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INTRODUCTION TO HUMAN BODY TRANSPARENCIES

CONTENT: This is one of a series of transparenicighe €iences designed to aid teachers in gr
4-8. The visuals and supporting information carubed as a stand-alone curriculumtaillustrate
concepts introduced in textbooks and lectures. ddseriptions and images focas the systems
the human body. The overheapiogress from the more basic principles to inéregg comples
concepts and theories. Each page of informatioresponds to one of the overheads:

1. The skeletal systenthe bones, joints, and connective tissues

2. The muscular systenthe s'.ele:al, cardi:c, @ d smcot) mu: cies

3. The heart, lungs, and skinuicuiictior.s of circuiation, ' cspi. auen, anmdtection

4. Fitness:the five fithess areas and the qualities of adgworkout
5. Disease:ithe illnesses and disorders that affect the hiimoaly

6. The digestive sys en he varidus ;0 nponel ts of the jastrc ntes.i@ it

7. Urinary, endocrine, and reproductive systeth® areas of wastes, hormones, and procreation

8. The sensesthe anatomy and functions of vision, hearingetasmell, and touch

al_

9. The nervous systentl 2 r2e 2f el 7ois, e priin Ui syira. ¢ andi peripheral nerves

10. Stress and relaxatiothe mind/body connection in response to stiess

SOURCES: While some of the images were createdcesfy for this packet, most came from
internet. Almost all of the latter are in the pakdomain. For the others, permissivas receive
from the photographer, artist, or agency. Crexgiven along with the picture itself, and the intd
addresses on the back pages list the locatiortseaitages and the information used in preparing
packet. (Especially helpful were the websié&idsHealth and the National Cancer InstituteEsER
Program.)

USE: Thereis a'colecdon ci irnages or. eacn parancy. Vhis arangernant allows related topi
be conveniently grouped and allows costs to bermzad. (A simple wato display only a few of tt
images at a time is to cover the other images witiheet of paper.) The descriptions are inteno
assist teachers in presenting information...This ng of the ten sets in the science transpal
series,—Animals, Astraamy, Ecology, Energy Resources, Geology, Human BoMatter
Oceanography, Weather, and Work, Force, and Motibhese and other offerings can be viewe
www.k8resources.com

Text: © 2008, Michael Berkowitz, k8resources, Sadaine



1. THE SKELETAL SYSTEM

Labeled skeleton; moving skeleton; fixed joint of skull; ball and socket joint of hip; hinge joint of knee;
artificial ligament
Credits: NASA; NASA; Guillaume Laurent; NASA; Indiana University; US FDA




1. THE SKELETAL SYSTEM

Bones: Bones make up 20% of a human’s weight and perf@weral functions: They support the body,
holding it upright. Along with the muscles, thejow for movement. The skull and ribs protect arga
(the brain, heart, and lungs); vertebrae proteetrigrves of the spinal cord. The internal spongg’a
bone marrow makes blood components (red blood, cgléte blood cells and platelets). Calcium is
stored in the bones—not only for bone strength,aism to be released when needed by the body...Th
skeletal system of the early fetus is made of widraed cartilage. With ossification, calcium is osiped
turning cartilage into bone. The newborn has 2G0els, but some (most notably those of the skudig fu
together, leaving only 206 in the adult. The size, shapel sinength of bones change with age and
activity. Astronauts, needing less exertion ingiiessness, experience a weakening of their boves
time.

The Skeleton: Bones range e k2 largect, (e feonur, to SiZlls otythe stapes in the middle ear. The
axial skeleton includes the eighty central bones, the appendicular skeleton includes the 126 bohes
the arms, legs, and their related structures:

AXIAL SKELETON APPENDICULAR SKELETON
8 cranial bones __The Arms: The Leas:

14 facial bone’, ~ | ~ 2clavinle’s 2 el ic bines
6 ear bones = B ; : i 2 scapl lae ) 7@ ure

1 hind(supporting ‘he tongue)_ o _2 humeri 2 '[ibES

24 vertebrae 2 radii 2 fibulae

1 coccyx 2 ulnae 2 patellae

1 sacrum 16 carpals 14 tarsals

1 sternum LU nietacarje s __/1C ni=tatarsals
24 ribs B — J: o phal\v,eg : __€ phelanges

The joints: The locations where bones meet allows for theylsoshovement. (Even the fixed joints in
the skull earlier had the flexibility to allow fdhe growth of the child’s brain.) The synovialijts grant
a high degree of movement: The ball-and-socketgaat the shoulder and hip allow for the freeagea
of motion; the pivot joints at the neck allow favisting; the hinge joints of the elbow and kne®wlfor

a back-and-forth motion. Cartilage at partially vable joints allows for a limited flexibility in #n
backbone and between the ribs and sternum.

Cartilage, ligaments, and bones: Cartilage is a dense, connective tissue whiclviges support and
protection. The entire skeletal system of the deatu cartilage. The ears and nose of the adult ar
cartilage, as are the connections between vertebrdeat other partially movable joints...The bone-to-
bone connectior s ere madez b /iigaments .. mie botesile scnieci»ns-are made dy tandons (whicl
transfer the force or the muscles to the skelet@g.bones do not stretch, these connective tisselee

as shock absorbers to some degree.

Problems:
- Sprains and strains of ligaments and tendons argedaby injuries or overstretched muscles.
Broken bones are called simple fractures (if tha skunbroken) or compound (if it is broken).
Arthritis is an inflammation of the joint areas.
Osteoporosis is softening of the bones broughtyoage or eating disorders.
Scoliosis is a curvature of the spine.



2. THE MUSCULAR SYSTEM

Muscles;
skeletal muscle;
cardiac muscle;
smooth muscle;
Achilles tendon
(in white);
biceps and
triceps

Credits: NASA;
Shannon Coad (3);
Gray's Anatomy of the
Human Body,
Bartleby.com; National
Cancer Institute’s
SEER, Emory Univ.




2. THE MUSCULAR SYSTEM

Muscles The approximately 650 muscles in the body makénalf of its weight. Each muscle contain:
muscle fibers, and each of those contains thousafdBlaments called myofibrils. In contracting,
(shortening), muscles pull on a bone, pump bloodyenfood through digestive organs, maintain bloo
pressure in the vessels, or create facial expmssioSituations may arise in which muscles are us
less due to injury, disease, disorder, or even duringreked weightless periods in space. If this comets)
they weaken (becoming flaccid), or in extreme castesphy (waste away). Conversely muscles can
strengthened. In resistance training, such a®dylilding, contractile filaments become largdhrough
endurance training, muscles of the heart and llvegeme more efficient. Some, the slow twitch mescl
are aerobic—carrying on longer ongoing activitieattrequire more oxygen and are therefore reddée
fast twitch muscles, on the othe: nend, S2rfo who 2r vuicts don’ require oxygen, and are thezdess
red.

Skeletal muscles: Skeletal muscles are under one’s control andtlawe considered voluntary. They
primarily allow one to move and to maintain oneissfure against the force of gravity. Generallyg th
muscles are attached via tendons (1) at a poirgrigin on the stationary bone and (2) at the poiht
insertion on the bone that is being pulled to molaiscles causing motion come in antagonistic patsr
example, the biceps o th= ugne arm i a fleos .@uwhicl sniortzns 0 Hun on the bones of theelow
arm, causing a bend at he ell o v. T) : traightcn the #ren rizzpe, the »x cnnor at the back of the upr
arm, shortens while tye Liceus ‘2ngies.. Th mmajescle s include-ne delwdids (shoulder), pecsoras
(chest), abdominals (beiow the ribs), biceps, goags (thighs), and gluteus maximus (sedpme skeletal
muscles do not end in a bone that they move. #&belfmuscles end in the skin of the face. Whay th
shorten, they pull on the tissues in such a watoderm different configurations that indicate egpsions
useful in communicating. The tongue is a set ofctas attached at only one end. Some musclesoton
eye movement; some, the nctic 1+ urth : wiap ragr € ef u mus cless als 0 nerform other tasks: keepit
bones in place, protectin i-iz.nt: =cid icating By h oaithe! ‘noircair s a homeostatic temperatt
balance. Regardless of ‘unctio'i, thasc.valunteagak ¢ >!'s=.are stri“ted microscopically stripadp
multinucleated (having more than one nucleus).

Cardiac muscles: The striated and branching muscle cells thatmat@ally control the heart are called
cardiac muscles. When they contract, they squbkma out of the chamber; when they relax (lengther
they allow blood to refill the chamber. This preseoccurs naturally and involuntarily, under th
unconscious control of the part of the brain tlegiutates automatic processes.

Smooth muscles: The smooth muscles are also involuntary, but thely striations. They consist of thin,
parallel fibers surrounding organs and hollow tub&eey move food through the intestines, mainbdood
pressure in blood vessels, adjust the size ofativpays (bronchioles), change the size of the pegjel
urine from the.hlaader, move tac babyihrougn gas =t mirn, and max=han starc onend.

TYPE CHARACTERISTICS LOCATION

Skeletal | Voluntary; striated Musculoskeletal system, face, tongue, eyes, arghthgm
Multinucleated

Cardiac Involuntary; striated Heart
Branching

Smooth Involuntary; not striated| Intestines, blood vessels, lungs, bladder, irs;ug, and bronchioles
Single nucleus




3. THE HEART, LUNGS AND SKIN

aorta _
_——pulmonary artery

anterior vena caw
Imonary vein
eft atrium

atrioventriclar
valve

Saﬂitlm

right ventricle
at. “rett cle

posterior vena ¢z

Heart; circulatory system; respiratory system; bronchiole bifurcation; skin; Caucasian, Negroid, and
Mongolian (cross-section) hair

Credits: Math Science Nucleus; Medline Plus, NLM, NIH; US EPA, Office of Air Quality Planning and Standards; Lawrence Berkeley National Laboratory;
National Institute of General Medical Sciences, NIH; D. W. Deedrick and S. L. Koch, FBI, Forensic Science Communications (3)



3. THE HEART, LUNGS, AND SKIN

The heart: The heart is a fouthambered pump that powers the circulation of bkbodughout the body. T
top two chambers, the atria, collect blood retugnirom the lungs and the body. From the atria, lo®c
descends into the ventricles. The lower chambesing thicker walls, push the blood back out. ¢z
located between the chambers prevent the blood Goimg backwards. It is the closing of the valvest
creates the “lub-dub” sound of the heartbeat.

Blood and blood vessels:Blood contains plasma (the medium), red blootsdébr distributing), white bloc
cells (for cleansing), and platelets (for clottingyhe blood transports oxygen andurishment to the body
cells; carbon dioxide and wastes away from thesgealhd hormones from the glandBlaod moves throuc
100,000 miles of blood vessel#rteries carry blood away from the hearPowered by the pumping of i
heart’s muscles, the blood “pulses” throayh g1%2ri€ his thrcbling ¢ in be detected as a pwisere arterie
are near the skin—in the wrist anu cidr =« € th dhnLre vessels bral cniout to firmteriolesand ultimatel
to the microscopicapillaries Cap.:icay‘walls aie <o tair, that 0.y ger. aiaalgsd food nutrients can passat
to the tissues, and carbon dioxide and wastes ass ipwards. Capillaries leadwenulesand to largeweins

whose smooth muscles return the blood to the heart.

Circulation: As the cardiac muscles of the right atrium castirelood moves to thright ventricle. When tl
more powerful muscles of.ne gkt vertri:le coxy#ood is | ropella tc th 2 1ur gs where carbaxidie is
released and oxygen t (ke in. "F2lcoc retuon the lungs @wc't e lefl a giwhere it is passed into 1
left ventricle. From the e itic-zumped cut :=-tast cf the body and re.ws.s tc the right atrium.

The lungs: Like the heart, the lungs are protected by bdties sternum and ribs) and sule (the diaphrag
below). Inside a pleural membrane, the lobes efitings are spondée organs that accommodate the in
of oxygen and outtake of carbon dioxide. Whenribe lift up and out and the diaphragm pulls dotiwe, lung:
expand and draw air in. s.uwer el e g ne meutmoso, e dr passes aown fiiearynx (throat), laryr
(voicebox), and trachea (w ~2zipe =wchiere Gy hk¥lelia in i die fasseo 2 of mucous and dirt from entt
the lungs. The trachea bre nches into ‘wi:m=ims.'gror ch 2»hich "nte - the .eft and right lungs. alserie
of splits (bifurcations), the passageways becomalemand more numeroubgcoming the 30,000 bronchic
of each lung. These end in a mesh-like interfaitd wapillaries. Tkre the gaseous exchange occurs
carbon dioxide leaving the red blood cells and @xygntering them With the ribs returning down and in ¢
the diaphragm rising, air is expelled from the lsingp througtthe trachea. If the vocal cords of the lar
(voicebox) are narrowed, the force of the air pagsnrough causes the vocal cords there to vibrateducing
vocal sounds. The breath continues up and owingrout the heightened levels of carbon dioxi@eiring the
next inhalation, air with a higher concentratiorogf/gen descends again to the lungs.

Skin: _The skin is the boundary organ that protectshiba@y, provides sensory information, and helps ab
body temperature. The outermost layer, the epiderconsists of dead cellslgughed off at a rate of 30,(
cells per day) andthe hbasai layer (vhere new «xdscreaied) The basailayer aiso coriains the mel
which gives sxkin its natural coloring, frecklesimiiarks, and age spots. it'tarngroiectiiigagainst the sun
ultraviolet rays. The dermis (the thickest layeth® skin) contains nerves, blogdssels, oil and sweat glar
The lower, subcutaneous layer consists mostly btéds and prowes protection and insulation...When
body becomes hot, sweat is produced and exits ghrgores. On the surface of the skin, the bodga
evaporates the liquidWhen the body becomes cool, the blood vessels mongeducing the flow of blood
the surface where warmth can be lost), gooseburaops, fand hairs stand erecGenetic factors cau
differences in the hairs of the three differentestiically-defined racial groupgCaucasian, Mongoloid a
Negroid): Denser pigmentation causes the darkierim&egroid and Mongoloid groups. The oval and rc
hair shafts of Caucasians and Mongoloids give tegeaighter hair.
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Cardio- Bcdy | lex il ty IV uscular Muscular
vascular compasitir., S rength endurance
Run/jog/walk | Burning Stretching Weightlifting | Curl-ups
Bike, swim calories Yoga Hand grips Calisthenics
X-country ski | *'S: *”kifqiﬂ i i FRush=4ps
Age | Sex _\?I.? ruﬁ-__lMl | V-Si reach I_:ush-up Curl-up
10 | Boy 9:30 | 14.0-22.5 1 7 20
12 | Boy 9:00 14.8-24.1 1 9 20
14 | Boy ¢0r 1312k 4 1 12 25
10 | Gin | 10000 | 1ss225] 2 | 7 20
12 | Girl 10:30 14.7-24.2 2 20
14 | Girl 10:30 16.2-25.3 3 7 25
Period Minutes Sample activities
Warm-up 5 Stretching, yoga, toe-touches
Aerobic or L 20-30 Run/jog/walk; bike; swim
Strength Weight-lifting; push-ups
Cool-down 5 Stretching, yoga, toe-touches

Fitness areas; standards for Presidential Fithess Awards; sample workout

Sources: President’s Council on Physical Fitness; Cooper Aerobics Center; Futrex; (images from Microsoft PowerPoint)




4. FITNESS

The five fitness areas:There are five recognized areas in the body’sadya fitness:

Cardiovascular fithessFhe oxygen delivery system is the most fundamergpéct of fitness.
It entails the capacity of the lungs to bring inygen, the blood to absorb the oxygen, the hear
pump the blood, and the cells to use the oxygenthadransported nutrients. Well-conditione
athletes have efficient hearts, with low restingspuates and minimal rises during exercise.

Body composition—Fhe proportion of a body’s fat tissue is anotheligator of fitness.
It is not healthy to have a high ratio of fat méss¢ cells) to lean mass (muscle, bones, and 0jg:
Being overweight indicates that one’s weight israbe standard for one’s height. Since muscles
dense, some may be “overweight” but still healthy.better gauge is the BMI, body mass inde
which is a number calcul2t2d from ona’s hoigktamight: 2M!=((weight in pounds)/(height in
inches squared)) X 70:..0thes meltods ¢ ectinatm s _body fat include a skin folc
measurement (of the amaount ¢. nec:h th=c cal behp h at ( esianated locations) and underwa
weighing (with one’s density indicating the amowhtbody fat). Obesity, or having excessive fe
constitutes one health hazard. On the other exfreanorexia and bulimia are life-threatenir
examples of thinness that include unrealistic setfeepts and require professional help.

Flexibility—One should have a full range of motion, with flakiy at the joints. Being flexible reduce:

the likelihood of sucn injaries as stainst (overee@ muscies) ¢ suans (overstretched or tc

ligaments). Muscles, t ndor s, axd licameni> (ociveeti :sttes sho ¢ .2l'ow free movement of tl

limbs.

Muscular strength-Ancther indicator of fitness is the ability of noles groups to exert a force.
Performing a strenuous task one or several timakeriges muscles.

Muscular enduraneeThe ability of muscles to repeat an action isfiftle area of fitness.
While muscular strength requires strenuous butdrartions, endurance requires many repetitions
muscular contraction .

Presidential Health Fitne 3s Aw.rds. S andarde for itr.222-aw.rds nav : been set fgg bod girls at
various ages for each of the fithess areas—mile(candiovascular), BMI (body composition), V-si
reach (flexibility), push-ups (muscular strengtmd curl-ups (muscular endurance).

Workouts: Designing a workout depends on the individualedMal factors that should be taken int
account include: one’s health, previous activaydl, blood pressure, family history, age, and mott
conditions (asthma, for example). One should $eletvities that are enjoyable and fiedmpanions.

Workouts are best if they are mixedto develop different muscle groups. It is deskedol exercise four
to six times per week. An ideal workout would umbd three components:

| Geais Levelofexertion - Exaimpieg on Activity
S LU/ L LW ERVATAVAVAVAYEE o W N DLV - 1Y L, )y 8 I
warm-u Gradually increase heart ratq | | Gentle stretching
Loosen connective tissues
, Cardiovascular fitness High Large muscle activity in
Aerobic .
Or Muscular endurance a free range of motion:
or Jogging; swimming;
Strengtth training Muscular strength High biking; lifting weights
Gradually reduce heart rate .
Cool-down Keep connective tissues 00s eLow Gentle stretching




5. DISEASE

Immune system; T-cells attacked by tiny HIV virions; pollen granules; asthma_effects; osteoporosis

Credits: Medline, NLM, NIH; C. Gold mith, } Fe¢rino, E L. almer, W. R. Mcl ant ,, C nters for L ‘'sea € Con' ol, L HHS; Janice Carr, CDC, DHH;
NHLBI, NIH, DHHS; JSC, NASA

Black-legged tick; mosquito; bee stinger; chest x-ray of pneumonia; emphysema lung with carbon deposits
from smoking; scarred and discolored liver in cirrhosis from alcohol

Credits: James Gathany and William Nicholson, James Gathany, Janice Carr, Thomas Hooten, Edwin P. Ewing, Jr., (2)., Centers for Disease Control, DHHS



5. DISEASE

Healthy lifestyles: Remaining fit helps one keep free from diseaBegular exercise and activity are
important, as is managing weight with a healthyt.di®ne should eat plenty of fruits, vegetableg] an
whole grains; one should limit amounts of choledtesugars, saturated fats, and trans fatBobacco
should be totally avoided, and alcohol intake stideg low. A properly functioning immune system
fights disease: The B-cells (made in bone marm@ang the T-cells (made in the thymus, an organen th
chest) identify and attack invading microorganisand disease. The spleen, tonsils, and lymph names
other key sites in the lymphatic system’s assaulhmtigens.

Prevention levels: There are three levels at which diseases caroimdated. Primary prevention (P)
reduces the incidence of the aiceat's'ouc  ed.cs iun, a varer zss, and general polici&scondary
prevention (S) identifies indivici'als wyo ae ‘e tl ~riek or devcioping the disease or those with
existing preconditions for it. “TerLa'y prevent DR m nimize = the neaative effects of the disethse a
patient has already contracted.

DISEASE OR DISORDER PREVENTIVE MEASURES
CARDIOVASCULAF. D'sEASE | F: ealth; lifstyle, gcod die.; ap,rcirat exc
narrowed arteries; ¢ ot S: 10 smok ng; limit fi s 'and chol 's =ic'. modertercise
heart attack; stroke . woanypedtensive madicationg, su.gery

CANCER P: healthy lifestyle; good diet
uncontrolled cell growth S: avoid: tobacco, strong sun, radiation, harrafidmicals
lung, breast, skin, and other cance¢rs: surgery, radiation therapy, chemotherapy, imotherapy
DIABETES P: nraner nutrition; exercise
problem producing or using < i :  weight 'ose, g uc dse te. tin
thirst; fatigue; coma T: control «f Hlocd cugar; il sulianjections; nigations
AIDS P: education; sanitary practices

immune deficiency (from virus) S: protected intercourse, universal precautionk tlood
prone to disease and infection T. antiviral treatments; protease inhibitors

ASTHMA P: reduced pollution
inflammation of airways S: lung testing; reducing dust mites, pet danaled, molds
“attacks” of limited air flow T. bronchodilators; medications
ARTHRITIS P: strength and flexibility training

inflamed joints S: flexibility exercises; avoid repetitive motions
pain; stiffness; limited movement | T: prescribed exercises; medication (aspirin,icosteroids...)

OSTEOPOROSIS P: calcium; avoiding anorexia, smoking and alcohol
thinning of bone tissues S: approoiiate exercise; diet: preventing falls
fractures; nar: stocpiny T. drugs, homone venlazement tnerapy (b rislg -g ffects)

LYME DISEASE P: education
infection from tick bite S: cover legs; check for ticks; sparing use otliept DEET
rash; joint pain; fatigue T. antibiotics

Additional examples:
Other insects raise risks: Mosquitoes can tramafdaria; beestings can trigger allergic reactions.
Pneumonia’s fluids can be seen on x-rays of thg.lun
Emphysema, a respiratory condition of troubled timeg, is usually the result of smoking tobacco.
Cirrhosis is the damage to the liver commonly cdusealcohol consumption or hepatitis.




The remaining pages include:

6. Digestion System

7. Urinary, Endocrine, and Reproductive Systems

8. The Senses

9. The Nervous System

10. Stress and Relaxation

11. References list



