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1. Objectives:

Recreational scuba diving has been introduced in Japan since 1980’ s. Though
temporarily diving boom in Japan has already passed, diving activity is still popular in
Japanese. Based on the numbers of certification cards issued in the passed, the number of
Japanese divers is assumed to be one million, including non active divers. And newly
certification card are 80,000 per year including crossover licenses and step up licenses,
suggesting that stable diving popularity in Japan®. Because of average diving experiment
of recreational Japanese divers are around five years, the number of Japanese recreational
divers is estimated to 280,000 to 300,000, in 2004. In Japan, there have been very few
investigations into the incidence of DCS among recreational divers. Most of those studies
were based on the number of divers consulted by a physician in a hospital *

The aim of this study is to clear the status of recreational scuba divers in Japan for

promoting more safety recreational diving.

2. Methods

The subjects of this survey included diving instructors as well as recreational divers.

Recreational divers were limited to divers in either of two categories' those possessing a
C-card and those who had gone dived at least five times.
Data for this study were gathered prospectively from questionnaires. They had been
completed through random interviews with divers. These divers were enjoying diving at
the most famous diving spot in Japan, the Osezaki area on Izu peninsula. We have
obtained informed consent from the divers.

The data presented were collected over a six-year period from June 1996 to October
2003. We have performed random interviews twice a year, every June and October. The
total number of interviewing times was twelve during that period. Since our survey based
on random interview, and the number of divers at survey area differed in every time, we
therefore could not collect from the equal number of questionnaires every year.

Data collect=d included age, sex, years diving, total number of dives, dives per year,
experienced maximum diving depth, and diving activity on day of survey.

We categorized the diseases associated with diving into nitrogen narcosis, barotraumas
of ear, barotraumas of paranasal sinus and DCS. These are the most common diseases
among recreational divers'™. However there were some divers who often experienced these
diseases, or experienced more than one disease at a same time, we inspected the numbers
of divers experiencing at least one of any diving disease and calculated the rate of divers
who contracted one of any diving disease.

Similarly, concerning DCS, some divers suffered from it repeatedly. Therefore we
investigated the number of cases of DCS developed as well as the number of divers who
have suffered from DCS.

To obtain the ratio of DCS occurrence among divers enjoyed at Osezaki, we performed

the calculation as follows;
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Table 1

Diving activity and incidence of DCS among
divers at Osezaki (1996~2003)

Number of divers 3,819
Average period of diving activity (year) 4.92
Average number of dives per year (times) 61.9
Average number of total dives (times) 410.2
i)CS developed cases (cases) 82
Rate of DCS developed cases 7 1.89 %

(DCS developed cases/Number of divers)

DCS occurrence among 3,819 divers 19,104
(Number of divers*average number of total dives/DCS developed cases)

Table 2

Average number(rate) and types of diseases associated
with diving at Osezaki (1996~2003, n= 3819 )

Number (rate %) of cases of

Nitrogen narcosis (%) 442 (11.6)
Barotraumas of ear (%) 406 (10.6)
Barotraumas of paranasal sinus (%) 208 (5.6)
Decompression sickness (%) 72 (1.8)
Total (cases) 1128 (22.4)
Divers investigated 3819

Number of divers experiencing at least one of any diving disease 774

Divers experiencing at least one of any diving disease (%) 22.4
(Number of divers experiencing at least one of any diving disease/Divers investigated)

*Diving diseases include nitrogen narcosis, barotraumas of ear,
barotraumas of paranasal sinus and decompression sickness

(1) Counting the number of dives by adding up all the number of experienced dives among

reliable responses from divers,

(2)Calculation of the ratio of one DCS occurrence in proportion to numbers of dives by

dividing of the number of DCS developed cases from the number of experienced dives.

3. Results
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Figure 1 shows the general picture of Japanese recreational divers. The total number of
divers were 3,819 (J3:9:=62:38) and the average age of them were 31.448.2 years old
during the study period of eight years. Average period of their diving activity was 4.92
yvears and they dive approximately 62 times per year. The number of diving experiments
for each diver was summed up to 410 times in total. Calculated DCS developed case was
82 including 10 plural suffered cases. The incidence of divers with DCS was 1.89%. It was
equivalent that each diver faces to the risk for DCS suffering every 19,104 dive among
3819 divers.

Figure 2 summarized the diving associated problems among investigated subjects. The
most frequent problems was nitrogen narcosis followed by barotraumas of ear. The
number of divers experiencing at least one of any diving problems was 774 (22.4%).

Figure 3 shows the annual number of DCS cases among divers at Osezaki. From 1996 to
2003, the trend of the number of DCS cases looks mild decreasing, whereas the DCS
occurrence rate tends to be slightly increasing, especially after 2000.

We have compared the proportion of each age group between all divers at Osezaki with
DCS patients at Tokyo medical and dental university (TMDU). Figure 4 shows that the
peak age group of DCS patients is from 30 to 39, whereas that of Osezaki divers is 20 to
29. When it comes to the proportion of older than 50years, it accounts 6% among DCS

patients whereas that accounts 2.5% among Osezaki divers.

4, Discussion

This study shows that although individual divers are extremely unlikely to experience
DCS, it is likely that one case may arise per week in centers such as Osezaki. The average
maximum depth of diving was 37.4 + 12.9 meters.

DCS is known to occur from the bubbling of supersaturated nitrogen in a body due to

* % and seems to be caused by imprudent diving actions.

inadequate decompression
According to textbooks of commercial diving instruction organizations, recommended
depth is shallower than 20 meters for beginner divers, and shallower than 30 meters for
more trained recreational divers in Japan *° On the other hand, the average maximum
depth of diving was 37.4 £ 12.9 meters, a finding that suggests Japanese recreational
divers tend to dive too deeply. Not only DCS, but nitrogen narcosis can be brought by such
deeply diving. And we insist that diving depth must be more strictly controlled.

Usually, DCS symptoms are thought to develop within two hours after the diver
surfaces *”. However, we reported that DCS might occur even more than two hours after
surfacing, when divers are moving through high altitudes by car *". Moving to a higher
altitude shortly after diving can cause a development of DCS " To return to Tokyo,
Nagano or Yamanashi Prefecture, all those who dive on the west coast of Izu peninsula
such as Osezaki, have to cross over highlands reaching 400 m above sea level. And we
have also reported the fact that 76 ~ 92 % of divers who dove at Osezaki have to move to

a high altitude after diving on way to home®’. This fact may strongly suggest a heightened
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Fig 2

risk of DCS, even if more than two hours have passed after diving. According to a report
of DAN Japan, (Divers Alert Network in Japan), which operates a hotline for recreational
divers, showed that 25 % of divers suffered from DCS had moved to high altitudes, namely
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more than 400 m above sea level, after diving'®.

Based on our consideration of the relationship between the incidence of DCS and the
number of dives, including cases caused by crossing through high altitudes, DCS occurred
at a rate of once every 19,104 dives. Arness'® reported DCS developed once in 7,400 dives.
On the other hand, DAN' and Wilmshurst'” documented rates of DCS showed 1 / 10,000
and 1 / 20,000, respectively. These reports can agree with our findings. However, the
aspects related DCS seem to be changed recently. The number of a so-called “Mild
DCS"case, which shows just numbness or paresthesia, are increasing, and such cases push
up the total number of DCS cases. The average incidence was about 10 per 10,000 dives
and 1.3 per 100 divers from 2003 DAN report based on the data of 2001. These reports
throw doubt on our data as well as safety diving activity. Facing that such aspect, we feel
the need for another approach to investigate the diving injuries. Although we did not
examine the influences of altitude to DCS in this questionnaire, the relationship between
crogsing through high altitudes and DCS should be more considered for estimation of
occurrence of DCS incidences.

When we focused on divers age, peak age group among DCS patients at TMDU was
higher than divers at Osezaki... In this context, we regard the divers at Osezaki represent
the general picture of Japanese recreational divers and DCS patients at TMDU represent
the characteristics of divers contracted with DCS. The proportion of the percentage of
divers more than 50 years old among DCS patients was greater than the percentage of
divers at Osesaki in same age group. In 2002, I investigated more than 850 DCS cases on
Hawaii from 1983" , I also noticed that increasing of number of DCS cases among older
than 40 years old. These finding suggest that aging is one of the risk factors for
development of DCS.

To prevent the development of DCS, we propose to make use of inhaling oxygen
positively after diving or to keep waiting some hours before crossing through high
altitudes, otherwise, diving with nitrox ( a mixed gas containing 30 ~ 40 % oxygen and
the rest is nitrogen) can helpful for the issue if they use air dive regulation. However, it
should be realized that the most important matter is consciousness of every diver for
safety leisure diving.

Ear trouble was common among recreational divers, and our results shows about 10% of
divers suffered from barotraumas of ear. Divers, especially for nobis divers need to learn
adequate way to equalize pressure at middle ears. And we found that more than 20% of
divers experienced plural diving troubles, suggesting that the situation is not easy among
Japanese divers.

Finally, we would emphasize that the results of the present investigation may contribute
valuable educational information for a safety guide against DCS and diving related
problems for Japanese recreational diver

Conclusions: This investigation revealed that the status of recreational diving in Japan

reaches almost full growth. Though the divers are getting conscious to safety diving, the

-65 -



risk for DCS suffering is still not easy. And it is obvious that divers must be

conscious for safety recreational diving & hazard of diving associated diseases.
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BFE~OBEINE, BIho Tk bizwn,

%R BIE

1. 2RI EBAD NI AL, BIRoTHRHZRLRZWY,

2. 28A ML EofafEk (ME, BEZED)IE, BZRoTidin,

3. BAFIEKIMEERTH, WALRAMBAKICEL-HR:BE RO P, B
BAREBLRoTIREBARWY,

ERENTWRWE S T, #ET0RRIIEREMCTETHY | il s &T
B
BBREFHLTCHDHIEARESHETIE, 47740, BEVATLERL, EEECEKT
BELTVWET, ZOFRGEEZMIEERVESIE. A7 =0T, #EERN(7—
H—Ip EVEBRICEDBRZHZLIZLTWET (F4),

Q) V—T=zAf R HTFAL X+ T —(SS.A) :

TRV OKIE 40 ~ 50m), H2WIEEEFMEE Dickde, ¥—T=4R - H 754
RXex7—%2HMBALET, CORARBES Y 27ERAELET,

FEEE ('03.), TR A N—NBEETHRELELE, TOR, BEFZ7EIEELTH
DELEN, EX2RETESY ECATLUE, BETI, REBELIFATES X512,
ERDENTWETRH, FICRARTE5EHE2EBLLAETT,
KPTCOBELSLELTIHA, £7203 40m UEOEAKIEEELZBZ R HYHEACE, F
—F RN AS EREEARRAT - VELTRETS(XS),

@B) Y—T=xzA A HTFA I v rA(SSM.)
RANAEK(SSM) L, ARBEEBAKEZITOBETH, 5§ PO TE2EZOLEFENYL
ET9 (K 6),
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B4 fAFEKEZRA LB & EIFEEOHRE

BEZ, BERBHHSZ2TRRONNLTT, USNavy OFERTEH, BADOBIERT
b, 100%ERRBER TR WVWNETY, BERICHE T ZEKE L THIBEE O FIER
B 05%THDEMRESNTWET, Fin Nk, EIRTRE, Z ARV, EFEER2YD
ERARORIZE, BEEORERII®EY 9, BERET TR, ¥4 7arvy
2a—FIES>THRE LT, 95%FEELELEBVETH, AHFRLRETHE kLTS
L. BB 0.5%M, SBICHEE D ERBT & TT,

(4) NN RE A E LS (BB

NI UABEAL Y TiE, ATEBAKY 2T L %FA L-EafFROEATY,

R EDOBEZ I ANRN—DBAEL, MEENET, SNV OKPR L R—F) 2 HEH
VIR EFyRT LU ANAANTARNR=BBELET, SNVICR-THMOWER ~BHE) L,
AP BAMTH TIEEZITV, NVICREDET, FA N—REo TNV EMICE & BT,
BEFV Ny Fr 7L, MO ETRIEFEZ LET, BIEDS, BREEZFHALET,
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B5 5l& BT b RER

R9 W&z offshore 4 N—DRBEERKER £ 1

AKE ) | FA X% | BEESEE | BESR %)
0 ~ 20 9,115 1 0.011
20 ~ 30 8,529 4 0. 061
30 ~ 45 6, 368 7 0.110
45 Ll E 713 2 0. 281
A& 22,725 14 0. 062

FAN—OREEHEMETITXDORRARDH L ET(E T,

(5) fiaFnigk

BB L OEWEK CHARMBAS AT LAZHBALET, VAT LAOMES
EEEEHRIEERSIRLET,

LYy — A N—OF L, RfFEKCE L CREEEFRESN LW ERNETOTARE
A LET,
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*10

B XN/ offshore FA N—DBELERER T 2

ARE (m) | A —% | BEEMSFEE | BESE O
30 ~ 45 534 0 0. 000
45 ~ 60 972 0 0. 000
60 ~ 70 716 2 0.279
70 ~ 80 499 0 0. 000
80 ~ 90 5 0 0. 000
&&t 2,726 2 0. 0731

#11 FHEHINT- offshore ¥4 N—DBEERER %0 3
KEE (m) SATE ¥ AN~ RS | BAER (%)
30 ~ 60 30 79 0 0. 000
60 ~ 80 46 221 1 0. 452
80 ~100 8 19 1 5.263
100 &L b 30 0 0. 000
&k 90 349 2 0.573

4. AHMBKETRERBIE LT

REHROF & EFictafmEAK 27T ASATD ZFALE LR 4), 4 BoRfEkis
BOELT, Bl&E EWFE L, M5k, —BRICAHENRTWVWIEETYT,

| BlofafiEAz 5 ARRE L, 9 A CRiH 4 HoamEkziTv, Sl LFbhvEL
Too REZOX D ZELIT 1 HOMMEKTKOLTZ ERHEETE, ARV —X 7K
STl OESIWTLEWE LTz,

5. 1 58 K O BT iE S 4E 3R

ERWKICBITDWEEDORERIIR 9IRT LEEY 002%TT, 7AU WFE
(U.SNavy) DHE TiX 0.045% & BBREESTHYF—F  FRERLTWVWET, REE K4
DL L EZTH D EFA, 2 TEHOEKIE | BIOBEREREL LY, BFHEHIZLTWUT
BRLEEADTLL I R ABREREEOBRREL BRI LRIMEE 2D 7,

# 9O THMNDE DI, KEN 30m UETIHBEERED Y A7 XEL< 25 L EME LR
FhiEie o A,

)b F A E L BAKEE 30 ~ 90m EHE T, 0.07%DFIERT L7 (X 10),

FAFIE K ICB W T B BEEN 2 RELTWET, BERIT 05%& R0 T (GE 1),
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F12 KEEBICRBITATBERBE X A N —OBEKRBEER b NS HE SE 2 5E 2 (1996~2003)

TH A N—H(N) 3,819
BEREH (F) 4,92
Tk B84 () 61.9
E KA () 410. 2
T S TR AR () 82
PESE S GE SR (DCS $/ & ¥ 4 N —3FE) 1.89 %
W i FEE 3R (DCS %/ &k = %) 19, 104

F13 KR ICIo T 2 MAEGE MRAERE (1996~2003, n. 3,819)

WK IEEDOTEME 85 )

= FE (%) 442(11.6)
HOEBEE %) 406 (10. 6)
RI&EDOEEE %) 208 (5. 6)
WEAE (%) 72(1. 8)
KB 1,128(22. 4)
MEXNB T A ¥ 3,819

1 BHldH- v oikE 774

FEAE R 22.4

FA 7 arva— 23 EZf22b0 TRV EREBINLTWS EBRWVWET,
REQRFIEDT DD, RERERERMEZ LVHERT 20T, 5 SRORBEZRE
Té \: & 75§‘JZ‘EVC‘TO

6. HRDL U v—S1/\—DE)fE

RRERERRECHATHEELBTLET,

HE, FHL TV VP —F A RN—HEFRK0FTALTRLTHET,

WEEORKERIL, 8FEMORKEMENETKROBY ST shTWET,

KU 1L, ERIZIE 1000 AR O F A 3=2, DT 2km BIEOHERICEE DS, HR
MEZERLUTOLEFEELRWAR Yy hTT, #HRARERKOFAE L T7ARy P THDLEX
A

AL, HEEMPBERICHAME, BEFSANN—ZT7 v r— e BEWTS2H &Y RE
ELTWET, A= ZBBEWNT2MERMIZ 1L AY7ZD 5~102TY, ZOWEZ
FLTKOE 2 BTV, B 16 AT o T LIZR D T, TOMBEERFICAM b0
MFE 12 TT,

DCS i&, &, DCI & EbNTWE 9, DCS(decompression sickness) (&, WIELE 2 BIE L
TWET A, 10 FE-FTH B DCI (decompression illness) & i > TWE T, A /L3R X (illness) b
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4 (% ) 5
—— 5 b B (A )
@R (B CE ) 1 a5
12 = e T (56 bR (A5 )
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0 L
19964 19974 19984F 19994 20004 20014 20024 20034

X6 jtﬂeﬁﬂl%}&“%/\‘—c:isﬁz DCS FIEHH D ER MR (199672003, n=3, 819)

HRERER AR

E40~49

B 50~59

7
K I

M7 FRIXER R KFEEZTHBRBEO DCS B &
REIFIZB T DMERR S A - OESF KXo

v w7 R A (sickness) bR Uiz BbhE 42, o, Bl IR oRBEE
T, ZOERME., WhOBBEER O, BIRY X ERIE (AGE, iniRE) hoh, ZW
SIEREIZ O W, DCL L E>TWET, 7272, DCI TH DCS Th, HEFEEFERL
BIRE S, RREF 6 HHEVET, BEEDOHAITIRREZ 62 I —ABNENTT N,
BRF R T, ,

BEEORERIT, BEABICHT AWEEOCKRRE . £ IXRE AR OBEKEKIC
ST AWEEDRBREDLBO 2 DBVDOELFRIH Y £,
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