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" ... With furt her progress of the disease, after the lwtches ha ve veen 
in existence for some years, additional neural syrnlitom s apl)par ,in the 
for'rn of a decrease and finally n c01nplete abolit'ion of nll sensaf;ion of 
th e skin, as n'el! as in the deep parts. This anesthesia tends to be rnost 
}Jron01mced in the e.;l'trernities, anel is sZJread o'Ue?" the rntire skin of the 
lirnu whether or not covered by the patches. There also ap lien}rs a 
degenerative at1'0 1)hy of the srnallmll scles of the hand as tall a . of the 
foot; the muscles of the extre'l1'l,ities in the 17r·0 .1:1:1I1((l1)arls can also be 
ctfJec ted sim:ilarly. Finally , ther'e appear t1"o}lh'ic cha1~g e;.; in the bones 
of the fing ers and toes, etc., 1chich lead to the well-known nw.lilation 
of these parts. I f all these changes are present, we get the cornplete 
pict1.tre of L epra maclIlo-anaesthetica ." Dehio, 18.97 ('). 

1. THE NATURE OF THE PROBLI~l\I 

Among the numerous mycobacte rial infections of man and animals 
it is only in human leprosy that invas ion of the nervous system occurs, 
and here it is limited to peripheral nerves, the brain and spinal cord 
being exempt. Th~ explanation of this un ique host-parasite relationship 
is unknown, but, whatever the cause may be, the result is d isastrous. 
'Without nerve involvement, leprosy would still be a serious and dis
figuring disease, but it would be much more amenable to chemotherapy. 
Furthermore, thi s peculiar part of the pathologic process causes most 
of the sufferi ng, deformity and disability that occur, and much of the 
deplorable attitude of the public towards the patient. In other diseases, 
peripheral neuriti s may he a painful compli cation; in leprosy it is a 
tragedy. 

Damage to peripheral nerve trunks is the rule in both types of the 
disease, although it occurs earlier in the tuberculoid than in the lepro
matous type.2 The g reat intensity of the inflammatory process ',vi thin 

1 This paper I\'aS submitted to the I nter·Regional Leprosy Conference held by the \Vorld 
Health Organ izat ion in 'rokyo, November 20·24, 1958, and j published with the permission of 
t he director general of WHO. 

' Reference is not nlad e in this paper to t hose cases of the t uberculoid type in which the 
only external s ig ns are ll1acu.l e~ . In ce rta in of these cases the les ions may disappear completely 
01' leave only anesthetic scars. .. 
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the nerves in the presence of few leprosy hacilli is one of the marked 
characteristics of the tuberculoid type. In the lepromatous type, how
ever, as the disease advances the same nerve trunks become damaged 
or destroyed, and in far-advanced (burnt-out) cases it may be difficult 
to tell from physical examinati on whether the original disease was 
lepromatous or tuberculoid. 

From the practical viewpoint, we are concerned here only with the 
fact that nerve trunks are invaded in letHos)', and not with the lIl echan
ism by which invasion takes place. -We know that these nerves conta in 
sensory, motor, and sympathet ic fiher!', and that damage leads to 
anesthesia, lIluscular atrophy, trophi c changes in the skin and sub
cutaneous tissues, and ahso rption of hone. 

In the lepromatous type, haci lli are read ily found in the nervei' 
and there is lepra-cell infiltration . Fine fibrous ti ssue is formed in the 
endoneurium which contracts and bl ocks and eventually destroys the 
nerve fibers. Tn the tuberculoid type, although few hacilli can be 
detected in the nerves, the cellular reaction is much more in tense. 
Destruction of sensory fiber s probahly occurs first but soon there is 
total disruption of all neural elements. Necrosis is f requent within 
the nerve bundle. gventually the l1 erve trunks lIlay be enormously 
thickened. The explanation of nerve destruction in tnberculoid leprosy 
is not entirely obvious ; ischemia and nH?chani cal pressure, hy them
selves, appear inadequate to explain tlw rapidity and thoTo"llghness of 
the process. 

Rogers and Muir e;;) li st the order of frequency in which nerves are 
affected as follows: 

"The ulnar just above the elbow; the superficial peronral to the medjal side of the 
hrad of the fibula behind the knee; t he radial a it curvrs round the humerus, or its 
branches as they pass over t he lower end of the radius; the posterior tib ial inferior to 
t he inner malleolus; the great anr icular as it runs parn llcl to and bt'hind the external 
jugular vein ; superficial branches of any nerve sup plying a tubQrcu loid lrsion." 

This, of course, does not limit the involVf'ment. The common high
stocking anesthesia of the thigh, for example, indicates invasion of the 
femoral nerve. 

In a study which has been overlooked, -Wayson and Badger ('9), 
writing in ] 929, call ed attention to the rapidity -with which affected 
muscles Tnay show atrophy-sometimes within a week to 10 days "from 
the beginning of a disturbance in them." They observed that paraylsis 
may begin acutely. 

"A hand or foot or portion of the face may become l'rddened and greatly swollen, 
and in a few days, with the subsidence of the swell ing, marked evidence of atrophy, with 
paresis or paralysis is prrsent, the ent irt' acute attack lnsting only 10 days t.o 2 weeks." 

They also noted that spontaneous recovery lllay take place: 
"Regrnerat ion may t.ake p lace in ncrves which appear from clinical findings to have 

been extensively degenerated. This is fo llowed by a rrstorntion of funrtion in the pnrts 
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inner vated, and area ' of cons iderabl e SPllsory di sturbiln cr , as well as pamlysed musc les, 
may r eturn to relative normality. Evpll t!Jp dcstTU('t iOIl Hlld absorptioll of bOllp may ("ome 
to an apparrntly complctp ilrrrst." 

It is emphasized that this is not the mmal course of events. 
Chatterj ee (6) found hil\l self unabl e to exp lain all the :·;o -call ed 

trophi c manifestation s on the basis of ne rve degeneration a lon e. SOl\le
times th ere' was littl e OJ' no sensory change in a patch with gro:-;s thi ('k
ening of th e assoeiated nerve, and, on other oceas ions, marked sensory 
changes with littl e or no nerve thi ckening. Simi lar disproportion 
between nt'!'ve t runk involveJll ent ancl th e sign s vroduced were ohserved 
in polyneuriti c case,' . After s tud y of th e anatomi c and physiologi c 
r elationsh i ps involved, lI e concluded that the neural signs and symptOlll s 
of leprosy have a close relationship with the blood circulation of the 
affected parts, and that dilatation and constriction of capillaries may 
be independent of regulation through th e sympatheti c nerve fiber s. 
Tnjection of hydnoca rpus oil in affected parts and alongside the nerve 
supplying these parts was fo1lowedin some cases by remarkable results 
- r eturn of strength in muscles and considerahl e r es toration of 
sensation. 

It Jms often been relllarked that it is peculiar that the bone les ion s 
of leprosy occur only in the hon es of the hand and foot. Actually, ther e 
has heen insufficient study of oth er bones. Tn any case, the selectivity 
relates primarily to the invasion of nerves supplying the extremities . 

Barnetson e' ") has studied very carefully the x-ray appearan ce in 
107 "neural" cases and the histologic picture in the bon es of 4 "neural" 
and 1 "mixed" case. In the hands and feet th e earlies t changes occurred 
invariably on dis tal margins of terminal phalanges as minute nicks. 
rrhese were previously descr ibed in detail by Murdock and Hutter C2 ). 
As these enlarged, the tuft lost its sharp outline and became frayed. 
Thi s f raying was associated with breaks in continuity of cortical bone. 
The gaps were fill ed "with connective tissue extending from periosteum 
to marrow. Later, the tuft disappeared and the phalanx consisted of 
the base and part of the shaft with a frayed, notched, or sliced-off 
distal margin or a drawn-out appearanee of the shaft. Still later, the 
base of the phalanx r emained as a flat disc which eventually disappeared 
and the process continued in the proximal bone. P eriosteal reaction, 
os teosclerosis, and sequestrum formation were rare in the absenc(~ of 
secondary infection. Diffuse osteoporosis was uncommon. Concentric 
atrophy was seen fairly frequently, but only in proximal phalanges, 
metatarsals and metacarpals. Evi dence of active osteoclastic activity, 
th e generally accepted mechanism for hone absorption, was rarely seen 
in the histologic section s. The sugges tion was mad e that po 'sibly 
osteoclasi occurs interlllittently 01' on a slight scale in snch an 
extremely chroni c process. Changes in the bones were nearly always 
bilateral, but they were not truly symmetri c in that lesions of corre. -
ponding digits on both s id es ",ere rarely in the same stage of evolu tion. 
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In a revievv of the literature on the pathogenesis of bone a trophy 
in leprosy Barnetson (3 ) described two principal patterns of bone 
lesions : (1) the basic bone lesion, where atrophy always begins on 
distal margins of the most distal bones of hands and feet and proceeds 
proximally, this being essentially the so-called "neurotrophic atrophy"; 
and (2 ) secondary bone lesions, in which f~ll'ther bone absorpbon can 
usually be r elated to fairly obvious secondary factors such as trauma. 
The basic bone lesion varies in accordance with the degree and dura
t ion of the inter sti tial neuritis, whi ch causes failure of vasomotor 
r esponse in vessels supplied by these nerves. In his opinion, this fa ilure 
is the essential factor in bone atrophy. Among the factors concerned 
in secondary changes in bone he emphasized the importance of r epeated 
trauma to in sensitive bones and joints, and sugges ted tha t pyogenic 
infecti on of soft tissues-as well as and apart from pyogenic osteomyeli
ti s- may play a part. 

Lechat Cl ) working at Y onda in the Belgian Congo, has r eported 
x-ray findings on 315 institutional patients. The hands and fee t were 
x-rayed in 75, th e hand only in 51, and the fee t only in 189. Some 
patien t were segregated because they suffered f rom the lepromatous 
type ; other s because of physical disabiliti es. Lesions ·were demon
strated both in the bone and in the nu tri ent blood vessels. P eri ostitis 
was rare. Articular dama ge was secondary to destruction of epiphyses. 
Productive bon e lesions were seldom seen, nearly all being of a destruc
tive type. The bones of the feet were affected earlier than those of the 
hands, a fact which he considered to he r elated to the greater frequency 
of trauma and ulcer s of tho f eet. 

Eri ckson and J ohansen (8 ) studied the bone lesions in 82 patients 
for whom there were available x-ray pictures of the bones of the hands 
and feo t mado ovor a period of nve years. Of the e cases, 91 pel' cent 
were of the lepromatous type. The most frequent finding was a trophic 
bone absorption, f rom slight concentric atrophy of the shafts of the 
phalanges to total loss of these bones, often with definite changes in 
metata r sals, metacarpal s, and tarsal or carpal bones. The only other 
fairly frequent finding was definite bone-cyst formation, and their 
healing under sulfone therapy suggested that th ey were true lepromata 
of bone. 

Practically all authorities stress the neurotrophic atrophy of bone . 
If this is the major cause of absorption and sllortening and loss of 
members, the prospect for limitation of the damage appears almost 
hopeless. This has been expressed by Pater 'on (13) as follows : 

" If the bone changes in leprosy arc mainly neurotrophic and progressive, then 
elaborate tendon transplanting operat io ns a I'e clearly not wor th while, but if it can be 
shown that the absorption of fin gers and tops in leprosy is not progressive, and that such 
absorption can be prevented, then we arc able to g ive to some thousands of leprosy 
patients in places like South India, the Phil ippine , and South Af rica a r easonable hope 
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that with adeqnate. treatment they ",ill contin ue to be able to usc their IlHnds and earn 
their living." 

Careful students of the probl em have always emphasized the role 
of trauma and seconnary infection in hone changes, and r ecently Brand 
«) has laid great stress on this feature. lIe states : 

"NIany patients can rpmpmbcl' in('idents of trauma or bnrns, with spps is, in associa 
tion with most of til(' epi sodes of shortening of fingprs. En'n in wpll ol'ganil':pd lpprosa r
iums it is eommon t'o find untreated allll unnoticpd open l\'onllCls 011 many anaesthpt.ic 
ha~ds ... 1t is difTitult, ho\\,p\,pr, to df'fil1P \\·ith pl'f'cision the roll' of Ipprosy per se in 
absorption of' digits, bp('ause in many \\'011l1ds at Imst two prrtholog'i(' PI'OCPSSPS may 1)(' 
simu lta.neous ly at work; the Ippl'ons process and thp simplp f'ranmatie and sf'ptic pro(·css. 
'l'he practical significanec of t he distinction is that if anapst'hcsia and earelpssllPSS an' 
l'('spons ible for fingPl' ahsorption, it should be possible to show that ahsorption is 
prcventablf', c\,pn when the discase is not CtUpel." 

He concludes that if anesthetic hand s can he guarded with more than 
ordinary forethought and car e, they will not usually become absorbed. 
Brand is conducting the work of hi s clini c at \Tellore from this point 
of view, elllphasizing hy frequent inspection the possible gravity of 
even the smallest cut or ahrasion. 

Repeated trauma of the anesthetic limh followed hy seconda ry 
infection has another sequel- the trophic ulcer. As I-\:anakaraj ('0) 
has stated : "~J1.he prohlem of the trophi c ul cer in le'prosy is a matter 
which has vexed generations of leprosy 'workers." He points out that 
these ulcers are the result of repeated trauma of the anesthetic limb, 
and remarks that surgery has contributed little to their management 
and that prevention is better than cme. He advocates preventive 
measures ranging from education of the patient to provision of ortho
pedic or specially-des igned slippel's. 

II. THE EXTENT OF THI'; PROBLEM 

In addition to the effect on the individual pati ent, the consequences 
of nerve damage add tremendously to the social and economic aspects 
of leprosy. Before the extent of these probl ems can be at all fully 
appreciated it will he necessary to coll ect much more complete informa
tion than is now available regarding both the prevalence of leprosy 
and the frequency of nerve damage in the principal types of the disease. 

The numher of recognizable cases of leprosy in the world is variously 
estimated at from 3 to 12 millions. Replies to questionnaires received 
recently by the Leonard ,Vood M emol'ial, with estimates for countri es 
from which r eplies 'were not received, show a probable total of at least 
3 millions of cases with ahout one-half of this number registered by 
the health authorities. 

That the proportion of patients who are disabled in one way or 
another may be large is obvious to anyone who has visited a leprosa
rium. Institutional patients, however, constitute an uncertain propor
tion of total cases, and are selected in part at least because of disability. 
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:It i~ difficult, therefore, to ar rive at a rea~onabl e estimate fl'olll the 
data of institutions. Tn a group of 250 patients in Hawaii, of whom 160 
were inpatients, "Wayson and Badger ( 9 ) made a close study of the 
frequency of neurologic signs and symptoms. Th e type of disease is 
not stated, but in 85 pe l' cent of the cases .llycobacte1·i'u1n leZJ1'ae was 
found in slll ear~ frOIll the skin or mucous.l1lelllbranes, so llIOSt of the 
cases were probably leprolllatons. Tn 98 pel' cent th ere was ev idence of 
neuriti s (painful attacks of neuriti s, however, occurred in on ly 10 per 
cent) and in G2 per cent the re were paral~'ses within the regions of 
innervation of one 01' 1l10re nerve trunk~. A st riking feature was the 
frequency with whi ch ce rtain muscles were in volved, the occasional 
rapidity of tIl e paralys is, the degree of atrophy which occurred with 
slight or moderate loss of function, and the prominence of the sensory 
:findings. In 50 per cent of the inpatients, the hand muscles supplied 
by the ulnar nerve were paraly;t,ed, in 3+ pel' cent the orbicularis palpe
brarum and in 18 per cent the elevator ll1usrles of the angle of the 
mouth. The muscles of the foot were involved in ] 7 p er cl.'nt. 

An approximation to th e true frequency of di sability caused by 
leprosy in the H,yukyu lslands is availabl e from th e unpubli . hed results 
of a survey made by Dr. Fred C. Kluth and me in 195-:1:. Th e principal 
facts are as fo llows : 

From examination of 10,550 persons selected at random from the 
general population of areas considered representative, it was concluded 
that the number of un segregated person s "with leprosy was about 1. 
per 1,000 and that in most of these cases the disease was arrested. It 
is probahl e also that in these cases the amount of disability was mini 
mal. Tn the two leprosa ria, Airaku-en and Nanse i-en, there 'were 1,250 
patients, or 1.7 per 1,000 of the populati on. rrhus, the proportion whi ch 
was segregated was 63 per cent of the probable total persons with 
leprosy. ~rh e population of the island s was estimated as 760,800. 

Every third patient at each of these leprosaria was examined, and 
it was found that in -:1:5 per cent the disease was lepromatous and in 
55 per cent tuberculoid. The examinations were made by experienced 
leprologists but not by orthopedic surgeons or by neurologists; con
sequently, the di sabiliti es that were r ecorded may be r egarded as the 
more obv ious ones and the frequen c i e~ of each as below the true total s. 

The grading of di sability is diffi cult at all times. It is of interest, 
however, that the results obtained by the survey team in 1954 were 
closely in accord with the opinions of the resident staff as suhsequently 
obtained from the cJinical records of the in stitutions. At both places, 
taken together, ] 1.0 per cent of the pati ents in cluded in the sample were 
classed as having no disahility whatever, and 7.3 per cent had no di!5-
ahility and were negative bacteriologically. ~rh at i , there were prob
ably about 90 pati ents (7.3 per cent of l ,250) at these instituti ons whose 
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leprosy 01' whose di sahili ty could not be used to justi I'y segregation 0 1' 

ho spitali;.-;ation. 
These cases, however, were the exception. 'rhe frequency and extent 

of di sahility had created a very serious situation. 'l'll ere was little 
difference between the sexes, but, as would be expected, the older 
patients were more freq uently and severely affected than the younger, 
and those with th e tuhe rculoid type more frrquently Ulan those with 
the lepromatous tYP,e. Some di sability was present in 89 pe l' cen t of 
all patients, and moderately seve re or severe (lisah ili t,v ~\Vas l'ecorCled 
in 5L pe l' cent. Those classed as moderately or severely di sahl ed 
included all who were totally blind, and all who ll ad incapacitat ing 
contractu res, amputations, or ulcerat ions. For those -:1:0 years of age 
and over, di abi li ty of a moderateJy severe 0 1' severe grad e was 
recorded in 59 pel' cen t for the lepromatous type and in 8:2 pel' cen t for 
the tuberculoid; and for those 15 to 39 years of age, 32 pel' cent fo r 
the lepromatous and 53 per cent for the tuberculoid. The number of 
younger per sons suffering from the lepromatous type and in cluded in 
the sampl e was small. Among children 5 to ] -I- yea rs of age and suffer
ing fro m the tuberculoid type, 27 pel' cent had slight disabili ty and 73 
per cent had none. 

The percentages of patients with contractures 0 1' 10SS of part or all 
of hands or feet are shown for the two institutions in Tabl e 1. Loss in 
most ins tances was partial, and a distinction was not made between 
natural and surgical amputation. 

TABLE I.- P ercentages of leprosy patients in the lep1'osaria of the RyukYlt I slands in 
whom cont ractUl'es of hands or amputations of hands 0 '" feet (usually 

pm·tial) wel'e IJ1' esent ( examination by Doull and Kluth, J954) .n 
--

Type 
P er cent with amputations 

P er cent with contractul'CS (natural or surg ical ) 
of Sex (one or both hands) 

I 
-

leprosy One or One or 
both hands both fL'et 

-

Lepromatous Males 47.1 I 26.1 I 20.2 
Females 46.2 21.5 21.5 
Both 46.7 24.5 20.7 

Tubercu loid Males 63.5 40.9 43.8 
Fema les 69.7 25.9 37.1 
Both 65.9 34.9 41.1 

All patients Males 55.9 34.0 32.8 
F emales 59.7 24.0 30.5 
Both 57.3 30.3 31.9 

• Atrophy of muscles was recorded in many additional pati ents. In 6, not in cluded in the 
above table, footdrop was noted-bilateral in 2 patients. 

The percentages with contractu res and with loss of members are 
high. If it is wished to obtain minimal percentages, for disabilities in 
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general 01' fol' contractmes and amputation s, applicabl e to aJl cases of 
leprosy existent in the Ryukyus, on the ({ ss1I1?1ption that all disabled 
patients tcere in the instittdions, it would be necessary to multiply the 
variou s per centages of Tabl e l by the proportion whi ch the segregated 
patients were of the es timated total, that is, by 63 per cent. T'hi s adjust
ment, in my opinion, underes timates the situation but Ol e proporti ons 
with various disahilities nevertheless r emain impressive. Proceeding 
on this assumpti on, the cOlTPcted frequency of moderate or severe 
disablement would be 6:3 pe l' cent x 51 per cent, 01' 32 per cent. It can 
therefore be stated with confidence that the actual percentage was not 
less than 22 per cent and was prohably lrigher. T.hat is, about one
thi rd of an l epl'os~T pati ents in the Ityukyus were either totally unahle 
to support themselves 0 ]' we re rapahle of only partial self-support. 

The expected percentages of all patients suffering from each type 
of leprosy and showing certain selec ted orthopedic disabilities llave 
been calculated in the same way, that is, by multiplying th e act- ual 
percentages fo r the sample of in st itutionalized pati ent · by 63 per cent. 
These percen tages are shown in r:eable 2. 

T ABLE 2.- Estimated percenta,ges of all lep rosy patients i ll the Ryukyu I slands, 
segregated and w~segregated, toith 'w rious orthopedic disabilities. 

Disability 
Type of disease 

Lepromatous Tn berculoid 
-

Con tractllres (o ne or both hands) 29.4 41.5 

Amputations (natural or surgica l) 

Affecting' one or both hands ] 5.4 22.0 

Affecting one or both feet 13.0 25.9 

Troplii c ul cers (lower extremity) 20.7 38.1 

The eye defects that were recorded in the Ryukyus were the obvious 
and more se rious ones, and these constjtuted a minor proportion of 
the disabilities. Six per cent of all patients were blind in one or both 
eyes. Of the lepromatous patients, 3.4 per cent were totally blind, and 
12.5 per cent were blind in on e or both eyes. For th e tuberculoid type, 
among the sampl e of 226 patients who were examined, only one was 
blind in both eyes and another had lost one eye. Inability to close one 
or both eyes (lagophthalmos ) was noted in 17.2 per cent of patients 
suffering from the tuberculoid type and in 9.2 per cent of those with 
the lepromatous type. Again, if it be assumed that those patients with 
these eye defects were all in the in stitutions there would be expected 
to be, among all lepromatous patients, segregated and unsegregated, 
at least 2 per cent who were totally blind and 8 per cent who were blind 
in one or both eyes; and, among all tuberculoid patient probably fewer 
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than 1 pel' cent wllo had lost on e or both eyes. Among all lepromatous 
pati ents, 5 per cent would he expected to show lagophthalmos affecting 
one or hoth eyes, and among an tuberculoid ones, II per cent. 

The cl inical pi cture of leprosy is by no means a universal one. It 
is well known, for exampl e, that the proportion whi ch the tuberculoid 
type bears to the total is very lIluch hi gher in some a reas than in others. 
Al so, it is apparently true that certain featUJ'es of the lepromatous type, 
notahly lepromatous. eye les ions, are more frequent in telllperate 
climates than in th e tropi cs. TIl e average duration of life is another 
factor to be consid ered, since the proportion of leprosy patients who 
a re di sabl ed in creases with age. rl~hese considerations lead to caution 
in proj ecting more broadly th e fre'luencies of various di sabiliti es 
applicabl e to any one country. 

If the data for the Ryukyus he accepted as r epresenting minimal 
frequencies, and a total world prevalence of three millions of cases also 
he accepted, there HlU t exi st throughout th e world not fewer than on e 
million persons who are moderately or totall~' di sahl ed hy leprosy. If, 
on the average, at least on e-half of the cases are tuberculoid in ty pe, 
there must exi s t at least one million persons with contractu res of on e 
or both hands, 5GO,000 with natural 01' surgi cal amputations affecting 
one or both hands, and about 730,000 'with such amputations affecting 
one or both feet. Considering only the lower extremity, the number 
with trophic ulcers cannot be fewer than 880,000. . 

These are, of course, prevalence figures. vVe are enti rely without 
an adequate basis on whi ch to es timate the number of persons becoming 
disabl ed from leprosy each year. 

III. POSSTl3LF. VALUE OF CHEMOTHERAPY 

Apart from the observation s of Eri ckson and Johansen (8) on heal
ing of the rather rare, and probahly leprOlllatous, cysts in bone under 
sulfone therapy, there is no evidence that any type of therapy can pre
vent or limit the nerve damage and its sequelae. Those authors were 
of the opinion that, apart from healing of cysts, there may also occur 
"a res traint on furth er progress of atrophi c bon e absorption," but they 
r ecognized the need for further observation s. 

If the sulfones are of value it would seem to be imperative that 
they be given early, before extensive damage to the nerve has taken 
place. Thi s brings up, first of all, the practicahility of earlier r ecogni
tion of cases-for which there is no simple formula. At pre ent , the 
disturbing fact must be stressed, namely that signs of nerve involve
ment are often the first indi cation of leprosy. , iVith the extension of 
outpatient clinics, coupled with educational programs, there \vill 
undoubtedly be some decrease in the period between onset and recog
nition. Other measures such as periodic examinations of the general 
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population are impracti cabl e in most countri es where th e disease is 
endemic. 

These considerations should not in any way discourage the search 
for early cases, or the immediate treatment of these when they are 
found. In some countri es earli er treatlllent may be entirely feasible, 
and although the value of sulfone therapy i.n limiting nerve damage has 
not heen demonstrated, neithe r can it he deni ed. 

l V. ('omU;CTTVl-: SUHGl-:RY 

Until comparativcl~' recent years, surgery in leprosy consisted 
lIIainl y of alll]mtatiom; of entirely useless memhers or removal of 
sequestra in the ease of deep-seated tropllic ul cer s. "Various operations 
on thickened nerves were carri ed out in a few centers. Marginal 
tarsorrhaph~' was found to he usrful in many cases of paresis of the 
orhi cularis muscle. In sOllie places, deformities of the face and ears were 
improved hy plast ic surgery. 'Within the past decade, however, a few 
orthopedic surgeons haye reali'l,ed that a much wider need exists, 
and tllat applieation of model'll orthopedic and physiotherapeuti c tech
niques might yield .£!,Teat dividends. 

In 1947, the work of the Department of Ph~r s iea l '1 ' herapy at the 
Puhlic H ealth Service Hospital , Carville, Loui siana (National Lepro
sarium) was greatly extended, as has heen descrihed by Hatch e). 
Riordan (''') has heen remarkably successful in r esto ring function to 
hands whieh were almost useless . In less severe cases good results have 
been achieved. '1' he operative procedures in many cases must be carri ed 
out in stages, and phy;;:iotherapy con6nued for prolonged periods. r:J' hi s 
requires pel' severanr(~ on the part of both surgeon and patj ent. 

Brand (4), who has prohably had the largest experien ce in hand 
sUl'geryin leprosy, has sta ted that tIle most important part of any 
hand-r econstruction cente r is a well-staffed physiotherapy department, 
and the work of thi s department at Yellore has been described in a 
most effective manner by rl'homas e6 , 17. 18 ) . 

From th e practical point of view, Brand emphasizes that the most 
useful fact is that the median nerve above th e wrist is spared in leprosy. 
He divides th e hands into three groups: 

(1) ~rhose with a pure ulnar palsy, compri s ing .-1-(; per cent of hi s 
clinic cases but a larger proportion whrn mild and early cases arc 
considered. This group may have anything from minimal small muscle 
weakness to total paralysis of all ulnal'-~uppli ed muscles of the forearm 
and hand. 

(2) ~rhose with a total ulnar paralysis and, in addition, paralysis 
of the median-suppli ed muscles below the wrist, comprising 52 pel' 
cent of hi s clinic cases. This group has clawing of all fin gers and a 
thumb that is unable to abduct or oppose th e fingers in a grasp or pinch. 
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(3) Those with a total ulnar paralysis, median paralysis below the 
wrist, and total paralysi:-; of radial-supplied forearm muscles. This 
group comprised only] .5 per cent of hi s clinic ca ses and had totally 
useless hands. 

"Even in the a bsolutely helpless han d of Group 3, wi th complete clawing a nd exten
sor palsy, there arc a t least 10 useful nnd power ful fo rearm muscles r emaining. They 
a n' nil fl exo rs, and arc useless only hecause t hey arc unbal a nced by extensors and stabiliz
ers. A fi ve-year fo llow-up study on many of the earli er hand-rC'construction opC'rations 
has showll t hat these m!'dian-sll p plied fo rearm muscl!' continue to f unction and even to 
impuove t heir rano'e and pow!'r r1ftC'r h'a ll sfc r of th!' ir tendons to restore muscle balanC' C' 
to the hand." 

As regards the foot, Brand has found a simila r pattern and limita
tion of paralysis to those in the hand. The plantar-fi exing andinvel'ting 
muscles are unparalyzed, whereas the dorsifiexing and everting muscles, 
and all th e small muscles, may be paralyzed. This lead s to cla'wing and 
to footdrop. H e states : "Both these disabi jities are correctable." 

Carayon and Huet C) have r ecently r eported encouraging r esults 
from remedial surgical operation s on 40 pa ti ents in French Morocco. 
Their article is well illustrated and has an extensive bibliography. 

V. SUM j\'[ARY 

The problem may be summarized as fo llows : The J1umber of per sons 
suffering f rom leprosy is very large-certainly several million s, 
scatter ed over a wide geographic area but for the most part in warmer 
climates. Disability is present in more than one-half of existent cases, 
and occurs ultimately in nearly all. This varies from a slight handicap 
with only contractures of the :fingel's to total physical disability with 
extensive loss of distal parts of the limbs. Disability occurs earlier in 
the tuberculoid than the lepromatous type, but in the end it is equally 
frequent in both types. It is accompanied and contributed to by loss 
of perception of pain, light touch, and change in temperature in the 
areas supplied by the affected nerves. Involvement of the temporal 
and zygomatic branches of the facial nerve is very common and fre
quently bilateral, leading to inability to close the eyelids tightly 'with 
consequent exposure of the cornea to injury. Invasion of the eye, infil
tration and nodulation of the skin of the face and ears, ulceration, and 
scarring add to the deformity in the /lepromatous type. 

Absorption of the bones of the hands and feet lIas long been con
sider ed an inevitable consequence. R ecently a more hopeful outlook for 
prevention has been presented. It is claimed that in a substantial pro
portion of patients the shortening and eventual loss of di gits is. caused 
by secondary infection of wounds or ahrasions, to 'which the anesthetic 
hand and foot are especially subj ect. If thi s vi ew is correct, the pre
vention of infection becomes a matter of g reates t importance. 

Final considerations 'whi ch add to the seriousness of the problem 
are that nerve damage is present in many patients on di scovery, and 
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that present-day chemotherapy cannot be counted on to rever se, and 
probably not to limit, the degenerative process in the nerves. This 
latter statement should not be interpreted as implying that early sulfone 
treatment may not have a beneficial effect, but only that such an effect 
has not yet been demonstrated. 

VI. RECOM MENDATIONS 

Because of the tremendous prohl em of physical disability in leprosy, 
there is urgent need fo r better understanding of the teclmical pro
cedures of orthopedi cs, plas tic surgery, and phy iothel'apy, which a re 
no'w being advocated, and fo1' research to ascertain their values and 
bmitation s. Th ere is also need for more precise definition of the prob
lem so a s to determine in each endemic area, th e approximate preva
lence of specific defects in leprosy pati ents of various ages and both 
sexes, both segregated and unsegregated. 

International action seems to be indi cated to draw attention to these 
needs, to assist in training physicians and physiotherapists in physical 
and occupation a l r ehabilitation, and to guide necessary rehabilitation 
activi ties. 

Among the questions on wl1i ch it is essential to have expert guidan ce 
are : 

1. A practical program for conection of contractures, applicable 
especially to young children, in countri es with high leprosy preval ence 
and limited medical r esources. 

2. The educational and other measures which should be taken to 
prevent secondary infection in pati ents with anesth esia of the hands or 
fee t, and the pl'ohable value of th ese nwasures. 

3. The r ecommended surg ical and physiotherapeutic measures for 
r estoration of useful fun ction in hands and fee t that are more or less 
seriously damaged. 

4. The measures which should be adopted to prevent and cure 
trophic ulcers. 

5. The role of plastic surge]':-. 

6. The occupations which are most suitabl e fol' pati ents with various 
di sabil i ties. 

7. The training of surgeons and physiotherapists. 

8. The equipment essential .:for cal'l'ying out a suitable program of 
sm gery and physiotherapy. 

9. The provision of expert surgical and physiotherapeuti c servi ces 
in countries with few faciliti es for inpati ent care, and the possihl e value 
of travelling teams or clini cs under these circum tances. 
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10, Methods by which gove rnments can assess the magnitude and 
severity of the'disability problem in leprosy, 

RESUME~ 

Cabe sllmarizar cl probll'ma ('n la forma siguienh': EI Ilum('ro (1(' pl'rSOlH1S quI' 
padece de I('J~ra ('s mlly g ralld l'-sl'gllraml'lltl' v<trios millolll's, I'sparcielos I'n una vHs1"a 
zona gcognlfiea y ('n S ll mayor pnrtc ('11 (' Iimas c:-i lidos. H ay ill('apMidad I'll mH s ell' la 
mitad de los ('asos ('x is1"pn1"ps, y afecta a la lHl'ga a casi todos (' lios. Esto vHrla d(' Il'V(, 
impedimpnto ('on apl'IlHS eon1-ractllrHS de los (ipdos a total inc'apH('i (lad flsi('a CO il cxt()JHm 
pcr~lida de las ]Jon·ionps dista ll':'; de los mil'mbro, . La ineapa('jdad aparpce ' mas 
tc'mprnnamPllte en la forma tllhl'J'('uloidpa qlH' pn In lC'proma tosH, PI'[,O a l final alran7.a 
frr('ll('Ilf'ia ignal Pll amhas formasr yrndo acompanada dc pprclida lk la prrcppcion dl' l 
dolor, tHC'10 ligel'o y alteraciones termic'as PI1 las zonas sCI'v idas pOl' los 11I'rvios afl'ctados, 
y partic·ipando todos es tos ' factores en aqllP ll a. I",a invas ion de la, ramas tl'mpol'a lc's y 
cigomlltieas drl nrrvio faria l rs mny comun y frecuentementr _ bilateral, conducirndo a 
incapacidac1 para ('rnar firmrmrnt e los pa.rpados, ('on la consiguicnle ex posicion de la 
cornea a l traumatismo. En la forma lC'proma.tosa, contribuycn a la deformidac1 la inva
s ion del ojo, In. infiltration y noduJacion de la piel fl e la cam y las orrjas, la lllcrraeion 
y el tejido cicatricial. 

POI' largo tiempo ,'e ha con;.: idl'ra0o romo ronsl'eueneia. incvihlhll' la absoreion de los 
Itnesos de los manos y los p irs, p ero 1'('cil'lltemrnte se ha ofrl'ci.do ulla prl'sp('ctiva mas 

· optimista rn cuanto a prrvrncign. A leg-ase qne, en un a proporeion substaneial de los 
enfermos, cl acortnmicnto y la perdida I'ventua l dr los dedos' proced('n de la in fecc ion 
secunda ria clr las hrridas 0 excoriacioncs, a las que so n ell pH rti cular propcnsos la mano 0, 
el pi e anrstcsico. Si ('s ,aeertadH I'sta opinion, la prevencion de la illfercion se YllClvr punto 

.. 

de la mayor importancia. " 
Considl',raeione fimilrs qu e acenblan la graved ad del problema ' son que ya "existe 

lesion neniosa al descubrir el easo en muchos cnfermos, y no puec1e contarse con que la 
quimioteI!apia invrerta, y _probablement(, tnmpoco limite, el proeeso degenerativo en los 
nel'vios. No " debe interpretarse esta ultima delaraeion como prrsuponiendo que la sul
fo noterapi41 tempraiia no purdr rjercC'F efeeto b(,ll<'fi eioso, s ino pnramrnte como sena
lando qll e no 8e 1m obsen'ado todflvla dieho efeeto: 

l. 

2. 

3. 

4. 

5. 
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