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AVDELNINGEN FÔR A1tBETSLXRA

Arbetsinstruktion f6r plantering mcd
SFI-hacka

Beskrivningen gâller fâr arbetare som fattar med hôgra handen
nàrmast hackbladet. Sker fattningen med vànstra handen nâr
mast bladet blir fôrfaringssattet spegelvànt.

i. Flàckhackning sker med pendiande hackfôring, Humusen hyv
las av.

2. Nedhugg fôr plante- 3. Jorden lossas och planteringsgropen
ringsgrop skermed làg vidgas genom att hôja skaftàndan. —

skaftfdring. Obs! hack- Diirefter slàppes hackan helt och plan
skaftet hela tiden pâ tan fattas med hôger hand, samtidigt
sidan om benen. som vànstra foten Rires mot hackbladet.

Svenska Skogsvârdsfôreningen
Regeringsgatan ï8, Stockholm C, i distribution.

Pris 50 dre
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Planteringsgro- 5. Plantan sâttes 6. Hackanlyftes, jor

pen ôppnas genom sedan med en snàr- den skrapas av med
att med handen fat- tig rôrelse i bakre foten och trampas
tad omkring hack- delen av den sido- till omkriog rôtter
skaftet nâra bladet kant av gropen, na. Se tili att hack
dra detta i riktning som ligger nàrmast bladet icke pressas
uppât-bakât. plantôren. mot rôtterna, som j

sà fall kunna skadas
.. eller dragas upp.

Fattning mcd

Vânster hand nârmast
hackbladet

Vid /ôrflyltning:
Bàr hackan I vdnsler och plant- Bar hackan i hôger och plant
làdan I hôger hand. lâdan i vdnsier hand.

Vid p?anterinF
Tag plantan I hôger hand och Tag plantan I vànster hand och
trampa till jorden med vàoster trampa tiil jorden med hôger
lot, lot.

Bedômningstabell tôt svàrighetsgtadeting av
planteringsarbete med SFI-hacka

L Anvisn.ingar fôr tabellens anvàndning

Bedômningen sker med ledning av fyra grondtabeller fbr svà

righetsfaktorerna A. Kvistrôjning, B. Flàckhackning, C. Plant

sàttniog och D. Frambarning av plantor mm samt sex tabeller

med tillagg fôr speciella arbetssvàrigheter. I tabellerna har ar

betsdrygheten àsatts ett visst .poàngtal. De j respektive tabeller

erhàlloa poangtalen summeras, varvid somman ntgiir ett màtt

pà den totala arbetssvàrigheten. En poàngsumma av £00 mot

svarar ungefar en prestation vid ackordsarbete av I 000 satta

plantor per dagsverke. Under punkt III lamnas vissa anvisningar

om huru dessa poângtal skola omfbras tiil ackordspris. — 0m

planteringen utfdres ulan fldchhachning skall lobe?? B. Fkickhach
ning med tifldggstabe??erna o och b ef anvdndas.

Fôre bedômningen bdr hygget gàs bver, varvid nedhugg med

planteringshackan gdres fôr att bestâmma steoighet mm. Sam

tidigt beddmes humustackets beskaffenhet och kvisttàckningen.

Antalet planteringshugg taxeras fdrslagsvis pà nàgra representa

tiva slag och pà sà sktt att hackan hugges ned I marken I Rire

skrivet fôrband och pà de fiackar, dar det beddmes làmpligt art

sâtta en planta. 0m man med ett hugg kan fa ned hackan tiTi

lampligt planteringsdjup och darefter vidga planteringshàlet,

registreras en etta. 0m tvà hugg behdvas, registreras en tvàa,

etc. Det genomsnittliga antalet hugg, som erfordras fôr de tànkta

plantsàttningarna fàr ge uttryck fôr markens svàrighetsgrad I

fràga om stenighet och hindrande rôtter. 0m fôrhàllandena aro

sa svàra, att man pà sex hugg inte lyckas gdra en anvàndbar

planteringsgrop med den ràckvidd man har med hackan utan att

fbrflytta sig, registreras en sexa i protokollet. Starkt steniga och

fôrsumpade omràden, dâr det ej ar môjligt art sâtta en planta,

gâs helt fdrbi. Pa besvarliga marker, dar fylijord m&ste anvandas,

registreras i hur stort antal plantsàttningar detta mâste ske.

II. Kommentarer fil bedômningstabeilen

A. Kvistrdjning

Sambandet mellan kvisttàckningsprocent och antal grenar,

fallande inom en cirkelyta med ‘f m radie, ar givetvis beroende

av fôrrattningsmannens bedômning. I studiematerialet ha ej in

gàtt nagra extremt risiga hyggen, varfôr siffrorna fdr klassen 7—
13 grenar Tir extrapolerad. I regel brukar branning ofta fôretas

pâ hyggen av denna och svàrare art.

13. Flâckhackning

Arbetssvàrigheten ar indelad I fyra klasser. mass i àr avsedd

att ange lattaste fôrhàllanden. Inom klassen falla exempelvis

hart branda hyggen, hedar och latta humusmarker ntan grasin

blandning och besvàrande markvegetation. Inom Mass II Rire

komma hyggen mcd grasinblandning och nâgot besvârande

markvegetation. Inom klass III falla t. ex. nedlagda betesmarker

och obranda ràhnmusmarker I Norrland. mass iv omfattar de

niTra svàraste markerna t. ex. myeket sega ràhumusmarker I

Norrlands hôjdlagen eller extremt besvarliga gràsmarker.

Svàrighetstillagget fôr ytligt liggande granrôtter ar osakert.

Nâgra studieresultat ligga ieke bakom siffrorna, utan dessa aro

bedômda mcd ledning av praktiska erfarenheter.

C. Plantsâttning

Svàrighetstillaggen fôr hard cher klibbig jord grunda sig icke

pà resultat frân studierna utan aro bedômda. Svàrighetstillagg

fôr brant och kuperad terrang aro bedômda mcd ledning av en

dast ett par ytor.
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Fiirflyttningssçhema

i.cY

i = planteringssteg 2—4 = fôrfiyttnlngssteg

MINNE S REGLER

Hôger hand nârmast
hackbladet
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III. Beriikning av arbetspris

En poângsiffra av ioo motsvarar ungeMr en prestation vid

ackordsarbete av i 000 satta plantor per dagsverke. 0m man med

ledning av bedômningstabellen t. ex. kommer tiil en poàngsumma

av 120 och anser, att genomsnittsarbetaren bdr tjana 40 kronor

per dag vid ackordsarbete, blir priset per satt planta =

120.4000

________

= 4,8 ore
100 . I 000

IV Svârighetsfaktorer.

A. Kvistrôjning

Antal grenar,Kvisttack-
sont falla mont

nings en cirkelyta
med 1/2 m radie

Vid plante-
ring ntan

6 22 ‘6 fiâekhack
-. ning

Poang

6 7 9 10 II
i8 21 24 27 30

3’ 37 43 49 55

0—5

6—10
II—30

3 I—50

0—I

‘—3
3—7
7—13

4

Flàckstorlek j do,2

4
II

20

B. Fliickhacknin,g (gàngtid ingâr icke, enàr don medràknats i
C. Plantsàttning)

i. Grundiabeli

6 22 i6
Plâckstorlek j do,2

Poâng

Klass I = tunn och lucker humus 24 28 34 39 46
IClass II = tunn men seg humus 38 46 55 64 74
Klass III = gràstorv eller tjock

seg humus 6o 73 91 io6 125

Klass IV = mycket tjock och seg
humus eller grâstorv 95 ‘16 148 176 209

a) Tifldgg fOr stenighet mm

IJen fôrsta siffran i varje kolumn avser 4 dm2 och den sista siffran
,6 dm2 fiàckstorlek.

Pôrekoiust Avsevârd Stor

Poâng 6—12 15—30

Den f6rsta sifiran avser 4 dm2 och den sista siffran i6 dm2 fiâck
storlek.

C. Plantsâttning (gâng ingâr med poàngtalet 26)

I. Grundtabefl

Planterings- Plantgropar kir

hngg i,n 2,2 1,4 i,6 ,,5 2,0 2,2 2,4 2,6 2,8 3,0 vilka fylijord
erfordras

Poàng ...
150*_200t*

* Fylljord kan pâfyllas under planteringsslaget. ** Besvàrligt att
anskafia fylljord. —Tabellen kr beràknad for oomskolade plantor.

I Jord Hârd eller klibbig lMYdet hârd cher khibbigl

Pong 10 20

d) Tifldgg /6,’ terrângsvdrigheter

I Brant och svâr- I Mycket brant och
Terrang framkomlig mycket svârframkomlig

Poing j 30

D. Frambârning, sortering och vrd av plantor i samband med
arbetet

Avstànd tjll dm1 plantor Stora plantor

plantnpplag j Poang

o—5om 10 20

50—100 m 20 35

Arbetssvârigheten vid hjitlpplantering (komplettering) av fdr

yngringar

Vid hjàlpplantering sker bedômning pâ samma sàtt som vid
vanlig plantsàttning. Pâ grund av det ôkade arbetet for gâng

och sôkande efter tomma plantfikckar gôres dock poângtillàgg

enligt nedanstàende tabell. Det fbrutsàttes att planteringen ur

sprungligen var utfdrd med fiàckhackning.

Antal kompletterade phantor
per ha 500 2000 2500 2000 2500 3000

Svârighetskhass Poâng

i. Mycket làtt att âterfinna
plantfiâckarna 53 24 14 8 2

2. Làtt att âterfinna plant
flâckarna 8o 4! 24 15 10 7

3. Sv&rt att àterfinna plant
flâckarna 124 65 40 27 ‘8 14

e) Tifldgg fôr omskolade plantor

Planteringshngg
‘°

‘ x,8 2,2 z,6 3,0

Poâng
—

i— 2—5 4—8 5—10 7—13

Plantstorlek 2/2 cHer soit 2/21 Stora z/, plantor

Poâng 3—7 10—20

Den fôrsta aifiran avser lâg, den sista siffran hôg stenighet.

b) Tiildgg vid plantsduning utan /àregâende fldckhackning

b) Tifldgg far yfiigt liggande granrôtter

Homos Tuno och lncker Tjock och seg

Poang 3 10

e) Tillhigg fOr jordens beshaffenhet

t
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Fôrord

Denna broschyr handiar om arbetsplatsens anpassning tu! de
arbetandes fi5rutsttningar, nrmare bestàmt 0m skolans an
passning tiil elevernas fiirutsittningar. Ergonomi i denna be
tydelse r inte ngot imne i grundskoian utan en ledande ar
betsprincip, ett samiat uttryck fir skolans strvan att genom
bi a tekniska tgrder skapa bsta môjliga arbetssituation f5r
eleverna

Biidmaterialet visar situationer i skolan. dr ti1!mpningen
av ergonomiska principer r av betydeise f5r elevernas vibe
finnande. Det r 5verstyre1sens fiirhoppning att broschyren,
som riktar sig tili skolstyreiser, skolledare och irare, skaii ska
pa f5rsteIse och vcka intresse f5r detta viktiga omrde.

Stockholm j januari 1965

Kungi Skokverstyreisen

Vad ir ergonomi?

Ergonomi ir ett samiingsnamn p ail verksamhet, som syf tar tu!
att anpassa arbete och arbetsmiiju5 tu! mnniskans firutstt
ningar och begrànsningar. Termen r ganska ny, hittilis fi5re-
trdesvis anvnd inom industrin. En annan beteckning som
ofta anvnds fi5r denna verksamhet r bioteknologi.

Den kunskap ergonomin sider sig pi hirstammar frn olika
biologiska vetenskapsgrenar, friimst arbetsfysioIogi, anatomi
och rârelsekira, arbetsmedicin och arbetshygien samt sinnes
psykologi. Modernt arbetsiiv innebr inte silan synnerligen
komplicerade arbetssituationer, dr en mycket ingtende kun
skap av denna typ r erforderlig fôr att maskiner och annan
utrustning p basta sàtt skall anpassas tu! mnniskan. Man fir
emellertid inte glimma bort, att tskilliga ergonomiska prob
iem r enkla och ofta kan lLusas med hj1p av sunt fiirnuft.

I industriella sammanhang utgir begreppet ergonomi delvis en
syntes av tankegngar hmtade frân skyddsteknik, produk
tionsteknik och f5retagshàlsovârd, och det nya ligger nirmast
just i denna syntes.

Inte heller i skolorna r ergonomin nâgot radikait nytt, utan
det ruir sig framRrallt om en tiiimpning av skolhygieniska
synpunkter i vidaste bemiirkeise.

j:

Bildurval och bildtexter Konsulent Birgit Rydin-Areskoug
Texter Professor Nus Lundgren, sekreterare Eric Kievholm
Foto Bo Dahiin
Teckningar Jan Olofsson
Layout Kerstin Anckers

Svenska Tryckeri Bolagen STB AB, Stockhoim 1965
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Ergonomins syften

De syften man har med ergonomisk verksamhet àr i princip
desamma oavsett om det rdr sig om arbetsplatser i industrj
eller p kontor, j hem eller i skola. Dessa syften kan samman
fattas under f6ljande huvudpunkter:

t Okad stikerhet
En vsent1ig strvan nr man utformar en arbetsplats r att j

môjljgaste mn eljminera rjsker fi3r olycksfall eller av arbetet
orsakade sjukdomar. Dessa skyddsfrtigor r kanske inte lika
uppenbara j klassrummet som dâ det gàller industriella arbets
platser, men dremot har man ail anledning att gna dem be
tydande uppmrksamhet j specialsalar och skolverkstder.

Ute j arbetsljvet har skyddsfrgorna sedan lànge varjt fi5remâl
ft5r en omfattande och delvis Iagstadgad skyddsteknsk verk
samhet utivad av speciella funktionrer med en ofta omfattan
de utbildning. Den ergonomiska verksamheten j jndustrin bar
jnneburjt, att detta skyddstekniska arbete breddats. Ergonomin
tillmpas nàmligen inte bara av skyddstekniker och skyddsom
bud utan dessutom av rnânga andra funktjonàrer i fciretagen.

samma stt kan jntroduktionen av begreppet ergonomi j
skolorna vantas innebra en motsvarande breddning dàr, t ex
genom 1rarnas 5kade medverkan.

2. Okad trivsel
Det finns naturligtvis mnga sysselsttningar, jnte minst j sko
iorna, dir ngra stôrre skaderjsker inte firekommer, men dr
arbetet leder tiil tratthet och andra obehag. Det kan t ex ri5ra
sig om lokala besvàr j muskler och rygg tiil fiujd av olmplig
arbetsstillning och ensjdigt arbete, sveda i igonen p grund

av dMg beiysning, viss psykisk iiverbeiastning genom olmpiig
fardeining av arbetsuppgifterna eller ogynnsam pausordning,
far att nmna ngra exempel. Att analysera orsakerna tili sâ
dan Iokaijserad eller a1lmin tratthet ochmotverka den genom
att ràtt planera och utforma arbete och arbetsplats r viktiga
mM far den ergonomiska verksamheten, som hrvjd sMunda
siktar kingre n skyddsarbetet i sedvanlig mening.

Nir det gller oljka yrkesarbeten j industrj och skogsbruk
m m samt j vjss mn aven betrffande hemarbetet har man
gjort âtskilliga arbetsfysiologiska och andra studjer av arbets
tratthetens probiem, vjlka ger ett objektivt underlag far tjll
rittalàggande Mgàrder. Nâgot motsvarande underlag fjnns inte

j sti5rre utstrckning ifrâga om skolarbetet. Pâ skoians omrâde

finns i detta avseende ett stort fIt fdr fortsatta utredningar.

.
Okad arbetseffektivitet

Systematisk ergonomisk verksamhet rknas numera j industrin

som ett viktigt produktionstekniskt hjàlpmedel och kan sj1v-

fallet pâ samma sàtt j skolarbetet vàntas verksamt bjdra tjll ett

effektivt arbete.

4. Ergonomin och de handikappade
Fôr vissa mnniskor har ergonomin en specieli betydelse pâ sâ
stt, att den farbttrar miijligheterna att far dem fjnna Imp
liga arbeten. I jndustrjn glIer detta t ex mânga Idre och per
soner som pâ grund av sjukdom eller andra orsaker bar ned
satt arbetsfarmâga. Motsvarande grupper j skolan utgLir sjàlv
fallet de handilppade barnen.

Viika syssiar med ergonomi?
I det moderna arbetsljvet r det mânga funktionàrer, som sam
verkar i det ergonomiska arbetet. Hit har t ex arkitekter, ma
skjn- och verktygskonstruktarer, jnkapare av maskiner, ar
betsmabler och annan utrustning, arbetsstudjeteknjker, drjfts

4
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ingenj&er, arbetsledare, skyddsingenjrer och skyddsombud
samt personaItjnstemn. I mnga f&etag finns dessutom nu
mera speciell personal som f5retags1kare, leg sjukgymnaster,
gymnastikdirektjjrer och sjuksk5terskor, fr viika det r en
vsentIig uppgift att medverka i det ergonomiska arbetet.

Det r av utomordentlig betydelse fur skolarbetet, att ergono
miska synpunkter anlàggs vid utformningen av skolans arbets
platser. Kunskaper om ergonomi r diirfuir viktiga fi5r t ex ar
kitekter, mubelkonstrukturer och inkuipare, fdr skolledare och
kirare, skolffikare och skolskiterskor. Genom samverkan mel
lan skolans olika befattningshavare kan man skapa en god ar
betsmiljui fu5r eleverna och p s stt aka trivseln och fu5rbttra
arbetsresultatet.

Nâgra ergonomiska problem i skolan

Arbesstu11ningar och rôrelsemônster
Skolarbetet har vissa av de ergonomiska huvudproblemen ge

mensamma med mnga moderna yrkesarbeten, nmligen den

.sittande arbetssh!illningen och det ofta ganska ensidiga rôrelse

mônstret. Hrtill kommer, att man j skolarbetet ofta mste ut

fôra ovana precisionsrurelser, ngot som ytterligare kan accen

tuera belastningsproblemen fur musklerna. Som bekant arbe

tar man mera spnt innan man làrt sig ett ru5relsefu5rlopp.

Dâliga arbetsstàllningar samt ensidiga och spnda arbetsrusrel

ser r viktiga orsaker tiTi yrkesskador j form av belastnings

sjukdomar samt tru5tthet och fu5rsmrad arbetseffektivitet. Vis

serligen r heit skert unga minniskor i genomsnitt mindre

knsliga àn àldre fjir dessa former av trutthet och smrtor, men

samtidigt fâr man inte glômma, att riskerna fuir bestâende hâll

ningsfuirndringar tiil fuiujd av sneda sti11ningar och ensidigt

arbete vanligen r stiirst under uppvxttiden. Ett detaijerat tili

rtta1ggande av arbetsst11ningar och ruirelser ir dàrfôr starkt

befogat iven i skolarbetet. Hit huir sjlvfa1iet, att stolar, bord

och arbetsbnkar m m skall svara mot barnens kroppsmâtt. Det

skall finnas ti1lrckligt utrymme fur knàna, och man skall kun

na sitta med hela fotsulan i golvet.

Av stor betydelse dâ det gàller arbetsstllning och riirelse

munster r att det finns tillrckIiga muijligheter tiTi omvxIing.

Àven den mest idealiskt utformade arbetsstilning kan i 1ng-

den bu olidiig, om den tvângsmssigt mâste intagas under lng

re tid. Som exempel kan nmnas, att man buir undvika ana

tomiskt utformade stolsitsar. Den basta stolsitsen r vanligen

i1
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plan och horisontell samt aven i avrigt sâdan, att den gar det
mijligt att variera sittstl1ningen.

Frâgan om lmpliga stllningar och r5relser berar aven utform
ningen av de maskiner och verktyg, som anvànds j skolarbetet.
Hr gller samma regler, som numera tillmpas i arbetslivet,
och som skall exemplifieras j fortsttningen.

Tungt arbete
Srskilt lrare j ivnings- och yrkesàmnen mâste sjlvfal1et ha
tillrcklig kunskap om hur den fysiska arbetskapaciteten varie
rar med elevernas âlder och mellan pojkar och flickor. Av sur
skild betydelse ir att tillmpa alla de ryggskonande âtgrder i
form av ffimplig iyftteknik m m samt “ryggvinlig” utformning
av arbetsplatsen, som numera iignas stor uppmrksamhet j in
dustri och andra nringsgrenar.

Lokalerna
Angâende lrosalarnas storlek finns speciella anvisningar.

Betrffande utrymmesfrâgorna i avrigt skall bi a pâpekas, att
alltfar iâg takhajd gar det omiijligt att i en starre lokal ordna
med en blndfri takbelysning.

Arbetsplatsens kiimat
Som bekant kan man frân komfortsynpunkt faststIIa vissa
grnsvrden far lufttemperatur, luftfuktighet och luftrareise.
Dessa vrden varierar far den enskilde bi a med graden av fy
sisk aktivitet och med kldse1n. Som nâgra exempel pâ tole
ransgrnser kan nimnas, att man ifrâga om luftfuktigheten
anser 40—60 % relativ fuktighet vara iàmpligast, och att under
alla fôrhâllanden vrden under 30 och 5ver 70 % b5r undvikas.

Pâ samma stt g1ler om lufthastigheten, att vid sittande arbete

j 20° temperatur vrden 5ver 0,2 m/sek brukar uppfattas som

obehagligt drag.

Bland fôrhâllanden som mâste beaktas j dessa sammanhang
kan vidare nimnas, att vistelse nra kaila ytor kan ge upphov

tiil kànsia av drag, s k strâiningsdrag. Det r5r sig hr inte om

ett verkligt drag, utan obehagen beror pâ att kroppens vrme

farluster genom utstrâlning av vrme blir srskilt stora frân de

hudpartier, som r riktade mot dekaliare ytorna. Detta betyder

mycket far elever, som râkar fâ sin arbetsplats f5r nra fanster

eller kalla yttervàggar.

Man bar ocksâ uppmàrksamma att det finns vissa regler fôr

vilken temperaturskillnad far iuften i fot- och huvudhajd, som

kan tolereras, liksom ocksâ far motsvarande skillnader mellan

luft- och vàggtemperatur.

Andra rniljôf aktorer
Buliret spelar stor roli j industrin och aver huvud taget i sam
hllet, dels som starande moment, dels drfar att buller ôver

en viss styrka j llingden kan leda till s k bullerdavhet, dvs obot

lig harselskada. Det finns tmligen klara anvisningar bâde om

var skadlighetsgrnsen j frâga om bullerstyrka gâr och om hur

buller och bullerskador skall farebyggas. Sjlvfallet bar dessa

anvisningar dr sâ iir aktuellt tillmpas iven i skolorna. Det

samma gller ergonomiska data rarande syn- och belysnings

frâgor, frgsttning m m. Belysningsfrâgorna bar gnas sr

skild omsorg j klasser med synskadade elever. Fôr akustiska

specialanordningar och teknisk apparatur i harselklasser eller

kiasser med enstaka harselskadad elev bar srskild expertis an-

litas.

Avslutningsvis kan konstateras, att rationella ergonomiska ât

gàrder spelar sin roli med hnsyn till den omedelbara skerhe

9
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ten, komforen och arbetseffektiviteten bide fôr irare och

elever. Aven frn pedagogisk synpunkt r det av betydelse att

eleverna fr kontakt med de ergonomiska frgor, som de p
olika stt kommer att m5ta p sina arbetsplatser senare i livet.

Skolmôbler
En god anpassning tu! elevens kroppsmâtt b5r efterstrvas

Stolsitsens h6jd
Anpassning tiil underbenets lngd b5r uppmrksammas. Det

r angelàget att konstruktionsdetaljer under sitsen ej hindrar

benr5re1ser.

Sitsen r h5gre dn kniveckshôjden
Denna sitshdjd r mest olmplig. Lrets baksida pressas sam
man. Sitter man 1nge irriterar sitsens tryck. Man blir fortare

Sitsen dr i cm lgre àn knàveckshajden
Denna sitshijd r bst. Vid 90° vinkel i kn1eden blir lâret
obetydligt lyft frân sitsen. Vxelsti11ningar med benen kan in
tagas.

Bordsskivans h6jd
Bordet br inte vara higre n att underarmarna och armbâgarna
glider naturligt 5ver skivan, nr man intar vanlig skrivstllning.

Man skall inte behôva trycka upp axlarna vid sittande arbets
stllning. Vanligtvis fâr man en god skrivstllning nr bâda
urtderarmarna vilar pâ bordsskivan och avstândet mellan arm
bâge och kroppsida àr omkring 1 dm, alit med jmnh5ga, i na
turligt vilolge stâende skulderblad.

‘Fôrvaringsutrymme
I sittande arbetsstllning r det av betydelse att vxe1stl1ning-

ar med benen kan intagas. Sâvàl stolens som bordets konstruk

tion bi5r medge maximal r5re1sefrihet. 0m tillrcklig plats fur

benrdrelser skall erhâllas, blir ett utrymme av higst 5 cm:s hojd

under bordsskivan disponibeit fur en fc3rvaringsanordning.

Sti11bara skolmôbler
Den basta anpassningen fur individuellt behov erhâlls endast

med skolmôbler, som bar anordning fôr inst11ning av stolsits

och bordsskiva j olika h5jdlgen. Av stllbara sko1m5bler b5r

man fordra, att den stllbara anordnirtgen iir stabil och fullt

tillfiirlitlig frân sikerhetssynpunkt.

Standardmàtt
Standardmâtt fir sko1m5b1er bar publicerats j Skoliiverstyrel

sens skriftserie nr 20, Skolbyggnader.

tritt.
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Sittande arbetssttillning
S hir stor skillnad kan det vara
p kropps1ngden nir barnen bôr
jar skolan. Bda gr i sammaklass.
Med h5j- och snkbara stolar och
bord kan dock alla f en vl av
passad arbetsplats.

Stolens ryggst3d r vàl utformat
efter ryggens naturliga forrn.

Elevernas bicker och pennor f5r-
varas j en 1da p ena sidan om
sjttplatsen. Udan ir 1tt att dra
fram. Hr anvnds ocks ett en
keit bokst5d.

Tripp- Trapp-Trull
— vi sitter bra i alla [ail

Var och en har lagom hjd p gin

stol. Bda underarmarna stoder p
bordet och pennan vilar avspnt i
handen. Det àr roligt att skriva,
fr man blir inte tr.itt, drf6r att
det fjnns m3j1ighet att r5ra p sig
och ndâ bjbehMla en god arbets
st1lning.

I
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Undervisningen kriver ofta 0m-
placering av eleverna. Det gàr 1tt
att flytta sitt eget arbetsbord och
sin egen stol. I fiirvaringsmôbeln
vid den ena vggen har var och
en sin lâda med sitt namn pâ. Dess
utom finns en vertikalstàlld lâda,
som tiIlhr elevens bord. Den an
vânds som avlastningsutrymme.

Alla stolar och bord skall ha glid
knappar eller doppskor, sâ att det
gâr att flytta dem ljudlÉist.

Eleverna pâ h5gstadiet beh5ver en
relativt stor bordsyta, sâ att bâda
underarmarna kan vila pâ bordet.
De skall ha plats f6r sina lânga
ben. Drfi5r r pulpetlâdan bortta
gen. Sina saker fi5rvarar de j skâp
i centralkapprum.

Stolen har tvâ ryggbrickor. Den
undre stôder j korsryggen, den
svagaste delen av ryggen, nar sto
len dras in ordentligt under bor
det t ex vid skrivning. Nr man
lyssnar eller skall se pâ svarta tav
lan, lutar man sig mot bâda rygg
brickorna.

Lrarens arbetsbord skall vara

rymligt. En hutch àr placerad vid

sidan. Stolen skall ha ryggstid

och armst3d. Observera att den

skall kunna skjutas in under bor—

det trots armstiden. Den b5r vara

h5j- och snkbar samt vridbar.

15



HôrselklassEn del specialsalar, exempelvis fr
kemi, biologi och fysik, har ar
betsbord j ddan h5jd, att eleverna
skall kunna st eller sitta vid dem.

Det kan ibland vara svrt att inta
en hygglig sittande arbetsstllning
vid ett sdant bord.

Det r av st5rsta betydelse att den
elev, som r h5rseIskadad, har sin
skolbànk s placerad, att han kan
se ansiktena pâ bde ffirare och
kamrater. Mikrofonen bar place
ras p ]iimpligt talavstànd.

Arbetsstolen skall vara utf5rd s,
att den har en stadig understôds
yta p fyra ben. Ryggbrickan skall
stidja i korsryggen och sitsen b5r
vara relativt rymlig. St5det fr
fôtterna b5r vara placerat s, att
f5tterna verkligen kan st5dja sam
tidigt som knna fr rum under
bordsytan, nr stolen dras nra
bordet.

Ofta fr eleven precisionsarbete
att utf&a och mste d kunna sit
ta absolut stilla. Armarna skall
kunna vila pâ bordet. Arbetet skall
vara p lagom avstnd frn 5go-
nen. D blir det bâde lttare och
roligare att utfôra det.

Placera girna 0m eleverna j klass
rummet, sâ att de fâr stL5rre mj
ligheter att àndra arbetsstllning.
A och O j sittandets konst ir att
skifta mellan olika stillningar.

16 17



r! I Synklass
Synskadade elever har numera ar
betsbord med glidiinjal. Skivan
gâr att fàlla upp sâ mycket, som
behôvs fôr att de skall kunna se
t ex î en textbok. De kan sitta upp
ràtt, î en avspànd stàllning och be
hôver inte krumnia ihop ryggen
aver en horisontal bordsyta.

Belysningen àr stark och anpassad
sA, aU den ger minsta môjiiga
skuggor. En enstaka synskadad
elev î vanlig klass bar farses med
egen reglerbar lâslampa med
skrm.

Rôrelsehindrade elever
0m bordsskivan gâr att fàlla upp
kan eleven placera arbetsmateria
let pâ lagom avstând frân iigonen.
Han kan bibehâlla en god arbets
stàllning och lttare faija med i
undervisningen, eftersom han inte
sA fort blir trôtt.

Cenom att uppmàrksamma sâdana
saker underlàttar làraren arbetet
ocksâ far sig sjâlv.

Speciaikonstruerade skriv- och
ràknebbcker och mycket mjuka
blyertspennor motverkar elevens
tendens au arbeta med spànda
muskler.

Att âtminstone nâgon gAng om da
gen fA tilifAlle att ràta pâ ryggen
och helst baja sig nâgot bakât
knns skônt och àr stimulerande.

Synskadade elever blir ibland
mycket stela i axlarna.

19
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I’dreIsehindrade elever har bord
och stolar i passande storlek viika
àr h5j- och snkbara.

Bordsytan ir rymlig och glidfri.
Det àr kanter p tre sidor av bot

det och en stopp-linjal tvirs dver
arbetsytan. Saker och ting fr inte
glida ner i golvet. Barnen har ju
svrt att sjIva plocka upp vad de
tappat.

Handens r5reIser àr svra att styra,
men med hjlp av elektrisk skriv
maskin kan det nd bu m5j1igt
att forma tankar j skrivna ord.

Alla ldor j bordet r placerade
vid sidan 0m eleven. Det ger den

ne fritt spelrum att àndra stl1-
ning. IÀdan gr làtt att dra ut och
ar 5verskâdlig. B&kerna kan stI
las eller lggas.

Stolsytan àr glidfri, s att eleven
Ittare hMler sig kvar p hela stol
sitsen. Det finns st5d j korsryg

gen, ett stiid ngot hôgre upp och

dessutom m5j1ighet att sitta fast
sidstj5d p stolen, ifail det skulle
beh5vas.

Eleven 5verst p bilden har ett
bredare bord, eftersom han ir

vinsterhànt.

Ht eleverna ibland flytta ut frn
sina skolbnkar. Satt dem gàrna

p golvet. Ht dem sjtta som de
viii och sjtta Ig’c. Tjds nog hinner
vi sitta p stolar. Bilden visar r5-
relsehindrade barn.

L
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Instrumentalmusik
En fiolspelare intar en mycket ex
trem arbetsst11ning.

En felaktig stàllning medfiir spn
ningar och inverkar pâ spelfôrmâ
gan. En god teknik j hanterandet
av fiol och strâke r &rfôr en
grundfôrutsttning.

Antingen man stâr eller sitter nàr
man spelar flôjt, fordras det kon
centration och fingerfàrdighet.
Axiarna hâlis sànkta och armarna
nâgot ut ifrân kroppen.

N
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Teckning
Att arbeta med olika material och
att arbeta tilisammans i grupp in
nebàr en r5r1ig sysse1sittning. Det
krvs dock, att man sitter bra, dvs

p en stol, som r lagom h5g. Ut
rymme skall finnas fôr bàda ar
marna p bordet, trots mngder
av frger, pensiar, papper, gips,
tyg, stMtrid m m. God ijudisole
ring underlàttar sâvI 1rarens
som elevernas arbete.

I

I
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En hgre arbetsbnk krver hgre
arbetsstol mcd pinne f3r ftterna
och ryggbricka pâ rtt stIIe.

)‘

Det r tungt men spnnande att
dreja. Man arbetar mcd bade han
der och R5tter och mâste vara f51j’-
sam j hela kroppen. Mcd stolen
placerad i riktig hôjd i fiirhâllande
tili drejskivan kan man arbetamed
kraft och precision utan att Rirlora
jimvikten och 5m goda hâlining.

/ — — •1
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Slôjd
Arbetsbordet fôr sômnad skall ha
en rymlig yta. Det skall vara fdr
sett med lâdor eller skâp vid sidan
om sittplatsen.

Det àr bra att ha en enkel hdj.
och snkbar stol att sitta pâ vid
bordet. Tunga tyger och stora
plagg ffiggs pâ bordet, ej i knit,
vid handsôm.

Ofta behbvs en pal1 e d som fot
stbd. Man mâste ha stdd fôr fdt

terna och kunna àndra stàllning
dâ och di

Arbetsstàllningen vid maskinsôm
nad blir bàst, om man anvànder
en stol utan ryggsti5d. Stolensffiijd
skall ràttas ef ter elevens storlek.

Underarmarna skall vila ffitt pâ
maskinbordet. Axlarna fâr inte va-
ra uppskjutna. Kroppen fôljer med
j ràrelsen framât och bakât. Vik
tigt r att nâ ner med fâtterna tili
fotreglaget.

I!

.
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Trs1ijd ger mij1ighet tili varia
tion av arbetsstJIningen.
Eleven star stadigt med ena foten
framf5r den andra, knna r llitt
N5jda.

Handfattningen om hyvein r rik
tig och stadig.

4

Hemkunskap
Att 1ra sig den basta arbetstek
niken och inta den mest kraftbe
sparande arbetssti1ningen under
ffittar hushMlsarbetet.
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Nr man placerar saker p en
bricka, en plat e d, stts de tyng
sta nrmast kroppen.

Brickan bàrs j ett stadigt grepp
med hnderna om kanterna. Ar
marna àr làtt bjda, kroppsMll
ningen upprtt.

Trtoff1or ir làmpliga arbetsskor i
hushMlsarbetet.

Strykbrdan skall vara i sdan
h5jd, att man kan st rak nr man
stryker. Det underlàttar arbetet.

Ett termostatstrykjrn, som kan
st1Ias p kant, r làtt att stryka
med. Det behiver ej lyftas i on5—
dan, och man behaver inte heller
trycka med stor kraft.

s
si

Sitt alltid, nàr det gr att sitta i
hushMlsarbetet. Anvind grna en
stol med ryggst5d.

4

s
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Gymnastik

I gymnastik ges mânga tillfàllen
611 ôvning i au skjuta och dra, lyf
ta och bàra pà ràtt sàtt.
Men att làra eleverna en god ar
betsteknik àr bela skolans angeffi
genhet: Se praktisk tillàmpning
pà nàsta bild.

—J
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I en skolverkstad
En ka11sg skall stàllas
plats i skolverkstaden.

p rtt

Ta spjirn med ena foten framfÉir
den andra.
B5j armar och knn ngot och ta
ett fast grepp med bda hnderna.
Tryck med hela kroppstyngden
mot sgen och g sakta med stadj
ga steg framât. Ingen muskel
strckning med den tekniken!

Tvâ dunkar, hjnkar e d skall lyf
tas. Det r viktigt, att man place
rar sjg sjIv rtt j fj5rhâllande tjIl
f5remMen.

Sâ hr g5r man nr man Iyfter och
bar:

Stâ pâ stadiga ben mjtt emellan
dunkarna.

B5j knina och ta ett stadigt tag j
handtagen.

Lyft bâda dunkarna samtidigt och
strck bâde ben och rygg.

St& stilla och inta jmvikt.

Gâ dàrefter framât och hâli ryg
gen rak, nr dunkarna bars.

Det fordras starka armar, vItr-.
nad rygg, bra fôtter och en riktig
teknik R3r att kunna Iyfta och b
ra utan anstrngning.

1 I
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Att st och arbeta vid en svarv
kan vara tr5ttsamt. Man blir inte
s fort tràtt om man star ngot
bredbent och har bra arbetsskor.

I varje skolverkstad b5r det finnas
hdj- och snkbara arbetsstolar p&
fyra ben.

Det ir bra, om eleverna har tri
tofflor och skydds5verdrag.

Ibland sttir eleven och filar fôr att
fà kraft 0m arbetet r tungt.

I regel b5r dock eleven sitta och
arbeta, om det ir frga om ffittare
arbete ssom finputsning eller pre
cisiorisarbete.

Eleven nr alit som beh6vs fi5r att
kunna skota svarven.
Kldedrkten fr inte hindra ar
betet eller utgi5ra risk fi5r olyckor
j arbetet.

Arbetet kan nu utfras j normal
arbetsN5jd.



Ett arbete skall utf5ras ovan axel
hijd, t ex nr en ledningstr&d skall
kapas och handverktyg beh5ver
anvndas.

Man b5r aldrig st p. golvet och
arbeta med hnderna ovanf5r
axelhôjd, aven om man rkker dit
utan stege. Den stege som an
vnds skall vara stabil, sâ att den
ger skerhetskinsla.

Vid svetsning anvnds extra
skyddsglasgon. Ibland msteman
bja sig ngot 5ver arbetet, aven
om man j regel star cher sitter rtt
rak i ryggen. Det starka Ijuset och
gnistbildningen fordrar dubbla
skyddsglas.

Nr borrmaskinens arbetsbord in
stIls j lmplig h5jd f3r eleven bhir
arbetsst1Iningen bra. Handgrep
pet 0m spaken ndras men inte
kroppens upprtta sti11ning.



Maskin5krivning
Vad àr viktigast nr man ffir sig
skriva maskin:

Att ha en skrivmaskin, dàr tan
genterna gr làtt att sI ner.

Att frn Nirjan 1ra sig en riktig
arbetsstI1ning.

Att 5va upp fingerfrdigheten dvs
rôrligheten och styrkan i fingrarna.

Stolen r hij- och snkbar och sit
sen plan och rymlig, s att den ger
m5j1ighet att indra stl1ning. Sit
sens framkant ir mjukt avrundad.
Ryggbrickan r hij- och snkbar
och vridbar framt-bakit. Àr rygg
brickan ràtt placerad i korsryggen,
finns mijlighet att ràta p ryggen
och t o m att bLja sig ngot bakt.

Bordet skall stâ stadigt och vara
1gre n ett vanligt skrjvbord, ef
tersom arbetsh5jden R5r hnder
och armar blir ovanfôr bordsytan.

En utdragsskiva fur manus skall
kunna dras ut tiil vnster eller hui
ger sida, sâ nra bordsytans hud
som muijligt. Ibland stts manus
framfiir. ManuskripthMlare r na
turligtvis att fâredra.

Ovanan att sitta stilla j en ny ar
betsstàllning, “bunden vid en ma
skin”, giir eleverna tritta fysiskt
och psykiskt. Làgg in en paus och
lt dem utfôra fingerriirelser och
avspnningsriirelser fur axlar och
armar. Ht dem resa sig och strc
ka p ryggen ibland eller biija ryg
gen bakt.

Ett par minuters rôrelsepaus under
lektionen gôr att triittheten fur
svinner, och efter pausen blir kon
centrationen p arbetet stuirre. Ele
ver och lrare fâr ett battre arbets
resultat.

42
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Rast
Det r ndvàndigt med frisk luft
och motion fi5r att kunna koricen
trera sig och inta relativt enahan
da arbetstJlningar under lektio
nerna.

Att leka med boil, ensam eller tili
sammans med andra har roat min
niskor j alla tider. Bolispel ger
de spnning och avspnning. Det
bevarar barnasinnets glada leklyn
ne.

R5relsebehovet mste tiligodoses
aven hos de r5resehindrade
eleverna.

r
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Idrott
Finns det ngon motionsform, som
utvecklar kroppens rire1ser s ail
sidigt som simning? R5r elever i

alla Mdrar ger lek j vatten och
simning en befriande och uppfris
kande kns1a.

L Basta och billigaste sttet att skaf
fa sig god kondition r terrngk3p-

ning.
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ll4i1RL RESIJLTA 1 kaii iiâs p
iizanga i’agar, och JVletodsidaii 510 iger
ilite av nâgoiz sâdan vâg niir dci galler
ail uppicila .sina spalier fo bidrag, iips
och idéer on, bâflre ,netoder. Anzlic’s—

iiirâdet for vâr sida cir tzar! mir obe—
griinsal inom dcii vida rani soin ryminer
alit soin kan giira et! arbete sùkrarc’,
cftek li vare cher hilligare. Meiodsidan
viii ,‘isa vagarlia — bredu citer .s,nnla,
viilbekania citer okiinda — tilt biutre
resuitai. Sjiilva resiziiaiei kan sedan izpp—
mis cndast lite pô alla arbeispiaiser ge—
non, iniresse, engageniang och firsuiiel
se hos bâde arbeislag ocli arbeisledning.

BÂ71RE RESULTAT nie pà byggena
iir e 11 mât fôr Metodsidan mcii iindii
miter hoppas vi ait iipsen som tiininas skall
ge impulser fbr mnetodarbeiei och Su—

nudera liii ait yiterligarc nya viigai’
irampas api,. Dessa kan sedan j sin fur

è vulerligare berika Meiodsidan. Ocli hiir
giilter, soni sagi, ait inga viigar iir suiing
do. “Det bar passar viii mie Metodsidan.
fur dci iir ju ingen arbeisnietod i sig
sjiili’”, undras ibland i diskussioner oni
meuodidéer. Svaret nhâste ahitid vara:
“Alit som ger bâtire resultar âr en batt
re metod”.

BATTRE RESULTAT mir det centrata,
inte metoderna som sâdana. Ahi son,
underliituar arbetet ii, drfiir av intresse

METODS I DAN

fôr Metodsidan. Vi fâr mie liciter j dcl
avseendet stânga oss inne. Kardinalfetet
mir det gitier alt âstadkomma nâgot
battre àr jus! att mie shippa dci hàvd
vanna.

ALLT SOM GER RESULTAT bar vi
bu iii upplvsta oni. Hiir iigger siikert

DUBBELSIDIG BOCKNING
Varfôr gâr det bara att bocka àt ett hâli med en hand

bockningsmaskin fôr armeringsjrn? Man kan svara med
ett par motfrâgor: “Spelar det nàgon roil? — Àr det nâgot
stôrre problem?”. AlItsà ett typexempel pà hur det gâr tu!
nr ingenting blir gjort.

Nu kan man genom att se pà hur det gin’ tiil att bocka
armeringsjarn snabbt upptacka att om man skall gôra t. ex.
hndbockar sâ mâste man hâlla pâ och vknda jkrnen. Det

blir bâde tidsôdande och arbetsamt. Som vanligt — man
frestas uttrycka sig sà — ar en lôsning utomordentligt enkel
att âstadkomma. Ut bara bockarmen gâ over stoppen, sà
som bilden och teckningen hgr nedan visar.

Tipset kommer frân ingenjôr Jan Erik Hansson, Arbets
fysioiogiska Institutet. Det skall tiI1ggas att det dubbel
sidiga arbetssgttet ocksâ ar mera skonsamt fôr den som
utfôr arbetet.

V,RLp&N5 5TRfr
AN

INTR4PE 2

En metod att gôra bockning av armeringsjàrn mera Ionsam.

stora resurser outnyujade. Dci j ibde av
goda idéer soni finns hos sâ mânga ute
pâ vâra byggen biir utnyttjas viii — dci
àr en av fôrutsiittningarna for ait bygg
nadsindustrin skatl kunna fytia sin stora
produktionsuppgift. Fôr alt bygga mera
mâste vi utnyttja vâra resu rser battre —

titi dent hôr ock.sâ flader av nietodidéer.

N
‘N.

N.

“N.
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Hans Niisson

• Det àr vl.1 klnt att fogning av valv.
element, j den form arbetet fdr nàrva
rande vanligen utfiirs, ar tidskrvande
och anstrngande, fràmst dâ fdr ryggen
(biid 1).

Med utgângspunkt frân mera grund
ikggande studier av karror och karr
ningsarbete, som utfiirts vid Arbetsfysio
logiska Institutet (1), bar vissa prov med
anvàndning av kirror vid fogningsarbete
gjorts. Resultaten frân dessa prov har
blivit sâ gynnsamma att det ansetts 1mp-
ligt att publicera dem trots att studie
materiaiet ir begrbnsat och att kàrrorna
vid kommande praktiska provningar ute
pâ arbetspiatser sannolikt ytterligare
kommer att forbàttras. Nâgra specielia
studier av arbetets organisation och lag
storlek har ej utfôrts.

Bestkmningen av kroppens syreupp
tagning j arbetet bar utfdrts pâ fdljande
sbtt: Personens utandningsluft under ar
bete uppsamiades j en sbck efter en fôr
arbetsperiod av 3,5—4 minuter. Luft
mkngden har drefter màtts. Med knne
dom om luftvoiym och tiden fdr upp
samiing av denna bar omsatt volym per
tidsenhet beraknats. Darefter har utand
ningsluftens syrehait analyserats (atmos
fkriuftens syrehait r konstant). Den av
fdrsdkspersonen fiirbrukade syremkng
den har erbâllits genom att màta skill
naden j syremiingd j inandningsiuft och
personens utandningsluft.

Svenska Industribyggen AB (SIAB)
har stkllt arbetsplatser tiil fiirfogande.

I
Arbetsfysiologiska Institutet

Av ingenjcir Jan-Erik Hansson Speciaikârror f(5r fogn i ngoch arbetsstudietekniker

av bjàlklagsplattor

Tvâ olika typer av khrror har konstrue
rats, en fi5r fogning av lhttbetongeiement
och en for fogning av betongkassetter.
Pâ de studerade arbetspiatserna har khr
rorna jkmfiirts med fiirekommande ordi
narie arbetsmetoder. Den fysioiogiska
belastningen (kroppens syreupptagning
och pulsfrekvens) och arbetshastigheten
bar mktts enhigt Arbetsfysioiogiska Insti
tutets normer.

Fogning av Iàttbetongelement
Arbetsiagens sammanskttning vid ar

bete med fogkkrran (nya metoden) och
vid “normait” fi5rfaringsstt redovisas
nedan.

Nya metoden: Laget bestod av fyra
man.
En korde fogkkrran (fig. 1).
Tvâ biandade bruk j tombola, lastade
bruk i skottkàrra samt hissade kàrra till
vaiv (ej fulit sysselsatta).
En transporterade bruk tiil fogkàrra med
skottkiirra, piockade undan virke som
Iâg j vhgen samt assisterade den som
kôrde fogkkrran.

Traditioneli metod: Laget bestod av
tre man.
En blandade bruk j tombola, lastade
skottkarra samt hissade kkrra till vaiv.
Tvâ fogade med hjip av trbdgârdskanna
och murslev.

Resultat.
Fogningskapacitet (m/min) vid arbete

enligt nya metoden (fig. 2) var ca 12

BiId 1. Fogning av Iàttbetongplank med
hjIp av hink.

gânger sâ hôg som vid fogning enhgt or
dinarie metod. Genom att arbetsstyrkan
fôr iordningstkllning av bruk, justerings
arbeten mm. endast bestod av en man
mer och fogningskapaciteten var betyd
iigt storre vid anvndning av kkrran àn
vid anvtindning av kanna—mursiev blev
bitrkdespersonal/fogade meter endast
hlJften sâ stor (fig. 3).

AB Egnellsko Boktryckeriet, Stockholm 1965

Fig. 1.

Kârra fc5r ifyllning av cementbruk fogslitsar vid mon
tering av bjalklagsplattor av lttbetong. — Kârran àr
sâ konstruerad att den har en bottenplatta med en
rektangulàr tappoppning, som reglerar tilistrômningen
av bruk I fogen rtt kvantitet oberoende av fbrflytt
ningshastighet samt hindrar bruket att trânga utanfôr
fogslitsen. Bottenplattan har en konvex urgrôpning
som gôr att fogen blir plan sedan betongen torkat.
Hjulen àr sâ placerade att de fôrdelar lasten i Iàmplig
storleksordning mellan bottenplatta och hjul.
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Pulsfrekvens vid fogning (enhigt de tvâ
jimfdrda metoderna) redovisas j figur 4.
(Arbetsprov pâ cykelergometer visade
att de studerade personerna hade unge
far samma maximala fysiologiska arbets
formiga.) Av figur 4 framgàr att puis
frekvensen varit obetydligt hâgre vid
fogning med khrra j jbmfdrelse med kan
na—murslev. Aven om sâ var failet
torde fogning med khrra fâ betraktas som
avsevbrt mindre anstràngande genom att
arbetet kan utfôras j en mera bekvhm
arbetsstallning for kroppen.

I figur 5 redovisas berbknad energi
fiirbrukning per meter fog vid arbete
mcd de tvâ alternativa metoderna. Av
figuren framgâr att energifiirbrukningen
varit ca 12 gànger sâ stor vid anvand
ning av skottkhrra och murslev j jbmfi5-
reise mcd fogkkrra. Skjllnaden j energi
fiirbrukning motsvarar ungefhr skillna
den j arbetshastighet.

Enhigt de beddmningar av arbetets
kvaiitet som utfiirdes av studiepersonal
och arbetsbefhl spilides mindre bruk vid
sidan av fogen vid anvhndning av fog
kbrra hn vid anvbndning av kanna och
mursiev.

Fogning av betongkassetter
Studierna utfordes vjd lasarettsbygget

j Lund vid tvâ oljka tilifallen under vâ
ren 1965. Darvjd mkttcs fysiologisk be
lastning (syreupptagning, pulsfrckvens)
samt tidsAtgâng, vid arbete eniigt tvâ
alternativa metoder. Betongplattorna
hade en lbngd av 6,3—7,0 meter. Fogens
gcnomskbrningsarea (fig. 6) var ca
53 cm2.

Nya metoden: (fogkbrra, bild 2). La
get bcstod vid studjetilifaliet av fyra
man:
En fyller bask frân hydraulficka (ej fulit
sysselsatt). Basken hissas upp pà valv
mcd kran.
En khrrar betong mcd fogkiirra frân
bask tiil fogstklle samt fogar.
En vibrerar fog. (Svârt att hinna mcd).
En sopar fog (tid ôver, skulle ocksâ
kunna hinna mcd att vibrera om dnnu
ett vibratoraggregat vore tiilgiingligt).

Traditioneli metod: Laget bcstod av
fem personer mcd fôljande arbetsuppgif
ter:
En transporterar betong j skottkkrra frân
ficka tili kran.
En ski5ter vidaretransport av betong
kârra tiil fogningsstkilen.
Tvâ dscr betong mcd skyffci frân kiirra
i fog samt sopar.
En vibrerar fog.

Iliiggning av masonit, armcringsjârn
samt vattning av fog fore gjutning har
ci studerats av AFI. De forstniimnda ar
bctcna utfcirdes fôre fogningens borjan
och vattningen nar viintetidcr av en e!
1er annan aniedning uppstod.

I figur 7 redovisas energiâtgâng per
min fôr enbart fogningsarbetet enligt dc
tvâ alternativa metoderna. Som framgâr
àr fogningskapacitctcn (m/min) vid encr

Kârra fôr ifylining av trôgflytande cementbruk j fogslitsar
j bjâlklagsplattor av betong. — Kârran rymmer ca 190 liter
och âr ftirsedd med stora hjul fôr att làtt kunna dras samt
fôr att klara hinder som t. ex. fogslitsar. Betongen tappas
ur kârran genom en rektangulâr ôppning, som heit eller del
vis kan stângas med en sektorlucka. Genom att kârran âr
avsedd fôr trôgflytande betong och ôppningen âr placerad
nâra intiil bjiilklagsplattorna rinner betongen ned j fogslitsen

gifôrbrukningen 7,5 Kcai/mjn ca 3,5
gânger sà stor vid anvândning av fog
kârran (nya mctodcn) i jbmfiirclse mcd
skyffcl (gamia metodcn).

En jâmfi5rclse av lagets medciprcsta
tion (m/min/man) — arbctsbelastning
(pulsslag/min) vid arbcte enligt de tvâ
metoderna redovisas j figur 8 och 9.
Mitningarna utfôrdcs vid tvâ olika tili
fbllcn. Av figuren framgâr att fognings
hastighcten varit ca sex gânger hogrc
vid arbetc enligt nya metodcn trots att
pulsfrekvensen var nâgot lhgre hn vid
arbete enligt gamia metoden (fig. 9).

0m fogningskapacitetcn vid studie I
och 2 jamfores finner man att dcn varit
hôgre vid den scnare studien vid arbete
cnhigt bâda mctoderna trots att pulsfrc
kvcnsen dâ j medeitai var lâgre an undcr
den fôrsta studicn. En troiig orsak tiil
detta kan givetvis vara pcrsonernas storre
vana mcd arbetsmetodcrna vid senare
studictillfallct.

Ljtteratur
[1] Hansson, J-E. och H. Niisson. K5rror och

k5rrningsarbete. Byggnadsindustrins forsk
ningsrapporter och uppsatser nr 2, 1963.
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VAD SKULLE UNDERLÂTTA arme
ringsjobbet ,nest? Nlir den frâgan stiili
des tilt en grupp armerare fick mati cIl
heit ôverraskande svar: sniidigare tran
sport av de lânga jârnen titi klipp- och
bockbiink respektive inldggningsstiillet.
Efiersom det var arbetsfysioiogiska in
stitutets utredare soin stdUde frâgan, fliii-
de han upp deiz mcd mlitningar och, soin

niista 51eg, konstruktion av “armerings
kiirran”. I,zgenj5r Jan-Erik Hansson frân
AFI och arnieraren Stig Roslund, Ohis
son & Skarne, àr nii,nligen miinnen ba
kom den hlir Metodsidaris tips.
LÂNGA ARMERINGSJÀRN kriivde en
klirra med tvâ separata hjulpar. De kor
ta jârnen kiaras med “halva” kiirran.
Resultatei r fiirbiuffande. Kurvorna hiir
mliii visar bi. a. (fig. 1) alt redan vid en
sâ kort transportstrâcka 50m t j o m e t e r
ar det fôrdelaktigare att anviinda kdrran
lin att blira och sldpa de iânga lumen!
Jdmfàr mon med den nya betongkiirran,
soin presenterades i Byggnadsindustrin
tir 20/63, finner man kanske effekten
niera naturhg.
SOM VANLJGT visar dcl sig bu rik ut
deining om jobbet iiiggs upp riktigt.
Den fôrsta kiinsian jnfhr den hàr kiirr
idén kanske lir att iastning och iossning
av kârran skali heit “lita upp” vinsten.
Men det lir fel. Dessutom ser vi av fig. 2
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Kàrra f r armeringsjàrn
alt energifi5rbrukningen hâiis pô somma
nivâ trots ait kapaciteten likas titi det
dubbla. Delta giler naturhgtvis mie j
konkurrens med iastbilstransport: kan
mon iossa jérnen frân bit just pâ den
plats dér de skaii anvndas, sd skaii
mon naturiigt vis glira det. Mcmi kârran
har sitt vlirde nlir framkomhgheten lir
begrlinsad och fôr nlirtransporter inom
bygget. Kàrran kan f3rstâs ocksâ anvàn
dos iika bra fôr transport av iânga rôr.V

50
Tpp,4(’SM’A/D,rn

KÂRR-RITNINGAR
KAN REKVIRERAS

Vi tycker pâ Metodsidans re
daktion att dot vore mycket
orationellt om var och en som
behôver en armeringskrra skall
gôra sina egna konstruktioner.
Kârran finns ju redan gjord ef
ter en fôrsta omgâng konstruk
tionsskisser. Vi har lêtit fram
stàlla kompletta satser arbets
ritningar som kan rekvireras
frân Byggnadsindustrins Fr
Iags AB, Stockholm 27, enklast
genom att stta in 15 kr pâ
postgiro 35 01 02 och ange “Ar
meringskrran” pâ talongen.

II
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Testning av fôrskspersoner
Personer som studeras vid

olika undersi5kningar vid AFI,
testas vanhigen rutinmassigt be
tràffande:

H1sotih1st&nd (intervju enhigt
enklare formuffir, fig. 7,)

Arbetsfrrnga (kondition och
muskelstyrka)
Kroppsmatt

Psykologisk testning (vissa un
dersiikningar).

Intervju betr. medicinsiva arbetshinder

Syftet med ovanstaende tester
r frrnst att gardera sig sa att
tih1fh1iga skador, fi5rkylningar
etc. ej paverkar fiirsiiksresultaten
samt att f. en uppfattning om
fôrsiikspersonernas arbetsfiirma
ga, kroppsmtt osv. i f6rhâllan-
de tili normalarbetarens.

Erfarenheterna fr&n ovanstâ
ende testningar har varit sâ goda
att det fiirst och fràmst kan re
kommenderas att en hàlsointer

1. Har Ni dalig syn
2. I s fail: Har Ni nagra svarigheter att se i arbetet?
3. Anvànder Ni glasgon i arbetet
4. I s fail: Hindrar g1asigonen i arbetet
5. Har Ni dh.lig hiirseP
6. I sâ fail: Hindrar diivheten i arbetet
7. Ar Ni frky1d eller har Ni just nu nagon annan

infekcionssjukdom
8. I sa fali: Tycker Ni att arbetsfiirmagan r nedsatt

av infektionen
9. Kroppstemperatur

10. Har Ni ti11rck1iga kroppskrafter fur arbetet?
11. BIir Ni Igtt andfadd i arbetet
12. Brukar Ni besvgras av hjl.rtklappning j arbetet?
13. Brukar Ni f ont i brustet nagon gang ngr Ni

arbetar
14. Hindrar ryggen j arbetet
15. Har Ni nagra besvgr j armar och hnder, som

hindrar j arbetet
16. Har Ni nagra besvàr i ben och fiitter, som hindrar

i arbetet
17. Har Ni nagra magbesvr, som hindrar i arbetet?
18. Har Ni nagra andra besvr med hl.lsan, som sitter

ned arbetsfuirmagan
19. Gar Ni under likarbehandling just nu
20. Tar Ni nagon medicin fur n1.rvarande
21. Har Ni nyligen varit sjuk)
22. I sa fahi: Tycker Ni att arbetsfurmagan fortfaran

de r nedsatt efter den sjukdomen

vju rutinmiissigt genomfôrs pa
personer som studeras i arbets
studier.

Testning av arbetsRirmagan
kan fràmst rekommenderas vid
arbeten dr arbetstyngden kan
tiinkas vara av betydelse f6r
prestationen.

2. Hansson, J.-E. & Niisson, H.:
Fysiologisk-tekniska metodstu
dier av kl.rror och khirrningsarbe
te. Byggnadsindustrins forsk
ningsrapport och uppsatser, nr 2,
1963.

3. Hansson, J.-E.: En fysiologisk
metodstudie av krror och kgrr
ningsarbete inom byggnadsindu
strin. Aff1rsekonomi, nr 11, 1964.

4. Hansson, J.-E. & Niisson, H.:
Fysiologiska metodstudier av
griskIippningsarbete. Opubi. rap
port. AFI 1964.

5. Hansson, J.-E., Brundeil, A. &
Niisson, H.: Arbetsfysiologiska
studier av manglingsarbete.
Opubi. rapport. AFI 1964.

Fysiologiska synpunkter och màtningar har under senare tid
i ôkande omfaffning kommit tiil praktisk anvândning vid olika
industrifaretag fôr anpassning av arbetet tili mânniskan. Som
underlag fôr denna verksamhet har dels legat tumregler och
checkiistor, som upprâttats med hialp av kânda cintropologiska
och fysiologiska fôrhiIIanden, samt dek fysiologiskcs under
sôkningar av arbetsbelastningar vid anvandning av olika red
skap, maskiner och metoder under skilda yttre kiimat och
arbetsfôrhcIIanden. Den fysiologiska mtmetodiken fôr be
stâmning av energiMgc!ing—arbetsbelastning har vid AFI under
senare tid alit stôrre utstrâckning tagits bruk I syfte att rent
kvantitativt sôka fôrbâttra, jâmf&a somt utforma nya redskop,
maskiner och arbetsmetoder.

Avsikten med fôIande uppsats âr alt med nâgrci praktiskci
tilkimpningsexempel demonstrerci môjligheterna av att anvônda
arbetsfysiologin som en ekonomisk, rutinmâssig mâtmetod inom
cirbetsstudietekniken. Dessutom redogôrs kortfattcit fôr de rutin
mâssiga testningar av fôrsôkspersoner som sker ï samband med
olika fysiologiska undersôkningar, och viika âven kan tânkas
vara av vârde att utfôra ï samband med andra former av
arbetsstudier.

Ex. 1. Skogsplcintering (1)
Undersiikningens syfte var att

jmfôra befinthiga arbetsrnetoder
och redskap samt 0m rnujligt
si5ka utveckla nya. Den arbets
studieteknik som anvandes var Sees,,s pa
dels tidsstudier och dels en kom- ““e

bination av tidsstudier och fysio
Iogiska miitningar. I samband
med undersôkningen utformades Lufilamparalur
bl.a. en arbetsmetod och ett red- c

Ai,

/empah tskap, som avsevart forbihhigade
planteringsarbetet; stôrre delen
av phanteringsarbetet i Sverige
bedrivs fur nrvarande enhigt
denna metod.

I fig. I har ett exempeh pa
viirmens inverkan pa arbetshas
tigheten vid plantering enligt
den nmnda metoden redovisats.
Fôhjande mitningar utfi5rdes:
Prestationsmitningar

(Satta phantor per arbetspass).
Fysiologiska matningar

(Pulsfrekvens, svettning och Rekatrnp C
kroppstemperatur). Betr.ffan- Pet lwpeaIere

de màtmetodik hnvisas tilh
undersikningens rapport (1).
En specialutbildad arbetsstu

dietekniker har utfôrt samthiga
mtningar.
Resultat

Prestationen var i medehtah ca
200/o hgre under den varma
dagen, medan belastningen m.tt

‘Siffran inom parentes hOnvisar tiil lit—
teraturfôrtcckning j slutet av artikein.

½0 O

Kommentar tili resultaten
De fysiologiska mtningarna

indikerar att anstrngningsnivan
legat strax under vad som visat
sig vara miijhigt att prestera un
der dagslangt arbete. 0m man,
som j detta fail, knner tili att
personens arbetsfi5rmaga, testad
pa cykehergometer, var jmfâr
bar med medehtalet fi5r skogs
arbetare j samma £hder samt att
skillnaderna i fysiohogisk verk
ningsgrad onellan ohika individer
vid arbete efter samma metod r
ganska hiten, far dessa tv dagars
studier en avsevàrt stôrre ahi
mingihtighet n 0m enbart tids
studier utf6rts. Denna ôkade in
formation om arbete och arbe
tare bi5r kunna anvàndas fur att
minska mngden av insamhat
material och drmed fi5rbihhiga
studierna.

Ex. 2. Karror och karrningsarbete
inom byggncidsindustrin (2 och 3)

Undersi5kningen har tihlgatt
att en rad olika prestations

paverkande faktorer undersôkts.
Fiirutom rent tekniska faktorer
som stabilitet, hjulstorlek osv.,
har hmphig laststorlek med han
syn tilh variationer i arbetsfâr—
maga meihan ohika individer,
friimst d med tanke pa alders
ergonomin, studerats. Huvud
syftet med undersi5kningen var
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X Stenskivemafl5el
os TrevaLsmdngei

Arbetsfysiologin som hjàlpmedel inom
arbetsstudietekniken
Av ingenjôr Jan-Erik Hansson, AFI

: 050 I artikein har anvndning av
fysiologiska mtningar som en
ekonomiskt fôrdelaktig kvanti
tativ mtmetod inom arbetsstu

025 djetekniken diskuterats utifran
ett antah tihhmpningsexempel.
Dessutom har plàderats fôr fysio

o , . logisk testning av personer som
02 0.3 0,4 0.5 0.2 0.3 04 0.5 arbetsstuderas i syfte att f& fram

Lakan4.ms Lakari/mn normprestationer.
Den extra utbihdning som

Fig. 6. Syreupptagning vid mangling j olika hastighet. J0mfiirelse krivs fur att korrekt kunna ut—
mangel och en elektrisk trevaismangel. fiira denna form av arbetsfysio

logiska màtningar torde relativt
hàtt kunna bibringas berird
arbetsstudiepersonah.

Fiirutom att arbetsfysiologiska
mtmetoder i m.nga fahi torde
kunna effektivisera tidsstudier
na, kan de tven iika fuirstaelsen
fur biologiska variationer meihan
individer och dàrmed ocksa un
der1tta anpassningen av arbetet
tili mnniskan.

mellan en stenskive

Ja Nej

(Copyright.)
Litteratur
1. Callin, G. & Hansson, J-E.:

Plantering av talh och gran. En
jlmfârande studie av manuella
metoder. Medd. fr. Statens Skogs
forskn.inst., 1959, 48 nr 8.

i puisfrekvens och kroppstempe
ratur varit ungefr lika. Svett
ningen var nagot hiigre under
den varma dagen.

:: -

Svattnint
mI/tpm

Perip:ra bon
cvb,c cenhn,e/re,
per houp

PuIssap/mir,
Puise cale
per n,,nu/e

::

Fig. 7. FormulOr fOr enkel h0lsointervju vid arbetsstudier.

3i1, —

::::____
jî-,

Arbolspaus
Pen,ads cf sort, —-—

700 8°° 0O 1000 jjOS 12°° 1300 14°° 15°° 1600 l7°°
K’.
Heurs

Fig. 1. Prestationen vid plants0ttning under varma dagar (Oppna symboler) och kalla
dagar (fyllda symboler).
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att tilihandahalla tillverkare och
kpare av kiirror grunddata om
olika tekniska och fysiologiska
faktorers betydelse fi5r arbets
prestation och arbetstyngd. F3r
att pvisa att erh1lna resultat
r praktiskt tillàmpbara har bI.a.
en specieli provmodell av en
tvhju1ig betongkiirra konstru
erats med viiken prestationen
i5kats ca 40 O/ vid ofôrndrad
fysiologisk belastning.

Det fôljande exemplet (fig. 2)
r fran en av de olika detaljstu
dier som utfi5rts. Exemplet illu
strerar ringtryckets inverkan p.
energiatgang och arbetshastighet
vid krrning mcd enhjulig skott
krra pa landgang.

Kroppens syreupptagning vid
olika arbetsprestation har miitts.
Betr. mtmetodik hànvisas tili
undersikningsrapport (2).

En specialutbildad arbetsstu
dietekniker samt en laboratris
har utfi5rt mtningarna. Vid den
typ av. prov, som det hir r
fraga 0m, kan ett 20-tal syre
upptagningsprov per dag mcd
hinnas.

Krrningen skedde pa en rek
tangulr provbana mcd en 0m-
krets av 45 meter. Verktiden
under varje prov var ca 7 minu
ter, varav de tre sista anvnts
fi5r uppsamling av utandnings
luft.

Resultat
Syreupptagningen àr ca 1/2

Iit./min. (2,5 Kcal) sti3rre vid en
viss arbetshastighet vid kàrrning
mcd det lgre ringtrycket.

Kommentar tu! resultaten
Som framgatt av fig. 2 har en

viss variation j syreupptagning,
vid en viss arbetshastighet, mcl-
lan olika mtningar noterats.
Metodfclet vid bestamning av
kroppens syreupptagning i en
viss arbetssituation har visat sig

3yrupparsinq L Imir,

3.0

2.5/

15 2b
“Hor.ton.m”/min

HjuIts b1astninq ca 285 kp

Fig. 2. Syreupptagning fôrhIIande tu
utf0rt arbete vid olika ringtryck.

Fig. 3. Exempel pa
st5lkvaljtetens inver—
kan p syreupptag
ningen vid bockning
av 12 mm armerings
j2rn j olika hastig
het.

n

vara mycket litet, och de skill
nader i syreupptagning som hàr
noterats torde bero pa skillnader
i presterat arbete — i detta fali
sannolikt orsakadc av tillfàlliga
svarigheter vid balanseringen av
kiirran. Aven om antalet mat
ningar j detta fali var alit fir
litet fôr att ge nagot skert ut
slag, har man hr av en halv
dags studier fatt en uppfattning
0m dcls storlcksordningen av
ringtryckets inverkan pâ presta
tionen, dels att arbetet tili sin
natur iir sadant att vissa stir
ningar intràffar, som paverkar
arbetstyngden.

Ex. 3 och 4. Bockning och hante-
ring av armeringsjarn

Exemplen iir hàmtade fran en
pagaendc studie av bockning och
hantering av armeringsjàrn. Syf
tet mcd undersikningcn iir aven
hàr att sika underltta och ra—
tionalisera arbetet.

I exempel 3 behandias stal
kvalitetens inverkan pa arbets
bclastning och arbetshastighet
vid bockning av armeringsjrn.

Kroppens syreupptagning vid
arbete mcd tva olika hastigheter
(“normal” och “langsam” takt)
samt arbetsprestationen i bockar/
min. har mtts.

Studiepcrsonalen har, liksom j
Ex. 2, bcstatt av en arbetsstudie
tekniker och en laboratris. Ca
20 prov per dag kan medhinnas.

Resultat
Som framgar av fig. 3 fi5re-

ligger en klar skillnad i energi
£tgang, vid en viss arbctshastig
het, mellan bockning av de olika
stalkvaliteterna. Mellan bock
ning av stikva1iteten Ks 60 och
St 44 iir skillnaden i syreupp
tagning 0,5 lit./min. Vid syre

10.0 15.0
Bockarjmin

upptagningen 1,5 lit./min. (ca
500/o av maximala syreupptag
ningsfLirmagan hos ett 120-tal
testade byggnadsarbetare) hr
skillnaden i arbetshastighet 4
bockar/min. cher ca 6O°/o hi5grc
vid bockning av St 44 i jm
fi5relse mcd Ks 60.

Kommentar tu! resultaten
Fr att enbart genom tidsstu

dier f. en uppfattning 0m stal
kvalitetens inverkan pa presta
tionen torde omfattande studier
ha kràvts. Genom att testa
cnergiatgangcn fir bockning i
olika hastighet och sedan stlla
detta j relation tili arbetsfiirma
gan har denna information er
hallits snabbt och billigt, inte
minst d mcd tankc pa jrn
kostnaden.

I exempel 4
har arbetsprestationen vid olika
fi5rflyttningsavstand vid drag
ning av 11 meters armeringsjirn
jmRirts mcd transport pâ en i
samband mcd unders6kningen
specialkonstruerad kiirra. Kàrran
r avsedd fi5r nrtransport av
armeringsjàrn och dr jàrnet fiir
niirvarande pa manga h.ll i stor
utstràckning dras fi5r hand.

Màtmetoder och studieperso
nal ir samma som i fÉiregaende
exempel. Tva personcr har stu
derats under en dag.

Fig. 4. JSmf&else av ma
nueli dragning av 11 meters
armeringsj2rn med transport
p krra (Iastning, dragning
och Iossning).

upptagning vid olika arbetspre
station. Miitningarna har utf6rts
av en arbetsstudieteknjkcr och
en laboratris. Utfi5randet av de
i fig. 6 redovisade mtningarna
har tagit en dag.

Resultat
Arbetstyngden har som fram

gar av fig. 6 varit avscvrt lgre
vid arbete j den clektriska mang
cm n i stenskivemangeln.

Kommentar tilt resultaten
Orsaken tiil att sa a màt

ningar utfi5rts vid arbete i den
elektriska mangeln r att detta
arbete till stor dcl bestar i att

viinta och arbetstyngden drfir
àr av underordnad betydelse.
Arbetstyngden vid arbete j sten
skivemangeln kan ocksa tyckas
matthig, men visade sig motsvara
ca 5O°/o av de testade fiirsôks
personernas maximala arbetsfi5r-
maga och torde dirfi5r kunna
vara prestationspaverkande fi5r
vissa personer. (Maximala arbets
fi5rmagan har berknats utifran
ctt submaximalt arbetsprov pa
cykelcrgomcter.) Vid arbetet j
den studcrade stenskivemangeln
fôrekom dessutom lyft i besvr
liga kroppsstllningar, och up
penbara olycksfallsrisker fi5relag.

Syrupptaninc

3.0 L/min

s60 Ç L4J

1._

‘e

Prsation

o 50 1m
Transporavstand

Kommentar tu!! resultaten
Vid studicr av denna typ har

det visat sig rationellt att stu
dera tva personer som utf&
prov varannan gang. Drigenom
erhaller fi5rs5kspersonerna en
kortare rast mellan varje prov.

Ex. 5. Fysiologiska metodstudier
av grasklippningsarbete (4)

Exemplet r hmtat fran en
studie, vars syfte var att jàmfira
nagra olika typer av motorgrs
klipparc mcd handgrsklippare
bctrffande arbetstyngd och ar
bctsprestation. Undersôkningen
har utfi5rts pa uppdrag av Sta
tens Institut fi3r Konsumcnt
fragor.

Arbctsprestationen och krop
pcns syreupptagning har mitts.
En specialutbildad arbetsstudie
tekniker samt en laboratris har
utfiirt mitningarna. Ca 20 prov/
dag har utfi5rts. Fiirsi5ksperso-
nerna hadc instruktionen att ar
bcta i en sjlvvald, normal
arbetstakt.

Resultat
Som framgar av fig. 5 f6rc-

ligger ingen nmnvrd skillnad
mellan handklippare och motor
kiippare betrhffande syreupp
tagning (arbetsbelastning), fi5r-
flyttningshastighet och klipphas
tighet. Betrffande khippta m2/
liter syre har stiirsta prestationen
erhahhits vid arbete mcd tva mo
torklipparc och en handklipparc.
Av dessa tre klippare har motor
klippare 1 (luftkuddeklipparen)
de biista viirdena.

Kommentar tilt resultaten
Orsakcn tiil att 5a sma skill

nader erhallits mellan motor
kiipparna och handklipparna,
torde bcro pa att dc studerade
motorklipparna r tyngre un
handklipparna och att sjulva
transporten av motorklipparna

mera energikrivande àn av
dc luttare handklipparna.

Ex. 6. Studier av manglingsarbete
(5)

Det fiiljande exemplet ir him
tad fran en undersiikning av
manglingsarbetc, som utfiirts £t

Statens Institut fi5r Konsumcnt
fragor. I cxcmplet jumfôres ar
bctstyngden vid anvundning av
tva olika typer av manglar vid
arbete i ohika hastighet. (Fi5rhal-
landet mellan arbctshastighet och
arbetskvahitet har undcrs3kts j
en surskild studie.)

Tillvugagangssuttet har àven
hur varit att muta kroppens syre

Moorrask1pparg

1. 2. 3.
uftkuddc”

2.0

Handklippare
nya aLdre

6. 7.

À kàrr4 Rinctryck2.2kp/cm2
4o -o-

fi Iif1
Syreuppan.
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Resultat
Som framgar av fig. 4 fi5re-

ligger redan vid 10 meters trans
portavstand en vinst mcd att dra
armeringsjurnet pa kurra i stullet
fi5r att slàpa det. Vid 50 meters
avstand iir prestationcn fyra
ganger sa stor vid anvundning
av karra som vid slapning av
jiirnet.

1* I I I I
LIiliiliili

(Lippfa m2)Lsyr
2010 iLIin

Fig. 5. J2mfo-
relse av
motor
gr2sklippare
mcd hand
grssklippare
vid klippning
av kort gras
(3,5—4 cm).
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2-hjulig tippkiirra r75 lit. (struket mâtt)

Lagom stor last
Endast ca 5 % av lasten j skalmarna
Stora luftgummihjul ger llgt rullningsmotstlnd
Lg tyngdpunkt gôr kirran 1ttbalanserad
Liten sprvidd fôr att kunna anvnda smala landgngar,
c—c=550 mm
Litt att tippa genom tippblgens utformning samt kor
gens slippning
Sm yttermtt: stârsta bredd 680 mm

lngd 1650 mm
hôjd 725 mm

Korgens bredd upptill, invindigt 600 mm
Kiirrans vikt 47 kg

2-hjulig kàrra 200 lit. (struket mtt) mcd botten
tmning

Lagom stor last
Endast ca 5 % av lasten j skalmarna
Stora luftgummihjul ger ligt rullningsmotstind
Llg tyngdpunkt gôr kirran lttbalanserad
Liten splrvidd for att kunna anvnda smala landglngar.
c—c= 600 mm
Bekvim maniivrering av tômningsluckan
Kantroren utformade fur hissning i kran
Sml yttermltt: st5rsta bredd 720 mm

1ngd 1550 mm
hôjd 800 mm

Korgens bredd upptill, invndigt 600 mm
Kirrans vikt 57 kg

Mycket latt alt kora — prova sjalv!

EKEBY NYA 2-HIULIGA BETONGKAIIROH
î jumiorelse med Irudilionellu skollkurior

Detta resultat har framkommit vid de fysiologisk-tekniska metodstudier av krror och kirrningsarbete
som Arbetsfysiologiska Institutet (AFI) utfôrt fôr Svenska Byggnadsindustrifôrbundet.

De krror vi nu presentera, àr en utveckling av de provkirror som vi konstruerade fôr ovanstende metod
studier, och har nu aven praktiskt utprovats p olika byggnadsplatser. Vi hnvisa tu! Byggnadsindustrins
forskningsrapporter och uppsatser nr 2 som behandiar kirror och krrningsarbete.

N

Konstruktionen grundar sig p2 de principer som framkorninit vid AFI:s inelodstudier.

ANPASSAD TILL MÂNNISKAN!
1372

-.erkas av:

AB HÔRBY BRUK
HÔRBY

___



Fig. 6. Verkningsgraden fôrbiittras intili en viss griins med
ôkande arbetsintensitet. 100 % mosvarar fulit utnyttjande av
kroppens syreupptagningsfôrmdga.

6
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Fig. 7. Arbetstyngden varierar starkt pci olika underlag.

Pi uppdrag av Svenska byggnadsin
dustrifôrbundet bar Arbetsfysiologiska
institutet utfàrt en serie studier av den
fysiologiska belastningen vid bygg
nadsarbeten. Studierna bar bI. a. 0m-
fattat mâtningar av arbetstyngden vid
k&rning av betong och tegel, som àr
ett av de tyngsta arbeten som fâre
kommer ï byggandet.

Undersâkningarna bar nu siutfârts. De
har bi. a. resulterat ï att man konstrue
rat en tvihjulig kârra som ger ca 40
% hôgre prestation ân den nârmast
jâmfôrbara vaniiga kârrtypen vid sam
ma energiinsats.

Ingenjâr Jan-Erik Hansson vid
Arbetsfysioiogiska institutet ger hâr en
summarisk redogôreise f& undersàk
ningens resuitat. Tidigare bar studier
na deiredovisats ï Byggnadsindustrin
nr 1/62. Unders3kningsresuitaten ï de-
ras heihet finns pubiicerade ï “Kârror
och kârrningsarbete, Byggnadsindu
strins forskningsrapporter och uppsat
ser”, Stockhoim 1963 (stencil), som ut
getts av Svenska byggnadsindustrif&
bundet.

Sdrtryck ur BYGGNADSINDUSTRIN 20/63

Kàrrningsarbetet

kan gôras Icittare

AFI-utrednîng vlsar hur krran

kan utformas fôr att bu

ett bàttre redskap p6 bygget

rad arbetstyngd — fig. 8. En studie av
tippning av kàrrorna visade att det tids
mkssigt inte fLirelâg nkgon skillnad mel
lan de olika kkrrorna om hknsyn togs tili
laststorleken.

Den tvâhjuliga fôrsôkskkrran (Iastfôr
mâga 300—350 kg, stora hjul, 1kg tyngd
punkt, god stabilitet) har konstruerats
med en lastkapacitet som passar en yngre
byggnadsgrovarbetare (arbetsf6rmâga 15
—20 kcal/min) vid kârrning pà j huvud
sak plan landgâng.

Lïttercitur:
Hansson, J.-E.: Tungt arbete liittare —

studier av kàrror och kàrrningsarbeie.
Skrtryck ur Byggnadsindustrin 1/62.

Lundgren, N.: Arbetsfysiologiska under
sôkningar j byggnadsbranschen. S1.r-
tryck ur Byggnadsindustrin 3/6 1.

Sundberg, U.: Studier ôver manueil han
tering av runduirke. Meddelande frân
S tatens skogsforskningsinstitut. Band
49:2. Stockholm 1960.

Zotterman, Y. och Lundgren, N.: Stu
dier ôver tungt kroppsarbete. Arbets
fysiologiska och arbetstekniska under
si5kningar nid skogsavverkning. Fôrlags
AB Affârsekonomi, Stockholm 1948.

Fig. 8. Studierna av
kiirrans konstruktiva
uiformning och ka
pacitet j skilda de
taijer gay anvisniflg
pci hur en “arbets
riktig” kiirra skulle
se ut. Resultatet blev
en fôrsôksk/irra (bu
den l/ingst ner) som
ger en ca 40 % stôr
re prestation vid
ofircindrad arbets
tyngd, jàmfôrt med
niirmast jiimfôrbara
tvcihjuïiga kiirrtyp.

-- - ..
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Anledningen till att kârror och
kârrningsarbete blivit fi5remâl f3r arbets
fysiologiska metodstudier br att man vid
en serie grundlkggande unders6kningar
ri5rande fysiologisk belastning vid bygg
nadsarbeten funnjt att detta arbete hir
till de tyngsta.

Gângen j de nu slutfi5rda undersôk
ningarna har varit den att man fôrst vait
ut ett antal vanligt fiirekommande kârror
och studerat dem under standardiserade
fiirhàllanden. Det kunde dâ konstateras,
att det var stora skillnader j funktions
duglighet mellan olika kârror, vilket be
rodde pâ skillnader j laststorlek, hjuldi
mension, stabilitet m. m. Fur att lâttare
nâ iiverskâdliga resultat studerades fort
skttningsvis endast en av dessa variablar
ât gângen under standardiserade fu5rhâl-
landen. Dessutom har en stiirre grupp
byggnadsgrovarbetare undersiikts betriif

fande fysiologisk arbetsf6rmâga och vissa
kroppsmâtt.

Mdnniskan — arbetsfôrmâga och
kroppsmtt

Studierna av muskelstyrka och syre
upptagningsfôrmâga har gett underlag
tiil en bediimning av lkmplig laststorlek
vid kârrningsarbete.

En test av muskelstyrka vid lyft i ver
tikalled visade att byggnadsgrovarbetarna
som regel har en muskelstyrka som
stôrre kn skogsarbetare och gruvarbetare
(fig. 1). Byggnadsgrovarbetarnas kondi
tion — syreupptagningsfôrmàga —

nâgot siimre kn skogsarbetarnas men
bl.ttre kn gruvarbetarnas (fig. 2). Stu
dierna visar ocksâ att arbetsfiirmâgan av
tar med âldern.

Pâ den grupp som testades betrâffan
de arbetsfiirmâgan mâttes ocksâ vissa

ARR F244Â’6A
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o

kroppsmâtt. Dessutom intervjuades grup
pen fôr att man skulle fâ fram synpunk
ter pâ vissa detaljer i kârrornas konstruk
tion, sâsom handtagens grovlek, hand
tagens h6jd och avstândet mellan skal
marna. Hâr skall endast konstateras, att
den testade gruppens kroppsmâtt i hu
vudsak âverensstkmde med kânda data
frân vuxen manlig befolkning.

Kdrran — hIuidmension och
ringtryck

Ifrâga om kârrornas konstruktion har
nâmnts att den pâ skilda sâtt pâverkar
funktionsdugligheten. Hâr skall lâmnas
nâgra exempel pâ faktorer som har be
tydelse ur produktionssynpunkt.

Hjuldimensionen biir sjklvfallet anpas
sas till underlagets beskaffenhet och den
belastning som hjulet utsktts fur. Under
siikningen har visat att energiâtgângen

Fig. 2
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Fig. 5. Belostningen i skolmorna vid
kêirrning invcrkar starkt ô encrgicitgdng
en i orbetet.

kan minskas genom att anvânda stdrre
hjul pâ kârran (fig. 3). Stôrre hjui ôkar
ocksâ kârrans f6rmâga att kiara hinder.
En nackdel mcd stor hjuidiameter 1fr att
hjuiet biir dyrare, men detta torde viii
uppviigas av den minskning I arbetstyng
den som erhâuls utan att produktions
kapaciteten minskar.

En fôrândring av ringtrycket pâverkar
storleken pâ diickets kontaktyta rned un
deriaget. Genom att ôka elier minska
kontaktytan fôriindrar man rullningsmot
stândet, fôrmâgan att kiara hinder samt
kârrans stabilitet.

Genom att hôja ringtrycket frân 2,2
tili 4,0 kplcm2 minskas arbetstyngden i
relationen 100—85 (fig. 4). En sâdan
fôrindring j ringtrycket fôrsàmrar dock
i viss min kôrrans fôrmâga att kiara hin
der, t. ex. iandgângsskarvar.
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Lcistens fôrdeining
Pi de kLirror som fôr niirvarande finns

I marknaden iir hjulradien vanligen
mindre in avstindet frân mark tiil hin
dernas fiistpunkt. Detta innebiir att niir
man skjuter kiirran framât biir den kraft
som siitts in delvis nedâtriktad, viiket
skapar ett vridande moment som viii lyf
ta skalmarna. Storleken pi den kraft som
viii iyfta skaimarna 1fr beroende pâ rufl
ningsmotstând och hjuiradie. Eftersom
ruiiningsmotstând och lutningsfôrhâllan
rien of ta varierar kommer ocksâ den upp
âtriktade kraften att variera. Fôr att mot
verka denna iyftning av skalmarna bru
kar vanhgen kiirrorna vara sâ konstrue
rade au en dei av lasten beiastar hand
tagen.

Nâgra specieiia studier har utfôrts fôr
att niirmare utrôna inom viika omrâ
den den vertikala belastningen bôr hâlla
sig. Hur en fôrindring av den ver
tikaia beiastningen pâ armarna pâverkar
arbetstyngden under kïrrning iliustreras
i figur 5. Orsaken tilli att den negativa
beiastningen pâ armarna visat sig vara
si ogynnsam kan vara att det fôrekom
mit viixhngar meilan positiv och negativ
beiastning. Detta har I sin tur medfôrt
att beiastningen viixiar meiian oiika mus
keigrupper viiket 5m tur resuiterat I en
hôgre syreupptagning. Vâxhngarna i be
iastningen pi handtagen beror pi att
handtagen fôr varje steg fôrfiyttar sig
i vertikaiied. Storieken pi dessa vàxhng
ar har I huvudsak visat sig hiinga sam
man med stegiingden.

Studierna har vidare visat att en ver
tikai beiastning av den som skjuter kâr
ran ocksâ innebôr stôrre môjiigheter tifl
maximal kraftutveckhng i horisontefl
riktning utan haikning.

Kdrrcins stabilitet
Stabihteten hos en kiirra beror frâmst

pâ dess spârvidd (ifrâga om tvâhjuhga
kiirror) och iastens avstând tilli hjuiets
kontaktyta mcd underiaget. Balansering
en i sidled av den enhjuhga kiirran miis

te ske heit med armarna, men detta ar
bete minskas niir man anvinder tvâhju
hg kârra. Fôr den enhjuliga kiirran inne
blir detta naturligtvis au iaststorleken
blir begrinsad. Den tvihjuliga kiirran
tillâter stôrre iast. Studierna har visat
att arbetsbelatsningen pi den som kiirrar
1fr nâgot lâgre hos den tvihjuliga in hos
den enhjuiiga kiirran vid samma lastvo
iym.

En speciefl studie av spârvidd och
tyngdpunktslâge fôr tvâhjuhga kiirror vi
sade att de miste hâiia vissa minimimitt
fôr att fôrdelen mcd tvâ hjui skall bibe
hâllas.

Lcisten
Nir det giiller si tunga arbeten som

kïrrning av betong 1fr det sjïlvfailet
ônskvïrt att arbetet kan utfôras mcd hôg
fysiologisk verkningsgrad, d. y. s. pi ett
sâ energibesparande siitt som môjligt. Fôr
att faststiula den fôrmânligaste — opti
mala — arbetsintensiteten ur denna syn
punkt har vissa studier utfôrts pi cykel
ergometer. Detta prov liknar principielit
kiirrningsarbctet, eftersom det engagerar
stora muskelgrupper i ett dynamiskt ar
bete. Resultaten fôr en maniig, trinad
grupp gay vid handen att verkningsgra
den fôrbiittras upp tili det att ca 30—50

av den maximala arbetsfôrmâgan ut
nyttjas (fig. 6). Fôr en otrànad kvinnlig
grupp var motsvarande vârden hôgre.

Resultaten stiimmer mcd vad man fun
nit ut vid undersôkningarna av sjâlva
kiirrningsarbetet och vid vissa studier av
skogsarbete.

Fôr att pi grundval av dessa studier
sedan diskutera tolerabel beiastning mis-
te man ocksâ gôra kiart fôr sig arbetets
natur, d. y. s. fôrdeiningen mellan olika
tunga arbetsmoment, môjlighet tili pau
ser etc. I forskningsrapportcn diskuteras
tolerabel beiastning dels ur verknings
gradssynpunkt och deis utifrân den tes
tade arbetargruppens arbetsfôrmiga.
Lyckligtvis visade det sig vara môjligt
att fôrena en hôg fysiologisk verknings
grad mcd en anstriingningsnivâ som inte

ieder tiiii uttrôttning. Detta fôrutsâttcr
att personer mcd lig arbetsfôrmâga, t. ex.
liidre arbetare, kiirrar mindre lastcr cher
kompenserar laststorleken mcd pauser.

Undericiget
Pi fiera sâtt inverkar underiaget pi

arbetstyngden vid kârrning. Man urskii
jer dels faktorer som pâverkar ruiinings
motstândet boa kârran och deis faktorer
som pâverkar arbetarens egen fôrfhytt
ning. Lutningsfôrhâuiandena har natur
iigtvis ocksâ en avgôrande inverkan pi
arbetstyngden.

Underiagets hârdhet och jâmnhet har
stor betydeise. Arbetstyngden vid kïrr
ning pi torra piank 1fr cndast 65 % av
motsvarande virden vid kârrning pi
grusunderiag. Aven is pi iandgingens
piank innebiir stor fôrsiimring — fig. 7.

Kârrning i motiut innebiir att arbeta
ren miste fôrfiytta bide kiirra, iast och
5m egen kropp uppât. Vid kârrning mcd
en 219 kg tung kiirra var arbctstyngden
dubbeht si stor vid 4 % motiut som vid
horisontelit underiag. Annu stôrre kârr
vikter 1fr vanhiga pi byggarbetspiatserna
och di bhr stegringen av arbetsbeiast
ningen ânnu mer markerad.

Vid utiâggning av iandgângar 1fr du
viktigt att kinna tiiii Iutningens inverkan
pi arbetstyngden och hânsyn diii denna
bôr ocksâ piverka stïUningstagandet tiiii
om en transport skaii utfôras mcd ma
nuehi kôrning eiier mcd mekaniska hjiiip
medei.

Fôrsôkskdrra med fôrdelciktiga
vârden

Mcd utgingspunkt frân de olika dci
resuitaten av undersôkningcn har kon
struerats en fôrsôksmodeii av en kârra.
Donna har provats i jïmfôrelse mcd deis
en vanhgt fôrekommande tvihjulig kiir
ra mcd samma iastkapacitet och deis
mcd en skottkârra vid kârrning pi iand
ging och grâsunderhag. Jïmfôreisen mcd
rien nârmast jïmfôrbara tvihjuliga kir
ran visade, att prestationen mcd fôrsôks
kiirran var ca 40 % stôrre vid ofôrind

64JC26//PT62/vC
15 kta//min

12.5

• I I
o [o 20 304’P

Studierna av kârror och kiirrningsarbctc lcddc fram tilt ny typ av kiirra, som irisent
iigt skiljcr sig frdn den ion ventionclia. Den tir tvtihjuiig och framtill fôrscdd mcd
bâgar p3 viika kiirran ruilas upp nâr den skali tômmas. Data: laststorlck 1701,
lastfôrmdga 300—350 kg, spdrvidd 540 mm, hjuldimcnsion 3,25” x 19” (hjulcns
tot.alhôjd 26”), handtagsgrovlck 0 43 mm, bclastning p3 armar under kiirrning
ca 12 kg, avstdnd mellan handtagcn 540 mm, tyngdpunktshôjd ovan mark 330 mm.
Sjiilva lastkorgcn mâter upptill 100 x 40 cm och tir 61 cm djup.

Fig. 1. Mnskclstyrkan — mtitt mcd vertikala lyf t mcd tvd blinder — nid otika didrar
bas byggnadsgrovarbetarc, gruvarbetare och skogsarbctarc. Basvtirdc: muskclstyrkan
hos 20-drig byggnadsgrovarbctarc.

Fig. 2. Arbctsfôrmdgan (syrcupptagningsfôrmdgan) nid olika didrar hos skogsarbc
tare, byggnadsgrovarbctarc och gruvarbetare. Basvtirdc: arbetsfôrmdgan hos 20-drig
byggnadsgrovarbctarc.

Fig. 3. Vid konstant laststorlck och tronsporthastighct tir arbctstyngden bigre hos
kârror mcd store hjul tin hos ktirror mcd smd hjul. Viirdena angcr kiirrning p3
horisonteUt undcrlag.

Fig. 4. Vid konstant iaststorlck och transporthastighct varicrar arbctstyngdcn anse-
viirt mcd ringtryckct.

Fig. 3

100

Fig. 4
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D RE KTI ON
ALLARD, HENRY, riksdagsrnan, f. 11; (47), ordfiirande, Kilsgatan 6 A,

Ôrebro, tel. 019/12 02 64, riksdagen 22 95 60.

NEUMULLER, MARGARETHA, fru, 1: e ekonomifiirestândarinna, f. 02;

(53), Ehrensvàrdsgatan 5, tel. 53 6660, Karolinska sjukhuset 340500.

BERGÉRUS, HOLGER, direktdr, f. 08; (59), y. ordfiirande, ôstervâgen 31,

Solna, tel. 27 86 11, Kungl. Teatern 20 70 40.

EKMAN, WALTER, rektor, f. 02; (59), Banérgatan 77, tel. 62 10 82, h.a.l.

â ôstermalm 62 72 76.
BJARNHOLT, LAVE, byrâdirektdr, f. 09; (59), Tâltvàgen 11, Siidert5.lje,

tel. 0755/326 67, Skolôverstyrelsen 22 24 00.
STRtiM, GUNNAR, professor, f. 22; (63), Banérgatan 24, Uppsala, tel.

018/14 96 39, Akademiska sjukhuset 018/11 82 25.

HÔGBERG, PAUL, rektor (se nedan).

LiUNGGREN, STINA, gyrnn.-dir., làrarkollegiets representant (se sid. 4).

SEKRETERARE
BOLINDER, HANS, byrâchef, jur. kand,, f. 25; (64), Merkuriusvàgen 17,

Lidingii, tel. 66 11 72, Tekniska Hdgskolan 23 65 20.

REKTOR
H0GBERG, PAUL, gymn.-dir., (56), (se sid. 4).

EXPEDITION
JOHANSSON, EIVOR, vik. registrator och kassiir, Tulegatan 12, Sundby

berg, tel. 28 3918, till exp. 11 1714.

LARSSON, GEORU, kontorist, Blâklintsvàgen 15, Lidingd, tel. 65 33 26,
till exp. 10 18 70.

NELMÉN, GUNILLA, kontorsbitrde, Brunskogsbacken 24, Farsta, tel.

94 58 17, tiil exp. 10 18 70.
Expeditionen Miles bppen ici. 10.00—15.00; lbrdag ki. 10.00—12.00.

JÔNSSON, AKE, gymnastikvaktmàstare och portvakt, Portvaktsbostaden,
Lidingiivàgen 1, tel. 10 88 75.

OLSSON, ERIK, vàrmeskiitare, Ôstermalmsgatan 82, tel. 60 88 95.

STÂHL, HUGO, gârdskarl, S:t Eriksgatan 110, tel. 335494.

BI BLIOTEK
LJUNGWALDH, KARIN, gymn.-dir., fil. mag., f. 95; (52), bibliotekarie,

Drottning Kristinas vàg 9, tel. 21 58 91.

RASKA, FRITS, f. 88; (51), arkivarbetare, Mdckelvàgen 30, Johanneshov,

tel. 59 33 95.

HÀNVISNINGSLÀKARE FOR PERSONAL
HANNER, KNUT, med. lic., Sturegatan 18, tel. 62 52 55. Mottagningstid:

vani. kl. 16.00—1700.



LUNCHRUM
BLOMBERG, ELSA, fru, fôrestândarinna, Midgârdsvàgen 28, Handen,

tel. 777 20 61.

LÂRARE

Ordinarie Idrare
HOHWÛ CHRISTENSEN, ERIK, professor, dr. phil., med. dr., f. 04; (41),

Gamla Kyrkvàgen 24, Danderyd, tel. 55 14 93. Professor j kroppsdvning

amas fysiologi oeh hygien. Fdmestândare fbr fysiologiska met.
THORESSON, KLAS, gymn.-dir., kapten, f. 08; (39), (44), Murarstigen 1,

Liclingô, tel. 65 20 55, i gymnastik.

HôGBERG, PAUL, gymn.-dir., folkskoll.rare, kapten, f. 11; (44), (55),

Stormàstarvàgen 11, Lidingô, tel. 65 33 40, i lek och idrott.

NÂSMARK, ANNA-LISA, gymn.-dir., f. 09; (50), (55), Nykngsvàgen 4,

Bromma, tel. 26 65 48, i gymnastik.

EKSTAM, EVA, gymn.-dir., f. 14; (51), (59), Skinnarviksringen 2, tel.

69 66 11, j lek oeh idrott.

LJUNGGREN, OLOV, gymn.-dir., f. 21; (55), (61), Kldverbaeken 3,

Lidingô, tel. 66 13 28, i lek och idrott.

LJUNGGREN, STINA, gymn.-dir., f. 24; (55), (61), Kldverbacken 3,

Lidingô, tel. 66 13 28, i gymnastik.

Icke ordinarie Idrare
HALLDÈN, OLOF, gymn.-dir., fil. lie., f. 10; (44), (58), Àlgvilgen 17,

Lidingô, tel. 65 34 58, j psyk. och ped. samt kroppsdvn., hist. och allm.

teori.

ASTRAND, PER-OLOF, docent, gymn.-dir., f. 22; (46), (54), Orrspels

vâgen 6, Nksby Park, tel. 56 03 53, dorent i fysiologi, sàrskilt arbets

fysiologi.

ALMGREN, ULF, gymn.-dir., f. 26; (58), Nybodagatan 1, Solna, tel.

82 25 06, i gymnastik.

CRISPIN, MONA-LISA, gymn.-dir., f. 33; (59), Skeppargatan 80, tel.

61 53 60, i lek och idrott.

NILSSON, EVA, gymn.-dir., f. 18; (61), Herkulesvàgen 19, Lidingô, tel.

66 06 01, i gymnastik.

BRIANDT, CARL-GUSTAF, gymn.-clir., folkskollkrare, kapten, f. 19;

(61), Kkllàngevàgen 65, Lidingô, tel. 750982, i lek oeh idmott.

LARSON, BERTIL, gymn.-dir., f. 19; (61), Banbrinken 1, Saltsjôbaden,

tel. 17 20 26, i lek och idmott.

WEBJÔRN, VANJA, gymn.-dir., f. 29; (62), (64), Kàrrstigen 37, Klinten,

tel. 715 30 33, i gymnastik.

GRANE, KJELL, gymn.-dir., f. 29; (62), Ankdammsgatan 42, Solna, tel.

82 66 99, j gymnastik. Tjknstledig 1964/65.

MATTSSON, ROLAND, gymn.-dir., folkskollàrare, f. 26; (62), Edsbergs

vgen 14, Sollentuna, tel. 35 75 32, i lek och idrott.

BERG, ULLA, gymn.-dir., f. 32; (64), Vàstmannagatan 95, tel. 332522,

i gymnastik, lek oeh idrott.

DUNRERGER, BERTIL, gymn.-dir., f. 24; (64), Karlavkgen 63, c/o Dahl

man, tel. 60 29 69, i gymnastik.

MALMBERG, JOHAN, gymn.-dir., f. 30; (64), Kapellbacken 7, e/o Boeke,

Lidingô, tel. 26 30 67, i lek oeh idrott.

LUNDQVIST-MELIN, RRITT, gymn.-dir., f. 31; (64), Sandhamnsgatan 19,

tel. 63 91 15, i lek och idmott.

ERINSSON, ANDERS, gymn.-dir., f. 32; vik. fur Gmane, Veekovàgen 36,

Jakobsberg, tel. 0758/302 23, i gymnastik.

Specialidrare
CARLSôô, SVEN, prosektor, med. dm., f. 05; (58), ôstermalmsgatan 99,

tel. 62 32 64, i anatomi.

GULLANDER, ANDERS, med. kand., f. 41; (64), Ringvàgen 160, tel.

44 39 77, i anatomi.

RODHE, GôSTA, med. lie., skoldvemlàkame, f. 12; (59), Tomstenssonsgatan

15, tel. 61 52 25, hàlsolàma.

WETZENSTEIN, HILDING, leg. lk., f. 22; (61), Bmunkebemgsâsen 44,

Sollentuna, tel. 714 20 57, 1 hâllningslàma.

SALTIN, EENGT, med. kand., f. 35; (58), (59), Pymolavàgen 24, Lidingd,

tel. 66 30 84, assistent j fysiologi.

STENEERG, JESPER, med. lie., t.f. dorent, f. 31; (61), Radamvàgen 19,

Viggbyholm, tel. 56 58 73, t.f. dorent i fysiologi.

PETERSSON, STURE, musikdim., folkskollàmame, f. 30; (57), Riddamvàgen

50, Lidingd, tel. 65 77 03, i musik.

EDELHOLM, OLOF, fil. mag., f. 25; (64), Bmedablieksvgen SA, Lidingô,

tel. 775 07 09, i psykologi.

Pensionerade Idrare
HOLMEERG, OSWALD, major, jum. kand., fil. kand., gymn.-dim., f. 82;

avg. 44, Limhamnsvàgen 4 A, Malmd, lâmame i gymnastik.

KEY-AEERG, RUTH, gymn.-dim., f. 96; avg. 52, Kungstensgatan 42, tel.

30 51 46, lâmame i gymnastik.

LINDAU, HELGE, gymn.-dim., folkskollàmame, f. 94; avg. 54, Baekvâgen 10,

Solna, tel. 83 12 92, làmame j lek och idmott.

LJUNGWALDH, KARIN, gymn.-dim., fil. mag., f. 95; avg. 59, Dmottning

Kmistinas vkg 9, tel. 21 58 91, làmame i lek och idmott.

FYSIOLOGISKA INSTITUTIONEN
HOHWtt CHRISTENSEN, ERIK, pmofessom, fuimestàndame (se sid. 4), tel.

55 14 93.
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ASTRAND, PER-OLOF, docent, gymn.-dir. (se sid. 4), tel. 560353.

STENRERO, JESPER, mcd. lic., t.f. docent (se sid. 5), tel. 56 58 73.

SALTIN, BENOT, med. kand., assistent (se sid. 5), tel. 66 30 84.

HACELIN, HARRY, instrumentmakare, f. 11; (50), Kringelvgen 28,

Mariehàll, tel. 28 49 70.

MARINA, KARIN, kanslibitr. 50), Polhemsgatan 36, tel. 5442 67.

HALLBAOK, INGER, lab.-ass., f. 34; (55), Stamgatan 56, Àlvsjô, tel.

91 85 86.

EKBLOM, BJÔRN, med. kand., amanucns, f. 38; (62), Mariatorgct 7, tel.

42 40 11.

WALLSTRôM, BRITTMARI, gymn.-dir., amanuens, f. 40; (63), ôregrunds

gatan 9, rum 321, tel. 61 87 21.

HOLLMAN, TiLLA, lab.-bitr., f. 38; (62), Stureparken 5, ô. g. Tjnstledig

1964.

FJELLNER, BRITT-MARIE, lab.-bitr., f. 43; (62), Dalbobranten 28,

Farsta, tel. 93 26 63.

SPARELL, GUNILLA, lab.-bitr., f. 38; (63), .A.ug. Wahlstrôms vàg 17,

Danderyd, tel. 55 04 30.

PETTERSSON, BERIT, lab.-bitr., f. 39; (64), Wittstocksgatan 11, tel.

67 70 14.

ARBETSFYSIQLQGISKA INSTITUTET
LUNDGREN, NILS, professor, mcd. dr., fôrcstàndare, f. 15; (54), Horns

gatan 58, tel. 42 19 98.

LINDHOLM, ASTRID, ingenjôr, M. S. forskningsingenjôr, f. 24; (48),

(55), Ripstigen 3, Solna, tel. 85 24 66.

ABERG, ULF, tekn. lic., f. 20; (59), Lievàgen 24, Roslags Nàsby, tel.

58 37 14.

JOHANSSON, LEIF, instrumentmakare, f. 42; (60), Riksmuseet, Stock

holm, tel, 33 02 20.

UTBULT, BRUNO, fil. kand., 1: e byrâinsp., f. 17; (61), Polhemsvgen 36,

Sollentuna, tel. 35 40 43.

HANSSON, JAN-ERIK, ingenjôr, forskningsingenjôr, f. 28; (62), Dalbo

vàgen 14, Sollentuna, tel. 35 74 34.

NILSSON, HANS, arbetsstudietekniker, f. 32; (62), Frcgattvbgen 12,

Nàsby Park, tel. 56 54 81.

CORDON, SIMON, kontorist, f. 12; (63), Àrstavgen 71, Johanneshov,

tel. 91 51 96.

ROSÉN, BERIT, laboratris, f. 38; (64), Nybrogatan 41, tel. 603143.

r ASTRAND, IRMA, med. dr., docent, f. 27; (64), Orrspelsvagen 6, Nôsby

/‘ Park, tel. 56 03 53.

FRISE. ELISABETH, leg. sjukskôterska, f. 39; (64), Kàllàngsvàgen 32,

Lidingô, tel. 775 13 29.

\. GARDELL, BERTIL, fil. lic., arbctssociolog, f. 27; (64), Taltrastvàgen 7,

Nàsby Park, tel. 56 25 02.

j
EREZ, SHELOMO, arbetsstudieingenjôr, f. 40; (64), Lidingôvàgen 1, tel.

1 109650.

)\ (iii f KULLBERG, INGER, gymn.-dir., f. 41; (64), Strâlgatan 35, tel. 50 25 98.

r YFÎELGSTRAND KAJ, gymn.-dir., f. 41; (64), Odcngatan 46 ô. g., tel. 306542.

(Z-itt PAULSSON, BERIT, sekrcterare, f. 43; (64), ôstcrmalmsgatan 4, tel.

Z Vvt 10 22 05.

FLYGMEDICINSKA LABORATORIET
von DOBELN, WILHELM, mcd. dr., laborator, f. 12; (45), (46), Kungs

64’ holms hamnplan 7, tel. 51 20 55.

V’ JOHANSEN, WILLIAM, laboratorieingenjôr, f. 21; (47), Rôrstrands

gatan 50, tel. 32 97 79.

KADERUD, LENNART, inst.-tekniker, f. 22; (50), Fyrskcppsvàgcn 104,

Johanneshov, tel. 59 24 06.

SCHOLLIN, EVA, kanslibitr., f. 13; (64), Floragatan 10, tel. 213898.

‘-e?
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TELEFONER TILL GYMNASTSKA CENTRAL NSTITUTET

Expedition
Rektor, gymri.-dir. Hiigberg

Kassdr och registrator, fru Johansson
Prospekt och fôrfràgningar, fric. Nelmén
Gymn.-vaktmàstare Jônsson
Vàrmeskiitare Olsson

Bibliotek
Bibliotekarie, gymn.-dir. Ljungwaldh 10 94 31

Lunchrum
Kôket 109302

Làrare
Làrarrum

Kvinnhiga, gymn.- och idrotts1.rarrum
Manhiga, gymn.- och iclrottslàrarrum
Lârare j psyk. och pecL, fil. lic. Halldén
Lârare i anatomi, prosektor Carlsôô

Fysiologisko institutionen
Professor Hohwti Christensen
Docent P.-O. Âstrand

Expedition och verkstad

204675

109301

110478

109353

206445

108011

11 7417

212551

Ordf. I studieràdet: NILS-OLOV ENQVIST

Socialombudsman: ELSA SCHAFF ..
63 64

Int. omb.-m. repr. j SSCO: KARIN OLSSON 61 39 40

STUDIEMEDELSNÀMNDEN I STOCKHOLM

Ledamot

fur CCI, JAN-ERIK PETTERSSON 625634

Representant f 1W GCI, gymn.-dir. KLAS THORESSON 65 20 55

Nàmndens kansii, Tornhagen, Pack Stockholm 50 31 10 11, 31 72 95

Kanshiet hàhles bppet varclagar utom lôrdagar ki. 11.00—15.00.

Arbetsfysioiog iska institutet
Professor Lundgren och expedition
Docent I. Astrand, byrâinsp. Utbult, ing. Hansson
Ing. Lindholm, tekn. lic. Âberg
Sociolog Gardehi

Flygmedicinsko Ioborotoriet
Dr. von Dôbein och expedition

Eleykaren
Elevkàrens exp. . ..

Elevmssen

204257

219147

109650

206975

216353

200618

216503

Ordfbrande;

vice Ordfdrande:

Sekreterare:

Skattmàstare

Klubbmàstare:

Màssfôrestàndare:

Idrottsfôrman:

BORIS LJTSNGGREN

MARGARETHA NORHEDEN
CHRISTINA SJÔSTEDT

KURT ERIKSSON

JAN SEVERGÂRDH
PER-INGE MODIG

BENGT LARSSON .

474518

659896

676366

775 06 05

675557

499966

605498

102473

111714

101870

108875

115684

ELEYKÂRENS STYRELSE
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Àldre kvinnliga kursen A Kursfbrestândare: Ndsmu.

Ademar, Wiveca

Andersson, Barbro

Bengtsson., Birgitta

Bohoim, Mauci

Boija, Kerstin

Bonde, Caroline

Bostrôm-Granbom, Christina

Brandt, Yvonne

Bôrjesson, Inga

Carlstedt, Marianne

Cederstrôm, Gunilla

Bkstrôm, Anna-Kerstin

Briksson, Boel
ffuruskog, Ann

Otad, Ingegerd

Oottliebsson, Barbro

Grandi, Ylva

Gruvmark, Ulla

Oustefsson, Karin-Marie

Gyflander-Sundgren, Eva
Holmberg, Helena

Holmquist, Ulla

Hâkansson, Gunilla

Hdwerdahl, Gunilla

Junger, Carin

= 25 st.

Malmô

Gantofta

Stenungsund

Upplands Vâsby
Norrkôping

Bosjôkloster

Sundsvali

Lidingô

Stockholm

Skurup
Jônkôping

Malmô

Hàlsingborg

Tàby

Linkôping

Stockholm

Sollentuna

Stockholm
Hàlsingborg

Uddevalla

Âbo, Finland

Malmô

Malmô

Malmô

Jônkôping

Jcrum A 302, Studenthacken 21,

Sthlm NO

Kommendôrsgatan 15, Sthlm ô
Jerum A 307, Studentbacken 21,

Sthlm NO
Bjôrkvallavàg. 10 B, Upplands Vilsby
Norr Màlarstrand 76, Sthlm K
Karlavàgen 11, Sthlm ô
Jerum A 502, Studentbacken 21,

Sthlm NO

Stureplatân 20, Lidingô

Gullmarsvkgen 65, Johanneshov

Banvâgen 5, Lidingô

Tobaksvkgen 31, Farsta

Jerum A 312, Studenthacken 21,
Sthlm NO

Frislandsvkgen 25. Bromma
Falkvkgen 35, Nksby Park

Tulegatan 35, Sthml VA

Domus B 442, KôrsMrsvâgen 1,

Sthlm ô

Edsbkcksvâgen 24, Sollentuna
Skânegatan 26, Sthlm 5G
Torsvikssvàngen 44, Lidingô

Fâgelvâgen 14, Lidingô

Torstenssonsgatan 11 ô. g., Sthlm ô
Konstgjutarvkgen 32, Johanneshov

Jerum B 14, Studentbacken 23,

Sthlm NO
Ringvâgen 18, Liclingô

Tysta gatan 11, Sthlm NO

638919

615240

638334

0760/307 36

531208

201666

638914

654033

913895
660458

648484

638589
374207

561794

3479 32

358918

405175

653630

659952

619077
499967

606447

775 18 47

623096

Namn Fôdd Hemort Bostad Telefon Anm.

1942

1942

1942

1944

1941

1943
1941

1943

1941

1943

1943

1940

1944

1943

1943

1939

1943

1943

1942

1941

1941

1943

1942

1944

1942

c/o Hkggbom

c/o Adelborg

c/o Bkckstrôm

c/o Thôrnblom

c/o Lôfgren

c/o Gjstrand

Nilson

c/o Walldén

c/o Schumacher

c/o Ericson

c/o Lindbom

I
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Aldre kvinnliga kursen B Kursfôrestândare: Ljunggrcn

Lundqvist, Britt-Marie

Làng, Martha

Molén, Katarina

Màrtensson, Vera
.

Norheden, Margaretha

Olausson, Kerstin

Olsson, Karin

Petersson, Inga-Stina j

Ranklev, Ingricl

Saartok, Evi

Sandberg, Ingrici

Schaff, EIsa

Sjôberg, Susanne

Sjôstedt, Christina

Strôm, Karin

Svedbergh, Hjdrdis

Swenson, Gun

Taflroth, Karin

Tengelmark, Kirsten

Thuii;n, Viveka

Weckrnan, Brigitte

Falkôping

ôverkalix

ôrebro

Johanneshov

Norberg

Bohus

Alingsâs

Linki5ping

Hàlsingborg

Motala

Halmstad

Giiteborg

Gdteborg

Umeâ

Stockholm

astersund

Gdteborg

Ystad

Vitaby

Hàlsingborg

Halmstad

Vâxjti

Kalmar

Skellefteâ

UtLindsk

Grekianci

Tôrnrosvàgen 5, Lidingô 3

Domus 219, Kbrsbàrsvàgen 1—7,

Sthlm ô

ôstermalmsgatan 4, Sthlm ô

Drottning Kristinas vàg 9, Sthlm ô

Fregattvàgen 11, Lidingô 1

Roslagsgatan 19, Sthim VA

Grevgatan 56, Sthlm ô
Jerum A 315, Studentbacken 21,

Sthlm NO

Rum 973, ôregrundsgatan 11,

Sthlm NO

ôstermalmsgatan 4’, Sthlm ô

Skeppargatan 80, Sthlm ô
Jerum A 216, Studentbacken 21,

Sthlm NO

Rum 583, ôregrundsgat. 11, Sthlm NO

Kommenddrsgatan 24, Sthlm ô

Oviksgatan 34, Vàllingby

Furusundsgatan 9, Sthlm NO

Banérgatan 48, Sthlm NO

Norr Màlarstrand 38, Sthlm K

Mjôlnarstigen 8, Lidingô

Erik Dahlbergsgatan 43, Sthlm NO

Jerum C 415, Studentbacken 25,

Sthlm NO

Rum 142, ôregrundsgat. 9, Sthlm NO

Engelbrektsgatan 4, Sthlm ô
Rum 818, Vidkngsvàgen 9, Bromma

medborgare

Jcrum B 717, Studenthacken 23,

Sthlm NO

34 90 80/219

102205

102097

659896

303677

61 3940

63 8975

638947

109311

616565

636433

639307

67 6366

378810

671835

620943

505795

656233

629368

617404

218566

801397

13

Namn Fddd Hemort Bostad Telefon Anm.

6551771943

1942

1941

1942

1942

1943

1943

1942

1943

1944

1944

1942

1943

1943

1943

1943

1943

1943

1943

1944

1943

Wergel, Tilla

Westelius, Eva

Wikstriim, Margareta

c/o Ski5ld

c/o Borild

c/o Julén

c/o Ward

c/o Grafstrdm

c/o Sôderhielm

c/o Hallberg

c/o Warving

c/o Sundqvist

c/o AureIl

c/o Nordgren

c/o Tiirneman

c/o Stenberg

194219431940

25 st.

Gioka, Agelica 1939

12



kursen A Kursforestndare: Thoresson

Baum, Rolf

Bengtsson, Âke

Bjbrnsson, Lars-G

Blombcrg, Lennart

Boman, Leif

Carisson, Rune

Einqvist, NiIs-Olov

Eriksson, Kurt

Gagyi, Laszlo

Hagman, Leif

Henriksson, Ola
Hoim, Lennart

Holmgren, Ftoland

Hâkansson, Greger

Ivan.ov, Petko

Jansson, Bj5rn

Jansson, Roif

Johansson, Bengt

Jonsson, Tore

Karison, Ulf

Kronby, Bo

Larsson, Bengt

Rejdemo, Tommy

= 23 st.

Boktryckarvgen 9—11 C, Hgersten

Domus 158, KrsMrsvàgen 1—7,
Sthlm ô

Sturevàgen 50, Enebyberg

Kvarnhagsgatan 101, Hàsselby
Bryggvàgen 7, Sthlm SV
Snickarbacken 2, KFUM, Sthlm C
Vàstmannagatan 103 A, Sthlm VA
Torsvikssvàngen 14, Lidingo

Idungatan 5, Sthlm N
Domus 149, Kdrsb.rsvgen 1—7,

Sthlm ô

ôstergatan 4 B, Si5dertlje
Sofielundsplan 51, Enskede
Bjiirnsonsgatan 54, Bromma
Bergsundsstrand 9111, Sthlm SV
Idungatan 5, Sthlm VA
Sylvestervàgen 11, Lidingti

Allhelgonagatan 8, Sthlm Sô
Engelbrektsgatan 33 d. g., Sthlm ô
S1nbàrsvgen 12, Danderyd
Karlavàgen 631V, Sthlm ô
Kampementsgatan 24, Sthlm NO
Brahegatan 31, Sthlm ô
Mejselvàgen 32, Hàgersten

19 9798

34 90 80/158

586727

383809

194357

775 06 05

315878

34 90 80/149

0755/309 35

487390
374724

684301

315878

619841

422679

112014

619592

629169

605498

191535

Namn Ftidd Hemort

Aidre manliga

Bostad Telefon Anm.

1936

1940

1937

1932

1940

1943

1934

1942

1939

1942

1940

1938

1939

1941

1934

1940

1942

1941

1939

1943

1939

1942

1942

Stockholm
Gôteborg

Enebyberg

Hàsselby

Stockholm
Malmii

Hssleholm

Halmstad

Gi5teborg

Ljusdal

Sddertlje

Nykôping

Ulricehamn

Stockholm

Stockholm

Sollefteà

Stockholm
Stockholm

Tranâs
Tranâs

Stockholm
Nykiiping

Stockholm

c/o Elmenius

c/o ôhstrim

c/o Fernstrdm

c/o ôhstrdm

Hempension

c/o Tengstriim

14 15



Aldre manliga kursen B Kursfdrestândare: Àlmgrcn

Larsson, Bertil

Larsson, Willy

Ljunggren, Bons

Lôvendahi, Jan

Malmborg, Ulf

Modig, Per-Inge

Mânsson, Magnus

Nilsson, Bengt .

Nyréhn, Kjell-Enik

Olofsson, Aif

Persson, Hâkan

Petersson, Alf

Pettersson. Jan-Enik

Pettersson, Lars

Samuelsson, Birger

Schrbder, Pater

Bavergàrdh, Jan

Billén, Birger

Bjbberg, Rabbc

Strôm, Lars

Tallmark, Bo

Tegelman, Ragnar

Tjbrnmark, Uno

Wedin, Nils-Gunnar

Ahrling, Stig

Âkerlund, Jan

Amaloo, Joseph

Stockholm
Angelhoim

Hâssleholm

Stockholm
Norrkiiping

Stockholm
Skurup

Kalmar

Umeâ
Algarâs

Stockholm

Hiigsby

Kiruna

Alni

lVIalmd

Arvika

Viggbyholm

Kalmar

Tkby

Linkôping

Sala
Stockholm

Stockholm
Hârniisand

Sundsvall
Timrâ

Singapore

Erstagatan 7, Sthlm Sô
Villavkgen 25, Stocksund
Juvelerarvâgen 17, Hàgersten

Hornsgatan 88, Sthlm 5V
Polargatan 11, Johanpeshov

Hâgorvâgen 20, Enskede

Villavàgen 25, Stocksund

Rum 813, ôrogrundsgat. 9, Sthlm NO

ôstermalmsgatan 5, Sthlm ô
Kkllkngsvàgen 25, Lidingd

Essingo Brogata 3, Sthlm K

Ingemarsgatan 7, Sthlm VA
Rum 831, ôregrundsgat. 9, Sthlm NO
Jerum C 320, Studentbacken 25,

Sthlm NO

Villavâgen 25, Stocksund
Villavâgen 25, Stocksund
Stnindbergsgatan 54, Sthlm NO
Brahegatan 52, Sthlm ô
Vikingavâgen 21—23, Tkby
Villavâgen 25, Stocksund
Villavâgen 25, Stocksund
Brknnkyrkagatan 77, Sthlm Sô
Stâlgatan 17, Sthlm K
Upplandsgatan 64, Sthlm VA
Grevgatan 5, Sthlm ô
Jcrum C 19, Studenthacken 25,

Sthlm NO

Jerum C 619, Studentbacken 25,

Sthlm NO

medborga re

J Lkroverksvkgcn 1, Lidingô

405766

854353

474518
698098

483324

499966

85 ‘13 53
624933

114591

65 3793
525894

328904
625634

854353

854353

675557

603862

0762/122 54
854353

854353

526203

609669

Namn Fddd Hemort Bostad Telefon Anm.

1941

1939

1934

1938

1940

1941

1939

1942

1940

1942

1941
1941

1941

1940

1939

1940

1934

1925

1941

1941

1942

1940

1936

1939
1939

1939

1938

c/o Hedman

c/o Nilsson

c/o Mollberg

c/o Westerberg

c/o Lâftman

Esmail, Mansoor

= 28 st.

Utldndsk

1938 Uganda

ji

6388 81

651432

16 17



Yngre kvinnliga kursen A Kursfdrestândare: Webjârn

Ahisson, Ingrid

Alfredsson. Gunilla

Almqvtst, Iréne

Andersson, Gunvor
Arors, Karin

Bctrnekow, Margareta

Bergholtz, Tilla . . . .

Ecronius, Gunilla

Bilisten, Agneta .

Blombergsson, Berit

Briandt, Gullveig H
Bàckmon, Monica
Bàllstav, Yvonne .

Carnbo,Inger

Dahlqvist,Aase

Elcstedt,Laila

Elcstrand,Britt-Marie
EUby, Catherine

Ericsson, Birgitta

Ericsson, Eva .

F’redriksson, Anne-Marie
Grehn, Elisabeth

Gustafsson, Gunnel

Gânge, Barbro

Hagler, Marianne .
.

25 st.

Skultorp

Hâlta
Linkiiping

Malmé

Resele

Ystad

Sigtuna

Stockholm

Lanclskrona

Harnésand

Liclingd

Skinnskatteberg
Enkdping

Stockholm

Njurunda

Stockholm

Esldv

Stockholm

Stockholm

Godegârd

Gdteborg

Stockholm

Gdteborg

Gdteborg

Giiteborg

Bostad

Grevgatan 65, Sthlm ô
Haga sddra, Solna

Ràdmansgatan 1, Sthlm ô
Karlavâgen 18, Sthlm ô
Ekebyvâgen 13, Bromma
Sibyllegatan 69, Sthlm ô
Stureparken 4, Sthlm ô
Àngskârsgatan 5, Sthlm NO

ôstermalmsgatan 32, Sthlm ô
Valhallavâgen 78, Sthlm ô
Khll4ngsvgen 65, Lidingd
Narvavkgen 23, Sthlm ô
Valhallavkgen 55, Sthlm ô
Kommenddrsgatan 40, Sthlm ô
Sibyllegatan 38, Sthlm ô
Wivalliusgatan 13, Sthlm K
Wenstrdmsvhgen 6, Sthlm NO
Cirkelvâgen 7, Enskede

Riddargatan 70, Sthlm ô

Nksbydalsvhgen 10, Roslags Nhsby
Sibyllegatan 38, Sthlm ô
Roslagsgatan 27, Sthlm VA
Gumshornsgatan 7, Sthlm ô
Vârtavâgen 23, Sthlm NO
Banérgatan 49, Sthlm NO

608737
272645

107430

206602

255792

615678

114335

622260

201973

200107

7750982

632862

308802

633636

530988

608261
946611

637664

619440

584930

322828

607833
614645

622184

Namn Fddcl Hemort Telefon Anm.

1945

1941

1945

1943
1943

1944

1945

1942
1944

1943

1929

1943

1943

1945

1943

1945

1943

1944

1944

1945

1942

1943

1940

1944

1943

c/o Johnson

c/o Lindstrdm

c/o Ahlberg

c/o Jansson

c/o Nystrdm

c/o Lindh

c/o Montgomery

c/o Wrangel

c/o Ryd

c/o Wetterdal

c/o Troedsson

cjo Thunmark

c/o Hallqvisi.

c/o Ejhed

c/o Thunmark

c/o Taube

c/o Boman

c/o Wickman

18 19



Namn Fôdd Hemort

Yngre kvinnliga kursen B

Bostad

Kursfôrestûndare: Crispin

Telefon

Hammarberg, Karin

Hansson, Marianne

von Heideken, Marianne

Hoim, Barbro

Johansson, Barbro

Jbnsson, Margareth

Karlsson, Gun-Britt

Knutsson, Margareta

Kronqvist, Eva

Lavass, Anita

Lindborn, Eva

Linclsjô, Christina

Lindstrbm, Ulla . .

Malmerud, Ingrid

]Ileflberg, Lisa

Morin, Iréne .

Mortimer, Gun

Myrberqer, Ulla

Mâvestrand, Leni

Nermo, Agneta

Nilson, Kristina

Nilsson, Birgitta
js,Tjlsson Carin

Nilsson, Ingrid

Nitsson, Kajsa

= 25 st.

1943

1943

1944

1942

1943

1944

1944

1942
1943

1940

1944

1945

1943

1941

1941

1942

1943

1941
1944

1944

1940
1943

1942

1941

1943

Stiide
Gdteborg

Kramfors

Gtiteborg

Gdteborg

Anderslbv

ôrehro

Vàxji5

Stockholm

Jàrfàlla

Stockholm

Malmb

Huskvarna

Boden

Stockholm

Uppsala
Borâs

Stockholm

Stockholm
Emmaboda

Stockholm
Degerfors

Malmô

Uppsala

Malmii

Karlavkgen 73, Sthlm ô
Ohservatoriegatan SU, Sthlm VA

S: t Eriksgatan 86, Sthlm VA

Artillerigatan 63, Sthlm ô
Hàsthagsvkgen 53, Danderyd 2

Kommendiirsgatan 5, Sthlm ô
Flyggrând 4, Soma 3
F’olkungavàgen 28, Jakobsberg

Gjutargatan 4 AI, Sthlrn K

Veckovâgen 47, Jakobsberg

Garvargatan 22, Sthlm K
Villagatan 24, Sthlm ô
Sveavàgen 96, Sthlrn VA
Hum 341, Nybohovsbacken 43,

Sthlm 5V
Tyskbagargatan 14, Sthlm ô
Siidermalmstorg 8, Sthlm Sô

Banérgatan 42, Sthlm NO

Jungfrugatan 31, Sthlm ô

Norrtullsgatan 4, Sthlm

David Bagares gata 22—24, Sthlm C

Hàsthagsvàgen 13, Danderyd

Sddermalmstorg 8, Sthlm Sô

Vrâkvàgen 19, Lidingô

Riddargatan 43, Sthlm ô

6201 91

329830

31 8335
62 2659

554829

606060

272037

0758/342 04

51 4671

0768/354 86

531337

213906

309989

180920

60 9422

414245

610538

6241 13

326783

105919

5531 59
414245

653478

626800

Anm.

c/o Kumlin

c/o Larson

c/o Kjellberg

c/o K. Carlsson

c/o Granat

c/o Grummecke

c/o Tell

c/o Claeson

c/o Hannu

c/o KFUM Sôder

c/o Neander

c/o KFUM Sddcr

c/o Littorin

c/o Hâkansson

20 21



Yngre kvinnliga kursen C Kursfdrestôndare: Niisson

Carisson, Rigmor

Nordiander, Gunlôg

Nygren, Elisabet

Ohisson, Inga

Olsson, Irmelin

Olsson, Ulla .

Paijkuil, Gunilla

Paulsson, Gunnel

Pehrsson, Boclil

Pettersson, Kerstin

Quiek, Monica

Reini, Birgit

Rydeil, Ewa
Sahiin, Elisabeth

Sandberg, Sylvia

Simonsson, Ulla

Stenson, Ulla

Strôm, Ann-Charlotte

Svensson, Kerstin

Swedberg, Margaretha

Sôderberg, Ulla

Wadenmark, Lena

Welinder, Lena

Wiberg, Ingrid . . .

Willert, Ulla

= 25 st.

Tempus 2113, Bromma

Tegnérgatan 28, Sthlm VA
Sibyllegatan 65, Sthlm ô
Norrstigen 45, Lidingô

Alvkarleôvàgen 3, Hjorthagen

Grev Magnigatan 6, Sthlm ô

Rindiigatan 42, Sthlm NO

Drottningholmsvàgen 2, Sthlm K

Bellmansgatan 6, Sthlm
Torsvàgen 2, Stocksund

Nimrodsgatan 16, Sthlm NO

Rum 452, ôregrundsgat. 11, Sthlm NO

Lanforsviigen 23, Sthim NO
Lerduvestigen 10, Lidingd
Grev Magnigatan 6, Sthlm ô

Hàgerstigen 9, Lidingô

S. Kungsvàgen 260 B, Lidingô
Liljeholmsvàgen 10, Sthlm SV
Sibyllegatan 26, Sthlm ô
Armfeldtsgatan 7, Sthlm NO
Kampementsgatan 16, Sthlm NO
Tempus 3204, Bromma

Liljeholmsvâgen 10, Sthlm SV
Alby sjôvàg 8, Tyresô
Ritarvàgen 26, Bromma

374337

304680
676364

653300
615029

675711

677600

535836

407315
851854

603150
632728

657435

675711

651605

660688
45 13 54

605430

600596

601133
377611

451033

770 05 43

263721

Namn Fiidd Hemort Bostad Telefon Anm.

1940

1943

1942

1943

1942
1943

1943

1943

1945

1944

1945

1941

1942

1945

1943

1944

1942

1944

1944
1942

1943

1943

1943

1944

1944

Gdteborg

Stockholm

Ungranselse

Lidingô
Mdlndal

Mariestad

Nykiiping

H1singborg

ôdàkra
ôrebro

Falkdping

Stockholm

Gbteborg

Malmô

Stockholm

Gàvle

Hàlsingborg

Sigtuna

Landskrona

Vegby
Gdteborg
‘sTànersborg

Malmd

Tyresd
Bromma

c/o Alfe

c/o Sidenvali

c/o Sandberg

c/o Lidvall

c/o Jônsson

c/o Helizén

c/o Stenqvist

c/o Ekman

c/o Flodin

c/o Egberg

c/o Wallgren

c/o Hàllberg

c/o von Rosen

c/o Sandahl

c/o Aldin

c/o Johansson

22 23



Yngre manliga kursen A Kursfi$restandare: Erilcsson

Abrahamson, Jan

Ahistrôm, Anders

Ai AMi. Abdul-Muttalib

Aibinsson, Per

Aidén, Mats

Anderberg, Thomas

Andersson, Bengt

Axeisten, Ove
Rengtsson, Lars-Eric

Bjbrkiund, Lars-Erik

Carisson, Bengt

Danieisson, Claes-Gdran

Davidson, Kurt Ake

Ekstrbtn, Roland

En!dit, Olof

Englund, Bertil
Erieson, Sdren

Eriksson, Bertil

Eriksson, Signar

Eriandsson, Leif

Faik, Curt ..

Fors, Lars . .

Friberg, Claes

Fridmark, Bengt

From, Jan

Frblén, Per

Norrkdping

Vedevâg

Irak

Ârjàng

Tived

Uppsala
Finspâng

Sundbyberg

Stockholm
VârgArda

Stockholm

Linkbping

Stockholm
Nykdping

Gafsele

Vàllingby

Sddertàlje

Boden
Malmbergct

Vetianda

Vàsterâs

Hàlsingmo

Kiinten

Nacka
Lyckselc

Umeâ

Litldndsk

1936 Tanganyika

Ljusstôparbacken 5 C, Sthlm SV

Majorsgatan 6, Sthlm ô

Vàsterâsgatan 6, Sthlm VA

Wenstrômsvgen 7, Sthlm NO

Odengatan 80—82, Sthlm VA

Villavàgen 25, Stocksund
Rindôgatan 5, Sthlm NO
Starrbàcksgatan 8, Sundbyberg

Mdlnbovagen 15, Bandhagen

Nàckrosvàgen 22, Solna

Skebokvarnsvàgen 261, Bandhagen

Snickarbacken 2, KFUM, Sthlm C
Lindhagensplan 45, Sthlm K

Bkltgatan 2, Sthlm ô

Palmbladsvàgen 1, Sthlm K

Lyckse1ev.gen 64, Vàllingby

Heleneborgsgatan 481 t.h., Sthlm SV

Kruthornsvkgen 56 A, Sollentuna

Tulegatan 23, Sthlm VA

Gdtgatan 92, Sthlm Sô
Skeppargatan 39 d. g., Sthlm ô
Grev Turegatan 54, Sthlm ô
Tràdgârdsvkgen 5 B, Kiinten

Hàgervàgen 5, Ektorp

Apelbergsgatan 36, Sthlm C
Skeppargatan 107, Sthlm NO

medborga n

Sturevâgen 36, Lidingô

185539

331739

614388

31 78 54

854353

615381

474068

27 7270

476669

530504

61 91 75

537227

381400

692447

962149

310352

401694

615270
625704

715 32 23

716 12 62

104084

627367

Namn Fiidd Hemort Bostad Telefon Anm.

1943
1944

1939

1943

1943

1942

1940

1942

1940

1943
1940

1940

1942

1942

1936
1942

1930
1943
1942

1941

1938

1941

1942
1943

1941

c/o Emilsson

c/o Keyser

c/o Lundgren

c/o Kruse

c/o Holmqvist

c/o Ordnstedt

c/o Pihi

c/o Lind

c/o Fjellberg

c/o Larsson

c/o Winkler

c/o Schager

c/o Grtindahl

Nkongo, Timothy I
27 st.

655385 c/oFell

24 25



Yngre manliga kursen B Kursfôrestândare Briondt

Giflisson, Per Inge

Grahn, Klas-Gdsta

Grennâs, Porsten

GrbnbIccdh, Lars

Hagberg, Bo

Holm, Per-Anders .

Holmyren, Bertil

Holmstrand, Bo

Horwath, Endre

Hiigretius, Bjdrn

Israelsson, Gôran

Johansson, Arne

Johctnsson, Kaj

Johansson, Kjell

Johansson, Lars-Erik

Johctnsson, Sven-Olof
Johnson, Kenneth

Jàgestedt, Rutger

Jbnsson, Tommy

von Krusenstierna, Michael

Kâllerus, Matts
Larson, Bo

Levin, Roif

Librand, Leif

Lindau, Ake

Lundberg, Tomas

Mânsson, Jan

Tulegatan 43, Sthlm VA

Sturegatan 60, Sthlm ô

Kommenddrsgatan 39, Sthlm ô

Eriksbergsgatan 19, Sthlm ô

KFUM: s studenthem, Vidàngsvàg. 9,

Alvik
Regeringsgatan 13, Sthlm C

Regnstigen 8 A, Soma
Mànadsvàgan 48, Jakobsherg

Hàrjedalsgatan 16, Vàllingby

Manhemsvkgen 20, Sollentuna
Kungsholmsstrand 21, Sthlm K

Hammarvàgen 2, Lidingô

Ràsundavkgen 135, Soma
Hornsgatan 1061V tv., Sthlm 8V
Norlindsvâgen 18, Bromma

Flinthacken 16, Sthlm SV
Idrottsvàgen 10, Enebyberg
Tomtebogatan 28, Sthlm VA
Linkàlla, Mariefred

Virebergsvàgen is, Soma
Vàsterled 8, Bromma

Tranebergsvàgen 22, Bromma
Skeppargatan 54, Sthlm ô
Finn Malmgrens vâg 52, Johanneshov
Bjiirnstigen 3, Soma

Sveavàgen 80, Sthlm VA

medborgore

Ny gârd, Tàby

311292
600122

628996

106204

263240

218324

273066
0758/322 27

874514

350099

531197
653716

825761

373356

686738

300806
0159/104 55

828931

255224

599127

851038

306922

Namn Fddd Hemort I Bostad Telefon Anm.

1941

1942

1941

1940

1941

1942

1944
1944

1938

1941

1943

1943

1942

1934

1941

1943

1933

1944

1943

1943

1943

1942

1941

1941

1939
1940

1942

Skara
ôrnskdldsvik

Finspâng

ôstersund

Visby

Jdnkdping

Gàvle

Sdrberge

Ungern

Vâllingby

Charlottenberg

Stockholm
Nora

Soma
Karlskoga

Linkdping

Stockholm

Sigtuna

Hàlsingborg
Mariefred

ôrebro

Malmd

Bromma

Giiteborg

Johanneshov

Norsjd

Skurup

c/o ‘Wallenius

c/o Ablad

c/o Rengman

V.t. 1965

c/o Gdransson

c/o Moldrich

c/o Malmkvist

c/o Hjorth

c/o Akerman

c/o Lindquist

c/o Eriksson

c/o Wall

c/o Lagerkvist

Remeileh, Azmi

= 28 st.

Utldndsk

1936 Jordanien

26 27



Yngre manliga kursen C Kunfiirestôndare: Dunberger

Norberq, Bernt

Nyqvist, Bertil

Nids, Krister

Ohison, Bengt

Pettersson, Hans Erik

Pikwer, Tônis

Poihammer, Stig

Pops, Ado

Pops, Tônis

Sandberg, Roif

SjbZin, Anders

Sjbstrand, Ingemar

Sundin, Hâkan

Svanstrôm, Krister .

Swane, Erik

Sbderholrn, Sture .

Thelénius, Leif

Tidestrôm, Lars

Timmerman, Allan

Ttirnblad, Bo

Ulin, Stig
Waldvik, Anders

Wanjura, Bernt IJlf

Wiklund, Gunnar

Eskilstuna

Giiteborg

Gdteborg
Leksand

Mjdlby

Olofstriim
Vârgârda

Stockholm

Stockholm

Enebyberg

Landskrona
Nykil

Falun

Stockholm
Stockholm

Lângsele

Enkdping

Roslags Nàshy

Stockholm

Trânghalla

Sollefteâ

Stockholm
Enkdping

Bromma

Jerum A 306, Studentbacken 21,

Sthlm NO

Erik Dahlbergsgatan 25, Sthlm NO

Skeppargatan 54, Sthlm ô

Râlambsvàgen 67, Sthlm K

ôstermalmsgatan 65, Sthlm ô
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of the thorax (T), femoral condylar

breadth (F) and bistyloid radioulnar

breadth (R). The meas ares H and T

were taken strictly according to the

technique described by Martin (5).

The measurements for F and R were

taken with a spreading caliper.’ The

caliper ends were firmly pressed against

the bone surfaces These measurements

were taken on both right and left sides

the values for the two sides being added

in each case to give the measures F and

R.
Ail determinations were made in the

morning on two different days and if

the results differed the mean between

these two determinations was used in

the statistical treatment.

In the statistical treatment of the data

the method of partial regression analysis

as presented by Bonnier and Tedin (6) is

followed.

Resuits and Discussion

The means of the different measures

with the standard error of the mean and

standard deviation are given in table I.

In the regression analysis the rela

tionsbip between fat-free weight and

1 Manufactured by ABA-werk. Aschaffenberg,

Germany. Cat. n:o 108.

anthropologic measures is assumed to

have the mathematical form

FFW = k . x11k x2’ x,,1”

where k is a constant and x2 x,, are

the anthropologic measures in question.

The calculations were made on the data

transcribed to logarithmic form. The

results of the calculation of the rela

tionship between FFW and one single

measure are given in table II.

The transverse diameter of the thorax

vas apparently somewhat inferior in

value to the other measurements. Since

this measute is much more difficult to

determine accurately than the others, h

is not included in the following calcula

tions, which are intended to arrive at a

method as simple as possible for deter

mining fat-free body weight.

By means of partial regression analysis

the values of the exponents b,, b, and b,

in the equation

FFW = k x,h

were determined. In this formula x, =

H, x, = F and x3 = R. The result is

given in table III.
The sum of the exponents is not signif

icantly different from the value 3 which

is to be expected on dimensional grounds.

In order to arrive at a practical formula

Table 11. Regression coefficient (b) ana’ correlation
coefficient (r) for c4fferent ineasures (x) in tise
regression equation FFW = k .

b

for the relationship between FFW and
the three measurements H F and R,
the relationship found by partial regres
sion analysis is approximated to the form

FFW=k . x’

where x = H’ F . R (H in metres,
F and R in decimetres)

The regression analysis gave the fol
lowing result:

Regression equation:

Regression coefficient:
Correlatjon coefficient:
Standard deviation from

regression une:

The actual figures for determined FFW
as a function of the value predicted by
this formula are plotted in fig. I.

The values for FFW predicted from
differer,t values ofthe product H’ F . R
are tahulated in table IV

One of the practical applications of
the value for fat-fi-ee body weight is the
estimation of that total body weight
which can be considered as normal. Tbe
ordinary tables based on heigbt alone
may, in individual cases, be very mis
leading indeed. This and earlier studies

70kg predci,d
fatbee aigh4

Fig. I. Fat-free weight determined from body
density in relation to fat-free weight predieted
from anthropologie measurements.

(3) indicate that values for fat content
of about 10 % for young men and of
about 20 % for young women are normal
mean values. Table IV contains these
values ± 2 times the standard deviation
for the anthropometric method (95 %
confidence limit). The difference be
tween an individual’s weight and the
value given in the table may therefore be
designated over- or underweight.

Several functions of the organism,
e. g. standard metabolic rate, may he
related to fat-free body weight. It has
earlier been found (3) that standard
metabolic rate (expressed as ml O,/min)
when calculated from tbe formula

Metabolic rate == 17.5 . FFU/”

is the same for both sexes. The values
given in the last column of table IV are
derived from this equation.

In this study the test subjects are young
individuals h is obvious that the results
cannot be applied on subjects with a
senile hypotrophia of the soft tissues. The
age at which this hypotrophia reaches
appreciable values is flot known. Until
our knowledge of the influence of age
on gross body composition has heen
improved, it is certainly ivise to apply
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Table L Mean values, standard error of tise means and standard deviations

of tise measurements on 16 male and l6female test subjects

Measure 9

Mean S. D. Mean S. D.

Weight, kg 70.94 + 1.53 6.12 56.74 + 1.46 5.82

FFW, kg 64.76 + 1.39 5.56 45.94 + 1.00 4.02

H, cm 178.8 ± 1.63 6.54 164.1 + 1.58 6.31

T, cm 27.66 + 0.34 1.34 24.18 + 0.37 1.50

F, cm 19.78 + 0.25 0.99 17.32 + 0.14 0.57

R, cm 12.14 + 0.15 0.60 10.40 + OE13 0.50

ANTUROpOMETRIC DETERMINATION 0F FAT-FREE BODY WETG1JT

kg daf,rm,,d
faffr,, wœpght

39

I

t male,

o frmalq,

Table III. Values of b1, b2 and b3 in tise regression
equation FFW k . Ht’ . Ft’ . Rs

b, = 1.55 + 0.093
b, = 0.59 + 0.075
b, = 0.72 + 0.047

b, + b, + b, 2.86 ± 0.128

50 60

FFW= 15.1 .x°.’l’

0.712±0.026

0.980±0.011

+4.0 %
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Table IV. Fat-free weiht, normal weight (95 % confidence

limit) and standard oxygen consumption at dfferent values of the

product fJ2 . F. R (H = heiht in metres, F = sum of right and

left femoral condylar breadth in decimetres, R sum of right and

left radioulnar bistyloid breadth in decimetres)

H’ F R Fat-free Normal weight, kg Standard

weight, oxyefl

kg
(10 % fat) I (20 % fat) conump

tion
(ml O,/min)

— 38.0—44.6 180

— 42.3—49.7 194

— 46.6—54.6 207

45.1—52.9 50.7—595 218

48.6—57.0 54.6—64.2 230

51.9—609 58.4—68.6 240

55.3—64.9 62.2—73.0 250

58.5—68.8 65.9—77.3 260

61.7—72.5 69.5—815 269

64.8—76.0 — 278

67.9—79.7 — 287

70.8—83.2 — 295

73.8—86.6 — 303

76.6—90.0 — 311

79.5—93.3 — 319
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Since Behnke, Feen and Welham in
1942 (1) improved the methods for
determination of human body density
and showed that Jean body weight can
be calculated from the figure for density,
the value of this method for studies of
gross body composition has been con
firmed in several investigations. How

• ever, the technical difficulties connected
with the density determination has
limited the use of these measurements
to a few laboratories. In a recent study,
Behnke and Siri (2) showed that lean
body weight can be estimated from

• anthropologie measurements. The cor-
relation coefficient between this estima
tion and lean body weight as computed
from combined measurements of density
and total body water was found to be
approximately 0.9 with a coefficient of
variation of + 6 % of body veight.
Behnke and Siri used only male subjects

Sulmittcd for publication January 7, 1959.

EXCERPTUM

in their investigation. The object of the
study which shail be presented here is
to investigate the accuracy by which
the fat-free body weight as determined
from density determination can be esti
mated from some easily determined an
thropologie measurements in a material
of young healthy men and women.

Material and Methods

Sixteen male and sixteen female stu
dents of physical education at the age of
19—33 years were examined.

The density was determined by hydro
static weighing according to a method
earlier described in detail (3). From the
value for density the fat-free hody weight
(FFW) was calculated according to the
formula given by Keys and Broek (4).

The antropologic measurements taken
were height (H), transverse diameter
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3.0
3.5
4.0
4.5
5.0
5.5
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6.5
7.0

7.5
8.0
8.5
9.0
9.5

10.0

33.2
36.8
40.5
44.1
47.5
50.8
54.1
57.3
60.4
63.4
66.4
69.3
72.2
75.0
77.8

the resuits given here on older subj ects

with some cautiousneSs. R is also obvious

that application of the data to chiidren

is not justified.

Anthropometric Determination of Fat-Free Body Weight

By

WILHELM VON DÔBELN

Summary

4) A table of fat-free weight, normal

weight and standard metabolic rate as a

function of the product H2 F R is

given.
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1) Body density, weight, height (H),

transverse diameter of thorax (T), femoral

condylar breadth (F) and bistyloid radio

ulnar breadth (R) have been determined

on 16 male and 16 female young healthy

people.
2) The value for fat-free weight (FFW)

is calculated from body density and

weight.
3) It is shown that fat-free weight can

be predicted from anthropologie meas

urements by the formula:

FFW=’ 15.1 . (H2 . F R)°712

with a standard deviation of ± 4 %.

Stockholm 1959. Kungi. Boktr. P. A. Norstedt & S9ner
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PREFACE

During the past decade the question of gross hody composi
tion has heen subject 10 an increasing interest. The study pre
sented here was started because of the fundamental impor
tance of data in this respect. The task was on a human material
to analyse the relationship between energy nietabolism and an
anthropometric measure of hody size not including the vari

able amount of fat. In order to obtain the required data the
density of a nnmber of maie and female snbjects was meas
ured by hydrostatic weighing and the fat content was calcu
lated from the density value. Tbe standard oxygen consump
tion was determined on the same subjects.

The infinence of hody size on standard metabolic rate has
been investigated in comparative studies of the animal king
dom. Earlier il has not heen possible to apply the resuits of
these stndies on comparison hetween individuals or groups
within the hnman species. Ail data of human standard meta
bouc rate indicate a difference betwcen tue sexes. In this study
the standard metabolic rate of males and females was com
pared with respect to the size of tue fatfree hody mass. This
made k possible to apply data from other species on the ma
terial and in the analysis of the influence of body size, k
appeared that the difference in standard oxygen comsnmption
between the sexes is due to difference in fat content and body
size.

The jnaximal energy production ivas also detcrmincd. Tliis
was made by testing the puise reaction of the snbjects during
suhmaximal work and extrapolating die values 10 express
maximal oxygen consumption. Concerning die maximal energy
production there are very few comparative data from otiier
species. Therefore the influence of body size on this function
was estimated by a dimensional analysis. Because the circula
tion is of fundamental importance for the level of maximal
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power of an organisin, and dimensionally correct formulas can
be used for estimating the work of the heart, the influence of
size was analysed for this function. In this way the inflnence
of size on maximal energy production could lw predicted and
the estimation thus obtained was applied on the experimental
data. For sake of simplicity il appeared necessary to use other
nnits than those conventional in physiological work and the
MKS unit system proved to be verv suitable.

For a comparative purpose and for a dimensional analysis
quantitative anatomical data were often required. The data
that can be found in literature, however, are very meager. It is
hoped that titis work may show die need for further quanti
tative anatomical investigations. Fundamental physiological
questions can I)e treated only against an adequate anatomical
background. If more data of titis type could be obtained, a
more complete dimensional analysis of die energetic charac
teristics of animal life seems to be an interesting field for
further studies.
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Chapter I

DENSITY 0F THE HUMAN BODY

Method

The concept of weight per unit volume was first used by
ARcHIMEDE5 in his investigation on floating bodies. According
to VrrRuvlus, this investigation was initiated by the need of
a method for determining the proportion of silver mixed in a
crown of King Hiero supposed to be made of pure gold.
ARcHJMEDE5 determined the weight per volume of the crowu,
pure silver and pure gold. The incentive, which led to the
discovery of the method, is known from the following story
told by VurRuvxus.

“Archimedes made mauy and various wonderful discoveries. Archimedes’

0f all these the one which I will explain seems to he worked discovery

out with infinite skill. Hiero was greatly exalted in the regal
power at Syracuse, and after his victories he determined to set
up in a certain temple a crowu vowed to the immortal gods.
He let out the execution as far as the eraftsman’s wages were
concerned, and weighed the gold out to the contractor to an
exact amount. At the appointed time the man prcsented the
work finely wrought for the King’s acceptance, and appeared
to have furnished the weight of the crown to scale.

However, information was laid that gold had heen with
drawn, and that the same amount of silver had been added in
the making of the crown. Hiero was indignant that he had
been made light of, and failing to find a method by which he
might detect the theft, asked Archimedes to undertake the
investigation. While Archimedes was considering the matter,
he happened to go to the baths. When he went down into the
bathing pool he observed that the amount of water which
flowed outside the pool was equal to the amount of his body

7



CHAPTER I
DENSÏTY 0F THE HUMAN RODY

that was immersed. Since this fact indicated the method 0f
explaining the case, he did flot linger, but moved with delight
lie leapt out of the pool, and going home nakcd, cried aloud
that he had found exaetly what he was seeking. For as he ran
lie shouted in Greek: ‘Heureka, heureka.’

Then, following up his discovery, lie is said to have taken
two masses of the sanie weight as the crown, one of gold and
the other of silver. When he had donc this, he fffled a large
vessel to the brim with water, into which lie dropped the mass
of silver. The amount of this when let down into the water
corresponded to the overflow water. So he removed the metal
and filled in hy measure die amount by which the water was
diminished, so that it was level with the brim as before. In
this way lic diseovered what weight of silver corresponded to
a given measure of water.

After this experiment lie then dropped a mass of gold in like
manner into the full vessel and renioved it. Again lie added
water hy measure, and discovered that there was not so mucli
water; and this eorresponded to the lessened quantity of the
saine weigbt of gold compared with the same weight of silver.
He then let down the crown itself into the vase aftcr filling
the vase with water, and found that more water flowed into
the space left by the erown than into the space left by a mass
of gold of die same weight. And so from tue fact that there
was more water in the case of the erown than in the mass of
gold, lie calculated and detected the mixture of the silver with
the gold, and the frand of the contractor.”

There exist two variants of the method of ARcHIMEDES for
determining density, D, which can be used on living test sub
jects. The first variant consists 0f weighing and volume deter
mination independent of cadi other; the second one of hydro
static weighing. Both procedures have been used in measure
ments on human test snbjects, and from a physiological point
of view they are equal. Therefore either alternative may he
chosen which gives the highest aeeuracy.

Let us analyse tic possibility of determining tic density of
a body whieh lias the weight of 60 kg and tic volume of 54 to
60 1. Tic desired accuracy is ±1 kg/m3. If tic niethod of
independent determination of weight and volume is used, the
density is calculated from the formula:

M
DV

wiere M equals mass and V equals volume.
In order to obtain the desired accuracy the errors in M and

V must not exceed .03 kilograms or litcrs respectively. 1f tic
volume is determined by submersion of the test subject in a
water tank, the diameter of tic tank must be about 60 cm in
order te allow for fat test subjects. With this diameter tic
displaceinent of the level of the water surface created by the
submersion of the suhject must be read with an accuracy of
riz.1 mm. Since it is not possible to read the level of the water
surface with suci a degree of accuracy, this method is not
considered practicable. Anotier procedure for volume deter
mination has been used hy K0HLRAU5cH. He placed the test
subjects in an air-tight tank and tic air space was reduced by
a known quantity of water. Tic pressure in die tank was read
hefore and after a 10 % reduction in the volume. Tic pressure
in tic tank eau be increased, at most, by .1 bar. If tic pressure
is increased more tian tus, tic test subject may be caused
severe car pains. Under tiese circumstances tic pressure lias
to be rcad within .05 mm Hg and tic temperature within
.010 C in order w obtain tic desired aceuracy. If tic volume
of tic air space in tic tank of K0HLRAu5cH is dctermined
tirougi introduction of a foreign iuert gas, tus must, aftcr
eomplete mixing, he determincd witiin .005 % of tic concen
tration. Tic tecinical difficulties connected with tic volume
determination independent of tic weigiing arc apparently too
hig to make tiem a proper basis for determining tic density
of tic human body.

Accuracy of
volume de
termination

Variants ai
Archimedes’

method

V
8
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CHAPTEI6 I DENSITY 0F THE HUMAN BODY

Hydrostatic
weighing

The other variant of tise method of ARcHIMEDE5 is hydro
static weighing. In this case D is determined from tise formula

Ma MD
= M—M ± l_Ma_aMi .1.2.10.6

where Ma = weight in air
= weight in water

Q = density of water
1.2• 10—° = density of air

The second term, which is the correction for the influence
of the air on the weighing, may lie eliminated since it will be
too small to affect the first place digit. Q is 994 at tise temper
ature of 350 C and must consequently be taken into account,
which means that the temperature of the water bas to be

determined within ± 1° C. In the quotient
M_ M

the

value of M is the critical number. If the error in Ma is less
than .1 kg, k is required that the error in M20 does not exceed
.04 kg if D shah 13e determined within ± 1 unit. Apparentiy
there are no technical difficulties in making a hydrostatic
weighing with this accuracv. Consequently this method bas
been used and a weighing device for human test subjects, as
sbown on the figure below, bas been constructed.

Tbe main parts of tbe apparatus are a water tank, a peu
dulum balance, and a chair in the tank connected by a system
of levers with tbe pendulum balance. Tbis is equipped with
an adjustable damping and a tareing device. The capacity of
the balance is 20 kg, and k bas a maximum error of 10 g.
The tank bas a brim outiet which enables the water level to
be kept constant. The beight of the chair can 13e adjusted so
that when tbe subject is sitting uprigbt the water level will
be at bis neck.

A hydrostatic weighing is pcrformed in the following way.
The tank is filled with tap water the night hefore the experi
ment in order to let the excess of dissolved gases escape. If

this is not done small gas huhbles wihl appear on tbe skin Weighing
of the test subject and will affect the resuit of the under-water
weighing. By means of an electrical heater the water is
warmed so that by the following morning k will be 30° to
350 C. A lead plate weighing 12 kg is placed on the chair, and
hefore the cxperirnent the chair and the lead plate are tared
together. The test subject must have fasted 12 hours bcforc
the experiment, and immediatehy before the experiment, the
subject must empty bis howels and bladder. After weighing
in air, the test suhject is placed on the chair in the water tank
with the lead plate in a position across bis thigbs. No part
of the subject must touch the walls of the tank. A clip is placed
over the subject’s nose to keep water from entering bis nasal
passage. Hc is directed to make a maximal expiration and
immediately after to lean forward so that all the head is

Device for hydrostatic weighing shown with and without watertank.

10 11



CHAPTER I DENSITY 0F THE HUMAN BODY

covered by water. At this moment the balance is read as soon
as the pointer is stabilized. After the reading a signal is given
to the subject to lift his head above the surface of the water.

The procedure is repeated a number of times. It appears
that the weight in the water is increased the first three or
four times, and then remains constant. The reason for this
is that maximal expiration is not obtained until after three
or four attempts. In the calculation of density that value is
used which after a number of measurements has shown to
be constant.

If in the formula D — Q

D is substituted by the equation may be solved with re

spect to V, and will then he

— Ma — Ma,

Q
In this way the volumes of the bodies of the test subjects are
calculatcd from the value obtained through hydrostatic
weighing.

This volume, however, includes the gas filied spaees in the
body, and the volume of the tissues of the hody will be the
total volume minus the volumes of these spaces. One part of
the total gas filled spaces in the body, namely the residual
volume of the lungs, may be experimcntally determined.

Resiclual air In this connection, only that residual volume is of interest
which exists under the experimental conditions in hydrostatie
weighing. BRoiEK et al. have shown that this is less than
residual volume measured under normal conditions. In our
measurements we have uscd a simplified procedure with
hydrogen-air mixtures. A rubber bladdcr of the same type as
used in a narcosis apparatus is emptied of air and the connect
ing ruhber tubes are closed by forceps. Then through one of
the tubes 2 1 of air and .35 1 of hydrogen of room temperature
are forced into the bladder. A sample from the mixture is

taken. The other tube of the hladder is connected with a
mouthpieee, the volume of which is .05 1. This is made while
the test subject is heing weighed in the water tank. When
constant reading of the balance in the hydrostatic weighing
has heen obtained, the residual air is determined. The test
subject is again asked to make a maximal expiration. The
mouthpiece with attached rubher hladder is put into the
mouth of the test suhject. After this the connection between
the mouthpiece and the bladder is opened and the test subject
inhales all the gas content of the bladder. He is asked to
exhale rapidly and, in this way, he rebreathes the conteut of
the bladder three times. This takes a period of about 10 sec
onds. After the last expiration the bladder is sealed and the
mouthpiece taken away from the mouth of the test subject.
A new s ample of the content is taken.

After some further hydrostatic weighings, being made with
the purpose to insure that maximal expiration is kept constant,
the determination of residual air is repeated. The second
determination is made after an interval of at least five minutes,
and during this time at least three maximal expirations have
heen made. This guarantecs that no hydrogen is left in the
lungs of the test suhject. After the second detcrmination of
residual air, the experiment is completed. The gas samples
from the hladdcrs are analyzcd through combustion of hy
drogen in an apparatus for gas analyses. From thc concentra
tion of hydrogen in the hladder hefore mixing with the air
of the Iungs. the residual air is calculated with correction for
the dead space in the mouthpiece. The rcsidual air in the
lungs is corrccted to hody temperaturc and pressure and sat
uration with water vapor.

One condition for a correct determination of residual air is
that the gas mixture in the bladder is completely mixed with
the air in the lungs. This condition is investigatcd hy GR0LL-

MAN and Honwù CHRISTENSEN for acetylene in a similar de
vice. They have both found that three respirations are enough

Calculation
o! density

and volume
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CHAPTER I DENSITY 0F THE HUMAN BODY

for coinplete mixing of gas. RAHN, FENN, and OTIS 01)taifled
the same resuits in a metliod for determining residual air
by means of dilution with pure oxygen froni a spirometer.
LJNUHARD and BIRATH have shown that diffusion of hydrogen
in the blood of the lungs is not rapid enough to make an
error of importance for the method. Consequentlv there are
reasons to believe that the used znethod will give an accurate
value for the residnal air of the lnngs.

The error of the method has been determined through
statistical analyses of the double determinations. In 121 double
determinations the difference hetween die first and the second
determinations is hetween —-.20 and —.23 1 with a mean differ
ence of zero. The standard deviation, S.D. or o, is determined
from the formula

2
S(d_d)2

2(n— 1)

It is .059 1 for one determination, and consequently the S.D.
of the mean of two determinations is .042 1. Using the method
of LINUHAIm, ÀSTRANH obtained the corresponding S». of .055
and .039. Consequently, the values for residual air ohtained in
the modified method are as reproducible as in the original
method. The Jack of difference between the first and second
determination proves that there is no influence of the first de
termination on the second, and that the wanted uniforinity in
maximal expiration during the experiment has been obtained.
If the error in the determination of residual air was the only
one in the determination of density, the error in this value for
a test subject weighing 63 kg with a volume of .06 m3
(D = 1050) would be .7.

Hydrostatic weighing was made on every test subject on two
different days. On the basis of the double values obtained in
this way, the error for the method was determined and found
to be 1.1 (error in V = .065 1) for one determination, and .8
(error in V = .046 1) for die mean of two determinations. The
error in one determination, 1.1, is due to the error in deter

mination of residual air, .7 units of density, and of other
errors, for instance in the reading of the balance, variations in
the volume of the body, and so on. The size of the errors other
than that of the residual air can be calculated from the re
lationship

0 ° 2 0= o1 + 02 + 03
total

It will be .9 corresponding to an error in volume determina
tion of about .05 L Considering that an error in the determina
tion of residual air of the obtained size is impossible to avoid,
the total error apparently eannot be very niuch reduced by
attempts to eliminate tbe other causes of error. In spite of this,
it seems worthwhile to discuss what these errors are. It may
be thought that there are systematical errors in the deter
mination with a variance of the calculated size. There is reason
to helieve that the most important source of error is the
volume of the gas filled spaces in tbe body other than the
lungs.

The part of the body, except for the lungs, which contains
the largest amount of gas, is probahly the gastro-intestinal
channel. The conditions under which the weighing procedure
is performed have heen chosen with the intention of making
these gas volumes as small as possible. The investigation is
made under fasting conditions in the morning and after the
test subject has been asked to empty his bowels. Still the
intestinal channel cannot be made completely free of gas in
this wav. Tiierefore, experiments have been made with the
purpose to determine the volume of the intestinal gases.

When a subject is exposed 10 ]oW barometric pressure, ail
the gases in the hody expand, which results in eructations and
voiding of flatus. This may easily he hronght about experi
inentaily through exposition to a barometric pressure of .25
bar, corresponding to an altitude of about 10 000 m. If the
volume is determined through hydrostatic weighing hefore
and afier exposition to tise low harometric pressure the volume
of die voided gases could he calculated. A number of experi

j

Error in
value for
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Error in
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abdominal
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ments of this type, however, did not give the expeeted results.
No statistically significant reduetion in the volume was oh
served, and in some experiments the volume had even in
ereased in connection with the test. The explanation for this
is probably that the test subjeet had swallowed air, in his
attempt to equalize the pressure in the middle ears, during
the period when the low barometrie pressure was raised to
normal.

Some experiments of another type were also made with the
purpose to determine the volume of the intestinal gases. A
test subjeet was plaeed in a water tank on a chair suspended
from a balance of the steelyard type. The whole apparatus was
placed in the low pressure ehamber. A hydrostatie weighing
was performed after maximal expiration, and after that the
pressure in the chamber was redueed to approximately .6 bar.
Then another hydrostatic weighing was performed. However, h
was impossible to obtain reprodueible results under these
conditions. The steelyard balance was not damped, which
resulted in too long a delay before the balance eould be read.

The consequence of this was too big a stress on the test
subject under low barometric pressure, even though he was
allowed to breathe oxygen before the weighing. There are
reasons to believe the experiment could be performed success
fully with a better weighing deviee in the low pressure cham
ber, but this was impossible for us to arrange.

The determinations of the gases of the gastro-intestinal
channel found in literature do not permit a satisfactory con
clusion regarding this question. The values found by Rorrll
on two executed subjects are not applicable because they had
probably not been fasting. BLAIR et al. tried to determine the
gas volume in the abdomen in the following way. A test subject
was enclosed in an air-tight chamber, and the subject was
directed to make a forced expiration with an open glottis and
a maximal contraction of the abdominal muscles. The redue
tion of the pressure in the chamber during this experiment

16

DENSITY 0F THE HUMAN BOUT

was registered. The same experiment was repeated after the
subject had swallowed a carbonated fluid containing a known
quantity of carbon dioxide. From the pressure changes in the
chamber the compression of the abdomen was calculated. Thc
observed changes in pressure in the chamber which were read
after 5 to 10 seconds in an expiratory position corresponded to
volume changes of .1 to .2 1. The calculations resulted in the
conclusion that the normal amount of gs in the abdomen was
in the order of size of one liter.

In the experiments of BLUR et al., the chamber was kept at
room temperature. The expired air, however, has a temper
attire of 370 C and is saturated with water. When about three
liters of air is expired, as occurs in maximal expiration, this
comes in contact with the steel walls of the chamber and must
rapidly cool down. A fail of temperature of the expired air
to 27° C would reduce the volume about .1 1. This explains
most of the reduetion of pressure in the chamber in the ex
periment before intake of a carhonated fluid. Consequently
the amount of gas in the abdomen is overestimated through
this source of error, and the experiments are not considered
reliable because no attention has heen paid to the temperature
conditions.

KEYS and BRoEK criticized these experiments from other
points of view. They made X-ray investigations of the gas
content in the abdomen which were, however, not described
in detail. Their conclusion was that .05 to .1 1 gas in the gastro
intestinal channel is about the upper limit for gas content of
a normal test subject who had heen instructed to void flatus.
Perhaps our own unsuccessful experiments for measuring the
gas content of the abdomen confirm the supposition of KEYs

and BRoEK; if larger amounts of gas had existed in the ab
domen they should have heen detectable even with our unsatis
factory technique. Recently MAB5uALL et al. found the normal
average abdominal gas volume to be 115 ml. The volume of gas
in our experiments must apparently be lower than this value.

17
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The result of these considerations is that hecause of the
small amount of gas in the abdomen there will aiways he a
systematical error in die measureinent of density. This is of
die order of size that the density value will be influenced by
one to two units. Because this error is so minute and the value
so approximate, there is no reason to make an adjustment for
this source of error. Still it seems probable that this error is the
main reason for the variations in density, due to other reasons
than the uncertainty of the measurements of residual air.

Material

Using the technique as descrihed in the previous pages, the
density has been determined on 35 male and 35 female test
suhjects. 0f the male test suhjects, 27 were in the age range
of 19 to 30 years, and 8 in the age range of 31 to 40 years. 0f
the female test subjects, 34 were in the age range of 19 to 30
years, and one was 35 years. Most subjects were students at a
school of physical education, and the remainder were cm
ployed by this school. Ah subjects were in a good state of
health. In the following table die inean height and weight are
given and compared to the corresponding values for a normal
Swedish population in the 20 year age groups, as determined
by BR0uAN et al.

* 9 9

Height . .

. .

cm 177.9 ± 1.2 169.4 ± .7 178.2 166.5
S.D. of height . cm 6.9 . . 4.0 . . 6.0 5.1
Weight . . . kg 69.3 ± 1.4 62.3 ± 1.2 67.2 59.4
S.D. of weight . kg 8.5 . . 6.9 . . 7.5 6.1

It appears that the differences with respect to height and
weight between our test subjects and those of BR0MAN are

sinall. The significance of the differences cannot be calculated

DENSITY 0F THE HUMAN BODY

because BR0MAN did not give the number of test subjects.
Prohably the difference is statistically significant only for the
height of the women.

The difference between the sexes in our material, with
respect to height, is 8.5 ± 1.39 cm, and with respect to weight,
7.0 1.84 kg. In hoth cases die difference is statistically signif
icant with p value of less than .001. In anthropological char
acterization there is often reason to give a measure on the
relationship between height and weight. In our material we
have used the ratio height over cubic root of weight. We have
used this ratio not because il is superior to other indexes, but
because it is used by SHELD0N in his studies on the human phy
sique, and consequently exists in larger modem investigations.

In the following table the values of height over cubic root
of weight are given. For comparison the corresponding values
have heen calculated from height and weight means of 20 year
old subjects as determined by BR0IVLAN et al. Because of the
method of calculation there may be an error in the second
decimal in the values hased on BR0wAN’s data.

Ileight Ponderal

w index
w eignt , n

40.00—40.99 1 4
41.00—41.99 3 7
42.00—42.99 9 8
43.00—43.99 11 6
44.00—44.99 8 9
45.00—45.99 2 1
46.00—46.99 1 —

Total number of suhjeets . 35 35

Mean 43.37 ± .21 . . . . 42.78 ± .24
S.D 1.21 1.40
lVIean from BR0MAN’s values 43.83 42.54

Anthropolog
ical charac

teristics

Own values BROMAN’s values

9, n
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From the table il can he seen tisat there is no major disagree
ment between our values of ponderal index and those cal
culated from BR0MAN’s figures.

The difference hetween tise sexes with respect to the used
ponderal index is .59 ± .32, and die probability of the dif
ference is 0.05 <p < .1. TIse difference of the iueans of the
sexes is approximately equal 10 .1 of the total observed range
0f variation.

From the comparison with the data of BR0IVIAN et al. we
may conclude that our inaterial may be considered as normal
froin an anthropological point of view. In the division of the
material in sexes, it shows tisat as in normal material the males
are taller and heavier tisan tue women, but the difference in
body constitution as measured with a ponderal index is small
and not statistically significant.

In the following table the result of the measurements of
density is given.

Mean

S.D

For the whole material the
± 17. The range of density in the material is 62 units, if cal-

DENSITY 0F THE HUMAN BOUT

culated as the difference between the highest and lowest

value, and if calculated as ± 3 S.D., is 102 uuits. Because, as

is earlier mentioned, the error of the method measured as

S.D. of a single determination is 1.1 units of density, this is

very small as compared with the range. This means tliat tise

method is very useful for characterization of an individual

with respect 10 densitv.

The difference between the nsean values for density of the

male and female subjects is 24 ± 3 with a p value of less than

.001. The difference is more than one third of the total range

for density. In comparison with the corresponding values for

ponderal index this indicates that density determination is a

measure of a biological quality, which is different from that

one expressed by ponderal index. Also, if the individual values

for density and ponderal index are plotted against each otiier

no correlation appears.

Density o! Density
test subjects

s, n
. 9,71’

1020—1029 1 3
1030—1039

— 6
1040—1 049 1 10
1050—1059 1 11
1060—1 069 8 4
1070—1 079 14 1
1080—1 089 9 —

1090—1099 1 —

Total numher of subjects 35 35

1072±2 1048±2
12 12

mean density is 1 060 ± 2, S.D. ±

20 21
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Chapter II

INTERPRETATION 0F THE VALUE

FOR BODY DENSITY

Mcasurements of human body density, or “specific gravity,”

have been undertaken since the middle of the l8th Century,
and older investigations are sumuiarized by BorD, 1933. Ail
these measurements were influenced hy the unknown quantities
of gases in tise body, especially in tise lungs. Therefore, there
did not exist any possibility of utilizing the method of ARcHI

MEDES 10 determine the composition of the body with respect
10 various components with different densities. No other con
clusion from the older measurements could be drawn than
“that obesity tends to decrease specific gravity” (Boru). The
first ineasurements of tise volume of tise iungs in connection
with determination of total body volume were made h>’
BEUNKE et al., 1942. After measurements on 99 male test suh
jects in the age range of 20 to 40 years, BEHNKE arrived at the
conclusion that “Excess fat. . . is vicwed as the prime factor
governing the lcvel of specific gravity.”

BEHNKE’s interpretation of bis data is based on the opinion
that tue organism consists of a “lean body mass” of uniforiu
composilion and of a variable amount of “adipose tissue.”
Since thcse two masses have different values of density, tise
relationship between “lean body mass” and “adipose tissue”
niay lie calculated from the gross body dcnsity. Latcr on the
concept of “ican body mass” is criticized b>’ KEYS and BRoEK.

Therefore, a discussion of the reality hehind the idca of a
“lean body mass” and the possibility of computing the amount
of body fat from the value of gross body density seems neces
sary.

Thc gross body composition with respect to the diffcrcnt
tissues lias becn known since the fundamcntal anatomjcal

studies of BIscHoFF, 1863, and VON LIEBIG, 1874. Unfortunateiy,

the data of BIScH0FF and VON LIErnG have becn over

looked in modem discussions on the same question. One rccent Anatomical

study on the body composition is published by F0RRE5 et al. data o! body
composition

in 1953. Except for these publications, we wcrc not able to

find any appropriate studies on hunian corpses which can lie
considered as normal.

BIScH0FF, VON LIEBIG, and F0RBE5 et al. have ail studied

corpses of persons in the 20 to 40 year age range, who had

died through execution, accident (head injury) or suicide b>’

hanging. Bi5cH0FF and VON LIEBIG made their dissections

within a vcry short interval aftcr death, while F0RBES et al.

kcpt thc corpse at —18° C for one month before dissection.

AIl of the investigations seem w have been made with a good

anatomical technique. The various body organs and tissues

werc weighed, and attention was paid to the possible source of

crror b>’ evaporation.

In the tables on the following page those values are extractcd

from the publications which pcrtain to thc question of the

composition of that part of ihe body which is lihcrated of

adipose tissue. Apparently the data of BI5cH0FF, VON LIEmG

and FORBE5 et al. support BEHNKE’s concept of a “ican body

mass” of approximateiy uniform composition. For the follow.

ing discussion we dcfine “lcan body mass” (L.B.M.) as thc Definition

total mass of tise hody minus the mass of adipose tissue. This of L.B.M.

does not mean that L.B.M. is entirely frce of fat. It contains

fat, for instance, in the centrai nervous system and especialiy

in the l)one marrow. This type of fat BEHNKE labels as “essen

tial lipoids.”
Fat tissue lias an important characteristic which niakes it

differ from “essential iipoids.” This characteristic 5 that if fat

is added to or takcn away from fat tissue, both weight and

volume change. If fat, on thc other hand, is taken away from

thc hone marrow, another substance must lic addcd because

the volume is anatomically detcrmined. If fat from the bone

Concept of
Jean body

niais
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(a) Total . . kg 69.67

(b) Skeleton . kg 11.08
(e) Muscle . kg 29.10
(d) Skin . . kg 4.85
(e) Fat tissue kg 12.57
(f) C.N.S. . kg 1.70
(g) Liver . . kg 1.60
(h) a—e . kg 57.10

BIScHOFF VON LIEBIG F0RBES

I& II!? 13 II I

55.40 55.75 76.51 53.80
8.39 11.46 13.94 9.46

19.85 23.06 32.19 21.39
3.18 3.52 4.23 3.41

15.67 6.16 11.03 6.12
1.61 1.73 1.76 1.61
1.25 1.72 2.18 1.26

39.73 49.59 65.48 47.58

21.1 23.1 21.3 19.9
50.0 46.5 49.2 45.0
8.0 7.1 6.5 7.2
4.1 3.5 2.7 3.4
3.1 3.5 3.3 2.6

28.3 11.0 14.4 11.4

Mean composition of human body liberated of adipose tissue
Tissue

3.1

16.8

marrow is used, the total body weight will increase. Tu emaci
ation the fat from the yellow bone marrow is used by the body,
and is substituted hy a gelatinous substance which is poor of
fat. It is not kuowu at what stage of emaciation this pheuomeua
appears.

Now the L.B.M. is composed of soft tissues, including body
fluids (blood) aud skeletou. In order w determine the density
of L.B.M., knowledge of the densities of the compouents is
required. The heaviest components of L.B.M. are muscles, skin,
hlood, liver, nervous tissue, aud skeletou. As is seen from the
preceding table, muscles make up about 48 % of L.B.M., the
skin about 8 % and the liver and uervous tissue each about
3 %. The hlood Volume i5 determined by SJÔsTRAND on 172
subjects with a mean weight of 70 kg to 5.25 1. Wc estimate
this to be about 9 % of L.B.M. Finally, the skeleton makes up
about 21 %.

0f the measurements found in literature on the density of
muscle tissue, the Value given by NADESHOIN seems trustworthy.
He determiued the specific graVity of different tissues in ex
periments where samples of tissues were floated in beuzene
chloroform mixtures. TEs material consisted of 200 cases for fo
rensic autopsy. For striated muscle tissue and heart muscle tissue
NADEsHUIN found a specific graVity of 1.049 at 11.5° R on
samples from yonng, healthy subjects. From this figure the
density at 37° C is computed, assuming that the coefficient of
cubical expansion for the tissue is the same as that of water,
and the density of muscle tissue will then be 1 043.

Only one Value for the deusity of the skin is found in litera
ture. In the year 1832 ScHÛBLER and KAPFF determined the
specific graVity of “allgemeine Bedeckung ohue Fett” to 1.057
which, computed to normal skin temperature of 30° C, will be
a density of 1 053. The density of blood at body temperature
is about 1 052. This figure is obtained through re-computation
of the Value given by VAN SLYKE et al. The density of liver
tissue, calculated from the determinations of NADE5HUIN, is

Body composition of corpses dissected by

b/h

c/h

d/h

f/h

g/h

e/a

% 19.4

% 51.0

% 8.5

% 3.0

% 2.8

% 18.0

Density of
different
tissues

Skeleton

Muscle

Skin

C.N.S. and big nerVes
LiVer

Other orgaus, tissues and body fluids

21.0

48.3

7.53.3

24
25
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Density cf
soft tissue
cernpanent

1 059 and for nervous tissue is 1 035. The remaining parts of
L.B.M. consist of different organs. Aceording to the measure
ments of i\AOESHmN the values of density for these organs can
flot differ very much from that of muscle tissue.

On the basis of the density figures and the figures for the
composition cf L.B.M. previously stated, we can estimate that
L.B.M. contains 56 % tissue with the density 1 043, 8 % with
the density 1 053, 9 % with the density 1 052, 3 % with the
density 1 059, and 3 % with the density 1 035. Now the density
of ail the soft tissues togetiier may be computed. We denote the
cornbined density of ail tue soft tissues as D5. Because the total
volume equals the sum cf the volumes cf the eomponents, we

may write:

79 56 8 9 3 3
+D3 1043 1053 1052 1059 1035

D3=1045

Tue main inaceuracy in this computation is due to the un
reliability of the value for the density of the skin. Aecording
to FoRmEs et al. the skin contains 57.7 1 % water, while the
water content cf muscle tissue is 70.09 %. Supposing that the
density of the skin is the same as that of muscle tissue dried
to 57.71 % water content, we would obtain a value for density
of 1 068. If in the computation ahove 1 068 is inserted instead
of 1 053, D3 would be 1 047. Another inaecnracy is due to
normal variations in the water content of the body. It is known
that body weight measured under standard conditions may
vary from one day to another up to .5 kg. The main reason for
this must be variances in water content. This influences the
density of the soft tissues of L.B.M. with .5 units. Consequently,
we can estimate the density of the soft tissues of L.B.M. to
1 045 with a possible range cf variation cf about 2 units.

Determinations of the density of the whole skeleton are not
to be found in literature. For parts cf the skeleton there are
single measurements. SCHÛBLER and KAPFF have found the

specifie gravity of caput femoris to he L267; cf the diaphys

of the femur, 1.791; of the temperal hone, 1.613; and of the
sphenoid bone, 1.501. KRAu5E and FL5cHER determined the Density cl

specifie gravity cf the spongecus substance of the long bones skeletcn

to be 1.21 te 1.24, and that cf the compact substance te be

1.90 to 1.96. FoRmEs et al. determined “density by water dis-

placement” of tibia to be 1.25 and of ulna to be 1.30. Ap

parently it is impcssible from these values to caleulate the

value for density cf the whcle skeleton.

Neither is the ehemical composition of the whcle skeletcn
known exaetly encugh. FoRmEs et al. examined the composition
cf hones with respect te water, ether extraet, prctein, and ash,
but the analysis was made on “representative portions” without
stating which and how big these portions were. However, their
analysis shcwed that the quctient protein/water differs signifi
eantly from the same quotient for other tissues. Ccnsequently

a calculation cf the density from the chemical composition
using the densities cf other tissues must contain large errors.
Because the analysis cf FoRmEs et al. may stiil give an indi
cation of the probable density cf the entire skeletcn, their
figures for the chemical composition cf tibia, ulna, and the
whole skeletcn are quoted in the follcwing table.

Representative
Tibia flua portions of

total skeleton

il

Water % 11.92 . . 15.76 . . 28.17
Ether extract .

.
7e 49.12 . . 19.91 . . 25.04

Protein . . .
. % 15.56 . . 22.25 . . 19.71

Ash % 30.47 . . 42.22 . . 26.62

Frcm the table it is seen that ulna contains less water and

ether extract than the entire skeleton. The density cf ulna,

therefore, must be the upper limit for the density of the entire
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skeleton. Tibia, however, lias, with a sliglitly liiglier ash con
tent, a double percentage of etlier extract than tlie entire
skeleton. Tlie density of tibia consequently must be a lower
limit for tlie density of the wliole skeleton. The consequence
of this is that tlie density of the wliole skeleton must be
somewliere between 1.25 and 1.30, or, if calculated as kg/m3,
hetween 1 250 and 1 300.

Density If we “0w calculate the density of L.B.M. from tlie data of
of L.B.M. body composition and density of different tissues, we can ap

parently just obtain limiting values. A calculation of these
limits lias heen made and tlie resuit is given in ilie following
table.

Lower Upper
limit limit

Skeleton % of L.B.M. 19 23

Soft tissues and hody fluids % of L.B.M. 81 77

Skeleton density 1 250 1 300

Soft tissues and body fluids density 1 043 1 047

L.B.M density 1 077 1 093

Tlie consequence of the figures given in tlie preceding table
is tliat il is not jtsstified to give a figure for the density of
L.B.M. more accurate than in tlie third digit. But we must
take into consideration that the inaccuracy of a value for
the density of L.B.M. does not reflect true variations. There
are reasons to helieve that the density values of the different
components of the body are biologically determined within
very narrow limits. Consequently we may state fixed values
for the density of the skeleton and tise soft tissues, and cal
culate the range of variation of the density of L.B.M. due to
variations in the relationship between skeleton and soft tissues.
Supposing the density of the skeleton is 1 280, and that of the

soft tissues and body fluids is 1 045, we have a density of

L.B.1VI. of 1 091 at 23 % skeleton, and of 1 083 at 19 % skeleton.

Whatever the value for the density of L.BJW. is, the range of

variation hetween different individuals will be limited to the

order of size of about 10 density units.

KEYS and BR0hK, in their criticissn of BEHNKE, have cx

pressed the opinion that “A major obstacle to the use of the

concept of the ‘lean body mass’ or even of the ‘fat-free mass’

is the fact that the composition of tise body, apart from fat, is

not independent of the amount of fat in it.” Let us now in

vestigate the faet on which KEYS and BR&IEK support their
conclusion.

BEHNKE, in one experiment on a test subject who was put Variable

on a restricted diet for seven months and lost 9 kg of weiglit, tissue

found that the lost tissue had a specific gravity of .94. KEYS

et al. studied ten men, who during a period of six montlis
gained weight hy simply over-eating, and found that tbe den
sity of the gained tissue was .9478 kg/l. Becanse the density

of pure fat is .9000 kg/l at 370 C, according to tise very exact

determinations hy FIDANzA et al. h is evident that the added

tissue must contain something more than pure fat.

Unfortunately the detailed experimental data of ‘ibis investi

gation are flot yet puhlished, but the result is given in the sum

marizing paper of KEYS and BR0iEK, 1953. There it is stated

that the ten subjects together gained 114.41 kg in weight

and 120.71 1 in volume. In order to determine the accuracy of

the calculated value of density of gained tissue, we must know

the S.D. of the volume determination. This is given by KEYS

and BROEK for the technique used in their laboratory to

±.061 1. Supposing that the real value for the volume will be

within ±3 S.D., tise added error valid for the sum of 20 de

terminations will be ±3 .06 20 = ±.8 1. The density of the

“gained tissue” wiil then be within the limits .954 and .942

kg/l. This calculation is hased on the assumption that only
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one determination is made before and one after the period of
weight gain, which is certainly flot true. On the other hand, it

has been supposed that the error in volume determination is
the single error in the experiment, which is flot true either.

In an attempt to make a doser determination of the com
position of the gained tissue, KEYS et ai. deterinined thiocya
nate space on their ten test subjects. They found that 16.01 kg
of the weight increase was extra-cellular fluid, computed from
the assumption that this is 70 % of thiocyanate space. The
figure 16.01 can not possibly be very exact. KEYS and BRoEK

have given the S.D. for thiocyanate space as 1.58 %. of body
weight. The error in the sum of 20 determinations will be
±11.1 kg of extra-cellular fluid. If the increase in extra-cellular
fluid as percentage of total weight increase is computed, in
cluding this error, il will he hetween 23.8 % and 3.4 %.

In order to use a value of extra-cellular fluid for analysis of
the composition of a tissue with a certain density, knowledge
is required of the density of cellular matter as separated from
extra-cellular fluid. KEYS and BrtozEK assumed this value to
be about 1.057 kg/l. Because there does not exist a method for
separating the cells from tise extra-cellular fluid and then
determining their density, there is no direct method for de
termining the validity of this assumption. The determiuation
of thiocyanate space implies that the investigation is extended
by a quite inaccurate method, and that a new unknown factor
has heen introduced in the calculation.

The question is now if the gained tissue of KEYS and BRoEK

with the density of 948 differs from adipose tissue in anatom
ical sense. In the literature just one measurement is found
of the dcnsity of adipose tissue. ScHÛBLER and KAPFF have
given the specific gravity of adipose tissue to be .971. Correct
ing their value to density at 370 C, and using the coefficient of
cubical expansion for pure human fat given by FJDANzA et al.
we obtain a value of density of 957, which is reasonably close
to the value given for gained tissue by KEYS and BRoEK.

INTERPRETATION 0F TuE VALUE FOR BODY DENSITY

A theoretical computation of the density of adipose tissue
can be founded on the analysis of its chemical composition
made by F0RBEs et al. They have found that k contains
23.02 % water, 71.57 % ether extract, 5.85 % protein, and
.20 % ash. Supposiug that fat tissue is composed of pure fat
plus tissue with the sarue quotient protein/water as muscle
tissue, plus excess extra-ccllular fluid, thc fat tissue of F0RBE5

may be calculated to 72 % fat, 24 % tissue, and 4 % excess
fluid. The density of fat is 900, the density of the tissue cannot
differ very mueh from 1 043, and the density of excess fluid
is, as given by KEY5 and BR0zEK for extra-cellular fluid, 1 002.
Calculating the density of all the adipose tissue from these
values, we obtain a figure of 936.

The given values of the density of adipose tissue are of
course both inaccurate and differ somewhat from the density
of gained tissue, as found by Ksx’s et al., but in opposite direc
tions. IJntil something else has been shown the simplest inter
pretation of the experiment of KEY5 et al. must be accepted.
That is that gained tissue does not differ significantly froni
adipose tissue in an anatomical sense. One small difference
possibly exists, and that depends on the fact that in gaining
weight tise surface area of the skin increases, but tue weight
gain of the skin must he very small in comparison to the
weight gain of the adipose tissue. Assuming that adipose tissue
is composed of fat with the density of 900, and conneeting
tissue with the density of 1 043, and that thd adipose tissue has
a density of hetween 954 and 952, it may he calculated that
this adipose tissue contains between 59 % and 67 % pure fat.
The consequence of the analysis of the over-feeding experi
ments of KEY5 et al. is that the part of the body changing

through simple over-eating is adipose tissue, and the L.B.M.,
if the definition which has been stated previously is used,
remains essentialiy unchanged. These experiments seem to he
the best experimental support for the original idea of BEHNKE.

r

Density of
adipose

tissue

Variable
tissue equals
adipose
tissue
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INTERPRETATION 0F THE VALUE FOR BODY DENSITY

Because the tise of the concept of L.B.M. is well supported

by the anatomical and physiological data liitherto known, we

have put down in a general form the relationship between

L.B.M., the adipose tissue, and the density of the total body.

1 a 1—a

where D = total body density
D0 = density of adipose tissue

Db = density of L.B.M.

a = fraction of adipose tissue of flic body

1 — u = fraction of L.B.M. of the body

If solved with respect to the fraction of adipose tissue of the

body, the equation will he:

u—
DO.Db — D0

D(Db_Da) Db—DO

If we now designate the fraction of skeleton of the L.B.M. as s,

the fat fraction of the skeleton as f3, and the fat fraction of

adipose tissue as f, we may compute the added fat fraction

of the total body (f) from the formula:

— F DODb D0
ffa[D(jyyDD

+ Db—DO]

R is earlier stated that there are reasons to suppose that an

individual variation of Db between 1 091 and 1 083 exists, de

pending on the variation of s. If we accept the values of KEYs and

BRoEK for D0 and f0 (948 and .62 respectively) and for f3 the

value .25 given 1)37 F0RBE5 et al., we may by introducing these

values in the general formula obtain two different values for

f. These values are the limits hetween which f, at a certain

value of D, may vary, depending on individual variances in s.

32

We obtain for s = .23 (Db = 1 091)

f 40683672

andfors.19 (Db=lOB3)

f
= 4

— 3.973

For exeinplifying what this means, we may compute the value

of f at the density values of 1 072 and 1 048, which are the

mean densifies for our male and female test subjects.

4 400
D

As a substitute for the concept of L.B.M., KEY5 and BRoEK Reference

proposed the use of a “reference body” for judging the niean- body

ing of a density value found on a test subject. This “reference

body” is computed on the basis of an investigation by BRoEK

on 25 healthy men in the age range of 23 to 29 years. The mean

values of these were: with respect to height, 176.5 cm, weight,

70.60 kg, and density, 1.0629 kg/l. This “reference inan” is

supposed to have a fraction of fat of 14 % of the total hody

s f at deusity 1 072

.23 123 210

.19 089 182

f at dcnsity 1 048

Formula for
fat content

froni density

Inaccuracy of
fat deter
mination

The iuaccuracy of the deterniination of f as a function of D

is impossible to avoid without having a method for measuring

the amount of bmw within the body. Possibly there are sniall

individual variations in other points also, for instance, in the

value of L but there is no donbt that the relative weight of

the bones is the main one. Against this backgronnd, hitherto

puhlished and nsed formulas for the fat content as a function

of D are too precise. It should be suffieient to use a formula

where the values of the constants are rounded off, for instance

33
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CHAPTER II INTERPRETATION 0F THE VALUE FOR BOUT UENSJTY

4201
—3.813

In this formula the presiimption of a certain value of density
for the fat free body is implicit for the range of fat content
in which the formula is used. This is evident if we write:

1--i-
1

— f
+

.62
D.62•947.8 D

where D equals the density of the fat free body. If the values
for D and f, from the suggested reference body, are inserted,
we obtain

= 1 102

If the equation is written to express f as a fnnction of D, with
this value of D used as a constant, we obtain the formula as
giveu by KEYs and BRoEK. D is flot, of course, the density of
L.B.M. in the refereuce body. Supposing that the 14 % of fat
is distributed on adipose tissne and fat of the skeleton whieh,
aceording to F0RBE5 et al., is 25 % of the weight of the skele

ton, we may compute the fraction of fat tissue in the reference

hody. Using the mean value of 21 % for the fFaetion of skele

ton of the L.B.M., it may be eompnted from the following

formula:
.62.a+.21..25(1_a)z1.l4

u = .1542

Now the density of L.B.M. may be computed:

1 .1542 1—.1
= 948

+
Db

Db = 1 087

If now L.B.M. contains 21 % of skeleton and the remaining

tissues have a density of 1 045, the density of the skeleton will

be 1 280. This value indicates that the assnmption of 14 % fat

in the body of the refereuee man, as calculated by KEY5 and

BRoEK, can flot be very mueh in error.

The first published formula for computing fat content was

given by RATHEuN and PACE. Having shown that fat content of

guinea pigs eould be ealeulated from the specific gravity of the

eareass, they gave the following formula for humaus:

% fat = ioo(_5.548 —5.044
\ sp. gr.

In all there are five alternative formulas:

(1) f
4068

—3.672

(2) f= —3.973

weight. This assumption they consider to he supported by the
following ealculation. In snch a reference hody, the amount
of houe minerai is supposed to he 6 % and the amount of
extra-cellular fluid, 16 % of total body weight. With a fat
content of 14 % the deusity of the remaining tissue, “cellular
matter,” will be 1.057 kg/l. But as earlier stated, this value is
not ouly unkuown, but even with kuown methods is impossible
to verify direetly. The ealculation apparently belougs to the
group of considerations which KEY5 and BRoEK denote as
“very rough armchair eomputations.”

From the assumptions mentioued above aud from their
measuremeuts of the composition of “gaiued tissue,” KEY5 and
BRoEK derived a formula for the fat content of the body.
Transcrihed to the MKS unit system, the formula is:

Alternative
formulas

(3)

(4) f=
4201

—3.813
D

(5) f=
5.548

—5.044
sp. gr.
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Formula (1) expresses the probable upper limit for the fat
content at a given value of clensity, and formula (2) gives the
lower limit for the fat content. Formula (3) is an approxi
mation within those limits. Formula (4) is given by KEYS and
BRoEK, and formula (5) by RATHBuN and PACE.

In the following table the fat percentage for the density
values 1 080, 1 060, and 1 040 using the five formulas is given.

1080 . . 9.5 . . 5.8 . . 7.4 . . 7.7 . . 1L5
1 060 . . 16.6 . . 13.5 . . 15.1 . . 15.0 . . 21.3

1 040 . . 23.9 . . 21.3 . . 23.0 . . 22.6 . . 31.3

In using Formnla (5) the density values have been changed
to express specific gravity at 30° C, because prohably RATHBuN

and PACE calculated their formula for this temperature of the
water bath.

The formula of RATHBuN auJ PACE gives percentages of fat
definitely outside the limits which are probable from the
recent knowledge of the human body. Consequently this for
mula should not lie used. Formulas (3) and (4) give both
values in the middle range between the values calculated
from the formulas (1) and (2). Because the difference in the
values from formulas (3) and (4) is so minute, there is no
reason to prefer one to the other. In order not 10 create con
fusion we have in the following calculated the values for fat
content from formula (4), because this has been used in other
studies. As follows from the previous discussion, this does not
mean that we accept the derivation of the formula of KEYs

and BRoEK.

In the calculations we have used the formula in a slightly
modified form. The total amount of fat in the body may lie

calculated if f is suhstituted by , where M denotes the total

mass of the body in kilograms and F denotes the mass of fat

M
in kilograms. l urthermore, D ni ay lie substituted by

-,

where

V denotes total body volume in cubic metres. Then the for

niula will lie:
F=4201V—3.813M

We have applied the method of computation of fat content

on the obtained values for deusity of the test subjects. In the

following table the distribution of fat content, as percentage

of total hody mass, is given.

Fat, % , n

0.0—4.9 1 —

5.0—9.9 18 1

10.0—14.9 12 4

15.0—19.9 3 14

20.0—24.9 — 13

25.0—29.9 1 3

Total number of subjects . . 35 35

The mean percentage of fat content for male subjects is 10.6 %,
and for female test subjects, 20.3 %. The error in the deter

mination depends on Iwo sources of error. The first one comes

from the inaccuracy in density determination and will lie

about ±.6 %. The second one comes from the normal vari

ations in the composition of L.B.1VE. If we suppose that the

mean density ±S.D. is the density of the extremes of the five

corpses dissected by BI5cH0FF, VON LIRnIG, and F0RBE5 et al.

we can judge the error in fat percentage from this source. It

will lie in the order of size of 1.6 %. Consequently, the total

error will lie ±1.7 % of fat, computed from the relationship

0t2 = 012 + 022. Because the total observed range of fat con

tent is 25 %, the error is about one fifteenth of the range.

D (1) (2) (3) (4) (5)

9 , n Fut content
of test
su bjects

Error of the
method
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Chu pier III

BODY SIZE AND STANDARD METABOLIC RATE

In tbe preceding cbapter it bas heen shown that density
determination enables computation of tbe amount of fat within
the body. This makes it possible to use tue fat free hody mass,
or L.B.M., as a parameter for a series of functions for which
there is a priori reason to believe that tbe amount of fat or
adipose tissue respectively does flot influence the funetion in
question. In studies of the so-ealled “hereditary obese-hyper
glycemie syndrome” in mice, MAYER et al. bave fouud tbat
tbese fat mice, witb tbe total body weight exceeding tbe double
of the normal controls, bave the same standard oxygen con
sumption as the controls. BEHNKE bas presented convincing
arguments for tbe supposition that L.B.M. would be a better
parameter for standard metabolic rate in man tban normal
values based on total body weight.

MILLER and BLYTH investigated L.B.M. as a reference
standard for metabolie rate, but their inaterial does not in
clude female test suhjects. Because no direct experimental
studies for a reference standard for metabolic rate based on fat
determination, including feinale as well as male test subjeets,
can be found in literature, we bave measured the standard
metabolic rate on ah tbe test subjeets used in our investigations
on human hody density.

The foliowing method was used for determination of tbe
standard metahohic rate. Tue test suhjects slept in the labora
tory the niglit preceding die experiment. In tbe morning,
before leaving their beds, tbe standard oxygen consumption
was determined aecording to the method of D0uGLA5. The sub
jects breathed tbrougb a mouthpieee, valve and rubber tube
for five minutes. After this period the tube was eonneeted to a
ruhher hag and the expired air was coileeted until the bag

contained about 50 1. Immediately after that anotber bag was

attaebed to the tube and a second sample of 50 1 of expired

air was collected. Tbe volume of the air in the bags was deter

mined by means of a spirometer. From each bag air samples

were taken and analysed for their content of oxygen and car-

bon dioxide, according to the metbod of HALDANE. For eacb

experiment the oxygen consumption was calculated as tbe

mean of the result from the two determinations. The determi

nation of the oxygen consumption was made on two different

days. The mean of tbe results from these two experiments was

used as the value for the standard oxygen eonsnmption of the

test subjeet.
Througb tbe result of tbe gas analyses tbe carbon dioxide

production and the respiratory quotient were caleulated. This

was done only to insure that there was no hyper-ventilation

during the experiment. In tbe following we give ail die meta

boue rates as ml 02/min.
The standard metabolie rate for the male test snbjeets was

269 ± 4.72, S.D. 27.92, and for the female, 226 ± 3.32, S.D.

19.64. The error of tbe metbod was calculated from tbe result

of the double determinations, and ivas, for one determination,

13.5, and for tbe mean of two determinations, 9.5. For ail test

subjects we bave compared tbe result witb the standard value

as given hy B00THRY et al. Expressed as percentage of the

value as denoted hy the standard, we ohtain for the male test

suhjects a mean value of 104.2 ± 1.62 %, S.D. 9.58 %, and for

the female, 105.6 ± 1.15 %, S.D. 6.80 %.
It is seen that our values for standard oxygen eonsumption

are somewhat higber than tlie standard values according to

Boo’rHBY. The probable explanation for this is an anthropoiog

ical difference between the Swedisb and the American pop

ulation. In BRoEK’s investigation the mean density of 25 men

in the age range of 23 to 29 years was 1 063. Tbe mean density
for our maie test subjects is 1 072. Consequentiy, our test sub

jects are leaner than those of BRoEK. If BRoEK’s value is re

Method for
metebolic

studies

Metabolic
rate af test
subjects
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presentative for the Ameriean population, our test subjects
must be leaner also than the test subjects of BooTHinr et al.
This might he the explanation 0f the difference between our
values and the American standard.

Let us now compare the standard metabolic rate for the
male and the female test subjccts, using different parameters.
TJsing kilogram body mass as parameter, we obtain for male
subjects 3.91 ± .071 ml 02/min/kg, and for the female sub
jects 3.65 ± .055 ml 02/min/kg. This difference has a prob
ability of .001 <p < .01. TIse mean body weight of tise men
is 70 kg, and of the females, 62 kg. Consequently the men have,
at a greater body weight, a larger oxygen eonsumption per kilo
than the women. Using the body surface calculated from the
formula given by Du Bois, the relationship hetween male and
female will be the same. Tise oxygen eonsumption of tise male
is 144 ± 2.19 ml 02/min/m2, and for the female, 131 ± 1.73 ml
02/min/m2. The difference lias a probability of p < .001.

Earlier BEHNKE as weil as KEYS and BRoEK, through esti
mations of the fat content of nien and women in a normal
population, drew the conclusion that the difference between
the sexes with respect to the standard metaholic rate would
disappear if L.B.M. or fat frec body wcight was used as para
meter. There do not scem to exist any direct investigations
on this question. An analysis of our material could possibly
throw some light on the problem.

The fjrst task would then be to decide whether L.B.]VI. or
fat free body weight should be nsed as parameter. It seems to
be clear a priori that the amount of fat within the body should
be without influence on tise oxygen consumption. The cellular
matter of the adipose tissue, however, cannot be considered as
metabolically inactive. Tlsercfore, it seerns most reasonable to
calculatc the standard oxygen consumption with the fat free
body weight and not the L.B.M. as parameter.

In our material the total hody weight minus the computed
wcight of the fat (M — F) is, for the male subjccts, 61.76 ±

BODY SIZE AND STANDARD METABOLIC RATE

± 1.14 kg, and for the female, 49.98 ± .81 kg. In the following

table the distribution of the individual values is shown.

&, n

35.00—39.99 1

40.00-—44.99 1 5

45.00—49.99 —
9

50.00—--54.99 4 14
55.00—59.99 6 6

60.00—64.99 12 —

65.00—69.99 8 —

70.00—74.99 3 —

75.00—79.99 1 —

Total number of subjects . . . 35 35

The standard oxygen consumption per kilogram (M — F)

is, for the male subjects, 4.37 ± .070, S.D. .414, and for the

female, 4.54 ± .066, S.D. .379 all values in ml 02/min. The
prohability of thc difference is .05 <p < .1.

In tise foilowing table the standard oxygen consumption of
the male and female subjects is given for different parameters.

Standard metabolic rate in ml 02 per minute per
individual Mkg body surface m2 (M—F)kg

269 . . . 3.91 . . . 144 . . . 4.37
226 . . . 3.65 . . . 131 . . . 4.54

as%of 119 . . 107 . . . 110 . . .96

As scen from the table, we have found that the standard
metabolic rate is highcr for the males than for the femalcs,
if weight or body surface is uscd as parameter. Using fat free
hody weight as parameter, the relationship between the males

M—F Ç , n Fatfree body
mass of test
subjects

Parameters

for metabolic
rate
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and females is probably reversed. However, the values of ail
the parameters are higher for the males than for the females.
Consequently we have to investigate whether the difference
in metabolic rate is determined exclusively by the differences
in body size, or if there is reason to believe that other factors
cause a difference in metabolic rate.

The problem in the relationship between body size and
metaholic rate has heen discussed for more than one hundred
years. The most important contributions to the question corne
from comparative studies on the whole animal kingdom. Our
special problem cannot be discussed withont taking the funda
mental data from the general biological studies into consider
ation.

The huge amount of literature in this field makes it impos
sible for us to give a complete quotation from ail the studies
on this question. More complete referenees are found in the
interesting monographs hy BR0DY, KLEIBER, and HEMMING

SEN. Here just a short review of the most important studies
made in the past is given.

SARRuS and RAMEAux seern to have been the first to give a
general formulation for the relationship between body size

and metabolic rate. They draw, from the circumstance that the
body temperature for homothermal animais is constant and
the same for different species, the conclusion that the pro
duction of heat must be proportional to the area of the body
surface from which the heat loss occurs. Their theory is an
attenipt to apply NEWT0N’s iaw of cooling on this physiological
problem. Later studies by a long series of investigators, among
which especiaily the names RICHET, RuBNER, and VolT must

Surface be mentioned, seem to support the theory which in literature
area kw often is cailed RuRNER’s law, or surface area law.

The main characteristic of this theory is that the prime
factor is supposed to he tue ioss of heat to the surrounding.
The production of heat must then he regulated so that body
temperature may be maintained. The consequence of this as-

pect was that the area of the body surface must be measured
or calculated as accurateiy as possible. Numerous attempts to

determine the area of the body surface from simple biometric
data have been made. The formula for surface area in man of
DU Bois is an cxample of these attempts.

Objections against this so-called surface area law appeared
early in the discussion. When H0ESSLnw made the experiment
to keep similar dogs at different surrounding teniperature, it

appeared that these dogs maintained approxiniately the same

standard metaholic rate, but the dog kept in a cold environ-

ment developed a protective fur. When, later on, it was shown

through numerous investigations that aiso cold-hlooded ani

mais showed about the same relationship hetween hody size

and metaholic rate, the difficulties for the explanation of

metabolic rate as governcd by the heat ioss were ohvious.
H0ESSLIN pointed ont that in organisnis a series of functions,

for instance absorption of food, are surface funetions, and conse

quently must be more proportional to surface area than to

body weight. Later on, DRETER et al. showed that the sectional
area of the aorta and the trachea of animais of different size

are approximately proportional to Mh/3.

In his fundamental work Respiratory Exehange of Animais

and Man KR0GH opposes the more or iess teleological character

of the arguments for the surface area law. KR0GH writes: “In

the opinion of the writer the reasons against Rubner’s view are

very strong, and the une of inquiry initiated hy Dreyer is much

more likeiy ultimately to clear up the relationship between

size and metabolism. The metaholism should not therefore be

expressed per sq. m. or any other unit of surface but as a func

tion of W”. For warm-hlooded animais n can he taken, at least

provisionally, as 2/3.” In this quotation, W is used as the sym

bol for total body mass.
In iater comparative studies, many investigators have used

KR0GH’s system for designating metaboiism and have cal

cuiated the value of n in the equation metaboiism = k M”.

Body sire
and meta
bouc rate

42 43



CHAPTER ni EODY SIZE AND STANDARD METABOLIC RATE

These studies have given important resuits. It has appeared
that the exponent n for aduit warm-blooded animais is be

Data from tween .75 and .70, according to KLEIBER and BR0DY. Further
comparative more, it bas appeared that the same vaine of n is aiso valid

studies for comparison between different coid-biooded animais with
a minimum total body mass of about 1 mg (for data see HEM

MINGSEN) . In this case the value of k is different from that valid
for warm-blooded animais. ZEuTHEN, who studied the marine
microfauna, has found that n = .95 for smaii metazoa to or
ganisms containing about 1 mg nitrogen. For protozoa he
found that n = .7. HE1IMINGsEN furthermore extended the
comparison to plants and showed that the carbon dioxide pro
duction of the aerial leafless parts of heech trees foilowed the
same function as the metaholism of cold-Jiiooded animais.

BENEDIcT, who contributed to the discussion with a large
amount of carefully collected data of standard metabolisrn in
different species, did not agree with the way of expressing
inetabolism as a function of iii”. Ris opinion is that “this
method of presenting the data completely masks metaholic
differences within the species and distorts or obscures striking
differences hetween species.” Further he writes that “. .. ail
attempis by mathematical means 10 secure a uniform expres
sion of the basal metaholism findings on different animai spe
cies are utterly futile.”

KR0GH’s and BENEDIcT’s views are not only different opin
ions in a question of malter, but thev aiso represent two en
tirely different scientific ways of thinking. There does not seem
10 he any douht about which is the most productive method if
the purpose of science shah be something more than the col
lection of as many separate detailed data as possible.

Concerning the explanation of why the exponent is doser to 2/3
than toi, the discussion has not given any more definite resuits.
One explanation is that the fact that big animais have a lower
metabohic rate per unit of body mass than small animais is
the result of natural selection. The empirically found relation-

ship hetween hody size and metabolic rate is supposed to have
a “survival value.” KLEIBER gives this thesis the following for
mulation: “In natural selection, those animals prove to be
better fit whose rate of oxygen consumption is regulated so
as to permit the more efficient temperature regulation as well
as the more efficient transport of oxygen and nutrients.” It
appears doubtful how this thesis can apply to standard meta
bolic rate, since this is a pure product of laboratory conditions.
If we should go out into nature and try w find an animal
under standard conditions, that is fasting during complete mus
cular relaxation, we would have to search for a long lime.
This behaviour in animais wouid mean a definite negative
“survivai value.” Just under one condition, and that is during
the period of sleep, the conditions approach those existing in
metabolic experiments in the laboratory. When the climatic con
ditions make maintenance of hody temperature diffictilt, differ
ent protective mechanisms are taken advantage of by various
species. The migrating birds seek a warmer climate, and the hi
bernating animais lower their metahohism and body temperature.
The large animals might have the problem of maintaining body
temperature low enough, but the important thing is that they
are able to maintain body temperature even though they have
a higher metabolic rate than the standard. For the elephant,
whose life is one continuons meai, hody temperature must be
maintained under the conditions of eating and searching for
food, which includes muscular activity. It is characteristic that
BENEDICT, in his study of the physiology of the elephant, found
oniy one among sixty-three elephants which could he used for
metaholic studies, and this one was adapted to the life in New
York City. The remark of ZEuTHEN that “... the basai meta
bolism in mammals—as in other animals—is adapted to the
needs of the species 10 a iesser extent than the species are
adapted to the metabolism derived according to their body
size and the phylogenetic history of their whole groups” con-
tains a more important view of this problem.

Metabolism
in natural
selection
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Otber scientists tried to solve the probiem by studying
energy output of tissues isolated from animais of different
sizes. KREBS draws from bis studies of tissue respirations the

Tissue conclusion that “Tbe characteristic differences in the basai
respiration rate of heat production in animais of different size are to he

attrihuted mainly to variation in the Q02 of the musculature.”
VON BERTALANFFY and PJR0zYNSKY, however, conld not con
firm tise conclusion of KREBS, but found in direct comparative
studies of the tissue respiration of tise musculature that this
did not decrease with increasing body size to an extent which
wouid explain tise value for the exponent n. These authors,
aiso discussing other possibilities for expiaining tise value of n,

arrived at tise conclusion that “none of the expianations pro
posed (decline of total metaholic rate as based upon decrease
of the rate of tissue respiration, upon thermoregulation, upon
decrease of Q-2 of musculature, upon the relative decrease of
‘metabolically active’ organs, npon age) is consistent. It ap
pears that the decline in basal metabolic rate depends on re
gulative factors lying in the organism as a whole.”

These attempts to explain tise value of n ail bave one thing
in common, they presuppose a biological explanation for

the deviation of the value of n from the figure 1. The

value n = 1 seems to be considered as the most natural one.

Already H0ESSLIN lias objected to this way of looking at the

prohiem, and lias written: “Diejenigen, die annehmen, das
Natiiriichste wàre, der Umsatz verhielte sich wie die Kiirper
gewicite der verschiedenen Thiere und nicht wie die Quer

schnitte, nsiissen die Voranssetzung machen, es lasse sich mi
Kiirper leicht eine Einrichtung denken, welche hewirke, dass

in der Zeiteinheit durch den physiologiscben Quersehnitt des

K6rpers eine Blutmenge strôme, die nicht proportional der

Gr6sse des Querschnittes, sondern proportional der des Kiirper

gewichtes selhst wàre. Es liesse sich dies jedoch iiherhaupt nur

unter ganz gewaltigen morphologiscben Aenderungen und vo1!-
kominenem ‘S,Terzicht auf die Aehnlichkeit im Ban verscisieden

grosser Thiere erreichen, bei grossen Gewichtsunterschieden
aber ist es giinzlich nnmiiglich.”

Later on LAMBERT and TEISSIER, and TEISSIER made a funda- Dimensional

mental theoretical analysis of the prohlem. They originated analysis

from the hypothesis that the quotient between tise times
required for equivalent physiologieai events, for instance the
time for a heart beat, in animais of different size equals the
quotient between corresponding anatomicai lengths. They
found that the only relationship hetween the total energy
output of animais of different size, which is consistent with
tise approximation tisat animais of different size are uniform,
is the quotient of tise respective masses raised to the power 2/3.

We may summarize tise present knowiedge of the relation
ship between hody size and standard metaholic rate derived
from comparative studies in the foilowing way. With increases
in body size, tise standard metaboiic rate per kilo body mass
decreases. The influence of body size is hest expressed by the
relationship standard metaboiic rate eqnais k . M, where the
value for n is between 2/3 and 3/4. Tliere does not exist any
generaliy accepted biological expianation for this empirically
found value for n.

Let us now appiy this relationship on our material and in- Application
vestigate what values for standard metaboiic rate we obtain on own

using (41 F)2 and (M FL4 as parameters. The resnlts material

of the computations are snmmarized in tise foilowing table.

Standard metaboiic rate in mi 02 per minute per kg (M—F)’

n=2/3 n=3/4

17.57 ± .25 . . . - 12.23 ± .18
17.50 ± .22 . . . . 11.95 ± .15

Using either vaine for n, the difference between tise sexes is
minute and in no case statisticaliy significant. This means that
we have failed to detect any difference hetween tise sexes with
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CHAPTER III

respect to standard metabolic rate except that one which de-

pends upon differences in fat content and body size. Hitherto

we have just argued from the means of the male and female

subjects. Because of the conclusion stated above, we can now

consider the material as one population with respect to meta

bouc rate. Through putting ihe values for M F and for de

termined metabolic rate in logarithiuic form, we can now cal.

culate the value of n in ail of our material. This value will be

the regression coefficient for the best straight regression line

between log (M — F) and log metabolie rate. We find then

that ii = .70 ± .06 and the correlation coefficient is .80 ± .04.

As expected the value for n is significantly different from 1,

but flot from 2/3 or 3/4.
MILLEts and BLYTH, in their study on 47 male and 1 female

subjects, have found the best value for n in the relationship

between L.B.1VI. and standard metabolic rate to he .64 ± .03.

However, they nsed a different formula for determining L.B.M.

and actually did flot measure the volume of residual air.

From our study and that of MILLEts and BLYTH, we suggest

that in future studies on the influence of body size on standard

metaholic rate, the fat free body mass raised to the power 2/3

be nsed as a reference standard.

Chapter IV

BODY SIZE AND MAXIMAL METABOLIC RATE

In the study of the relationship hetween standard metabolic

rate and fat free body mass we have shown that the latter is

a good anthropological measure of body size. However, the
study has heen limited to oxygen consumption under resting

condition. In the following we want to extend the investigation

to maximal oxygen consumption in order to decide whether the
density determination may result in a measure for body size
whieh is also appropriate in this connection.

The maximal oxgen intake in normal man has been deter.

mined in an extensive study by ÀSTRAND. Later on ÀSTRAND

and RYHMING, mainly on the basis of ÀSTRAND’s material, elah

orated a method for computing the maximal oxygen intake

of an individual from the pulse rates at sub.maximal work.

The method for the computation is given as a nomogram.

Our material is practically identical with that of ÂSTRAiwD;

as he had done we nsed primarily students at the college
of physical education as test suhjects. Our suhjeets were all
tested by means of sub-maximal work on a bicycle ergometer,
foliowing the same procedure as ÂSTRAND. Therefore we con
sider it to be justified to calculate the maximal oxygen intake
from the nomogram.

Tue sub-maximal work test was performed in the following
way. The test suhject pedalled the bicycle ergonieter keep.
ing pace with a metronome set at 50 cycles per minute. The
amount of work is determined hy the break force applied on
the fly wheel. The work was started at a low intensity which
was inereased at timed intervals. For each work intensity
the work was performed for a period of six minutes. The pulse
rate was taken at the end of each six minute period. The work
intensity was increased until a pulse rate of at least 150 beats
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CHAPTER IV BODY SIZE AND MAXIMAL METABOLIC RATE

per minute was reached. From the pulse rates at the different

work intensities the maximal oxygen intake was computed by

means of the afore-mentioned nomogram. The experiment was

performed twice on separate days. The mean value of the

maximal oxygen intake computed from these two experiments

has been used as the value for maximal oxygen intake of a test

subjeet.
The found mean values for maximal oxygen intake were,

for the 35 male test subjeets, 3.91 ± .09 1 of oxygen per minute,

and for 34 female test subjects, 3.06 ± .09 1. One of the female

test snbjects failed to perform the work test. The mean weight

of the male test subjects was 69.3 kg, and that of the female

subjeets, 62.8 kg. Consequently the male test subjects have, at

a 10 % higher body weight than the females, a 28 % higher

maximal oxygen intake.
In Âs’rw&&s material, where the maximal oxygen intake

was directly determined, the male test subjeets had at a 17 %
higher body weight than the females, a 42 % higher maximal

oxygen intake.
Now we want to investigate wbether a difference between the

sexes remains if a measure of body size based on the density

determinations is used as parameter. In the study of standard

oxygen consumption we have used M — F as a measure of body

size. This measure does not eontain the amount of fat in the

body, but it eontains the eellular matter of the adipose tissue.

However, it is reasonable to suppose that this does not greatly

influence the maximal oxygen intake. Consequently the com

plete mass of the adipose tissue should be snbtracted from the

total body mass if we want to have a parameter for the maxi

mal oxygen intake. However, we do not know what percentage

of the yellow bone marrow is eellular matter and body fluid

under normal conditions. Therefore we have made the rough

approximation that ail the fat of the body is connected with

cellular matter in the same ratio as the adipose tissue, or that

ail the fat in the body exists in tissue which contains 62 % of

pure fat. Consequently we have used M as parameter for

maximal oxygen intake. Probabiy this value will be a littie
too low, but ive do not beiieve a doser approximation is justi
fied from the present knowledge of the composition of the

skeieton.
The maximal oxygen intake, however, cannot be supposed

to be a linear funetion of the parameter mentioned ahove.
Our male test suhjects have, at a body weight of 70 kg, a maxi
mal oxygen intake of about 4 1 per minute. If a mouse weighing
20 g would have the same maximal oxygen intake per unit
hody mass as a man, it would be only 1.14 ml of oxygen per
minute. This is, however, just a littie more than the double
standard oxygen intake. Evidentiy there can not be a linear
relationship between body size and maximal oxygen intake.

In the comparison between our groups of test subjects, the
male and the female, with respect to maximal oxygen intake,
we are apparently in the same difficulty as concerning stand
ard oxygen consumption. That is, the degree to which body
size in itseif influences that function which we want to com
pare with respect to the sexes. Ilere the problem is much more
diffieult becanse there do flot exist comparative studies over
an interval big enough to ailow any conclusions to be drawn
on the influence of body size itself. An analysis on the in
fluence of body size on maximal oxygen intake therefore must
be purely theoreticai.

In his discussion of the reiationship between standard meta
bouc rate and body size, KR0GH considered the une of inquiry
which takes the size of the section area of the aorta and the
trachea into consideration, as the one which could possibly clear
up the relationship between size and metaholism. It seems as
though this idea could be applied to advantage on the maximal
metabolism hecause under these conditions the organs for
circulation and respiration work close to the limit for their
capacity. Now we want to start our analysis from the data
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CHAPTER Iv BOUT SIZE AND MAXIMAL METABOLIC RATE

which may be evaluated for the work of the heart at maximal
metabolic rate.

The theorem of BERNouILI admits a computation of the

energy content of a particle of fluid flowing through a tube.

This theorem bas heen applied within pbysiology many times

for comput ation of the increase in energy content delivered
to the blood through the work of the heart (see for instance
EvANS). For a heart with two ventricles the energy equation

written in the 1VIKS system is as follows:

E,2 V - pi + ±
. D- V . y12 + V . P2 + + D- V - y22

In order to 13e applied to the total work of the heart the

equation sliould be integratcd with respect to the actual form

of the pressure-time aud the vclocity-time curves. If tliis is not

done the resuit uni! be an underestimation of the energy,

especially the kinetic one, whicb lias heen sbown for a turtle

heart by KATz. However, there do not seem to exist any sup

ports for the assumption that the form of tbe curve should be

dependent upon the size of the heart. Therefore, for our pur-

poses the approximation can be made that a calculation based

on mean pressure and mean velocity may substitute a com

putation based on the complete integral function.
By inserting actual values in the energy equation we may

now calculate the energy delivered by the heart. We will com

pute tIse mechanical energ delivered in one minute for a

heart model approxiiuately corresponding to the human heart

and wbich works with a minute volume of 4 1 at rest and 40 1

at maximal metaholic rate. For the different constants of the

equation we make tlie following assumptions. (1) pi, whicb is

the mean arterial hlood pressure during the period of expul

sion, is at rest about 120 mm Hg, or 16 000 newton per m2. At

maximal minute volume, pi raises to about 200 mm of Hg, or

26 000 newton per m2. (2) D, whicb denotes density of the

blood, may be approximated to 1 000 kg per m3. (3) y1, whieh

denotes the mean velocity of the blood in the aortic ostium

during the period of expulsion, may be compnted if the area

of the aortic ostium and the time of expulsion are known. The

area of the aortic ostium is known from anatomical investi

gations by PERLS. He found on 91 exainined cases the circum

ference of the ostium to be in mean 70.9 mm, which gives an

area of 4 cm2. The time of expulsion may be approximated to

about one third of the complete beart cycle. With these values

the mean velocity of the blood flow will be .5 m/sec at rest,

and 5 m/sec at maximum minute volume. (4) pi denotes blood

pressure in the pulmonary artery. Under resting conditions

this is about 20 mm of Hg, or 2 700 newton per m2. The cor

responding value at maximal minute volume is not known, but

it may be supposed to he abont 4 000 newton per m2. (5) y2

may be calculated in the saine way as y1. According to PERL5

the circumference of the human pulmonary ostium is, in mean,

81.5 mm, and the area consequently about 5 cm2. Therefore,

V2 will be .4 m/sec at rest, and 4 m/sec at maximal minute

volume.
From the constants assumed for our heart model, we obtain

the following table giving the values for tise work of tise heart

per minnte.

.004 . . . 64 . .5 . 10.8 . .32 . 75.6

.04 . . . 1064 - 500 . 160 . 320 . 2044

If the work of tise heart model is calculated per liter of ex

pelled blood, it will he for V = .004 about 19 Nm, and for

V = .04 about 51 Nm. If we suppose that the oxygen content of

tise arterial blood is 200 ml/l, and that 150 ml of oxygen can

he ntilized by muscle tissue we can calculate that 1 liter of

blood can give a quantity of energy of 3 140 J. M a meehanical
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CHAPTER lv BODY SIZE AND MAXIMAL METABOLIC RATE

efficieney of 25 %, this will lie a mechanieal work of 785 Nm.
However, aeeording to KATZ die meehanical efficieney of the
heart is of this order of size. That means that a minute volume
of 40 1 of our heart model eau only lie olitained if 6.5 % of the
total blood flow is deflected to the heart.

In the energy equation, veloeity may lie substituted by the

expression }Z, wliere A equals area (of the ostium) and t

equals time of the expulsion period. If this is done the whole
equation may lie differentiated with respect to V and the
amount of cnergy requircd for a delta increase in the minute
volume may lie ealculated. It appears that an increase in the
minute volume from 40 to 41 1 would require an increase of the
energy output of the heart per minute by 94 Nm. This means
that 12 % of the last liter of hlood uiust lie deflected to the
heart in order to obtain energy equilibrium.

There are reasons to believe that at maximal work a maxi
mal vasodilatation exists in the working organs. The consequence
of this is that the part of the total flow which may be dis
tributed to tise heart is anatomically determined. Apparently
there must exist an upper limit for the euergy output per unit
time of the heart, which is dependent upon the anatomical
structure of the blood vessels.

If die conclusion drawn above from the energy equation,
that the maximal working capacit of the heart is dcpendent
upon the auatomy of the blood vessels of the heart, is valid,
the maximal working capacity of die hcart must also depend
upon another factor, and that is the oxygen content of the
arterial blood. If we assume that the fraction of tise blood
which may lie deflected w the heart is independent of the
oxygen content of the blood, and that the maximal minute
volume of the heart is dependent upon the value of this frac
tion, il follows that the iuaximai cncrgy ontput of the heart
must lie lower at lower oxygen content of tise arterial blood.
This follows from the fact that thc energy required to expel

one unit volume of hiood is practically independent of its

oxygen content, but the energy libcrated in the organ supplied

hy thc same blood depends very much upon its oxygen content.

The conclusion arrived at above is supported by an investi

gation on maximal physical work during breathing air rich

in 02 made by NIELSEN and NANSEN. They showed that the

maximal oxygen intake was increased when oxygen was added

to tise inspired air. Their analysis of tIse experimental data in

dicated tiiat tise main part of the increase in the oxygen intake

must depend on an increase in the maximal cardiac output.

This, however, must lie due to an increase of the working

capacity of the heart depending ou the higher oxygen content

of the blood deflected to the heart itself.

The important conclusions of our computations above are not

the values themsclves because these depend upon approxi

mations and suppositions which may deviate more or less from

the real conditions in the human heart. Especiall the assump

tion of the figure 1,/3 for the fraction of the time for a com

plete heart cycle bcing the time for expulsion is a very rough

one. Actually this fraction is increased with increasiug pulse

rate and this error in our calculations tends somewhat to exag

gerate the values for kinetic energy. The calculations, however,

show the fundamental importance of the physical laws exprcs

sed by the thcorem of BERNOULLI for considerations eoneerning

maximal energy output of the hcart. The calculations made

are examples of the way of working of thesc laws for a certain

heart size.
The energy equation for the heart lias one characteristic

wliich makcs it applicable on ah heart sizes. This is that the

constants in the equation are dimensionless and that alt the

tcrms express energy. Thercfore, the constants of the equation

are the same whether we want to appiy the equation on a

mouse heart or a horse heart.

If we uow thcoreticalIy construct heart models of different

sizes working against thc same hlood pressure with hlood of
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CHAPTER IV BOOY SIZE AN» MAXIMAL METABOLIC RATE

the sanie ox gen content and lieing also anatomieally uniform,
we may directly, front the energy equation, derive the maximal
minute volume as a funetion of size. Apparently the linear
velocity at a maximal output must be independent of the size

of the heart. This ineans that also must lie independent

of die size of the heart. From our presumption of uniformity,
however, A is a squared function of the length scale. If we
apply the equation on one heart beat, V will denote stroke
volume and t the tinte for expulsion during this heart heat.
The stroke volume for uniforni hearts will lie a eubie function
of the length scale, and consequentiy t will lie a function of
the first degree of the length scale. Because there is no reason
to lielieve that the fraction of the Urne of the heart cycle, lieing
the lime for expulsion, will lie dependent on the size of the
heart, the total tinte for the heart cycle will also lie a first
degree function of ihe length scale. This rneans that the maxi
mal minute volume will lie a squared function of the length
scale or a function of the weight scale raisedto die power two
thirds. The maximal pulse rate will lie a function of the length
scale raised to the power —1, or a funetion of the weight scale
raised to the power —1/3.

In the preceding chapter we have mentioned the hypothesis
of LAIVIBERT and TEISSIER which states that the limes for equi
valent physiological events relate as the length scale. The con
clusion front our analysis is that for the maximal output of the
heart, the hypothesis can lie derived front the theorem of
BERNOULLI and consequently in this case has a simple physical
liasis.

The maximal metaliolie rate must lie a function of the
minute volume for the case tliat arterio-venous oxygen dif
ference for different sizes of organisms is independent of size.
For uniform organisms the maximal metaliolic rate must con
sequently lie a funetion of the liody mass raised to the power
two-thirds. As a curiosity, k may lie mentioned that this re

lationship also seems to lie valid within dead nature. Concern.
ing comliustion engines, SCHRÔN states tliat “die Leistung
wiichst quadratisch mit dent Vergr6sserungsfaktor” and that
“die Literleistungen stehen im umgekehrten Verhiiltnis des
Àhnlichkeitsfaktors.”

In ail considerations made, no attention has been paid to Work of

the work of respiration. There are reasons to lielieve that this respiration

has as great an importance as the work of the heart, and that
ail energetie computations shouid lie done with respect to the
sum of the work for circulation and respiration. O’ris has given
rnethods for the calculation of respiratory work in man. Titis
prolileni, however, is very eomplieated. The consequence of
this is that the formulas derived liy OTI5 differ in one impor
tant way front the formula for the work of the heart. This
difference is that the constants in the formulas for respiratory
work have dimensions. This means that extrapolation outside
the range within whieh the constants have lieen experimentally
determined must lie very inaccurate, whieh is also stressed liy
OTIs. Therefore, a comparative analysis of the influence of size
on maximal metaliolic rate cannot lie extended to include res
piration. An analysis front the energy equation for the heart
seems to lie the only way, at the present tinte, possilile for
olitaining an expression for the influence of liody size on maxi
mal metaliolie rate.

Front the considerations previously made, the maximal Application

oxygen intake of our test sulijects shah lie computed per kg on own

F 2I material

(ii— _) . If tliis is done the maximal oxygen intake for

the males is 263.2 ± 4.50 ml 09/min and for die fernales
248.9 ± 7.13. The probaliility of the difference is .05 <p <.1.

The difference lietween tlie sexes, with respect to physical
working capacity, is small and not statistically significant if we
use the parameter that is expected to lie theoretically correct.
However, the proliahility that there is a real difference is liig
enough to motivate the conclusion that k is doulitful whether
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the male and. female test subjects are biologically similar with

respect to physical working capacity. There are reasons to in

vestigate whether there are biological differenees whieli might

explain why sueh a differenee exists.
One striking differenec generally found between the sexes

which, aecording to our earlier considerations, must influence

die maximal metabolic rate is the 02 content of the arterial

hlood, wliich depends upon the relative liemoglobin. This

difference is also found in our inaterial. The values for hemo

globin content werc determined on the test subjects through

spectrophotometric determination of oxi-hemoglobin. Our

male subjects had a relative amount of hemoglobin of

14.95 ± .17 g/lOO ml blood. The corresponding figure for the

females was about ten per cent less, or 13.47 ± .12.
Previously the conclusion from the energy equation was

drawn, that the maximal minute volume must be reduced if

the oxygen content of the blood is lowered. The influence of a

reduction in content of hemoglobin, however, is more compli

cated. Through the reduction of the number of red blood cells,

the viscosity of the blood is lowered. This reduces tlie energy

content of the blood necessary for the flow of one unit of

blood per unit time through the perifcral vessels. This factor

will reduce the arterial blood pressure at a certain minute

volume and consequently reduce the work of the heart. A

physically correct analysis of tise summarized influence on the

work of the heart of a reduction of the content of hemoglobin

is, however, presently not possible. Therefore k is not possible

to predict the influence of a reduction of hemoglobin on maxi

mal metabolic rate. Uowcver, it is ohvious that somc reduction

of this value is to he expected.
The difference hetween the mean values of the sexes of the

calculated maximal metaholic rate per unit is

5.4 %. This difference could be explained by tue difference iu

the hemoglohin content of the blood.

Chapter V

RELATION BETWEEN MAXIMAL AND STANDARD

METABOLIC RATE

In the previous chapter tue relationship hetween hody size
and maximal metaholic rate lias heen derived theoretically
from die physical laws valid for the work of the heart. The
question now arises if also die relationship between standard
metabolic rate and body size for uniform organisms could be
derived in tise same way.

This, however, does not seem to be possible. In standard
conditions the heaviest tissue of the organism, tise musculature,
reduces its metaholism to a minimum and is for humans just
hetwecn 20 and 25 % of tise total hody metabolism as shown
by AsMussEN et al. This induces regulative rcactions on the
circulatory systcm which at rest is working under conditions
where tise energetic and hydrodynamic factors for the heart
are not limiting. A dimensional analysis for organisms undcr
these conditions would he possible only if approximations
could be made for tise relationship between these regulations
and body size. An appropriate basis for assumptions of titis
type does not seem to exist.

The fact still remains that the value for the exponent n in
the equation mctaholism = k . M is reasonably close to the
value for n derived for maximal work for similarly built organ
isms of different size. Therefore tise possibility exists that the
value for the standard metaholic rate is essentially determined
by tise highest metabolic rate possible. As an isypotisesis, how
ever, k may he thought tbat in the adaptation to standard con
ditions isoniotiserm organisms independent of size regulate tise
circulation down to a eardiae output, wisicis is a constant per
eentage of the maximal cardiac output. Tise standard metaholic
rate would then be determined by an adaption of the different
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CHAPTER V
RELATION BETWEEN MAXIMAL AND STANDARD METABOLIC RATE

Metabolism
in develop

ment of
species

organs in the development of speeies to the amount of oxygen

available through the circulation.
If this hypothesis would be true, the role of metabolic rate

in the development of species is easily nnderstood. In natural

selection the maximal metabolic rate must have a very high

survival value. If an eagle is hunting a group of ducks that

duck will Le food for the eagle who is the poorest flyer and

that is probably the one with the lowest maximal metabolic

rate. On the other hand that eagle has the highest chance of

success in the hunting who is the best flyer or has the highest

maximal metaholic rate. In comparison with this essential quali

ty the standard metabolic rate apparently has a secondary im

portance. The whole structure of the body is probably in most

species much more determined by the conditions existing

during maximal work than by those during muscular rest.

Therefore it seems quite probable, that the prime factor govern

ing the standard metaholic rate is the maximal rate for energy

output of the organism. A question of importance seems to Le

how standard metabolic rate relates to the maximal one.

The quotient hetween maximal and standard metabolic rate

is experimentally investigated on horses by BR0DY, who found

that “The ratio of maximal to minimal oxygen consumption is

of the same order in horses and men, namely about 20.. .“ In

vestigations on other species do not seem to Le published.

Determinations of this quotient for small homotherm animais

also would Le very valuable for further analyses.

The statement by BR0DY quoted above does certainly not

justify the general conclusion that the ratio of maximal and

standard oxygen consumption found in men and horses is the

sanie for ail homotherm animals. For the following discussion,

however, we accept this generaiization as a hypothesis being

fully aware of the objections that can be made against theories

which are not based on a sufficient amonnt of valid data.

If the ratio of maximal and standard metabolic rate is the

same for different animais the standard metabolic rate for

uniform organisms would necessarily Le a fnnction of M2!3.

For real organisms this is, however, as mentioned in chapter
III, not the case; the value for the exponent is somewhat
hI gher.

This fact raises a question concerning standard metabolic
rate quite different from the one we are accustomed to in the
discussion on comparative physiology of metabolism. The
problem hitherto has seemed to Le why the value for n differs
froin 1. If the circulation is reguiated in the way assumed
above the question is why the value for the exponent differs
from 2/3.

This difference can apparently not Le explained by the in
fluence of heat loss from the body surface. Small animals have
difficulties in keeping temperature balance. This depends on
the circumstance stressed by ZEurHEN that “. . - small animals
do not have the same opportnnities as big ones for insulating
themselves, because the maximum thickness of thc fur is less
and the available temperature gradient in the skin is shorter
in small than in big animals”. ZEuTHEN continues “Consequent

ly, small mammais have ah kinds of trouble in keeping warm.
Rad the metabohism in mammals been fully adapted to the
needs of the organism we shonld have expected the metabohism
to vary with a power... of the body weight smallcr than
2/3 . - .“ This would mcan that in small animais an adaptation
to the influence of heat loss would result in a lower ratio be
tween maximal and standard metaholic rate than in large
ones.

Ritherto we have argued from the assumption that animals
of different size are uniformly huilt. In the investigation on
human species this assnmption seems to Le justified for L.B.M.
In the comparison between species, however, there are striking
differences from this very rough approximation. AD0LPH has
summarized data from various authors concerning body func
tion and body structure and has expressed the data as functions
of k . M. Some values for n are givcn in the following table.

Heat loss and
metabolism
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CHAPTER V RELATION BETWEEN MAXIMAL AND STANDARD METABOLIC RATE

Function n

Urea clearance
O consumption, basal
Heartheat duration
Breath duration .

Ventilation rate
Tidal volume
N endogenous output
Hemoglobin weight
Myoglobin weight .

Kidneys weight
Brain weight
Heart weight
Lungs weight
Liver weight
Stomaeh ± intestines weight

The values for organ weights in the table of AD0LPH indicate
striking differences from the assumption that organisms of dif
ferent size are of uniform build. The eXponent for myoglobin
is considerably above 1, amI the eXponent for visceral organs
is below 1. It is flot impossible that these deviations from uni
tormity might explain why lite exponent for metaholic rate
differs from 2/3.

The reasons why organisms of different size are not uniform
might be of a physical nature. GALILEI seems to have heen the
first one who diseussed titis question. 11e showed that from
pure mechanical reasons the supporting organs must have
another form in big titan in small animais. Also, HALDANE lias
discussed the same problem. Haldane writes: “... suppose that
a gazelle, a graceful little ereature, is to beeonie larger, it will
break its legs unless it does one of two tliings. It may make its
legs short and thick, ]ike the rhinoceros so that every pound
of weight has stiil about the same area of hone to support it.

Or it ean compress its body and stretch ont its legs obliquely
to gain stability like the giraffe. I mention these two beasts
hecause they happen to belong to the same order as the gazelle
and both are quite successful mechanically being remarkably
fast runners.”

BR0DY, who has coilected a large amount of data concerning
the question of organ weight in relation to total hody weight,
summarized the result of his analysis of the data in the follow
ing way: “The decline in the ratio of strength to weight is
compensated in part by relatively larger increases in the size
of the supporting structures titan in nonsupporting visceral
organs. Thus it eomes about, that per unit total body weight
larger animais have larger muscles and bones than internai
organs; or, what is the same, the larger the animal, the smaller
the ratio of visceral organs weight to body weight.”

The obstacle against appiying these facts to the question of
metabolic rate is that we do not know the weight of the bones
and the muscle weight of animais of different size. An analysis
along these unes would require much niore data of gross body
composition of different animals than those which are avail
able now.

However, it may be possible that the heavier weight of the
locomotive organs in the hig animaIs corresponds to a structure
of the heart, which makes a higher maximal metaholic rate pos
sible titan if thc hcarts were uniformly built. If our theorv is
correct, titis would also result in a higher standard metabolic rate
in large animals and the value for n would be higher titan 2 /3

This theory, however, is not supported by known data. Data
concerning, for instance, such fundamental ineasures as the
size of the heart ostia in different animais do flot seem to exist.

Another conclusion must be drawn froin the demonstrated
lack of uniformity in gross body structure of animals of dif
ferent size. Titis is that the idea of a uniform L.BJVI. cannot
be extcnded to the whole series of mammals. Apparently a
different relative weight of tIme supporting organs in different
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CIJAPTER V

animais will influence die composition of the L.B.M. and its

density. How valuable the concept of L.B.M. is in intra-specific

analyses, k is flot justified to assume the same composition of

L.B.M. in two different species.
General In this study we have tried to apply data from comparative

conclusion studies and conclusions that can be drawn froin dimensional

analysis on some special problems in human metabolism. The

main conclusion that can be drawn from our study is, that die

use of the concept of L.B.]VI. very much facilitates this task. The

concept of L.B.M. and fat frec body mass, however, is also vcry

useful in spccial investigations within human physiology. In a

coming publication wc will discuss some questions connccted

with the reiationship betwccn total hemoglohin, blood volume

and fat frce body mass.

64

SUMMARY

(1) By means of hydrostatic wcighing human hody density
may be determined with an error of ± 1.1 kg/m3.

(2) In a material of 35 male and 35 femaic young hcalthy
subjects die mean density was 1 072 and 1 048 kg/m3
rcspectively.

(3) From the value for density tbc fat content of the body

may bc calculaLcd with an estimated error of ± 1.7 %
of hody weight.

(4) Mean fat content of the male subjects was 10.6 % and

of die femalcs 20.3 %. Mean fatfree body mass (M—F)

was 61.8 and 50.0 kg respectively.

(5) From comparative studies the conclusion is drawn that

standard metabolic rate is best expressed as a function

of (M—F) where 2/3<n<3/4.

(6) In the material standard mctabolic rate per kg

(M — F) is not significantly different between the

sexes for values of n of 2/3 or 3/4. The value for n in

the matcrial is significantly lower than 1.

(7) From a dimensional analysis of thc work of die heart
die maximal mctaholic rate is expected to lic a function

F 2/3
of(M_).

F23
(8) The maximal metabolic rate per kg M—- in

the material is found to be 5.4 % lower for thc fcmale

than for the male subjects. The difference is not statis

tically significant.

(9) The possible difference in maximal mctaholic rate he

tween the sexes could be explained hy the difference in

relative hemoglohin content of the blood.

65
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(10) The influence of hody size on standard inetabolic rate

cannot he directly derived by dimensional analysis.

The question is open whether the quotient between

maximal and standard metabolic rate is independent of

body size. If tbis would be the case standard metabolic

rate could indirectly be predicted from a dimensional

analvsis.
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APPENDIX

The following tables give the data obtained for the test

subjects from the experiments.
It may be mentioned that the values given for body weight,

body volume, standard oxvgen consumption and maximal

oxygen consumption are mean values taken from two different

determinations. The figures given for the fat content are

the

mean values taken from the two original measurements
of weight and volume. Therefore the figure for fat shown in

the table does flot aiways fit flue ntean values for weight and

volume.
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DATA ON TEST SUBJECTS
I DATA ON TEST SUBJECTS

Age Heght Weight Volume
Subject years cm Kg

B.A 21 174 62.7 58.5

N.A 28 173 61.6 57.0

S.B 29 179 72.6 68.4

L.C 24 187 66.2 61.2

M.C 26 171 67.6 62.7

L.0.E 29 174 73.2 69.7

K.E 32 169 55.2 51.2

P.E 21 171 65.8 61.9

K.B.E 23 175 66.9 61.3

L.E.E 20 177 62.0 57.8

O.E 25 172 68.4 63.4

J.G 32 187 81.4 77.7

T.H 29 188 80.6 75.7

À.H 30 181 79.6 75.0

G.H 22 188 71.1 66.2

R.H 24 177 75.4 69.5

P.H 40 187 73.7 68.8

R.H 24 172 57.3 53.1

A.J 24 181 74.9 70.0

W.J 32 164 50.3 47.2

U 22 181 68.0 62.9

G.J 22 180 66.4 61.6
L.K 31 189 85.4 83.0

B.K 19 181 73.2 67.7

M.K 22 186 76.6 70.9

R.L 32 189 82.5 76.1

A.L 24 167 67.8 63.2

J.M 23 178 70.0 64.5

S.O 23 170 58.5 54.5
P.P 32 175 69.3 64.5
P.0.P 22 184 70.4 66.1

U.R 27 169 63.6 58.9

P.W 26 174 57.5 53.5

P.0.Â 30 178 73.4 68.1

K.H.ô 3 179 78.3 73.9

6.8 275 4.15
4.7 242 3.65

10.8 248 3.50

4.7 297 3.05
5.8 255 4.05

13.9 238 3.55

4.8 207 3.20

9.0 294 3.45
2.3 260 4.25

6.6 267 3.10
6.0 247 3.45

16.2 250 3.45
10.4 288 4.55
11.5 304 4.05

7.0 288 4.15
4.6 273 4.70

8.0 261 4.85
4.4 271 3.15
8.8 295 4.00
6.7 185 3.35
4.9 283 4.55
5.7 259 4.00

23.0 264 3.85
5.5 310 3.85
5.8 301 4.10

5.3 288 5.45

7.3 245 3.85
3.8 295 4.35
5.9 251 2.85

6.7 270 4.10

9.2 323 4.20
4.9 257 3.40
5.5 266 3.90
6.4 272 4.45

12.0 286 4.10

Age Heiglit Weight Volume
years cm kg 1

E.A 19 166 64.6 62.1

K.B 21 168 59.6 57.0

S.B 6 170 58.9 56.9

U.B 22 170 61.9 58.5

K.B 22 165 62.4 59.1

I.B 22 174 62.3 58.8

E.D 21 161 55.0 53.0

U.D 21 170 55.1 52.0

G.E 21 172 72.5 69.5

B.E 20 171 64.7 60.9

I.E 23 165 51.2 49.4

K.F 25 172 60.8 58.3

I.H 21 173 58.7 56.1

E.H 18 162 47.6 44.9

B.J 24 167 71.2 69.4

B.J 27 169 55.2 53.1

I.L 26 163 65.6 63.2

M.L 21 172 65.7 62.5

G.L 21 178 62.9 59.5

B.N 21 170 61.2 57.8

M.P 19 174 72.6 69.8

U.R 29 172 68.6 66.9

I.R 26 166 50.5 47.6

E.R 20 164 58.9 55.5

G.S 21 167 58.4 55.4

A.M.S 22 173 69.0 66.5

J.S 21 170 70.6 67.7

M.T 23 166 58.5 55.7

A.V 25 168 56.4 52.9

A.M.W 23 173 60.9 56.5

S.W 20 169 66.8 63.5

E.W 21 174 78.3 76.1

K.W 22 173 58.9 56.2

L.W 19 175 66.5 63.1

B.ô 22 168 70.7 68.2

Stand. 02 Max. 0
Fat intake intake
kg mI/min 1/min

14.6 238 2.85

11.9 212 2.75

14.6 214 1.45

9.7 208 3.45

10.4 221 3.75

9.6 212 2.95

13.2 200 1.70

8.3 233 3.10

15.7 269 2.80

8.9 257 2.90

12.1 224 2.00

13.3 249 3.35

11.9 220 2.75

7.3 197 —

20.0 239 3.45

12.5 196 3.30

15.5 241 3.55

12.2 249 3.10

10.3 259 2.90

9.6 204 3.10

16.4 243 3.80

19.4 212 2.95

7.3 200 3.05

8.8 236 2.80

10.2 215 3.10

16.5 238 3.70

15.3 230 2.90

11.1 217 4.10

7.5 206 2.80

5.3 236 3.50

12.5 210 3.20

21.4 241 3.10

11.4 227 3.15

11.6 220 3.10

17.0 240 3.05

Male

Stand. 02 Max. 02 SubjectFat intake intake
kg

ml/min 1/niin

_______

Fernale
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Ail measurements are made in metric units. In the com
putations the MKS unit system is used. This system is based on
the three fundamental units

The unit for force, newton, is defined as the force giving
one unit for mass (1 kg) an acceleration of 1 m/s2.

In transformation of work the following relationship is
valid:

1 Nm = 1 J = 1 Ws

In transformations from conventional units the following
relations are valid:

1 kilogramforce or kilopond = 9.80665 N
1 Calorkcal =4l87J
1 mm Hg pressure = 133.2 N/m2
1 bar 10 N/m2

A = surface area
u = adipose tissue fraction

of body
C centigrade

cm = centimetcr
C.N.S. central nervous system

D = density
Da density of adipose tissue
Db density of L.B.M.
D = density of fatfree L.B.M.
D3 = density of soft tissue

= difference
d = inean difference

Eh = energy delivered by the
heart
mass of fat
fat fraction of body
fat fraction of adipose
tissue

f3 = fat fraction of skeleton
g = gram
J = joule
k = constant

kg = kilogram

1 = liter
L.B.M. = lean body mass

M = mass

Ma weight in air
wcight in water

m = meter
min = minute
ml = milliliter

mm millimeter
N newton
n = number

Nm newtonineter
p pressure, probability

Q = density of water
R = Réamur
S = sum
s = skeleton fraction of body

S.D. = standard deviation
sec second

sp.gr. = spccific gravity
o = standard deviation
t = time

V = volume
V = velocity

TJNITS SYMBOLS

for length:
» mass:

time:

Derived nnits are

for surface area:
» volume:

density:
» force:
» pressure:

mechanical work:
» heat:

power:

ineter, m
kilogram, kg
second, s

square meter, m2
cubic meter, m3
kg/m3
newton, N
N/m2
newtonmeter, Nm
joule, J
Watt, \V or Ntn/s or J/s F=

1=
fa=I

j A figure following the value for a inean and the sign ± denotes the
standard error of the mean.
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Abstract

The uneven distribution of potassium in the lean body

mass may be utilized in studies of gross body compo
sition. A method is given for estimating the body com
ponents; muscle, adipose tissue and lean muscle free body
mass from measurements of potassium-40 by whole body
gamma radiation counting, skeletal diameters, height and
weight. Resuits obtained in measurernent of 227 subjects
are presented.

Recent studies of gross body composition are
generally based on the concept of a ean body
mass (LBM) of uniform composition to which
is attached an individually varying amount of
adipose tissue (i). However, everyday experi
ence leads one to suspect, that lean body mass is
a relatively crude approximation. It must be
suspected, that the relationship between muscle
mass and skeleton varies within relatively wide
limits. Hitherto, unfortunately no method for
determining muscle mass bas been available.

The gamma radiation from the body arises
almost entirely from potassium (2, 3) and
therefore the development of whole body gam
ma spectrometers by which K40 may be easily
measured, bas very much faciliated the deter
mination of total body potassium. These in
struments also have been utilized in studies of
body composition (, 5). However, the distri
bution of potassium is uneven flot only between
adipose tissue and lean body mass, but also
between the different components of lean body
mass. The approximate values for potassium
concentration of different tissues taken from
different sources in the litterature (6, 7) are
shown on table i.

1This study was cai-ried out during a visit to the US.
Army Medical Research Unit. Europe, Landstuhl, Pfalz,
Germany and was made possible by the collaboration and
help of Major Charles Onstead, US. Army MC.

2 Adress: Kungi. Gymnastiska Centralinstitutet. Stock
holm Ô.

Table s

Tissue % of LBM K content g/kg

Muscle 50

Skeleton I
Skin
Blood
CNS I
Liver
Other
Adipose 0.7

Let us assume, that the main components of
the body are muscle (M), adipose tissue (A)
and lean muscle-free body mass (LMF) and
that the potassium content of the components
are those shown on table i. i body weight =

W and total body potassium = K we may
write:

W=M+A+LMF

K=3.2M+o.7A+ i.6LFM

After elimination of A and rearrange
ment we obtain

M=o.4K—o.28W-—o.36LMF
... ()

It has earlier been shown (8), that lean
body mass may be estimated from some easily
determined skeletal measurements. These
measurements, however, are independent of
individual variations in muscular development.
This means, that aiso lean body mass minus
muscle may be estimated from the same
measurements provided a suitable constant ex
pressing the mean percent of LMF in lean
body mass is introduced in the equation. Be
cause this constant may be taken as 0.5, the
formula for predicting LMF will be

-t I
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LMF==r7.55 (L2 F R ioo) 0.712 ()
where

L = height in meters
F = sum of right and left

femoral condylar breadth (meters)
R = sum of right and left bistyloid

radioulnar breadth (meters)

Finally, weight of adipose tissue is
calculated from

A=W—LMF-—M ()

On a material of 154 men and women,
mainly U.S. Army personnel and german stu
dents, we measured the gamma radiation over
the K4° peak in the 2 -r liquid scintillation
counter at Landstuhl and the skeletal measure
ments mentioned. From these values the
amount of body potassium and the lean muscle
free body mass respectively were calculated.

The relationship between body weight and
potassium is shown on fig. i. The correlation
coefficient is o.66 which means, that the total
standard deviation of potassium ± 32 g is
reduced to a standard deviation of ± 24 g
around the regression line against weight. On
fig. 2 potassium is plotted against LMF. As
expected this correlation is higher (0.86),

which means a standard deviation around the
regression une of ± i6 g. This remaining
variation in the values seems to reflect differ
ences in the composition of lean body mass
with respect to muscularity. The body composi
tion of each subject with respect to the three

components M, A and LMF was calculated
according to the formulas given. The mean
values for body composition are shown on
Table 2.

Number 154

Weight, kg 72.1

K,g 159

LMFM, kg
Muscle, kg
Adipose tissue

Because no other method for determining
muscle mass in living subjects exists a control
of the obtained resuits has flot been possible.
However the figures seem relatively well to
reflect the differenc in body build which is
to expect in comparison between the sexes.
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