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A Clinicopathological Study of Chronic Spinal Muscular Atrophy. Shiro Matsubara,
Department of Internal Medicine (I), School of Medicine, Kanazawa University.
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1b) 46, EAIEREER 3R O Bo4E % 14 O B BRE
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Table 1 : Summary of clinical features of patients with chronic spinal muscular atrophy

(1) (CSMA).
ase Pedigree Age Relatives Consan- Age at Duration
:umber numbgr Group Sex(Yrs) affected guinity onset of illness (Ig5 1) EMG Comment
(Yrs) (yrs) n
1 1 Proximal M 10 - - 1 9 653 MN
2 2 M 17 m.sib. - 5 12 570 MN |Congenital
3 M 10 m.sib. - 3 7 397 Mn - nystagmus
4 3 F 38 moth.,aunt + 33 5 147 N Strabismus
5 4 F 41 fath., m.sib. - 34 7 294 MN
6 M 36 fath., f.sib. - 2 34 506 MN
7 5 M 30 - - 17 13 351 MN
8 6 M 33 - - 30 3 359 N
9 7 M 26 m.sib. - 9 17 309 MN
10 8 M 35 - - 9 26 249 N
11 9 F 37 f.sib. - 23 14 218 MN
12 F 34 f.sib. - 29 5 92
13 10 M 40 - - 36 4 1268 M Tremor
14 11 M 40 - - 4 36 590 MN  Incomplete RBBB
15 12 M 43 - - 25 18 2880 M Atrial fibrillation
16 13 F 29 - - 20 9 818 M  Osteopetrosis
17 14 M 31 - - 16 15 92 MN Depression
18 15 F 40 - - 30 10 980 M
19 16 F 46 - - 36 10 2420 MN
20 17 F 47 - - 26 21 132 N
21 18 M 48 - - 40 8 336 N Bronchial asthma
22 19 F 54 nephew + 16 38 319 MN Scoliosis
23 20 F 50 - - 49 1 408
24 21 M 45 - - 43 2 37 N
Keys M:male m.sib.:male sibling Normal value of M: myogenic change
F:female f.sib.:female sibling CPK: male; 48-176 N: neurogenic change
moth.: mother female; 38-107 n: slight neurogenic
fath.: father change
RBBB: right bundle
branch block
(1)
Case Pedigree Age Relatives Consan- Age at Duration
number number CYOUP  SeX yroy Lffected guinity onset of illness (§E5 1 EMG Comment
(Yrs) (Yrs) m
25 22 Facio- F 26 m.sib. - 14 12 267 MN
scapulo-
humeral
26 M 29 f.sib. - 17 12 202 MN
27 23 F 27 fath. - 11 16 85 N
28 24 M 59 daughter - 40 19 104 MN
29 25 Bulbo- M 42 - - 23 19 401 N
spinal
30 26 M 41 m.sib.x2 - 36 5 1053 N —Duodenal ulcer
31 M 55 m.sib.x2 - 20 15 477 ~n lrenal stone
32 M 51 m.sib.x2 - 35 16 1100 Subnormal
3 27 Distal F 22 - - 21 1 155 7 N
34 28 M 26  m.sib. - 25 1 209 intelligence
35 29 F 28 m.sib. + 25 3 106 MN
36 M 29  f.sib. + 10 19 265  Mn—{Subnormal
37 30 F 43 - - 26 17 70 mn intelligence
38 31 F 29 - + 15 14 N
39 32 Scapulo- M 40 - - 34 6 291 N
peroneal
40 33 M 48 - - 41 7 96 N
Keys M:male m.sib.:male sibling Normal value of M:myogenic change

F:female f.sib.:female sibling

CPK: male; 48-176 N:neurogenic change

m.sib.x2:two male
siblings
fath.:father

female;

38-107
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* Table 2: Results of quantitative study in muscle biopsies from cases with CSMA
and other neurogenic muscle atrophies.

rrence frequencies (standard deviation) are indicated in percentage.

In the columns with asterisks, the occu-

IQIOTypeI fibres

80
60
40

20

Total Atrophied
fibres fibres

Figd4. Proportion of type I fibres, in total and
atrophied muscle fibres, observed in cases of
proximal group of CSMA.

. large
number atrophy | central nuclear |split group

of cases|rate * | nucleis vacuole's clumps « | fibres | size Jroue

Chronic spinal 32 31.0 16.0 2.84 2.88 1.02, | 4.75 0.0988
muscular atrophy (23.2) | (17.9) | ¢5.79) | (3.32) [(1.30) |(5.31) (0.0907)

Proximal 20 23.6 12.8 0.72 2.07 0.79 | 3.79 0.105
(19.8) | (16.3) | (1.89) [(3.72) |(0.99) |(3.87) (0.104)

Facioscapulo- 3 29.2 3.19 | 2.5 1.03 0 2.0l 0.028
humeral (40.9) | (1.79) | (3.82) |[(5.35) |(0) (L.45) | (0.0254)

Bulbospinal 2 as. 27.1 0 1.25 0.70 | 6.64 .138
(PuThose (26.2) | (31.8) | (0 (0.78) | (0.99) | (4.62) (0.0262)
Distal 5 45.2 18.2° [ 12.9 3.68 2.36 | 4.50 0.0719
(10.8) | (10.8) | (9.05) |(2.52) |(2.00) |(3.11) (0.0514)

Scapulo= 2 64.7 50.7 2.4 7.90 1.8 [17.2 0.174
peroneal (13.5) | (4.45) | (1.56) | (0.14) |(1.56) [(12.9) (0.0648)

Amyotrophic 1 29.1 1.57 | 0.24 0.12 0.16 | 2.68 0.053
lateral sclerosis (13.6) | (1.65) | (0.33) [(0.27) |[(0.204)]|(1.35) (6.6228)

Spondylosis 5 52.3 2.88 | 0.30 1.30 0.08 |23.1 0.40

deformans (15.0) | (2.41) | (0.28) | (0.66) }(0.179)|(13.7) (0.120)

Charcotfuarie- 5 36.7 19.5 2.05 1.97 2.13 6.28 0.131
Tooth disease (15.4) | (19.4) | (1.17) |(1.82) [(1.99) |(4.91) | (0.0908)
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REITHERRTH - 7.

Il \EFRR

13 B T1F - 7 BEERVERE T3 LEEAT B & FIHE, Ak
HEAREEOEHORBRE CESIMcENDIE o, &
REWZ 1, 288, lipid body, myelin figure % £ DH
HABECEND T,

BRI o AR OREIC R LIE L IEE L wHA
HHD, \ERKER > T (B5-a), ZOMOBH
DELEL TR, BEES L UCHBEEO—H»3EH
MBI CHEAT B split fibre £ Bb L3 FIEAERS
iz, WEMEOEIRSHTH - b8, myfibril D
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2L, I RARBDOTEEMNM O LEZ SN2,
FIF SOV FRBIZ DWW T, L WS RS
T BEOFERE, MECPK O LR 2 8% LT
FThdd, Zhsidudhns &HEHO BS #TX
RS ERELEZ SR IFACEEL (K-
c), A—mBCET2bDEE LN, DECIRYE
REGELERBGLELAONBBMNE TR TV
V349, R IR R AR ST & FE Y O TRE
TR E EN T 24949 SP Bz DWW T b Bk
EEMED E HFEYOIREBROBRED H 3 58, &HF
KT 261 L YEREFTH 72, Emery*®iz CSMA
PHREFERIC heterogeneous RREB L D 22 2 & %
L, RARHATH INEXHTIRETH S T2,
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W T 2 ARHLIC CSMA 2B D spectrum & L T
HETRMICRNERBE UL L LEBEHIC
heterogeneous TH 3 Z & &, ZTO—FOERB
HrEEEEELODD2E L LT 1 20 spectrum %
WETAILBLTLLFELELEBbh 3, Mar-
sden®™ X /11493 2 5 L BB 54 L BERRO
WECES SEEREL:, )

WKW OfEFITL i LIFIE CPK »E{E 27T 2
LRI TIHMES LT VR0, — i BEIRRE
6 R EC, Nambas iz L ilid 2% T 1/3 Ofl
TERE 720, REERC I D ZORBCENHD,
BLIRERSEFERI T 25% W L, BRAFEIESITIL 66.7% T
Hokr LT, FHEGAIRKBIVEARERNT
Hot-MTIS%ICEEEA L. ERTGHO CPK
o isoenzyme T MB 92 WKW CTIER LD H<F
T3 T kit Goto SUREL T3, KFIERHT
i3I CPK fAVEMIEA R A EE %R L 724 T isoen-
zyme DEE R T2 5 b D 14%TMBIFEDBE
28w, TOEEELTIE, MBEBBERDOES
FRIUVRADOLBREET S tnb, HOBEER
HOLHEENRTESHL L TEZ oA bOD, HHl
DEEH Y,

HERIC DT Kugelberg & Welander® %3 9§D
BRERSATHREMEELETEHL TR, BHED
LT X0, ZORWNMEDOKE 3R eHElLr
v, EERHREERORENEL ORE CE#S
Twa, HEE2 38 HR 76 (18.4%) WHRMEEL
B HE DD, EPFEETIE 38 Fith 22 B (58%)
Flbra Lol

Wohlfart® i3 BEiZ 1942 FEOIRE T, EMREIOHBMF
BIRR R &R, MHERM Oz THL, 20,
split fibre 2 Y OFRBELOFECEE 2L L
7z, Z 0% Tsukagoshi &% FEI LD BINP
BIER S UNIMEBEORE £ 5# L, Pearce & Ha-
rriman®? A REELODIED 4 FlEREL, T
BEC L2 RNECTH 2SR RE L. Gar-
dner-Medwin &5 13 e 5 Gl THIRHERELE 45
Lrbiz, 2T, BB OKBOBEHEET S
“foetal fibre” %2 7z, Namba 553 BEH 7 £
L SCHRRL 375 % BB EF U 199 i AR S Y o 1R R
EHBEEEDRESR AL L . FFRFATED:L
RO FEEE O EHESRME vk, BEC Wohfart¥»s5E#i L,
Pearce & Harriman®?, Gardner-Medwin &% X U}
Mastaglia & Walton® iz & > CHBEENL T3,
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DAOEREBL, WKW TRERSE -, EXRE
PEDEBERBESTH—CBET 52 L 218

I

7z, ERERTR OB MESIOERE & bR
Ao Xk, AR WKW L ALS
OFEREHEL, FIECRBECIL, dliZen
IBEAEOHEENEL L IEBVWEREEL. bha
hs WKW Ol OE & LT L7z 12.49%
OlER, EFEF PEIC BT 58 128% & &L {—X
LT3, ERBEEBEOSMICOVTHRIE "Bk
nEERZL, RAIE UCEMY, £aMH, UxAMcH
BWTazeiahwn” cm#EL.

1966 4E Dubowitz*®id 5 1D WKW & B h 2 /)
IR ERD 2 AN ICRET L, —ERDRHE T fibre
type D SMEDTBER TH - 12 BASL, fibre type IR
LR Z Lol L2 HEL L, T Haus
manowa-Petrusewicz 5 ®{3 fibre type grouping &
target fibre ZBFHAIZE{L & L TP %, Mastaglia
E Walton™ iz EEHNBINEERILFERAT
WEKWI7 IO ERERE L 2R, HREEL:
88% iz & & &, FrzIiE CPK EREOHI, HiEXE
BREECERLHTEHAETH > 2B, fibre

. type WEBRMAEBE L ronEBEHRE L, —F

Dubowitz & Brooke®”iZ fibre type grouping % L I3
LiEa &8, —HCi type II' predominance 784 -
Fze$ B EEBIT, central core, target fibre, coil

‘fibre 2 % & EHRMEPIBR DO RE, & 5 TR

fibre splitting (DTFETE % 50 L 72, RIRT Ik HM 55958
RAEOBHEE L,

WKW 254 2 O BHMEEDO R DV TIRRE
KA OBEYD- OV H Iz Ty, LrLERS
OWENBRE W~ T 5 mA8Eh-o Tz, K6
LT B b, TR ORI RIX Roth &%
% Adachi 5ODEE L 72 H DIWCHEMIL Twr7z, Ada-
chi 553 I-band DEU N —HORBE CTH o7 2
ERBRTBY, ZOELELL Tz, cytoplasmic
body (CB) {2 W. K. Engel®?i & » BHDEEHEIICEH
2Zxh, DWW T Macdonald & A. G. Engel®®iz & %
EFNREORBR, HUEYECHERT 5 2 L8l
Mkl o, FEFMEA O myopathy -9 TEICHE &
NTED, MHEHHERBETORE IV & %, WKW
TRIBEE R TV, Zline WEH¥ED rod ik Shy
S0 L 0 AL, %72 Conen 55712 & D EH
BN &2 AL EE S ule. £ D% myopathy 2 E &
TEEROEBTHREZI N TR WKW T
Mastaglia & Walton®23E{BIOZE L% spreading of
Zline ¥ LTEHEBHL T2 TELWL, CSErodd
R DS O KRS HEHED myopathy 2 B 58
BTHZILED, IS CSMAKBIFHVHY
IHEEECO-BEe TAREESEEZELSA
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B,

sarcoplasmic reticulum  (SR) o lateral sac
$79-"transverse tubular system (T-system) OB
K™, 8B LU T-system FHIR L & 2 4.3 honeycomb
structure® D HIIT TN b BFBEOEH L
BHECHEINLZELTHY) WKWIZDOWTH
SR O lateral sac DFIADIME & LTV 2950, Fiigie
P30 mitochondria MBI D W TIXHER WKW T
id, cristae DO, RFTHETE, osmium #F
BEHAGEIR EORENRES LTV L, FFEFT
B, ERCREFPVERICINZ, RABOESHEHAL
DEEOIFATA O, FABOEREHTAEIZ
mitochondrial myopathy®®, 31T \AR FREEsD S,
HRUEHRITRE SN T B, TOREBFERT
BT®%. Reznik*™ i3 FEdk OB CREROZEL %
LLTW3, BHRENTE, BRRBIZBVLTRAY
BRTOBEREEN» S BRNFEELI B LEDbATW
27, CSMA T & 1% mitochondria % 13 U FE %
OEBELSFEELL EBbh 2 ZHE2ED 2, auto-
phagic vacuole i3 U If Ui myelin figure £\, D
HTRINS PRI REE» OBBEETH - 72, [k
OFrRIZ distal myopathy THHE X LT 389,
CSMA @ D #t & distal myopathy I3, EHRETHE -
BUMBHEREE - W) S TIRENML TS D, MRER
LHREDOERDHZ OO, HFRICLET 25
HOHTEEELEZ N L S,

FREFI TR IR OFHHEDOELD 5 b nuclear
clump ¥, WKW T foetal fibre’"ED&HTHRE &
Wi B —8 T %, £EEEDE LV indenta-
tion &, ZHIZHES sarcoplasm O —EDERAD in-
vagination i Mastaglia & Walton®?iZ & H BlE &
NEELE—BT 3. 2O, BERIBHRGSR
BEEMEYA b o7 4 —OTHLREINTW S, A
RETRHEBEOEFERE OV TERNRE 2R 472,
DL D RHEN WKW T 75D R IIRR T T
Ho, —RICHZEEERED T, hoMBR/NEE
KHURBERET 2 AR5, BuFBEi-r2
CSMA T, itg D 4 2 HIRIPY I S IR EED 5 2
BER T2 2 L%, ERe LTHESND,

MEOLLI 2R CHRIEZZ L v, BEOM
Bos e HEM O empty folds®® O & 13 B 12
WKW T#H& s T3,

LED & 5 ko RBEsMFRR L 0, CSMA O X%
ROBHEMBFNHY 2B L IAETH 2>
B, TERMREFREHEME S CEEREO S £
DR, FEEGI & D ERH B 2 LS LT
%. Mastaglia & Walton® i3 B A#llaf& %= Tl 515

BHRGE2ORBOBERTR T 20 L, i
BEE CHERREBEME 2 2,3 08IV 23
MNEEETET 2EASH S LIER L, COEDE
AL L THERREREOZCEE L. —7F, BE
5888 3 H AR E TN A LS HE O /NEEE R SR
L, FiREE CREBEOBHEREL S RBESERES
AU, RIBMEEECR/IELEE s —E
2R L THIE LHREEERS B - L e gL
7o, ARFRBIE 2 eNtT 5 &, HILORTA, #i
R, REHEREOSMII, PHO1E, 28, 380
FNEHBT2EM8E o7, /- DEE SPREIIK
MEREE L EBEA2EL T, BRNLERKD
W, PO I>OMETARY, ERESc 38
HTEEBEDERA L Do T,

22T WKW O@EDHBRBEZ DL TR T 3
ZENEBEEbh2, BEET-IGOTHOH 2
b DK 8 Fliz 3 & g 128059890-03) Welander® it 1 4
B THBIAMROZE Y %84 L, Gardner-
Medwin®® i3 RI#IfE 250 A LK LT Wiz LEE# L
7z. Kennedy*® 2 A #lilan F# 0 izinz, Bif
D gliosis, FEEATAR O BRERME O, RIBHR DIRHE
OB % & L, Kohn® b O 2HRE LT,
Aberfeld & Namba® & 3RER & IRATFRE 2 - 2
T, HHAIAME L, BRWEEESOREEOED
BOMIBICENE 2 &7, SRS Az
ETHEEOMRMROEN - BRELWEL, 728
BODRIRIARRO S b COEIIEN 2 2 &
BRDTZ D LS CHMZHIEDEIES EE R 2 T8,
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—HT 5. 20L& SRR REEEO BB TET
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AHFETid CSMA 2ERIRIY B X URSREESAIC &
FlatrEL, ALS E0EE) neuron FEEICELIT 3
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#9214 heterogeneous REBA THE 2 N3 28, motor
unit RO R2 2 5% B85 T —H#ED spectrum % % T
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BroBGz  PTHZENRIESVOT, SBRECRK
HolhErEZ NS, .

# R

RERETT A AR 2 R L, BNEHERE
FEAE (CSMA) D& Iz~ T % 40 flic D &, ERIRME,
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BRERE, BLURFATT>LHERFTREERIIL
7o, HEMRERO, EFHENERATE & —BREEN, g
b, BENZRTZITH, SREMHEEELRT
HOBB LU, 0 FEBHBEROSHICLD, &
{iBE 24 5, BEEE PR LI 4 4, BREBERE 4 00, Efr
B6FB LUERTREE 2HICHMAL 27, BERR
oW TIEREASE, BEEL L U X REEES
HrifEshafinarooh, WEICIDRLSLHE
F%EF L, MiE CPK & 1ZH 80% CRE» &5 &
EWENLTE Y, isoenzyme OHIE Tld—EF iz MB
SEDEIN%E AT, HER LI HRREEEL L R
EDBET 2085 HE LY, ~HTuFnr—7%
DHOFRER,

BEREPIT o 2B THEREELE wbY
BHREEEED 2, MEORE W REAMTK
ERERDoT, TOEDKEVI EIFFLERED
HEECOEET I ST ok, 2LBHEREOR
BT ABEOHBECIODLTHEHNMOENE Lo
Jo. LR AR PTETESE D RE, fibre type
grouping, 22z #£ 5 72 myelin B E O FEE L £ b8
BHEECA>N, BENIC H 2, cytoplasmic
body, rod DFEL, FEX O mitochondria DRE %
BHEATROBEDRE 2R THMRSDE S, Bow
T3 nuclear clump ®#HFE D invagination 2 £ D
LR BE L, SRR, EEE T L,
RERMOTLISHTH oL, BUBLE
FTR#CREREE OB ERL A S .

PQEDRRR & D, CSMA »31# {% B 12 i hetero-
geneous T3 % 2%, motor unit WO R4 2 E6 %2 THF
Er+5, —HEO spectrum %% THRBEETDH 5 AR
Hizo &, XEMPEREMA T, WETL .

REegsche, HEEERMEEBY £ LRBER
RCEHRL 27, 2 -REBULEES L HRMERDL
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gLET, SoXHBNES £ LLRREMERRD S UK
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Explanation of figures

Fig 1-a. Proximal atrophy (case 24).

Fig 1-b. Facioscapulohumeral atrophy (case 26).

Figl-c. Bulbospinal atrophy {(case30). Gyneco-
mastia was also noted.

Fig 1-d. Scapuloperoneal atrophy (case 39).

Figl-e. Distal atrophy, accompanied by less
severe atrophy of the proximal muscles (case 37).

Fig2-a. Proximal group, type I; numerous small
groups of atrophied fibres, formed of 2to 5 an-
gulated fibres, were scattered (case 11). Haemato-
xylin eosin stain (HE), X 400.

Fig 2-b. Proximal group, type II ; the atrophied
fibres often formed large groups. Some fibres
were extremely atrophic and had relatively large
nuclei (case 9 ; HE, x 100).

Fig 2-c. Proximal group, type III ; relatively pron-
ounced myopathic changes were present along
with neuropathic changes. Atrophic fibres (mark-
ed with a triangle) were seen between the
unatrophied fibres which showed numerous in-

I

ternal nuclei and occasional fibre splitting (mark.
ed with an arrow) (case 10 ; HE, x 200).

Fig 2-d. Bulbospinal group; a mild degree of
myopathic changes was suspected in the presence
of muscle fibres with round contours (case 30;
HE, x 100).

Fig 2-e. Distal group; large vacuoles were often
accompanied by myelin-like material marked
with an arrow (case 36; HE, x 400).

Fig 2-f. Scapuloperoneal group; central nuclei
were frequent in the unatrophied muscle fibres
(case 39 ; HE, x 100).

Fig 3-a. Abnormalities in the internal structure of
muscle fibres were demonstrated in the majority
of the muscle fibres (case 18 ; NADH-tetrazolium
reductase, x 100).

Fig 3-b. Prominent fibre type grouping (case13;
myosin ATPase incubated at pH 9. 4, x 40).

Fig3-c. Cellular infiltration was present only
exceptionally (case 19 ; HE, x 400).

Fig 3-d. Amyotrophic lateral sclerosis; small
groups of angulated fibres were scattered.
Unatrophied fibres were free from abnormalities
of the internal structure (HE, x 100).

Fig 3-e. Spondylosis deformans; small angulated
fibres formed large groups, consisted of more
than one hundred atrophied fibres (HE, x 100).

Fig 3-f. Charcot-Marie-Tooth disease; many of
the muscle fibres had round contours and internal
nuclei, suggesting mpyopathic changes. Small
angulated fibres were also seen. An arrow in-
dicated a split fibre (HE, x 100).

Fig 5-a. The surface of the atrophied fibres was
indented markedly (arrow). In the interstitial
tissue, empty folds of the basement membrane
(*) were seen (case 29). Bars indicate 1 xm in all
electron micrographs.

Fig 5-b. Cytoplasmic body (C) and rods (R) of Z-
line material were present in an atrophied fibre.
The cytoplasmic body had an electron dense
centre and pale halo (h) and was surrounded by
numerous triads and myofibrils (case 7).

Fig 5-c. A small portion of sarcoplasm was seen
surrounded by the nucleus. It was thought to be
‘due to invagination of the sarcoplasm (case 7).

Fig 5-d. Two mononuclear cells were seen near a
capillary (C). While one (M) was surrounded by a
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basement membrane (arrows), the other (L) was
not. The latter was thought to be a lymphocyte.
The origin of the former one was uncertain, but
could be a degenerated muscle fibre, pericyte or
lymphocyte which had migrated inside the
basement membrane (case 33).

Fig 6-a. Crystalline inclusions (arrows) were seen
in the mitochondria of the degenerating muscle
fibre (case 36).

Fig6-b. A large accumulation of myelin figures

was seen in a clear space in the sarcoplasm (case
37).

Fig 6-c. Numerous vacuoles were observed in a
degenerating muscle fibre. Some vacuoles (*)

were related to the nuclear surface, while some
others (arrow) were seen to be originating from
the dilated lateral sacs (case 36).

Fig6-d. Large nuclear clumps consisted of up to
15 nuclei. Lipid bodies (L) were also noted (case
39).
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A Clinicopathological Study of Chronic Spinal Muscular Atrophy  Shiro Matsubara,
Department of Internal Medicine (I), School of Medicine, Kanazawa University, Kanazawa, 920
— J. Juzen Med. Soc., 90, 676 —695 (1981)

Key words: neurogenic muscle atrophy, Wohlfart-Kugelberg-Welander disease, muscle biopsy

Abstract

In an endeavour to understand the concept of chronic spinal muscular atrophy (CSMA),
which has been hitherto only vaguely delineated, clinical features of 40 cases were analysed.
The cases of 24 males and 16 females, aged from 10 to 59, were divided into five groups ac-
cording to the distribution of muscle atrophy. They were (1) proximal (P; 24 cases), (2) facio-
scapulohumeral (FSH; 4 cases), (3) bulbospinal (BS; 4 cases), (4) distal (D; 6 cases) and (5)
scapuloperoneal (SP; 2 cases) groups. Their family history suggested a possibility that the groups
P and FSH included cases with autosomal recessive or dominant inheritance. The group BS had
a family history suggestive of X-linked recessive inheritance. The majority of the cases of group
D were likely to have autosomal recessive inheritance. The cases of group SP had no affected
relatives. The serum creatine phosphokinase level was mildly elevated in 80 per cent of all the
cases examined, and the MB isoenzyme was increased occasionally. The electromyogram, ex-
amined in 38 cases, showed neurogenic changes, myogenic changes and mixture of both changes
in 16, 3 and 19 cases, respectively.

Muscle biopsy was studied in 32 cases by pathological, histochemical and electron microscopic
methods. All the cases showed mixture of neurogenic and myopathic changes with variation in
occurrence proportion. The great variation in the degree of myopathic changes was substantiated
by a quantitative assessment of the central nuclei, split fibres and vacuoles, The groups D and SP
tended to show prominent myopathic changes. There was marked variation in the average
number of the atrophied muscle fibres contained in a grouped atrophy. Histochemical studies
often showed deranged internal structure of muscle fibres. Fibre type grouping was noted in 36
per cent of the cases. The electron microscopy also revealed frequently deranged internal struc-
ture of the muscle fibres. It was represented by common occurrence of the vacuoles, myelin
figures and dilatation of the tubular system. The honeycomb structures, cytoplasmic bodies
and rods of the Z-line material were present. The surface of the nuclei of muscle fibres often
showed marked indentation, sometimes resulting in invagination of the sarcoplasm into the
nuclei. The nuclear clumps were frequently encountered. These histological findings of the
muscle were compared with those in cases of amyotrophic lateral sclerosis, spondylosis de-
formans and Charcot-Marie-Tooth disease.

It is postulated that the CSMA covers a wide range of pathologic conditions which primarily
involve different parts of the motor units; the anterior homn cells, ventral roots of the spinal cord
and peripheral nerves. In other words, the CSMA represents a collection of genetically hetero-
geneous diseases which probably form a spectrum of degenerative conditions of the motor
units,
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