modulators 

Electromagnetic radiation wave length between 

760nm and 100000nm.Low level light therapy(LLLT) 

IR can be carry out photo simulation and photo bio 

modulation effect is particularly benefiting neural 

stimulation. The far infrared ray is radiation with a 

wavelength of 15micrometer to 

1mm.Corressponding range 20THZ to 300GHZ . 

 

III. RESULT AND DISCUSSION 

 

1. Simulation Results: 

When converting the analog signal into digital signal, 

the continuous value is discretized at each instant. 

This includes the process of sampling and 

quantization. At every interval of time, the analog 

value is hold for some time and produces the digital 

value. The digital value at specific time of analog 

signal exists and extends continuously. To limit the 

digital value upto some extend ADC controller is 

used. In ADC controller, whenever the clock signal is 

given at that instant the sample produces a digital 

value and based on that digital value is limited. The 

simulation result and the RTL model for ADC 

controller using Xilinx . 

 

 
Figure 3: Simulation result for processing unit. 

 

 
Figure 4: output graph. 

 

IV. CONCLUSION 
 

The system to measure the bone strain has been 

designed. This system design was completed with 

the help components such as sensor, amplifier, 

Analog to Digital Converter, processing unit. Hence it 

reduces the design time and cost of the system. 

Sensor is used as implanted device and transmission 

occurs through wireless communication so it should 

be charged with a battery through minimum power. 

It consumes low power of 183.09mW because it is 

implemented on FPGA. The Maximum operating 

Frequency is 339.807MHz.This system design along 

with the X-ray was very useful in the normal 

diagnosis procedure patient bone loss and further 

improvement in the treatment of orthopedics. 

Comparison of bone strain details of the patient with 

the database makes the easier when compared to 

conventional methods. 
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