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Abstract. The organization of the muscle allows all the fibers, and thus the fascicles, to contract 
and relax as a group. Contraction is stimulated by nerve impulses and triggers the movement 
of the muscle, while relaxation occurs when the impulse is removed and the muscle relaxes 
back to its natural state. This pattern of contraction and relaxation is responsible for all the 
movements in your body .The part of your body that moves in response to a muscle contraction 
depends on the location and origin point of the muscles themselves. To simplify things, we are 
going to focus on the skeletal muscles of the body. Most skeletal muscles are attached to bone, 
cartilage or connective tissue, which limits or directs their movement. For example, a muscle 
attached to the arm bone will only move the arm bone when stimulated. It cannot move the leg 
bone; therefore, its movement is determined by its points of attachment. The result of the 
stimulation of nervous system and contraction of muscle represent the muscle activity which 
measured by different system. In this project we design simple system to measure the muscle 
signal in different condition. The biomechanics effect we applied with our practical part that the 
gate cycle in several cases.The result found with phases of gate cycle in normal walking, up stairs, 
with lifiting weght , and abnormal person walking. 
 
Keywords: Nanotechnology, Nano-coating, Steam turbine, Turbine blade, Nanoparticles, 
Nanomaterials, Thermal barrier, Thermal stresses, Thermal experiment, Low-pressure turbine. 

 
1.Introduction 

The muscular system consists of all the muscles of the body. The largest percentage of muscles in 
the muscular system consists of skeletal muscles, which are attached to bones and enable voluntary 
body movements. There are almost 650 skeletal muscles in the human body, many of them shown 
in Figure . Besides skeletal muscles, the muscular system also includes cardiac muscle — which 
makes up the walls of the heart — and smooth muscles, which control movement in other internal 
organs and structures. (1) 
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Figure (1) skeletal muscles [2] 

 
Muscle Structure and Function Muscles are organs composed mainly of muscle cells, which are also 
called muscle fibers (mainly in skeletal and cardiac muscle) or myocytes (mainly in smooth muscle). 
Muscle cells are long, thin cells that are specialized for the function of contracting. They contain 
protein filaments that slide over one another using energy in ATP. The sliding filaments increase the 
tension in — or shorten the length of 
— muscle cells, causing a contraction. Muscle contractions are responsible for virtually all the 
movements of the body, both inside and out. Skeletal muscles are attached to bones of the skeleton. 
When these muscles contract, they move the body. They allow us to use our limbs in a variety of 
ways, from walking to turning cartwheels. Skeletal muscles also maintain posture and help keep 
balance. Smooth muscles in the walls of blood vessels contract to cause vasoconstriction, which may 
help conserve body heat. Relaxation of these muscles causes vasodilation, which may help the body 
lose heat. In the organs of the digestive system, smooth muscles squeeze food through the 
gastrointestinal tract by contracting in sequence to form a wave of muscle contractions 
called peristalsis. Think of squirting toothpaste through a tube by applying pressure in sequence 
from the bottom of the tube to the top, and you have a good idea of how food is moved by muscles 
through the digestive system. Peristalsis of smooth muscles also moves urine through the urinary 
tract. Cardiac muscle tissue is found only in the walls of the heart. When cardiac muscle contracts, 
it makes the heartbeat. The pumping action of the beating heart keeps blood flowing through the 
cardiovascular system. (1) 
 

2. Theoretical part: 
2.1 Muscle contraction: 
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The ability of the human body to move is dependent on the delicate process of muscular contraction, 
which is coordinated by the interaction of actin and myosin filaments within muscle cells. 
Understanding these systems is necessary for understanding human physiology. 
Acetylcholine release, which is initiated by a nerve impulse, changes the ion permeability of the cell 
membrane, permitting sodium influx and potassium efflux. The input of sodium causes 
depolarization, which causes the release of calcium ions that have been stored. These calcium ions 
link to actin, allowing myosin heads to form cross-bridges and generate force via ATP-fueled 
conformational changes that lead to muscle contraction. 
 
Understanding the complexity of muscle contraction is essential for comprehending the different 
physiological and pathological aspects of muscle function and movement.[18] 
 
2.2 Tension of muscle adjusted: 
The human body reacts to cold temperatures by producing goosebumps as a result of increased 
muscular tension. These skin elevations are caused by fragile bulbous structures beneath the skin, 
despite the practically invisible coating of fine hair. Fine muscles adjacent to these structures 
contract in response to cold, causing piloerection, or hair erection. This adaptive process retains 
body heat while extending follicles outward, resulting in small skin protrusions. 
2.3 measure the electrical efficiency of muscles (EMG): 
Electromyography (EMG) is a technique to detect muscle activity and monitoring muscle currents 
through surface or intramuscular electrodes. It assists in determining the cause of pain, muscular 
spasms, or nerve-related issues, differentiating between muscle and nerve illnesses, and assessing 
muscle weakening and limitations. Muscle Resting Potential (MRP) denotes muscle effort while at 
rest, whereas Muscle Action Potential (MAP) denotes muscle movement while active. EMG is 
important in monitoring muscular performance because it registers the electromagnetic field 
associated with muscle fibers. EMG is used in physiotherapy, rehabilitation, sports medicine, and 
biofeedback, in addition to its conventional usage in physiological research. Pre/post-surgical 
assessment, muscle atrophy prevention, blood circulation enhancement, and muscle re-education 
for stroke sufferers and incontinence patients are some of its medical applications. EMG-assisted 
biofeedback allows for real-time monitoring. 
2.4 gait cycle: 
The gait cycle, defined by the recurrent pattern of steps and strides, separates a step as a single 
instance of forward movement and a stride as the entire movement cycle. Step time is the amount 
of time that passes between the heel strike of one leg and the subsequent heel strike of the opposing 
leg. Step width, on the other hand, defines the mediolateral distance between the feet. When 
compared to the running cycle, the gait cycle exhibits a longer time span, lower ground response 
force, and higher velocity. Notably, the gait cycle includes multiple stance phases, which contribute 
to significant shock absorption, explaining runners' increased vulnerability to overload injuries. 
Walking involves the sequential activation of gait orders in the central nervous system, followed by 
their transmission to the peripheral nervous system, resulting in muscle contraction, variable force 
generation, and joint force modulation throughout skeletal segments. The gait cycle is divided into 
two parts: stance (60% of the cycle) and swing (40% of the cycle). Gait execution, in particular, 
includes complex open and closure chain activities. Another classification divides gait into eight 
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separate phases: initial contact, loading response, midstance, terminal stance, pre-swing, initial 
swing, mid swing, and late swing. 

 
 
Demos, Gait analysis 
 
The gait cycle consists of several separate phases. The heel strike is the first step, in which the heel 
makes first contact with the ground as the toes are raised. As a result, the foot settles towards the 
lateral boundary during the midstance phase. The five metatarsophalangeal joints contract to 
facilitate mobility during the transition from mid-stance to toe-off posture. 
The swing phase begins as the stride progresses, spanning the interval between toe-off and heel 
strike. This phase is broken into two sub-phases: acceleration, which propels the swing leg forward, 
and deceleration, which regulates forward body movement. The mid-swing phase occurs between 
these phases, with both feet beneath the body and the heels close together. 
Complex anatomical movements occur throughout the gait cycle, such as: 
• Controlled hip extension and knee flexion occur during the foot flat phase, with the hip 
extending by 10°. 
• The midstance phase involves coordinated movements in the hip, knee, and ankle, 
transitioning from force absorption to forward propulsion. 
• The heel-off and toe-off phases play a crucial role in redistributing body weight, with the toe-
off phase showcasing a knee flexion of 35-40° and an increase in ankle plantar flexion up to 20°. 
• Understanding the intricate interplay between these phases is crucial for evaluating the 
potential impact of various bodily disorders on an individual's overall gait pattern. 
 
3. Results and Discussion 
Part 1 

1- in one leges with muscle Quadriceps and muscle Hamstrings the sensor in left leg 
a-Gait cycle with normal walk 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 
Quadriceps 251 212 198 279 328 231 
Hamstrings 92 70 56 91 88 57 
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b-Normal walk with 5kg in the left hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 
Quadriceps 88 152 244 221 243 191 
Hamstrings 66 171 234 342 355 244 

 
c-Normal walk with 10kg left hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 
Quadriceps 297 236 145 163 255 205 
Hamstrings 73 87 87 26 65 60 

 
d-Normal walk with 15kg left hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 
Quadriceps 317 329 300 314 334 330 
Hamstrings 499 455 416 433 412 366 

 
e-Normal walk with 5kg in the right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 
Quadriceps 323 327 322 312 355 368 
Hamstrings 315 312 300 307 355 352 

 
f-Normal walk with 10kg right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Quadriceps 362 312 308 323 330 333 

Hamstrings 448 318 308 397 319 324 
 
g-Normal walk with 15kg right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Quadriceps 170 178 129 186 215 134 

Hamstrings 174 192 132 152 150 139 
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heel strike phase 
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foot flat phase 
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Midstance phase 
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Heel off phase 
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Midswing phase 
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2- gait cycle with stair climbing the sensor in left leg 
a-stair climbing 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Quadriceps 116 224 214 128 146 139 

Hamstrings 227 325 238 231 265 390 
 
b-stair climbing with 5kg in the left hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Quadriceps 195 213 215 171 214 153 

Hamstrings 255 291 282 263 253 276 

 
c-stair climbing with 10kg left hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Quadriceps 151 212 165 191 245 303 

Hamstrings 256 281 216 254 291 250 

 
d-stair climbing walk with 15kg left hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Quadriceps 128 219 231 280 192 244 

Hamstrins 312 236 314 285 218 234 

 
e-stair climbing with 5kg in the right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Quadriceps 125 237 195 324 142 205 

Hamstrings 157 218 253 112 214 176 

 
f-stair climbing with 10kg right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Quadriceps 163 512 378 114 221 251 

Hamstrings 193 318 200 134 161 250 
 
g-stair climbing walk with 15kg right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 
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Quadriceps 192 352 590 408 400 619 

Hamstrings 183 272 380 357 215 305 

 
 
 

 

 
foot flat phase 
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Toe off phase 
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Midswing phase 
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Heel off phase 
 
 

Midstance phase 
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Midstance phase 
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heel strike phase 
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Part 2 

1- in two leges with same muscle the sensores in left and right leges 
a-Gait cycle with normal walk 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

198 270 187 203 196 201 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

260 221 210 287 310 224 

 
b-Normal walk with 5kg in the left hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

63 171 234 342 355 244 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

89 160 256 210 248 191 

 
c-Normal walk with 10kg left hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

176 272 218 296 253 162 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L 
.Quadriceps 

283 240 168 164 263 212 

 
d-Normal walk with 15kg left hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

337 331 328 304 313 298 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

314 324 308 325 340 340 

 
e-normal walk with 5kg in the right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

340 320 387 324 337 341 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

312 322 325 330 315 376 
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f- normal walk with 10kg right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

338 353 361 328 340 323 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

323 232 314 331 342 348 

g- normal walk with 15kg right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

196 324 151 175 182 147 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

168 177 135 183 230 147 
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foot flat phase 



 

The Peerian Journal 
Open Access | Peer Reviewed  

Volume 27, February, 2024                                                          ISSN (E): 2788-0303 
Website: www.peerianjournal.com   Email: editor@peerianjournal.com 

 

 

38 | P a g e  

 

 

 
 

Midstance phase 
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Midswing phase 
 

2- gait cycle with stair climbing the sensor in right and left leg 
a-stair climbing 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

132 146 149 114 225 128 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

106 218 116 123 138 135 

 
b-stair climbing with 5kg in the left hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

170 117 209 180 213 212 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

178 216 228 173 211 175 
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c-stair climbing with 10kg left hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

176 245 200 132 221 238 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

141 205 259 189 236 214 

 
d-stair climbing walk with 15kg left hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

174 176 145 142 238 107 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

147 243 119 180 189 158 

 
e-stair climbing with 5kg in the right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

191 155 154 162 129 256 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

197 478 150 239 363 111 

 
f-stair climbing with 10kg right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

130 150 86 142 117 138 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

196 331 278 278 379 216 

 
g-stair climbing walk with 15kg right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. 
Quadriceps 

132 163 68 126 101 112 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. 
Quadriceps 

270 263 326 258 262 157 
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part 3 
the sensor in left leg 
a-Gait cycle with normal walk 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 351 486 474 239 344 320 

Triceps 140 210 199 140 182 124 

 
b-Normal walk with 5kg in the left hand 

Muscle  name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 449 264 215 260 307 195 

Triceps 104 165 181 136 118 108 

 
c-Normal walk with 10kg left hand 

Muscle  name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 368 291 190 116 144 130 

Triceps 103 117 143 128 101 96 
 
d-Normal walk with 15kg left hand 

Muscle  name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 503 403 205 120 198 207 

Triceps 107 209 187 105 99 102 

 
e-Normal walk with 5kg in the right hand 

Muscle  name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 302 478 323 155 122 235 

Triceps 93 200 181 110 103 103 

 
f-Normal walk with 10kg right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 354 428 342 340 257 247 

Triceps 95 174 211 105 115 112 
 
g-Normal walk with 15kg right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 412 359 345 217 188 116 

Triceps 97 197 259 106 105 105 

 
2-gait cycle with stair climbing the sensor in left leg 
a-stair climbing 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 
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Tibialis 121 221 349 135 128 166 

Triceps 94 124 149 121 139 96 

 
b-stair climbing with 5kg in the left hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 74 225 357 169 134 186 

Triceps 98 130 176 132 175 114 

 
c-stair climbing with 10kg left hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 212 214 394 124 169 102 

Triceps 105 102 174 175 168 87 

 
d-stair climbing walk with 15kg left hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 137 246 225 235 195 285 

Triceps 114 113 224 318 405 163 

 
e-stair climbing with 5kg in the right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 266 272 379 228 199 168 

Triceps 120 147 173 182 291 158 

 
f-stair climbing with 10kg right hand 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 121 276 527 287 282 202 

Triceps 106 147 183 126 389 246 
 
g-stair climbing walk with 15kg right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

Tibialis 145 445 286 338 214 209 

Triceps 109 122 195 210 187 124 
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foot flat phase 
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Midswing phase 
 
2- in two leges with same muscle the sensores in left and right leges 
a- Normal walk 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. Triceps 138 141 193 124 120 117 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. Triceps 103 200 190 130 124 127 

 
 
b-Normal walk with 5kg in the left hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. Triceps 85 202 145 76 162 188 

 Heel off Toe off Midswing heel strike foot flat Midstance 
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L. Triceps 105 231 193 167 111 103 
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c-Normal walk with 10kg left hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. Triceps 124 80 177 70 160 190 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L . Triceps 155 181 204 118 140 121 

 
 
d-Normal walk with 15kg left hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. Triceps 88 374 356 98 213 188 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. Triceps 100 165 211 125 160 109 

 
 
e-normal walk with 5kg in the right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. Triceps 92 208 292 100 122 128 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. Triceps 105 212 231 128 193 124 

 
 
f- normal walk with 10kg right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. Triceps 106 190 324 80 79 115 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. Triceps 107 228 282 130 163 146 

 
 
g- normal walk with 15kg right hand 
 

Muscle name heel strike foot flat Midstance Heel off Toe off Midswing 

R. Triceps 167 140 355 86 135 127 

 Heel off Toe off Midswing heel strike foot flat Midstance 

L. Triceps 100 244 258 110 240 110 
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heel strike phase 
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Midstance phase 
 

 

Discussion 
Part 1 
Quadriceps muscle 
a-normal walk 
1-Weght in the left hand activity increases with weight gain. 
2--Weght in the right hand activity increases with weight gain more than (1). 

b- stair climbing 
1- Weght in the left hand the activity decreases significantly in the first three stages and increases 
in the other three. 
2- Weght in the right hand the activity increases significantly more than (1) and decreases in some 
phases. 
 
Part2 
a-Normal walk 
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R.Quadriceps muscle 
1-Weght in the left hand activity increases with weight gain. 2--Weght in the right hand activity same 
with weight gain. 
L. Quadriceps muscle 
1-Weght in the left hand activity increases with weight gain. 2--Weght in the right hand activity same 
with weight gain. b- stair climbing 
R.Quadriceps muscle 
1- Weght in the left hand the activity increases with weight gain. 2- Weght in the right hand the 
activity are same with weight gain. 
 
L. Quadriceps muscle 
1- Weght in the left hand the activity are same with weight gain. 2- Weght in the left hand the activity 
increases with weight gain. 
 
Part 3 
Tibialis muscle a-normal walk 
1-Weght in the left hand activity increases with weight gain. 
2--Weght in the left hand activity increases with weight gain less than (1). 
 
b- stair climbing 
1- Weght in the left hand activity same with weight gain. 
2- Weght in the left hand activity decreases with weight gain. c-comparision between left and right 
Triceps muscle: 
1- weght in the left hand activity increases in left muscle more than right with weight gain. 
2-- weght in the right hand activity increases in right muscle more than left with weight gain. 
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