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 Sumo  is the national  sport  of  Japan, arLd  Sumo  wrestlers.have  a  specific  diet, special  physteal

characteristics  and  do a  great deal of praetice for their sport. These  factors may  markedly  affect  the

bones. We  observed  for 1 year the effeets  of  the pltysieal characteristics,  dai]y diet, and  physical

activities  of  sumo  wrestlers  on  bone  mineral density {BMD) and  compared  Lheir BMD  with that of

age-matehed  male  students  us controls. BMD  values  for the  lumbam  spine,  humerus,  and  femur  of  sumo

wrestlers  were  higher than  those  of  the  centrols  ip<O,OOI) and  were  inarkedly  correlated  with  the

physieal characteristies  of  the  sumo  wrestlers.  Aceordingly, the most  important factors for sumo

wrestlers  to increase BMD  may  be improvement  of  their physique and  enhancement  of  skeletai  muscle

strength.  Sumo  wrestiers  1-2 years  after entering  a  stable showed  inereased BMD  of  the diaphysis of

the  humerus  and  femur, suggesting  that  the  diaphysis is affected  by  weight  and  practice  (load and

mechanical  stress), In sumo  wrestlers  with 6-8 years of  experience,  BMD  of  the femur  proximal
metaphysis  was  increased, This finding suggests  that stamping  in the ring, an  exereise  speeifie to
                                                                 '
sumo,  inereases  BMD  in eaeh  bone  part. 

･
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              INlirROPUCTION

  It is well  known  that dietary habits and  physical

activities  affeet  bone metabolism.i")  It has been
repoTted  that there is a positive correlation  between
b6ne  mineral  density (BMD) and  physique']'`' and  that

there is htgher BMD  in athletes  than  in the general
popu}ation with  the same  age  range  without regular
exercise  habtts.5)") In sumo,  the national  sport  of

Japan, sumo  wrestlers  have  a  specific  diet, speeial

physical charaeteristiesi)  and  do  a  great deal oi

praetice ior their sport,  These lactors may  rnarkedlY

affect  bones. Owing  to the partieular eharaeteristics

of  this sport,  practice methods  and  dietary habits
differ from those in other  sports.  Moreover, the risk

of  fraetures is very  high, Therefore, as  part of  the

health management  of sumo  wrestlers,  it is important

that he  knows  his owri  BMD  and  understands  the

state  of  his dietary.habtts to enhance  his awareness  of

health. In this study,  the effects  of  the physical

characteristic$,  daily diet, and  physieal activities on

BMD  in surnD  wrestlers  were  investigated. In addition,
the change  in sumo  wrestlers'  BMD  over  1 year was

   eompared  with that in age-matched  male  studentS  as

   eontrols,

            SUIesECTS,ANI)METHODS

   Smbjects

     The  subjeets  were  10 sumo  wrestlers  (aged l7-27

   years) in the  Azumaseki  stable  whose  change  in BMD

   could  be observed  for 1 year, and  12 Inale  students

   Caged 19-25 years) who  ]ived in Tokyo  and  had no

   regular  exercise  habits, as age-matched  controls

   (mean ages:  23.2± 3,O and  21.4± 1,7 years, respective-

   ly, as  mean ± SD; p value  was  O.097). In 6 ef  the

   eontrols,  who  were  randomly  selected,  the change  in

   BMD  could  be observed  over  I year. Informed

   eonsent  for this study  was  obtained  from each  subject

   and  the Azumaseki  stable.  The  investigation vvas

   earried  out  accerding  to the spirit of  the Helsinki
   Declaration,
   Methods

   1. Investigation of  physieal eharacteristies

     Physical characteristics  ineluded  body  weight,  body

   hetght, chest  circumference,  girth, body  thiekness,

   and･  foot size, The body rnass  index (BMI, kgfm2) was
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calculated  from  body  height and  body weight.  The
body  fat ratio  was  measured  by a bioelectrical
irnpedance analysis  CBIA; model  SIF-891, Japan Light
Service).
2, MeasurementefBMD

  BMD  ef  the lumbar spine  (Ll-L4) and  of  the whole

body was  measured  by  the DXA  method  CQDR-1500,
Hologic). BMD  of  the whole  body was  analyzed  in the

proxima] metaphysis,  diaphysis, and  the distal me-

taphysis of  the right  humerus,  and  

'in
 the proxirnal

rnetaphysis  an(l  diaphysis of the right  femur, These
BMD  values  -ere  ealcu]ated  by selecting  the software

program  for a subregion  on  our  DXA  equipment,  In

the subregion  analysis,  the size  and  location of  the

region  of  interest were  established,  as  well  as  a  10 ×

12 pixel rectangle  at  the center  of  the  image  in each

part of  the bone  area,  and  ive  compared  the same  size

and  loeation in relation  to the subject's  anat-omy  for
eaeh  scan.  In both the sumo  wrestlers  and  the

contrels,  BMD  of the same  bone parts  were  also

measured  after  1 year, and  the rate  of change  during
the year was  caleulated.  The  eeeffieient  ef  varianee  of

the !umbar  spine  phantom  BMD  for our  bone

densitometer  was  O.35%/year.

3. Nutritional survey  and  questiennajre  of daily

   11ving and  dietary habits

  A  dietary survey  for 2 days of  2 meals!day  (sumo
wrestlers  have  two meals  each  day) "vas carried  out  in
the stable.  For the eontrols,  a dietary survey  for 3
days ivas  carried  out  by the detentien method,  by
whlch each  subject  was  given a  dietary reeord-

keeping form to keep a  food diary for 3 days, the
contents  of  whieh  were  confirmed  by an  interview
when  the questionnaire was  collected.  A  survey  of

living and  dietary habits vans  also  earried  out  by

interviewing individual wrestlers  anci controls.

4. Statistical analysis

  Student's t-test was  used  to identifY signifieant

differences between the mean  value  of the wrestler"s

group  and  the control  group. A comparison  of  the

BMD  mean  value  of  the two groups would  nDt  fit an

analysis  of  eovarianee  CANCOVA)  acljust/ed  t/o the

body  "eight,  so  Student's t-test was  used.  A  simple

linear regression  was  used  to find a correlation

between  BMD  and  other  parameters  by using  High

Qual!ty Analysis Libraries for Business and  Academic
IJsers (Gendai-Sugakusha, Kyoto, Japan), p<O.05  is

considered  significant.

                  RESVLTS

  The  phy.sical characteristies  and  exereise  history

  10

Vol 50 No,7 (1999)

   are  shown  in Table 1. The  sumo  wrestlers  from  Hawaii

   showed  higher values  for bedy  height, body  metght,

  BMI,  girth, and  body  thickness than  the Japanese

  sumo  wrestlers.  Wrestler  1 Cyokozuna) showed  high

  body Meight  and  BMI, but ,a low body fat ratio  and  a

  high  lean body mass  (LBM) wiLen compared  with the

  other  wrestlers,  Exereise history before entering  the

  stable  mainly  included judo, wreslling,  basketball, and

  football, Of the cont,rols, only  2 had an  exercise

  history, including swimming  and  martial  arts.

    Tab]e 2 shows  BMD  values  for the six  sites.  In eaeh

  part, BMD  for the sumo  wrestlers  was  significaRtiy

  higher lv<O,Ol, p<O.OOI) than  for the controls.

  There  were  no  significant  differences in the two

  groups between BMD  of the right  side  and  tefl/ side  of

  the feinur (not shown  in the table). BMD  measure-

  ment  of  the lumbar spine  was  impossible in 2

  wrestlers  with a  body  thickness  of  38 er  39 crn,

    Factors Cphysical charaeteristies  and  exerci'se

  history) that were  significantly  eorrelated  with  BMD

  in the sumo  wrest･lers  are  shown  in Table 3. BMD  of

  the humerus  and  fernur, especially  that of the

  diaphysis, were  markedly  correlated  with many

  physical factors. Ftgures 1 and  2 show  BMD  values  in

  eaeh  part that were  pos"/iyely eorrelated  with total

  exeraise  history (years; exereise  history before  and

  after  entering  the stable)  arid  body  weight;.  A

  significant  pos"/ive eorrelation  was  observed  bet-een

  total exercise  history and  the femur diapthysis,

  humerus  diaphysis aiid  distal metaphysis.  Total

  exercise  history was  not  associated  with the humerus

  or  femur  proxirnal metaphysis.  BMD  of the lumbar

  spine  and  the t'ernur proximal rnetaphysis  was  not

  assoeiated  with  body  weight.  ConeGrning the rank  of

  the  surno  wrestlers,  their physical characteristics  of

  LBM  CIean body mass),  body  height, body weight,

  ehest,  BMI, girth, and  foot size  increased  with rank.

  These data suggest  that many  physieal faetors. inay  be

  assoeiated  wtth rank.  Moreover, BMD  va]ues  in each

  part increased  with rank,  espeeially  the femur

  proximal  metaphysis  and  diaphysis, and  the humerus

  diaphysis, as shown  in Fig. 3.

    Figure 4 shows  changes  during 1 year  of  the BMD

  values  in each  part for eaeh  sumo  wrestler  and

  control.  With the sumo  "Testlers,  the results  were

  evaluated  1-2 years after  entering  the stable  and  for

  those with 6-8 years of  experience,  The  sumo

  wrestlers  with 1-2 years of  experien ¢ e CIV=:3) shoived

  the smallest  rate  of  change  in the fernur proximal
  metaphysis.  The  sumo  wrestlers  with 6-8 years of

  experienee  (N7-7), although  individual differenees

(674)
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were  marked  and  scattering  "es  observed,  showed  a meals/day)  for 2 days shosved  insufficient mean

signifieantly  higher rate  of ehange  in the femur intakes of  calcium,  V.Bl  and  V.B2.  The  PFC  ratio

proxirnal metaphysis  than  that in the humerus  (ratio ot' the energy  of  protein, fat or carbohydrat.e  to

diaphysis (P<O.05). total energy)  was  16.e% for protejn,  28.2% for fat,

  Table 4 shows  the nutritidnal  state  of  the sumo  and  55.896 forcarbohydratg.
wrestlers  and  controls.  With  the controls,  the intakes of  energy,  protein,

  A  dietary survey  of  the sumo  wrestlers  C2 calcium,  iren, V,A,  V,Bl,  and  V.B2  were  also

                                             insufficient, their sufricieney  rates  being 86.7, 94.l,
BMD  (gfCrf) Femurdiaphysis(.)  58,3, 81,7, 71,5, 92.5 and  89896, respectively.  In

            drate.

2.000
                           DIscussleN

                        g f sumo.  In addition,  sinee  physieal characteristics  and
                           HumerusdiaphysisCp)
T･OeO . 

,-.o/i274.-;-i-2ib-i
 Skills markedly  affectasumo  wrestler's  perfermanee,

                                r=o,s73  p<o es body weight  mqst  be increased to a certain  degree.

    
O 5 iO i5 20 characteristics  and  doagreat  deal of practi¢ e, whieh

             Exercise  history  (y )
                                             may

 
affect

 
their

 
bones.

 
Howeverr

 
there

 
have

 
been

 
no

Fig, 1, Association betiveen exercise  history Cyears)
                 . studies  on  the relatlonship  betvveen the physical
      andBMD  ･
                                             characteristics  and  bones  of  surno  wrestlers  in Japan.
Total exercise  history (years of exercise  history before The  physical characteristies  of sumo  wrestlers  are

and  after entering  the stable)
 
is
 significantly correlated

 known  to be superior  to those of  the general
with

 
BMD

 of the femur diaphysis, humerus
 

diStal
 population. In this study,  the sumo  wrestlers  from

metaphysis,
 
and

 
humerus

 
diaphysis

 (r=-"O･895,p<O･OOII 
r='=-

 Hawaii showed  higher values  for physical charaeterisr
O.750, p<  O.Ol; and  r=,- O.573,p<  O.05, respectively).

                 BMD  Cglcrf)

                                              
Ferr}urdiaphysiffCA)

                                                       all.gep,.Jl.1////ess                                           3.000

                          
                 2,500

                 2.eoo

                  1.500 

                           diaphysis(m)

                  i･OOO X Humerus  
proximai

 metaphysis  (x) [t 
',/;-
 fo eeta4.i2"i"IllZfi

                                         y!Ooo31x+D1152'

                                           rFe,722  PgO,05  1

                    o-
                     o 12o.o 1to.o 16o.e lso.o 2oD.o 22o.o z4o.o

                                     Body weight  {kg)

                        Fig.2. AssociationbetweenbodyweightandBMD

                 Body  weight  is signifieantly  eorrelated  with BMD  of  the  femur  diaphysis,

                 humerus  distai metaphysis,  humerus diaphysis, and  humerus  proximal

                 diaphysis Cr ==  O.855, p<O.Ol; n  ='O.785,  p<O.Ol; r=:: O,781, p<O.Ol; and  r ==

                 O,722,p<O,05,respeetively).

  I4 (678)
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tics Cbody height, body  weight,  BMI,  and  girth) than
the Japanese  sumo  wrest]ers,  "inich  may  be  attributed

to racial  dtfferences and  daily habits, ineluding diet,

before entering  the stable.

  Many  studies  have suggested  the marked  effects  of

physique on  bone metabelism.  In particular, Nishizawa
ei  al.") and  Yoshikawa and  Norimatsui[i) have reported

a  positive cerre]ation  between  BMD  and  body weight,

as  well  as  body  fat ratio.  Wei)ii) have previously

reported  a  positive correlation between the BMD

BMD

 3.000

2.500

2,OOO

1.seo

t.eoo

(gfcmi)

oa

eo

A

gBagaft
ea-

e

oA

[i.Ii ernurdiaphysis

 ernurproximalmetaphy

Humer"sd{aphysis ..lill

    o
        1234  56789  10

                       Rank

Fig.3. BMD  value  aecording  to the rank  of the sumo

       wrestler

The  femur  proximal metaphysis  a,nd  diaphysis and  the

humerus  diaphysis  shown  in this figure increased with

ranl(.  Rank: 1, jonokuchi; 2, jonidan; 3, 3-danme; 4,
makushita;  5, juryo; 6, maegashiral  7, komusubi; 8,

seklwake;  9, ozelci; 10, yokozuna,

vaiues  of the lumbar  spine  and  body  weight  as  well  as

the body  mass  index. As  shown  in Table  3, the BMD
values  in each  part of  the humerus  and  ferttur "ere

pesitively correlated  with the  physica] eharacteristics,

However, no  s2gnificant  differenee was  observed

between BMD  of the luinbar spine  and  physical

characteristics.  These results  may  be attributable  te

the abnorma]  soft  tissue body  eomposition  of  the
sumo  mTestlers  as  well  as  to the large bociy ttrfckness.
Moreover, as shown  in Table 2, this resiilt may  also  be
due  to the detection  limit of  the measurement

equiprnertt  that did not  enable  an  analysis  of  the BMD

va}ue  for the lumbar  spine  of  2 wrestlers  with a  body

thickness of  38 or  39 cm.  Sofue i±)and  Mazess  et ai,i'b

have evaluated  the in vivo  effects  oi body thickness

(up to 25 cm)  and  soft tissue on  the aeeuraey  of

apparatus  by using  an  aerylic  water  phantorn  or  water.

However, there have been  no  in vitro  studies  that are

relevant  to the present report.

  Concerning  the effects  of  exercise  on  BMD,

Miyamoto and  Ishikoi`' tiave investigated BMD  for

each  bone part of male  eollege  student  athletes  and

non-athletes,  and  observed  signifi6antly  higher BMD
values  foy the lumbar spine  and  femur of athletes.  As
showri  in [lrable 3, the faetors adTeeting  BMD  were  not

only  physical characteristics  but also  total exercise

history (years of exercise  history before  and  after

entering  the stable).  These findings suggest  that

BMD  in young  malLes  was  markedly  affeeted  by
exercise  as  well  as  by  physieal characteristics.  In

sumo  wrestlers,  the humerus  diaphysis and  distal

1-year BMD  change  <%)

 2e.oo

 15.00

 10,OO

 5,OO

 o.oo

 
-5.00--10.00-15.00

asmaLguaiesre.ew

        

               spine  proximal diaphysis distal proximal  diaphysis

                    metaphvsis  metaphysis  metaphysis

       Fig. 4. Change in 1 year  of  BM  I) values  for sumo  wrcstlers

Wrestlers with 1-2 years of experience  show  inereased BMD  in eaeh  part of  the

humerus  and  in the femur  diaphysis, but no  change  tn the femur proximal

metaphysis.  On  the  other  hand, all wrestlers  with 6-8 years of  experienee  show

increased BMD  of the lumbar  spine  and  iemur  proximal ivietaphysis,
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Bone  Mineral Density in Sumo  Wrestlers

metaphysis  and  the femur  diaphysis were  eorrelated

with such  physical eharacteristics  as  body iveight  and

exerclse.

  Hewever, as  shown  in Fig. 3, no  sueh  significant

correlation  was  observed  betwedn BMD  values  in the
femur proximal  metaphysis  and  many  phystcal faetors
in this study,  Therefore, it is speeulated,  stampiiig,  an

exereise  and  training speeific  to sumo,  rather  than

physical charaeteristics  such  as body  weight  may  have

an  effect  on  the femur  proximal metaphysis.

  The evaluation  in Fig,4  of  annual  changes  in BMD

in the sumo  wrest}ers  shows  an  increase  in the

diaphysis of  the humerus  and  femur, but no  changes

in BMD  of the femur proximal  metaphysis  of wrestlers

with 1-2 years of  experience.

  Animal studies  by Raab et  ai.i5} and  Katsuta and

Shimegiili) have clarified  the effects  of  exereise  on

cortical  bone. Shimegi et  al.i') have. reported  a

signifieantly  higher total bone area  and  cortical  bone
area  of  the femur  in male  runners  than  in controls.  In

wrestlers  with 1-2 years of  experience,  the diaphysis,

which primarily consists  of  corticai  bone, may  have
been more  markedly  affeeted  by  exercise.  On  the

other  hand, in wrestlers  with 6-8  years  of  experience,

BMD  of the femur proximai  metaphysis  was  markedly

increased, These findings suggest  that eumulative

stamping,  a praetiee and  training specifie  to suino,

affected  BMD  of  the femur  proxirnal metaphysis,

However, further studies  are  necessary  on  the
detailed meehanism  for sumo-specific  exereise  itself
and  its effects  on  bones. BMD  inereased during 1

year  in eaeh  part, except  the femur proximal
metaphysis,  in those wrestlers  with 1-2 years of

experience,  Our  dietary survey  CI]able 4) shows  a

slightly  inadequate  ealcium  intake by  the wrestlers,

However, ingested or  absorbed  caleium  may  be  more

effectively  utilized  by the dai]y push-against  practice
and  stamping  in sumo.  Compared  with  the  appropriate

PFC  ratioi8) Cprotein, 12-13%; fat, 20-30%; and  earbo-

hydrate, 57-68%), the diet of sumo  wrestlers  was  well

balaneed, On  the other  hand, in the eontrols,  the

intake of most  nutrients  ineluding energy  was

insufficient, In addition  to t/he caicium  intake

insufficiency, the balance  of  nutrient  intake was  poor,
and  the subjects  had  no  exercise  habits. These
flndings may  have  affeeted  BMD  of each  bone  part.
BMD  of  the lumbar  spine  in the eontrols  was  94.8% of

the standard  value  for age-matched  male  Japanese.

  To increase  the strength  of skeletal  muscies  and

BMD  in sumo  wrestlers,  maintaining  body  xveight,

adequate  practice, and  an  appropriate  intake of  each

nutrient  such  as calcium  iR the daily diet are  all

necessary.  In addition,  it is important as part of the

health management  of  eaeh  sumo  wrestler  for hirn to

know  his owii  BMD  and  to be aware  of  his diet, This
may  alse  greatly eontribpte  to general health

management  in the stable.

               CONGLUSION

  The  effects  of special  physi¢ al characteristics  and

exercise  on  BMD  in sumo  wrestlers  were  investigated
for 1 year, The surno  wrestlers,  who  have special

physteal'eharacteristics and  do a great deal of

praetice, showed  BMD  relatively  high  values  for the

diaphy$is of the humerus  and  femur  and  for the

proxirnal  metaphysis  of  the femur. It is suggested

from these study  results  that  not  only  the increase in

physique, but also  stamping  in the ring,  an  exereise

specific  to sumo,  and  a  well  balaneed diet may  all

contribute  to the increase{l BMD  of each  bone part.

 We  are  gratefu1 to the master  and  his wife,
manager,

 
and

 
sumo

 
wrestlers

 
at

 
thg

 
Azumaseki

 stable

for the2r eooperation.
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力士 の骨密度に関 す る検討

　　　　　塚原典子 ， 麻見直美，江澤郁子

　　　　　　 （日本 女子大学家 政学部〉

原稿受付平成 10年 8 月 ／2H ；原稿受理 平 成 11年 3月 19 日

　日本の 国技で あ る相撲 の 世界は，特殊 な食生活形態お よび身体的特徴 を有 し，さらに稽 占量

も多い こ とか ら，こ れ らが骨に与え る影響は大 きい と考え られ る．そ こ で 本研 究 で は 相撲 界 に

お ける ，体格，日常の 食生活お よび身体活動状況等が骨密度 に及ぼす影響 に つ い て 経 時的観 察

（1年間）を実施 し，さ らに，同年代の 一般男子学生 の 骨密度 との 比較検討も併せ て行 っ た．

そ の 結果，力 土 の 骨密度は ，
一般男子 学生 に 比べ

，
い ずれ の 部位 に お い て も府意 な高値 （p

＜ 0．001＞を示 した．また，力士 の 番付 け と体格 の 問に関係 が認 め ら れ た こ と か ら も， 力士 に

と っ て体格を増進 し，骨格筋等 の 筋力 ア ッ プ と それ に伴 う骨 の 強化 は
， 最 も重要 な課題 で あ る

と考え ら れ る ．また，入門 ト 2 年の 力士 で ， 1年間で 上腕骨お よび大腿 骨の 骨幹部 の 骨密 度

の 増加が 認 め られ た こ とか ら，骨幹部は体重 や 稽古 （荷重 や メ カ ニ カ ル ス トレ ス ）の 影響を受

け や す い 部位 で あ る 可 能性 が考え ら れ る．さ らに ，入 門 歴 6〜8 年 の 力士 に お い て 大腿骨近位

部骨密度の増加が認め られた こ とか らも，しこ を踏むとい う相 撲独 特 の 運動 （稽古 ）が各部位

の 骨密度 を高め る もの と思われる．
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