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Changes in muscles in leprosy have been 
described by Ishiha ra ( 3), Convit et a/ ( I) 
a nd J o b et a/ ( 4) . J o b et a/ studied histo pa th
ologic c ha nges in six s tri a ted muscle a nd 
two non stri a ted muscle (d a rt os muscle) 
bi o psies. Two o f the cases were a lso studied 
by ele'ctro n microsco py. They desc ribed pe ri
vascula r gra nulomas, ex tending o n the mus
cle fibers a ssocia ted with their subsequent 
degeneration a nd fibrosis. Acid-fa st bacilli 
were a lso seen inside macrophages and mus
clece ll s in some ca ses . The present study 
describes the hi sto patho logic cha nges seen 
in stria ted muscle bio psies from no rma l a p
pearing biceps muscles which did no t s h o w 
a ny ev id e nce o f a tro phy o r fun cti o na l im
pa irment in 50 cases o f le prosy. 

MATERIALS AND METHODS 

Leprosy cases. Fifty cases o f leprosy, 40 
leproma to us (LL) and 10 no nlepro ma tous 
(N L) have been studied during the past year. 
The cases were diagnosed and typed clinico
bacteriologica ll y a nd the classifications co n
firmed histo pathologically by skin biopsies . 
Forty-o ne pati ents were ma le a nd nine were 
fe mal e. Th e ir ages ran ge d fro m 15 to 65 
yea rs. 

Muscle biopsy. Muscle bi o psies were o b
ta ined in a ll 50 cases fro m no rma l a ppea ring 
biceps muscles which did not show a ny clini
cal evidence of a tro phy or functi o na l impa ir
ment. They were ta ken fro m the mid po rti o n 
of the muscle where mo re muscle spindles 
were expected . Approxima tely 3 x I x I cm 
muscle tiss ue was o bta ined in each insta nce 
a nd was di v id ed into two pa rt s, one to be 
sectio ned tra nsverse ly a nd the other lo ngi
tudinally. Both of the pieces were processed , 
para ffin sectio ns cut , a nd stained by the fo l
lowing t echni cs employing s t a nd a rd pro-
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cedures : hematoxylin a nd eos in , M ass on 's 
tri c hr o m e, Ma llo ry's phos photungstic ac id 
hema toxylin , Gomo ri's silve r impregna ti o n 
fo r reticul in fibers, a nd Z iehl-Nee lsen's sta in 
fo r acid-fa st bac illi . T he sectio ns we re ex
a mined with respect to: gra nulo ma fo rma
ti o n, their constituent ce lls, size, loca ti o n a nd 
prese nce o f ac id-fas t bacilli ; cha nges in mus
cle fib e r s as loss o f s tri a ti o ns, hya lin e 
cha nge, fa tt y cha nge, nec ros is and fibros is; 
cha nges in epimys ium, perimys ium a nd en
d o mys ium; cha nges in nerve fibers. 

OBSERVA nONS 

All cases under s tud y we re di vid ed int o 
two maj o r gro ups: lepro ma to us leprosy (40 
cases ) a nd no nl e pr o m a t o us le prosy ( 10 
cases) . The hi sto pa th o logic cha nges noted in 
the muscles a re reco rded in T a bles I , 2 and 
3. C ha nges in 'musc le fibers co ns is t ed of 
gra nulo ma or lepro ma fo rma tio n, loss o f stri
a ti o n s, hya line c ha nge. fa tt y c ha n ge, sa r
co lemma l c ha nge a lo ng with e nd o m ys ia I 
thickening, necros is a nd fibros is. a lone o r in 
co mbinati o n with each other. 

Infla mmatory nodule (gra nulo ma o r lep
ro ma ) for m a ti o n was n o t ed in 34% o f all 
cases, being slightly mo re frequent in the LL 
type (3 5%) tha n in the N L type (30%). One 
o r mo re tha n o ne nodule. in differe nt loca
ti o ns, were see n in the sa me secti o n. Loss o f 
c ross striati o ns and hya line cha nge were ob
se rved in 52% of the tota l cases. 50% of cases 
being o f the LL type a nd 60% of the cases of 
the N L type. Tw e nt y percent o f a ll cases 
showed fa tty cha nge. 17. 5% being LL type 
a nd 30% being N L. S arco le mm a l cha nges 
a lo ng with end o mys ia I thi ckening we re seen 
in 20% of a ll cases, being mo re frequent in 
LL (22. 5%) th a n in N L ( 10%). T we nt y-six 
perce nt o f the cases (25% o f the LL type a nd 
20% of N L type) showed nec ros is o f muscle 
fibers. F ibros is was o bse rved in 24% of a ll 
cases; in 25% a nd 20% o f LL a nd NL t y pes 
respecti ve ly. T he lepro us nodules we re di s
tributed in different loca ti o ns in the muscle 
with respect to muscle fibers o r in re la ti o n to 
blood vesse ls a nd nerves. Mo re tha n o ne 10-
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TABLE I . Incidence o.lpathologic changes in muscles in leprosy. 

Pa ttern o f Total of Total LL Tota l NLL 
cha nge 50 cases cases (40) cases ( 10) 

No. % No. % No. % 

Granuloma 17 34 14 35 3 30 
Loss of stria tions 26 52 20 50 6 60 
Hya line cha nge 26 52 20 50 6 60 
Fatty change 10 20 7 17.5 3 30 
Sa rco lemma l change 10 20 9 22.5 I 10 
Necrosis 13 26 10 25 2 20 
Fibrosi s 12 24 10 25 2 20 

LL = lepromato us leprosy; NLL = nonlepromatous leprosy. 

TABLE 2. Details ol granulomas. 

Gra nulomas 

A. Location 

Peri vasc ula r 
In-betwee n muscle fibers 
In muscle fibers 
Per ineura l 
Confluent 

B. S ize 

Focal and small 
La rge a nd ex tensive 

C. Structure 

Predominantly foam cell type 
Predomina ntl y other cell type 

D. Acid-Fast Bacilli 

Solidly stained bacilli 
Acid-fast gra nular material 

LL = lepromatous; NLL = nonlepromatous. 

cation was seen in some cases. The locations 
were: perivascular, in-between muscle fibers 
(intermysial), in the muscle fibers (intra
mysial) , perineural, and confluent. 

A perivascular nodule was defined as fo
cal , small, and situated around or beside 
blood vessels closely applied to them. Twen
ty-three and a half percent of all nodules 
were perivascular and were noted only in LL 
cases. The intermysial granulomas were 
localized between muscle fibers , separating 
them without encroaching upon or destroy
ing them and in the midst of which a blood 
vessel could not be identified. They were 
also focal and small and constituted 17.6% 
of all the nodules. Intramysial nodules 

Total cases with 
gran ul o mas ( 17) 

No. % LL NLL 

4 23.5 4 -
3 17.6 2 I 
5 29.4 5 -

2 11.7 2 
5 29.4 3 2 

II 64.7 10 I 
5 29.4 3 2 

9 53 9 -
8 47 5 3 

3 17.6 3 -
II 64.7 II -

(29.4%) were seen inside the sarcolemmal 
sheaths, extending along their sarcoplasm 
and partially replacing the mu scle fiber; 
perineural nodules, seen in two cases 
(11 .7%), were focal , small , and situated ad
jacent to an intramuscular nerve which itself 
was not involved in the process. Large nod
ules, the localization of which could not be 
delineated because of their greater dimen
sions a nd extensive destruction of the mus
cle fibers , were called confluent granulomas 
and were seen in 29.4% of the cases. The lat
ter were noted in 6 of 17 cases (29.4%). 

Structure of granulomas. Mainly two 
types of nodules were noted . One was a lep
roma with foam cells predominating and the 



TABLE 3. Incidence of pathologic changes in muscles in different age groups 
of leprosy patients. 

Up to 20 years 21 to 40 years 41 to 60 years 61 years and above 

Total Total Total Total 
Pattern of 6 LL NLL 30 LL NLL 12 LL NLL 2 LL NLL 
change cases (5) ( I) cases (26) (4) cases (9) (3) cases ( I ) ( I) 

Granuloma 3 3 - 10 7 3 4 4 - - - -
50% 60% - 33.3% 23.9% 75% 33.3% 44.4% - - - -

Loss of 2 2 - 14 10 4 9 7 2 I I -

striations 33.3% 40% - 46.6% 38.46% 100% 75% 77.7% 66.66% 50% 100% -

Hyaline 2 2 - 14 10 4 9 7 2 I I -

change 33.3% 40% - 46.6% 38.46% 100% 75% 77.7% 66.66% 50% 100% -

Fatty 2 2 - 3 2 I 4 3 I I - I 
change 33.3% 40% - 10% 7.69% 25% 33.3% 33.3% 33.3% 50% - 100% 

Sarcolemmal - - - 6 5 I 3 3 - I I -

change - - - 20% 19.23% 25% 25% 33.3% - 50% 100% -

Necrosis 3 3 - 7 4 3 3 3 - - - -

50% 60% - 23.3% 15.38% 75% . 25% 33.3% - - - -

Fibrosis I I - 8 6 2 3 3 - - - -

16.6% 20% - 26.6% 23.07% 50% 25% 33.3% - - - -

LL = lepromatous; NLL = nonlepromatous . 
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FIG. I. Intramysial granulomas extending 
along sarcoplasm. H & E sta in . X450. 

FIG. 2. Well-formed intramysial granuloma 
which has completely destroyed the musc le fiber. 
H & E stain. X300. 

other approximated a granuloma with mac
rophages and lymphocytes predominating. 
The former constituted 53% of all cases of 
nodules and were seen only in LL. The latter 
constituted 17% of all cases of nodules and 
were observed both in LL and NL. Though 
there were other inflammatory cells also in 
the lepromas, they were insignificant in 
number in comparison to foam cells; peri
pheral portions of the se granulomas were 
speckled with lymphocytes and plasma cells. 
In a few instances lymphocytes and plasma 
cells were see n sparsely admixed with the 
foam cells. Polymorphonuclear leucocytes 
could not be identified in these lesions. The 
granulomas showed mainly tissue histio
cytes, lymphocytes and plasma cells , though 
there were a few foam cells also . These cells 
were seen in closely packed sheets in biop
sies obtained from NL cases. In these granu
lomas there was more free admixture of all 
the above-mentioned inflammatory cells as 
compared with the lepromas. Three cases of 
N L showed granulomas without foam cells. 
In addition, areas of necrosis and Langhan's 
giant cells were present. In one of these 
cases a well-circumscribed focal granuloma 
was seen in-between muscle fibers, which 
was made up of histiocytes, lymphocytes, a 
few plasma cells and Langhan's type giant 
cells. 

Apart from these two types of well formed 
nodules, focal collections of .inflammatory 
cells without definite granuloma formation 
were observed in biopsies obtained from 
cases of LL (3 cases, not included in the ta
ble). These focal collections were present in
between muscle fibers, and consisted of 
lymphocytes and scanty plasma cells. Poly
morphonuclear leucocytes could not be iden
tified in these foci. 

Acid-fast bacilli. Solidly-stained leprosy 
bacilli could be detected in 17.3% of all cases 
which showed lepromas, while acid-fast 
granular material was noted in 64.7% of all 
cases with lepromas. None of the cases of 
N L type, either with granulomas or without 
granulomas, showed any acid-fast bacilli or 
granular matter. 

Loss of striation, hyaline change and fatty 
change. Loss of striation and hyalinization 
of muscle fibers were observed in a larger 
number of cases (52%) as compared to other 
changes being seen in 50% of LL and 60% of 
N L types. They were present in muscle fibers 
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FIG. 3. Ex tensive foa m cell leproma. H & E 
sta in . X300. 

FI G. 4. A well-formed tuberculoid granuloma 
from NL. H & E sta in. X450. 

FIG. 5. Extensive 'fatty change in muscle (LL). 
H & E stain . XIOO. 

in the neighborhood of nodular lesions as 
well as away from them. Many of the muscle 
fibers showing nodular inflammation had in
tact cross striations even up to the point of 
encroaching granulomatous reaction. Only 
ten cases (20%) showed fatty change; seven 
cases (17.5%) being LL and three (30%) of 
NL type. 

Sarcolemmal changes. Thickening of en
domysial sheaths was observed in ten cases 
(20%), of which nine (22.5%) were LL type 
and one case (\0%) NL. This change was 
well brought out by staining the sections 
with Gomori's silver impregnation technic. 
Some of the muscle fibers in a few cases also 
showed increased number of sarcolemma l 
nuclei which were centrally placed in the 
cytoplasm. 

Necrosis. In general, where the nodules 
were large, confluent and pressing on mus
cle fibers, there was necrosis of the latter. 
Where nodules were smaller and less press
ing on the fibers, necrosis was less and even 
absent. This was irrespective of case type, 
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with necrosis appearing in 13 instances 
(26%). 

Fibrosis. Fibrosis in and around nodules 
was seen in 12 cases (24%), 10 cases (25%) 
bei ng L L type and 2 cases (20%) being N L. 

In all these cases fibrosis was minimal to 
moderate. Extensive fibrous replacement of 
muscle fibers was not seen in any case. 
Apart from this, some cases showed thicken
ing of endomysium as described above and 
even broad bands of loose connective tissue 
separating the muscle bundles. Sections 
from other cases showed focal areas of fibro
sis interrupting the muscle fibers without the 
presence of active nodules in their vicinities. 

Incidence of pathologic changes in differ
ent age groups. The cases studied were di
vided into four age groups (Table 3) as fol
lows: Group I, up to 20 years of age; Group 
II , 21 to 40 years; Group III, 41 to 60 years; 
and Group IV, 61 years and above. 

Granulomas and necrosis show a much 
higher incidence in the relatively young pa
tients up to the age of 40, than in the older 
patients. Other changes did not show a sig
nificant difference in incidence in different 
age groups, although they were seen slightly 
more often in older patients. All the lesions 
were noted more frequently in males than in 
females. However, the small number of fe
males in this study makes the significance of 
this observation questionable. 

Incidence of combined pathologic 
changes. I n the majority of cases, different 
pathologic changes were observed in differ

. ent combinations. Only granulomas unasso
cia ted with any other change were observed 
in two cases (4%), both being cases of LL 
type. Granulomas associated with other de
generative changes, excluding endomysial 
thickening, were noted in 15 cases (30%), of 
which 12 cases (30%) were of LL type and 3 
cases (30%) were of NL type. Granulomas 
associated with other degenerative changes, 
including endomysial thickening, were seen 
in 13 cases (26%); 12 cases (30%) being LL 
and I case (10%) NL. Degenerative changes 
exclusive of granulomas and endomysial 
thickening were noted in seven cases (14%); 
six cases (12%) being LL and one case (10%) 
being N L. Six cases (12%) showed degenera
tive changes associated with endomysia I 
thickening, a ll of them being LL cases. En
domysial thickening was found in three 
cases (6%), all being of LL type. 

DISCUSSION 

The pre sent study of 50 striated muscle 
biopsies from apparently healthy muscles 
without any evidence of atrophy or function
al impairment revealed various types of 
pathologic lesions in a significant proportion 
of the cases in lepromatous leprosy. 

Muscle necrosis was not a prominent fea
ture in our cases. But wherever the granulo
mas closely abutted on the muscle fibers and 
showed a tendency to encroach upon them 
the muscle fibers showed necrosis . Job er al 
(4) have also reported similar findings. 
Some of the muscle fibers which were en
closed in larger granulomas also showed ne
crosis along with other degenerative changes. 

Thickening of the endomysium reported 
by Convit et al (I) and Job et al (4) was 
also observed in this study more frequently 
in cases of lepromatous leprosy than in non
lepromatous cases (10%). 

Although fibrosis was noted in and around 
inflammatory nodules , in no case was there 
total replacement fibrosis of muscle fibers. 
In the majority of cases there was broaden
ing of perimysium and endomysium as was 
also observed by Convit et al ( I). 

The earlier workers who found that direct 
muscle involvement occurs in leprosy (I. 3. 4) 
chose their cases and sites of muscle biopsies 
after careful examination and deep palpa
tion of muscle. Job et al (4) described lep
rosy lesions of striated muscle's under three 
stages. The initial stage was of invasion and 
proliferation of acid-fast bacilli inside mus
cle fibers and tissue histiocytes. The second 
stage comprised degeneration of muscle 
fibers followed by infiltration with neutro
phils, lymphocytes, macro phages, and the 
bacilli become fragmented and granular. In 
the third stage there was replacement of de
stroyed muscle fibers by fibrous tissue along 
with reconstitution of macrophages and total 
disappearance of bacilli. Our findings , in 
general, support this interpretation. 

In view of the presence of granu lomas in 
different locations in muscles it becomes 
slightly difficult to assume the route taken 
by the organisms to reach muscle fibers. In 
the presence of continuous bacteremia in un
treated cases of lepromatous leprosy, it is 
reasonable to believe that bacilli reach mus
cles by hematogenous route. Even the pres
ence of nodules in the perimysium and en
domysium do not exclude this possibility 
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because of the fact that blood vessels lie in 
these coverings and also form capillary net
works in the endomysium. Early lesions may 
appear in the endomysium and subsequently 
encroach upon the muscle fibers. Muscular 
lesions of other bacterial origin are rare, 
probably because of the frequent contrac
tions of the muscle fibers which do not allow 
organisms to settle easily in muscle tissue 
and produce lesions. The metabolic products 
of muscle contraction may alter the internal 
environment in such a way as to prevent the 
growth of organisms, Mycobacterium /eprae 
being an ex ception in this respect. It is 
stated that these bacteria can lodge in the 
striated muscle fibers and mUltiply. It has 
been observed that the leprosy bacilli could 
be identified , in the viable state, in muscle 
tissue of lepromatous leprosy patients under 
treatment, even after their skin biopsies be
came negative for bacilli (5). This may be 
due to some special chemical constituent of 
these bacilli or their metabolites which are 
not clearly elucidated so far. Such property 
of this organism and the continuous bactere
mia observed in cases of lepromatous lep
rosy (2) throw doubt on the presumed 
predilection of this organism to inhabit the 
relatively colder parts of the human body. 

It seems that M ycobacterium leprae, 
through the hematogenous route, get settled 
in muscle and lead to granuloma formation 
which gradually enlarge, coalesce and in
vade the muscle fibers leading to degenera
tive changes and necrosis followed by fi
brosis in later stages. 

SUMMARY 

Histopathologic changes in striated mus
cle biopsies in 50 cases of leprosy were stud
ied; 40 being the lepromatous type and 10 
the nonlepromatous type. All the biopsies 
were obtained from mid portions of normal 
looking biceps muscles and paraffin em
bedded . Sections cut in transverse and lon
gitudinal planes were stained by hematoxy
lin and eosin, Masson's trichrome, Mallory's 
PTAH , Gomori's silver impregnation, and 
Ziehl-Neelsen's technic. Lepromas, focal or 
confluent, in the endomysium, perimysium, 
muscle fibers and peri neurally, constituted 
the most common pathologic lesion, bei ng 
observed in 34% of all cases with a higher 
frequency in the lepromatous type. Acid-fast 
bacilli could be demonstrated in some of 

these leproma s. These nodules were ob
served even in younger patients and in
creased in frequency as the age of patient 
advanced. Three cases of nonlepromatous 
leprosy showed granulom·as. Other changes 
noted in varying proportions were loss of 
striations, hyaline change, fatty change, sar
colemmal changes, along with endomysial 
thickening, muscle necrosis and fibrosis. 
Bacillemia in leprosy and the possible route 
of muscle invasion resulting in subsequent 
production of leprous nodules with asso
ciated degenerative changes, independent of 
nerve involvement, have been postulated. 

RESUMEN 
Se estudiaron las alteraciones histopatoldgicas 

en biopsias de musculo estriado en 50 casos de 
lepra ; 40 del tipo lepromatoso y 10 del tipo no
lepromatoso. Todas las biopsias se obtuvieron de 
la porcidn media de biceps de aspecto normal y 
se incluyeron en parafina. Los co rtes se hicieron 
en forma transversal y los pianos longitudinales 
se tineron con hematoxilina y eosina, tricrdmico 
de Masson, PTAH de Mallory, impregnacidn de 
plata de Gomori y la tecnica de Ziehl-Neelsen. 
Las lesiones patoldgicas mas comunes fueron 
lepromas, focales o. conOuentes, en el endomi
sium, perimisium, fibras musculares y perineu
rales; se observaron en el 34% de los casos, con 
mayor frecuencia en el tipo lepromatoso. En al
gunos de estos lepromas, se observaron bacilos 
acido-resistentes. Estos nddulos se observaron aun 
en pacientes jdvenes y au mentaron en frecuencia 
a medida que la edad de los pacientes avanzaba. 
Tres cas os de lepra no lepromatosa mostraron 
granulomas. Otros cam bios observados en 
proporciones variables, fueron perdida de estria
miento, alteraciones hialinas, alteraciones lip{
dicas , alteraciones sarcole males, junto con 
engrosamiento endomisia l, necrosis muscular y 
fibrosis . Se ha postulado la bacilemia en lepra y 
la posible ruta de invasidn muscular, que resulta 
en la produccidn de nddulos de lepra con cam bios 
degenerativos asociados, independientemente de 
compromiso nervioso. 

RESUME 
On a etudie les modifications histopatho

logiques dans des biopsies de muscles stries ob
tenues dans 50 cas de I~pre , dont 40 etaient du 
type lepromateux et 10 du type non lepromateux. 
Toutes les biopsies ont ete prelevees au niveau 
de la partie mediane de biceps d'apparence nor
male . Elles ont ete enrobees dans de la paraffine. 
Les coupes sectionnees selon les plans transverse 
et sagittal ont ete co lorees par I'hematoxyline 
et I'eosine, Ie trichrome de Masson, Ie PT AH de 
Mallory, I'impregnation argentique de Gomori, 
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et la technique de Ziehl-Neelsen. La lesion path
ologique la plus commune a consiste en lepromes, 
conOuents ou en foyers , situes dans l'endomy
sium, Ie perimys ium, les fibres musculaires, et 
autour des nerfs. Ce type de lesion a ete ob
serve dans 34 pour cent de to us les cas, et ceci 
plus frequemment dans Ie type lepromateux. 
Dans quelques uns de ces lepromes on a pu met
tre en evidence des bacilles acido-resistants. Ces 
nodules ont ete observes meme chez les malades 
les plus jeunes; ils etaient d'autant plus frequents 
que l'age du patient etait plus avance. Trois cas 
de lepre non lepromateuse ont revele des granu
lomes. Les autres modifications observees en 
proportions diverses etaient la perte de stries, des 
modifications hyalines, une transformation 
graisseuse, des modifications au niveau du sarco
lemme de meme qu'un epaississement de l'endo
mysium, de la necrose musculaire, et de la 
fibrose. On doit admettre qu'une bacillemie se 
produit dans la lepre, et qu'il existe une route 
possible d'invasion musculaire qui entratne la 

formation ulterieure de nodules lepreux, associes 
a des modifications degeneratives, qui est indepen
dant de l'atteinte nerve use. 
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