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:\ l' e\'icw of iwellt~'-seven pap('l'S Oil the subject of bOll e changes in 
leprosy s ince the year 1889 (Patel'SOll, 1954, thes is ) shows that most of 
the authors of those papers cons idered that absorption of soft tiss ue 
and bOll e' of the' finger s and toes of l ep l'o s ~' patiellts is mainly n euro
trophic in origin and progressive in characte r. If thi s is the cas(', th('n 
l'ehab ilitationin leprosy is dOOJl1<,d to failure. 'rh <, objects of this paper 
a l' <' a s follows: 

1. T o describe the nH1iog1'aphic appeal'ances of hOll e chang('s in 
l <, pl'os~' , and to indicate the incidenc<, of such changes. 

2. By co n elation of clinica l and radiologic finding in l epro s~' and 
in other clis<'a s('s , to (1iscovel' which bon e changes are due to the sp<'cific 
effects of M. leprn e in hone, and which ma y be due to the effect s of 
non specific inAuenc<'s in "neu l'otrophic" digits. 

3. B~' se l'ial radiograph s and follow-up studies over a period of 
y<'ars to cl etnmine whethel' bone changes a r e in fact in ev itable and 
progl'ess ive, am] th<' extent to which these chano'es and the r esulting 
defo l'mities of hands and fed ca n be prevented or ar1'e ted. 

)IETHODS A~D MATERIAl.S 

lIf' Yellbre, :1t the Chl'i:;tian ilfedieal Coll pge in tht' ye::m, 19.'51-1954, the l'!1d ioO'I'!1phs 

1 Presented fit til e COll ferellce on Rehabilitatio ll ill L ep rosy, held at VclI ore. South India, 
NOl'clll ber ::! l ·29, 1960, 11I1Il e r th e a llspi ces of the World H ca lth Orga ni za tion , the L eona rd 
Wood ~! ('moria I. n lid th e I nte rll 3 ti ollal Society for the Reha bilita ti on of the Disa bl ed. 

~ SO Il1 (' of th e pictures used to illustrate thi s art ic le are a lso to appear in the second 
ed iti oll of the hook, Lepro tiY ill Theory nlld Pr:lctice, e,literl by R . G. Coch rane, nlld others 
in n Text hook of P ,,"ctirn l R'lfliol ogy. by J. H. Middlemi ss. 
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of 108 lepl'osy p atients which showed bone changes were stud ied. In 71 of th l'~ e cases 
correla ti on of radiolog ic fin dings with Brand's clini cal r ecords wer e made (16) . R ecently, 
fo llow-up r adiographs over an eight- or nine-year period on 14 of th ese cases have been 
studied. 

In H ong K ong, a t th e Mission to Lepers' Hay L ing Chau lepr osariulll , good rad io
g raphs of the hands and fee t of 894 pati ents have bcen tak en . R ecentl y all adnlitted 
p a tients have been ra di ographed on ad mission and a t ycarly intcr va ls th ereafte r. Foll ow
up r adiographs OVC l' one- to three-yea r peri ods have been studied in 144 cases. A sta
tisti ca l analysis l'ela tin O' bone changes to clinica l and patholog ic fin d ings in the 89-! cases 
has been carri ed out . 

.control r adi og l'aphs of the ha nds of 50 appar ently normal Chinese staff memhers 
were taken a t HflY Ling Chau. 

Radi ogr aphs of th e digits of 12 nonlepl'osy p atients suffel'ing frolll os teomyelitis 
of fi ngers or toes wer e studied at Vellol'e. 

'rhe radiology of other neurologic and in fec tive conditi ons th at g i\'e r ise to appear
ances similar to th ose 'een in leprosy have been studied (16 ) . I 

The arterial and venous pictures in th e hands of five normal p ( sons, 12 leprosy 
p atients and three other s has been studi ed by means of series of six l' seven fi lms in 
periods u p to 120 seconds after injection of the opaqu e medium (1 , . P ost mortem 
studies of th e a rteriolar and nerve supply to phalanges have bel'n started. 

Bone biop . ies of th e sites of lesions th a t have been shown on radiographs has been 
possible in only three 0 1' four cases. A bOll e-drill biopsy appa ra tus hfl s now been 
obta ined, so th a t this work ca n be extended. 

RADIOL OGIC F I N DINGS 

The radiologic bone changes in leprosy have been found to be of 
three main types. They are (a) specific bone destructive changes ; (b) 
nonspecific bone absorptive changes ; and (c) osteoporosis. Details of 
the various radiographic appearances are described. Figures in paI'en
theses indicate the per centages of the 894 leprosarium patients in Hong 
Kong showing these changes (Table 1). 

SPECIFIC BONE CHANGES ( OSTEITIS LEP ROSA ) 

Bone changes r egarded as specific wer e found in 3-5 per cent of the 
cases studied. In 2 ca ses finger s wer e radiographed while the patients 
wer e experiencing progressive nodular lepra r eactions (ENL), with 
painful r ed swellings of the finger s. In 1 case areas that previously 
showed just a few patches of trabecular destruction suddenly extended 
into larger areas of bone destruction, or "cavitation." These cavities 
or areas of des truction have subsequently been seen to r esolve or :511 up 
during a period of one year of DDS therapy, wit.h r ema rkably little final 
deformity. 

In 8 cases of about 1,000 studied, we have been able to observe the 
appearance, and the r esolution under DDS therapy, of similar areas of 
bone destruction in finger s that wer e the sites of local lesions of lepra 
r eaction. Bone biopsy in lepra r eaction ,vas not consider ed advisable, 
but biopsy after the acute stage was over was done in 2 cases (Fig. 1), 
and pathologic r eports stated that ther e was evidence of lepromatous 
involvement of bone (9.15 ) . 
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Based OIL the findings in these 8 cases, and on a study of other granu
lomatous conditions in bone (sarcoidosis, r eticuloses, tuberculosis and 
mycetoma), we have found that there is a radiologic picture that is 
almost pathognomonic of the specific action of M. lC]Jme in bone. Pos
sibl e specific appearances were found in 128 out of the 894 patients in 

TA BLE l.- l n c iilence of bone changes in 894 le p1'O~~a-/'iurn patien ts at H ong K 01!g. 

Bone changes 

S p e('ific (o steitis lep1'osa) , total 

Millilll lll: HoneycOlllbing 
P seudo('ys ts 
E nlnrged nutri ent foramens 
Small clea r nl'eas 

Modera te : Cent1'3\ areas hazy outline 
Subarticul ar hazy destruction 
Cortica l areas destroyed 
Concentri c cortica l crosion 

Hea ling : Sclerosis of shaft, straight 
Scle ro. is, subarticular, straight 
Sclerosis, shnft, twisted 
Sclerosis, subarti eul ar, twisted 

Nonsp ecific) total 

Acute osteiti s : Hazy area 
Osteomyeli t is : Hazy f ragmentation 

Shaft (lestruction 

Periostitis : Linear ca lcification 
Irregular ossifi cation 
Tubular shnft 

Neurot rophic osteitis : Concentric absorption 
Cupping' 

H ealed lesions: Tel'minal pha lnnx, tuft erosions 
'l'e l'minal phalnnx, absorbed 
Middle pha lanx, absorbed 
Proximal phalanx, absorbed 
l\'letatarsal heads, absorbed 
Meta ta rsal shafts, absorbed 
Cuneiforms, absorbed 

Arthr it is, ncute: Hazy joint surfa ces 
Arthritis, chronic : Destruction of joint surfaces 

Absorption of joint surfaces 
Subluxation of joint sUl'faces 

Arthritis, healing: Bony ankylosis 
Other bones : Talu and naviculnl' neuropathy 

Osteop01'osis (disu se ), total 

Minimal : Hccluccd ubl1l'ticul ar trabeculation 
Modera te: Visihle corti ca l trabeculation 
Advnncrd: Thin irregular eortex 

No. of patients P el' cent 

128 11.3 
30 3.0 
46 5.0 
] 3 1.5 
25 2.8 
9 1.0 

11 1.2 
6 0.7 
2 0.2 
9 

1 
14 2.6 
10 
4 1.6 

402 45.0 

88 1.0 
35 I 
19 ~ 5.6 
80 9.0 
38 4.2 
2 2.2 

126 14.0 
2 0.2 

244 27.0 
71 8.0 
79 8.0 
95 10.0 
50 5.5 
66 7.4 
19 2.1 
42 4.7 
82 10.0 
61 6.8 
40 4.5 
22 

. 
2.5 

19 2.1 

90 .10.0 

12 1.3 
62 7.0 . 18 2.0 
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Hong Kong, bU,t of these cases only 28, or 3 pel' cent, show ed definite 
active lesion s ; 37 cases showed evidence of healed lesions, and 114 cases 
had minimal or doubtful radiographic signs. It should be note(l that 
various stages of the di sease may be seen in the same hand. 

Minimal signs tlw ( may be spec ijic.- 1. HOll eycombing (:3 % ) : In 
these minimal ca ses a few hOll Y trabecula e, usually at the ltutri ent
artery end (the distal cud) of a pha lanx, are dC's troyed. NOIll C' tim es a 
whole phalallx may show alteration of bonC' strLlctur C' of a r C' ticular 
character. ' 

'elea r-cut alteration of trabecula I' structu re sometim C's sC'e ll in both 
hand s and fee t may be du e to othC'r almormalities, but hazy honey
combing has heell seen in lepromatou s cases with skin les ion s of the 
fill gers. Follow-up radiographs will help in such cases. 

2. Pseudocys ts (5 ro ) : By pseudocys t is meant a clear-cut area' of 
lo ss of trabeculae Or bone destl'uctioll. Again these lesion s are usually 
seen at the distal end of a phalanx. In their heakd or final state these 
areas cl ovolop a clea r-cut sclerotic hord eI' , or th ey rnay disappear. On e 
1l01l1C'prosy staff member showed the presence of periarticula r pseudo
cys ts followill g an old strain. P seudocysts ma y he seen in a number of 
eOllditions other than leprosy (xanthomatos is, pneumati c-drill \\'ol'l\e]' s, 
etc.). . 

Paill in the patella and tihia has been fr equently lloted ill pationts 
ill HOl1 '~' !Cow;. One such case showed a pseudoc~Tst in the pa tella that 
cleared up after a f ew months of DDS therapy. 

3. Enlarged "nutrient foramen" (1.5 ro ): In 12 out of 50 normal 
controls, small defects in the center of the distal end of the middle 
phalanges offing-ers wer e seen. In normal people these defects wer e 
no larger than 1 mm. in diameter, usually less . It is presumed that 
these are holes in the cortex at the site of nutrient arteries 01' emissary 
veins. In leprosy patients, in India and in HOllg Kong, large number s 
of ca ses showed these nutrient-a rter y defects in the finger s and in the 
proximal phalanges of toes. 

] t has yet to be proved that nutrient vessels do enter the middle and 
t erminal pha langes of finger s and proximal phalanges of toes, in the 
distal end of the bone in the midline. In proximal pbalanges of the 
fingers, however , a nutrient canal can often be seen passing in f rom one 
side (1 2). Until further evidence is produced we r egard a nutrient fo r a
men of less than pinbead size (1 mm. diameter) as normal. 

Only 13 out of 894 patients showed nutrient arter y defects tha t were 
large r. Large or irregular defects at the above sites may be signs of 
leprous periarteritis (5), or periarteriolar neuritis (11), or of engorged 
emissary veins. In on e patient a "nutrient foramen" defect of 2 mm. 
diameter was observed to he a.bsolutely unchanged over a period of 
eight years (Fig. 3.). 



29, -:I: Pa i('l'so II : Ball e Challges '/,n L eprosy 397 

}'IO. 1. ::Ilultiple d:,wtylitis leprosa, 
right hand, associated with leprotic 
nodul es. :Radiograph taken 1 year 
;tfter a bone biopsy (long finger, head 
of proxi m:) I pha la nx ) which revealed 
leprou s granuloma, and after 1 year 
()f th erapy . Some sclerosis of affected 
'lrNIS has occurred in the interim. 

V efinile si.r;ns of acti ve oste'itis fcprosa.-l. Multip le clear-cut small 
a reas of bone destruction (2.S ro ): 1'hese may be seen in the medullary 
area or medial codex of the ends of phalanges (Fig. 1). Less commonly 
(0.7 % ), clea r-cut area s of hon e destruction arc seen in the lateral cortex 
of proximal rhalallges at the poin t where we know a nutrient vessel 
enters the bOlle. 

FIG. 2. Extensive hone destruction , lrft hand, in lepra l·eaction. Ll. Long finger shows 
des1.nLCtion of distnl eJlc! of middle phalnnx, with Jl ew bon£' £ormatioJl; and in index finger 
of th e proximal ellfl of th e middl e phala nx, with gross soft tissue swcllin g (September ]!)55). 
B. H ea ling wi th scl£' ros is and minimnl dd'o rmity ( .Tilllllnry ](56 ) . Courtesy of 1>1'. A. D. 
Thi escn, Champa, Jndia. ) 
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2. Ill-defined' areas of bOll e destruction (1 '7'0 ): ,]~hese may occur 
anywhere in the phalanges ill lepra r eaction (Figs. 1 and 2). Very 
rarely there may be compl ete destruction of the cortex, with extensive 
irregular suhperiosteal new-bone formation, and there may be irregular 
des truction of one sid e of the suharticular bone, 01' destl'llction of peri
articular cor tex only. 

3. Subarticular collapse (1.2'7'0): Specific des truction of the suh
articular bon e does not, in our experience, involve the joint cavity or 
cartllage, but it docs cause collapse deformity and sc lerosis of suh
articular hone (Figs. 1 and 2) . Nonspecific suhartic111ar osteiti s may 
sometimes produce a similar appearance. 

H ealing stage; signs that may be specijic.- l. H ealing with sclerosis 
and no deformity (2.6 '1'0 ), with deformity (1.6 '1'0 ): Clear -cut round 
holes in bones with sclerotic horders are sometimes seen in the shafts 
and in the terminal phalangeal tufts. These are prohably the final 
appearance where a larger area of bon e destruction or cavity ha s hea led, 
with sclerosis of its margin s (Fig. 1). 

Even large areas of hone destruction show a r ema rka hIe degr ee of 
h ealin g in about a one-year period. The end r esult is seen to he a 
thicken ed sclerotic cortex and a diminished medulla1'y area. If the 
finger s arc adequately splinted, as on a round coconut-shell splint, (2), 
deformity ma y he prevented, hut if there is no splinting the fingers 
may become twisted sid eways rut the site of the old hone destruction 
(Fig. 2). 

2. Concentric erosion with thickened cortex (0.2'1'c ) : A few cases 

FIG. 3. E nla rged "nutrient fo rll mens," 
ring and little fin gers of left hand, 1.5 mm. 
(l952 ) . (No changes were seen in rail io
grams made eight years later, in 1960.) 
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show the concentric type of abso rption of the outer layer s of the shafts 
of the phalanges, with no evidence of local bone destruction but with 
very thick sclerotic cortex and diminished medullary space. These 
patiellts have had no history of finger-tip or knuckle ulceration, but 
they may have had diffuse lepromatous patches or nodules in the skin 
of the finger s or toes. , Ve believe that such. an appearance is sometimes 
of specific origin. 

3. Rings of cor tical erosion : In ] ca. e, bands or rings of cortical 
erosion wer e seen in all the finge rs. P erhaps these wer e due to old 
skin nodules, or r eaction s with r esulting fibrou s contracting bands 
around the bone (cf ainhum (1 R) . 

4. Other bon es involved in specific osteitis : Tn our experience it is 
very rare to see defin ite evidence of leprous osteitis in bones other 
than those of th e hands and feet. One Vellore case showed evidence 
of old collapse of the suba l'ticular tissue in the upper end of the tibia. 
One Hong Kong case showed local subperiost eal new-bon e formation 
in the mid-shaft of tibia, possibly due to leprou. periostitis. On e case 
mentioned above showed a p seudocyst in the patella . 

NONSPECIFIC ABSORPTIVE CHANGES 

III a much larger number of cases (402, or 45 70 , of the Hong Kong 
patients ) there are seen erosive or absorptive changes that usually 
start at the di stal ends of the phalanges or metatarsals and work prox
imally, som etimes quickly and sometimes very slowly. , Vher e these 
changes progress quickly they are exactly the same as those seen in 
nonleprosy patients who have whitlows or ulce rs with nonspecific ost e
itis or osteomyelitis. -Where these changes prOOTess lowl)i- they ar e 
exactly the same as those seen in nonleprosy patients with "neurotroph
ic" conditions, such as diabetic neuropathic gangrene (3) or congenital 
indifference to pain (17) . Similar radiographic appearance. have also 
been noted, in the absence of clinically detectable ner ve lesions, in mal
nutrition with chronic ulceration (8.15) , in scleroderma CO) and in fro st
bite (19) . 

These appearances have ther efore been term ed non speci:fic bone ab
sorptive changes. b1 leprosy they are a lmost always associated with 
sensory loss, trauma, and sepsis in finger or toes . Rad iographi c signs 
of nonspecific bone absorption in leprosy are as follows : 

1. The so ft tissues.- On good radiographs the outlin e of the soft 
t issues is well shown, so that the degree of soft-tissue swelling or . oft
tissue ulceration and absorption can be noted. Many case. showing re
duction of the size of the pulp of the terminal phalanges or soft-ti sue 
absorption also showed nonspecific bone absorptive chanO'eR in the 
t erminal phalanges. 

2. Contracted jingers.- Radiographs ar e routin ely taken with the 
:fingers fl attened out palm down on the film. ,\There there is contraction 
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FlO. 4. Healed osteitis, righ t 
ha nd , with minimal el'osions of th e 
tufts of th e terminal phalanges. 
A cl nr ·cut nick in the tuft of the 
ring finger. 

1961 

of soft ti ssues with inahility even passivel", to extend the fingers, the 
:fingers on the radiographs will appear cun'eel or foreshortened. Fillg'er
joint spaces will not he seen clue to ove rl apping of phalangeal shadows. 

:3. Nonspecific ((rut e osteitis ((nd osteo1l1yditis.-- 11l the presence of 
son-tis sue ulceration, l' ecl ll eSS and swelling, usually in the fin~'('r - tips or 
~mcler the m0tatarsal heacls, there arc seen radiograpli.ically the follow
mg signs : 

(.a) Acute osteitis (1 % ) : ~Ilhe appearances arc exactly the same as 
those in nonleprosy patients : (i) A few hazy bone trabeculae. (ii) A 
hazy hone outline. (iii) A small area of loss of cortex allcl traheculae 
with hazy margin (Fig. 12). 

(b) Osteomyelitis (5.6 7'0 ): Osteomyelitis in the foot is more fre 
quent and more extensive in leprosy than in nonleprosy patients. 1'he 
radiographic signs are: 

(i) Fragmentation or hazy abso rption of a whole bone with complete 
loss of structure (Fig. 7 A). Occasionally fragmentation may take place 
in the absence of ulcer or sepsis, due to aseptic necrosis (Fig. 5A) . 

(ii) Exten sion of the area of hone destruction cloWJl the shaft (Fig. 
7A). 

(iii) f;ubperio steal bone reaction. Tn severe COllelitiollS this may 
take the form of cloudy calcincation (Fig. 7A). In some acute concli
tions there ma.v just be a white lin e of subperiosteal ca lcificat ion (Fig. 
6B). 

(iv) Sequestra tion is very rarely seen in the radiographs of leprosy 
patients. Clinically, sequestra arc seen more often, as they are dis
charged through an ulcerating area. Tnvolucrum-formation docs not 
usnally occur. 

(c) Periostitis : Periostitis with subperiosteal llew-bolle fo rmation 
may be secondary to osteiti s as above (Fig. 6B), or primary clue to 
spread of soft-ti ssue infection to the periosteal ] a~' er of bOlle (Fig. 6A). 
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~ubpel'io l:i tl'al ca lcification ill ll Purotrophic dig its is us ually com
pletely l'eabso l'lwd, and no involucrum-fo rmation takes pla ce. Occasion
a lly thi s s ubpe riosteal calcifi cation ossin el:i, with r esulting irregular 
thickPllillg of tlw cortex ; later the inn er la yer s of the cor tex: may be 
abso rhed , leavill g a hOll e with bulging 01' "expanded" t?pe of cor tex 
(Fig . 6). 

These ratlwr ullu s ual mallifestati oll s of ostpitis ill n l'Ul 'a l leprosy 
may he due to 1l('ul'otrophic hYP l' r elllia 01' a n unusual 10cHl vascul ar 
respom;l' to illf(,ct ioll. Local hY]Wrelllia ill Ll1l' prpspnce of a cute infec
tion ill Oll e (illg(' r \\' as shoWJl hy sp rial 1:1llgiog rHphy in Oll e ca se ( Ij'ig. 
12) . 

(d ) Suba cutl' and chrollic " ll ourotrophic" ostl' it-i s: (i) Concentric 
absorption (14 1{ ): When a lep)'osy pat ient " ' ith anes thetic hands or 
f eet does Ho t feel paill allcl so continu es to use Hn inAamed finger or 
foot, there is appal'pntly (in spite of hyp 0l'pmia) a failure to h eal the 
ulce ration or infection completoly, and therp devl'lops a s lo\\' smoulcler
ing typo of s uhperiostl'a l bOll O pros ion of tho shafts of tho m eta tarsals 
and ]Jhalanges. 'l'hese bones a r e then concpntrically nal'l'owed, so that 
sometimes thoy taper 0 ff to a point. 'l'he extraordina ry feat-ur e of this 
condition is that the thickness and den s ity of tlle cortox: il:i r etained by 
additions to the im1C' 1' a spect of the cortex at the exp ense of the medullary 
cavity . ('oplallCl ( ~ ) ha s detailed tho m echanism of thi s type of chang<! 

} 'lG. 5. Ase ptic necrosis of head of th e third mrtatarsal, in abscnce of planta r ulcer. 
A. llnzy bonc des truction, wi th subpcriosten I now bone fo rmation sprcading down the shaft; 
minimnl destru cti on of bone of proxim a l phnlnnx, with loss of joint spa ce (.Jnnua ry 1959 ) . 
B. Rca Ii ng ",ith ossi fi ca ti on of ]l clll'otic bOll ; meta ta rsn 1 with deformed outlines; joint spac~ 
e lllarged, nrti culnr slIl'fn ccs i l'l' cgn ln)'. ( Jannn)'y 1(60 ) . 
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in diabetic neuropathy. Concentric absorption with retention of bone 
density is presumably a local tissue response controlled (in absence of 
painful sensation and higher reflexes) by a local nerve reflex only. If 
treatment is inadequate and plantar ulcers recur, the condition de
teriorates (Fig. 7) , but if rigid-sole shoes and adequate foot car e is 
given the absorption can be arrested (Fig. 8). 

(ii) Where there is neurotrophic osteitis and loss of metatarsal 
heads, there may also be concentric erosion of phalangeal shafts and 
collapse of the phalangeal subarticular bone, giving 1"ise to a clear-cut 
cupping of the joint surface. 

(e) H ealing phase: In the healing phase of osteitis and osteomyelitis 
in "neurotrophic" digits there may be a striking reossification of apar
ently destroyed parts of the bone, and bone fragments may reunite with 
the shaft; or they may be left as completely separate, normally ossified 
bits of bones. These fragments arc not sequestra; they apparently 
have a good blood supply. They need not be removed (16). 

(f) Healed phase; digit absorption with clear-cut bone outline: 
\ iVhen a normal patient's or a leprosy patient's finger-tip ulcer has 
h ealed, and when there is no lon ger active infection, the bone shows 
a clear-cut area of erosion. In conditions with sensory loss, reinfection 
and reulceration frequently occurs and so the bone ag'ain becomes hazy 
and a bit more bone is eroded. This process may go on until a whole 
finger is lost, or with adequate care it may be arrested at any stage . . 

4. Deg1"e eS of bo'ne absorption.-The degree of bone-absorptive 
change may be r ecorded in three stages as follows: 

(Ct) Terminal phalanges: (i) Nicks and slits in the tuft only (Fig. 
11 ) . (ii) One side or end of the tuft " sliced off" (Fig. 4). (iii) 
Whole tuft gone, with amputated collar-stud appearance (Fig. 11). 
(i v) Nothing but the base of phalanx remaining (870) (Fig. 1'2). 

(b) Middle and proximal phalanges : (i) Middle phalanx eroded or 
lost (8ro) (Fig. 12) . (ii) Proximal phalanx eroded or lost (10 ro) . 

(c) Metatarsals: (i) Metatarsal head eroded or lost (5.570) (Fig. 8). 
(ii) Metatarsal shaft eroded or lost (7.4 70 ) (Fig. 7). (iii) Cun eiform 
bones, tarsus eroded (2.1 ro). 

The metacarpals are very rarely involved. The os calcis is often 
e roded secondarily to ulceration of the heel. 

5. Aseptic necrosis.-Occasionally even in the absence of ulceration 
and sepsis there may be minimal swelling, blister formation, necrosis 
and fragmentation of a metatarsal head (Fig. 5) . In the finger tips 
-there may, as a r esult of trauma, develop subcutaneous hematomata 
a nd minimal bone absorption of the terminal phalangeal tufts. 

In some cases of leprosy, scleroderma, frostbite, etc., there may be 
no evidence of sepsis but there is evidence of "devitalization" or per
haps subclinical nerve loss which leads to deep aseptic necrosis of 
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]~lG. 6. Periostitis with resultant expansion of co r tex. LI. LaYf'l's of subperiosteal new 
bone, 5th metatarsa l, wi th diminu t ion of joint space, aBd on one side of the 4th metatarsal 
(October J 936 ) . B. Fifth metata rsa l s till tub ular (August 1958 ) . (A radiograph made in 
1957 showell lll a r ked haz in ess and a n a rea of destruct ion fit the ba se of t he 1st metatarsal , 
which had hea led a yea r later.) . 

t i::;sues, and black discoloration of the skin. Deep tissue necl'o::;is may 
lead to minimal absorption of the terminal phalanx tufts, a l~ cl in some 
case.' of scleroderma to calcification in the fin ger pulps. 

6. Arthritis an d joint lesions in the digits.- vVhere the joints a r e 
the most promin ent points of the member, as in claw hand (T!"ig . 9), 
01' wher e they are Il eal' pressure POi11ts such as th e metatarsal head s 
(Fig. 7), they arc liable to infection secondary to soft-tissue ulceration. 
On the feet these la rge " trophic " ulcer s fail to heal because the patient 
does not feel pain and continues to walk on them. Only 'when ther e is 
lymphangitis and inguinal adenitis docs the patient normally r eport 
si<lk. 

In any joint the radiographic sign of arthritis arc as follow s : 
(a) Acute : Haziness of articular surface with slight incr ease, then 

diminution of joint (cartilage) space (4.7 ro ), (Fig. 6, 5th toe). 
(b) Subacute : Destruction of subarticular bon e and joint capsule 

(10 % ) with subluxation of articular surfaces (4.:) % ), (F'ig. 8, gr eat 
toe). . 

(c) Chronic : In leprosy with sensory loss and continued u e infec
tion is likely to spread, and consequ ently increased ab orptionof sub
articular bone with osteitis and osteomyeliti s develop (6.8ro ), (Fig. 7) . 
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TABJ~]i; 2.--Patients wi/It bone cli anges in /'1I1'i01ls IIgI' lind 8f',J' {Jl'o // ps, l 'cl'l'entagf':< lire ill 
l'elation to th e total nu.1nb el· of patients examined in ea('1i age g 'I'OIlP, 

Sex PHtients 
I and \\'ith 

flgfi hon e Spf'('i fil' XO II :, ])('(·ifi · Ost ~' opo- ~o bonf' Tota l 
groups chl1nges !'hllngf's !'hang(>s )'osis (·hllngps patirnts 
---
(years) ~o, No. % ~o, % Xo, % Xn, % ~o , 

------------- --- -, --
Mal e lJOl iell l s 

0-9 -... --- 2 2 
]0-19 40 8 ]0 33 39 6 7,1 4<1 [):2 s-+ 
20-29 ]21 34 13.8 97 38 ]6 6,6 126 56 247 
30-30 ] 21 41 20 103 50 15 7,3 86 41 207 
40-49 .'>9 16 18 50 f)6 18 20 30 3-+ 89 

50 31 7 16 24 56 1-+ 32 12 28 43 
60 ] 3 2 12,5 10 62 6 3:1 I 3 19 16 

------------
--;)]7146 ----:;-;- - ]-1- ,W:i ~ I 688 -'rotHl 385 lOR 15.7 

--- --- ---
F emale patients 

0-9 1 1 1 -+ I I 5 
] 0-] 9 8 5 4 .... 22 I :' () 
20-29 34 7 31 1 41 7.'5 
30-39 21. 2 20 2 2.'5 46 
40-49 23 5 22 3 S 31 

50 7 5 3 4 11 
60 6 1 2 5 2 8 

--- ------------------

I Tota l 100 20 9,7 85 41 15 7.3 106 20G 
- ------- ----- - ----

I 
G l'l1nd total 

I 485 ] 28 14.3 402 -+.'5 90 10 409 46 89-+ 

(d) H ealing phase : ln the healing phase the ahsorbed bon e ends 
hecome more clea ] ' - CU t. I n some cases there is left a hig gap between 
the bOll(' ends, hut ill others there is bony ankylosis with complete 
obliteration of the joint, and bon~' trabeculae are seen crossing the joint 
space (2.;') % ) . I<' ibrou s ankylosis wa s not seen in our cases. 

In severel.\' contra cted finger s a true lateral view sometim es reveals 
a "ditch " or all te riol' depressioll in the distal end of the proximal 
phalanx, whi ch appears to he caused by pressul'e of the base of the 
mirlcll e phalallx. J11 such cases phys iotherapy rna? not succeed in 
;st ra ightening the fin ger , a nel ca psulotomy may he needed (1 ) . 

I. J oint lesions in u'rist and ankle.-Patients with glove and stock
in g al]C'sthesia (superfi cial ner ve les ions) may also lose some of the 
pain sensation in the wrist and ankle joints, and so her e again the 

.course of infection 01' injury may be modifi ed in a "neurotrophic" ulcer. 
In the wri st , followin g infection and arthritis or followin g trauma 

(on e case was probably tuberculous a r thritis), there may develop a 
JllarkC'(l suhluxati011 and yet very littl e pain. B ecause there is no pain 
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the hOll ('s lllay not he il1l111ohilized as they usuall y arc ill arthritis, and 
perhaps hecause of nerve lesion s and "devitalized" tissue ther e is more 
hOJl(~ di:-;illt egration and less new-bon e formation. 

In the ta rsus, infection fr equently spreads f rom ulceration of the 
lwcJ 10 the os cal cis alld then to the suhastragaloid joint (2.1 70 ), the 
talus alld tll(' IlHvi cular hOlles. 'I'he ta lu s and navicular ma y in thi wa y 
1)(' cOlllpl dely destr oyed, and the ank le di sorgalli zed. 

III otlH'r cases there may he no ul ceratioll hut a hot swollen ankle 
ll1H~ ' app ear, alld a " neurotrophic" collapse of the talus and nav icular 
hOlJ('s llW~ ' occur. 2I1inor trauma to these hOll es at a posterior tibial 
t ran splant oporation, or ea rly weight-bearing' aftor immohilization in 
]lla sto r, ma~' also produce talo-llavi cular collapHo (Fi g. 10). 11~xamilla 
tion s in thi s condition of talo-navicular collapse have not so far re
vealed all~' organi sm (~). It is consid ered that this conditioll may be 011e 
of asoptic 11 ecrosis or di sintogl'ation of nOll e following loss of sensor~' 
and othor Il orve fihers. \n exactly s imilar talo-navi cular coll apso may 
bo seen in diab8ti c ll europathy, and in congellital ineli f'fen 'nce to pain. 

Neurotrophic 0 1' "Cha rcot" 'wris t alld ankl e joints may he the r esult 
of neglected t r auma. A patient may susta in a minor fracture neal' a 
joint, hut hocause h e docs not feel pain h e neglects the condition alld 
so a large hematoma fo rm s, and the joint space is increased by t hi s 
e fTU Si011 a lld h ema rth1'osis. La tel' ther e is calcification in the clot, and 
the articular surfaces hecome ilTegular but scI orotic. rehe joint capsul e 
becomes lax, and then there is subluxation 01' di slocatioll. In s imple 
fractur es there ma ya tfirst be excessive callus. 

FIG. i. Osteomyelitis lea ilin g to co ncc ntri c nbsorption of bon es of foot, due to twelve years 
of ina!i t'qunte foot trC'ntm Cllt . A. Note subperiostcal ncw bo ne formation of t il e 5th meta
k'l,rsa l, in 19-18 ( which lIad been abso rbed when a nother radiograph was taken in 1951 ) . 
B. Mark ed cO ll centric absorp ti on of a ll mctatarsa ls except the 1st, and marked deviation of nil 
the toes. 

Cha rcot joint ca n be differ entiated from neurotrophic osteit is and 
arthritis by the fact that, in the Charcot joint, tho joint space is 111-
cr casr<1 and the articular surface is disorganized allil c:Of increased dell 
s ity. III osteitis, the suba1'ticulal' bon e may coll apse£.b~t the joint sur
faces and space may be intact, and in arthritis the j>.4i1;1tl:.spacc is soon 

~ '-"";"h 
~-.. .:.,. 
~Ctj~ 

"J f$ -<J) 
; f.::i _ 



406 Int c1'11ational J ollT1wl of L eprosy 1961 

diminished and' the articular surfaces become hazy and ostC'opol'otir . 
Secondary to chronic ulce rs of the heel the os calcis may be almost 

completcly destroyed, , \lith car e, however , an amazing degrce of soft
tissue reformation can be achievC'd and the condition arrested. 

Sometimes plain radiographs r eveal the exteJlt of a c1 eep soft-tissue 
sinu s with minimal bon e c1 cstruction. In other cases extensive calcifi
cation in ti1(' tendo-Achillcs insertion may ,'csult ,fr om tighiC'ning and 
shor tC'lling of this t~ndon in noglectod drop foot a]1(l ulceration of the 
heql. 

Among the Chinese patients the end r osult of bound feet ,\'as noted 
in two old women. In both cases there was disuse 0 , ieoporosis, and in 
one tl1('l' e was concentric absorption of toes. 

8. Nasal bones.- R esulting from ulceration of the nasal mucosa 
thero may be seen absorption of the nasal spine of the maxilla, pre
maxilla and alveolar margin, and nasal bones. 1\f ~ller-Christcnsen et al. 
(14) found such changes in ancient skeletons. 

FlO. 8, Concelltric n bsorptiOIl of bones 
of th e foot (1953) , 111'rested O\'cr a 7 ·year 
period by adequate foot t rentment and reo 
habi lita tion (1960 ) . N otc th c absorption of 
th c distal end of thc proximal pit a lnnx, great 
toc, and of the 5th metatarsal a nd of the 
opposi ng enel of th e proximal pha lanx, 

OSTEOPOROSIS 

1. Nature and co/uses of osteoporosis.-Osteoporosis is a r adiologic 
term used to ' describe any condition in which there is a diminution of 
ossifi ed bone substance, or a diminution in bone trabeculae. It may be 
general, due to malnutrition, senility or debility, or it may be local, due 
to disuse. Pain, tight skin lesion s, edematous skin lesions, immobiliza
tion in plaster, and paralysis or contraction (Fig. 9A) all cause local 
disuse osteoporoRi!\l . Osteoporotic bon es may easily fracture or collapse. 
R e>:"l J.! .. ' eful ,physiotherapy, osteoporotic bones may r eturn 

) . 
; local osteoporosis in leprosy that we hav'e investi-
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'f AB I,E 3.- B one changes j'elated to occu patiOltCl1 tn wlll a. P e'l'centages aj'e in j'elation 
to the total ntont,ej' of pa tients ,in each traum.a g j·oilp. 

Pa ti ents 
with 
bone Specifi c N onspecin c ~o bone Total 

Occupa- changes changes changes Osteoporosis rhanges pati ents 
ti on No. No. % No. % No. % No. No. 

Beggars 4 4 1 5 
Students 39 13 20 27 26 7 6.8 64 103 
Cleri ca l 36 6 7.7 26 34 10 13 41 77 
Manual 380 103 15.7 328 49 63 9.6 277 657 
Cooks 21 4 9.5 16 38 8 ]9 21 42 

( 7) 5 2 1 2 5 10 

Total 485 128 14.3 402 45 90 10 409 894 

gated carefully, som e disuse factor has been found. In hands and feet 
with ul cerative lesions that would normally cause pain and osteoporosis, 
where ther e is sensory loss ther e is often osteosclerosis and thickening 
of bony cortex. Tn the 894 Hong Kong patients only 90 cases (10 % ) 
showed evid ence of osteoporosis. About the same proportion of 
patients (11 % ) showed evidence of uniform soft-tissue swelling of the 
finger s. In many cases wher e ther e was uniform swell ing of the finger s 
ther e \\"as osteoporosis, probably due to r estriction of movement by the 
swelling 

2. Stages of osteopMosis .- The radiographic signs of osteoporosis 
may be divided into fiv e stages, as done by Fontaine and H errmann (6) : 

(a) Minimal su barticular: Trabeculae and cortex are r educed in 
thickness, with r elative translucency of the subarticular bone as com
pared with the shaft (1.3 % ). 

(b) Moderate : Reduction of density of the cortex of the shaft, with 
visualization of trabeculae in the cortical bon e (7 % ). Some cortical 
trabeculation was seen, particularly in the fifth finger, in women and 
children with leprosy, and in 8 women out of 50 normal cases. 

(c) Advanced: Uneven thickness of cortex where the inner cortical 
layer is eroded (2 % ), (Fig. 9A). This irregularity of the cortex causes 
a patchy appearance of the medulla (2 ro ) . 

(d) Far advanced: P encilled outline of cortex only r emains. Very 
f ew trabeculae seen. (Only one case seen in about 1,000.) 

(e) Very far advanced: No bone outline seen at all. (No case seen 
in 900) . 

Osteoporotic bone changes must not be confused with minimal spe
cific changes, such a s pseudocyst and honeycombing described above. 

AN GIOGRAPHIC FIN DIN GS 

Normal appearances of the diO'ital arteries, vascular end loops, and 
nntrient vessels to the phalanges wer e noted in 5 control cases. In 
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}'lG, 9, Osteoporoti c tubular metaca l'pols and subluxation in contl'.1cted ti ngrI', a nd 1ll:II'I«',l 
improl'cme ll t after 4 ye~ rs of p hysiothe rapy and rehnbilitation, Ll, Marked thilllling of co rticl'~, 
with tubul~J' shafts of llletHc:lI'p,t1s; trn beculne i n cortices of pha bnges ' ( A pri! 195-4, then :lgc,1 
12 ), B, Restoration of cO l'tica] bOll e in lll etn ca rpnls anti pha lnnges; no progression of t uft 
e rosion (Februfl ry 1958 ) , 

leprosy patients the abnormal angiographic findings wer e as fo llows: 
]. In the presence of soft- ti ssue pulp absorption, even wher e 1-lwl'e 

was 110 hOll c ahsorption, there is dimillution in the vascu lar CI1(l loops 
(Fig. 11) . 

2. I n the p rescncc of di suse ostC'oporosis, with cl eform ccl ahsorhed 
fillgcl's, etc., thcr c is diminution ill thc caliber of digital arteries, hut 
the ca liher of the radial, ulnar ancl palmar a rteries r emain s unchanged 
(Fig. 12). Similar diminution in caliber of digital arteriC's is described 
by Leb (1 3) in cases of rheumatoicl arthritis. 

3. ln the prcscncc of local inAammation , even wher e di gital artcries 
are narrow, there is perha ps excessive hyper emia (Fig. 12) . 

4. In 7 out of 12 leprosy patients' angiograms ther e wa s consid er
ablc in cr easc in the circulation timc of the fin ger s (30 to 120 seconcl s) . 
Tn other cases what appcar ed to be a r teriovenou s shunts wcr c secll at 
the level of the proximal phalan ges . 

;). gviclcl1ce of cnc1aderiti s was seen in one case (Fig. ] 2) . 

CORRELATIO N OF CLl ~ICAL WITH RADIOGRAPHIC l<' TX D[XC::-; 

1. Age and sex.- I t is shown in Table 2 that among the 80-1- patiC'nt s 
admitted to the Hong Kong leprosarium over a period of about 6 years 
there were 688 males and 20() females, and that the majority wer e in the 
20 ,40 year s age groups. 



29, 4 PaiM'son: B one Changes in L eprosy 409 . 

T ,\B LE 4.- B one changes 1'ela tect to typ e oj le]Jl'osy and bacillu s inde.£. P ercentages in 
j'elation to the total nmnb el' oj pa tients in each typ e oj lepj'osy 01' each deg'ree oj bacillus 

index, 

I 
Pa-

I tients 
Group" with I 

bone Rpe l' ific Xonspcti fi<' Ostl'O- Xo botH' T otH I 
~h n ngl's cha ng'l's changE's poros is rhang'l''; pntients 
---

No. ~o . % X o. % );0. % ); 0 . ;\0. 
---------- --

Type oj' lepl'osy 
1. Lep t'o lltatous 328 88 H.5 265 -~3 66 ]] 279 607 
2. Tuber cul oid 85 17 H 80 66 10 8.:i :i6 ] 21 
3, Ditllol'photls 65 2:1 H .8 50 32 13 8 . .J- 90 1:'i5 

( ~) 7 7 1 .J- n 
---------

'I.'otHI 485 1.28 1..f.5 -102 45 90 10 .f09 89.f 
----------

Bacillu s index 
0 ] 9.J- -~3 13.5 175 55 18 56 ]26 320 
1 81. 25 18 67 .f6 9 6.2 65 1-1 (j 
2 67 21 14 53 35 ].J- 9.4 H:5 149 
3 90 22 ] 2 7] 39 30 16.5 92 182 
.f .f8 H ]6 35 .f0 17 ]9 40 88 
:5 2 1 - . 1 2 4 

( ?) 3 2 ] ] 2 5 
---- ------

Total 485 128 16 402 50 90 n 409 sn4 

n No cases of the indeterlllina te fOl'lll hal \ been admitted at H ong Kong. Bncillus indices 
recorded a re those found on lld mi ssion . 

The percentage of patients with non specific bone chano'e's and 'with 
o teo porosis is seen to inc1'ea e markedly with ao'e, but the frequency 
of specific hone changes docs not increase so much with age. 

There is a higher incidence of all types of bOll e changes in males as 
compared with females . 

2. Occupa tional tratt1na.-Patients were divided as far as possible 
into occupational trauma groups as follows: (a) dependent on society 
01' heggar, possibly undernourished; (b) dependent on the family or 
student, usually well nouri 'hed; (c) clerical worker or supervisor; (d) 
mallual worker or labore r; ( e) cook, usually a hou sewife who may burn 
her hands. 

Tn Hong Kong 657 out of the 894 patients wer e found to be those 
who worked or had worked with their hands. These ranged from factory 
worker s, fishermen, and carpenter s to waiters and coolie types. Table 3 
shows that non specific changes. occur in 49 per cent of manual worker s 
as compared with 26 and 34 per cent, in students a nd clerical worker s 
r espectively. 

There is een to be a close correlation between occupational trauma 
and non specific changes, but ther e i. no evidence of correlation between 
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TA nu~ 5,- Bone changes 1'elat ed to du-ra t'ion of disease and duration of t1'ea tment, Pel'
tentages based on the total numbe1' of patients in each dumtion group, 

Patients 
with No 

Dur-
bone Specifi c Konspecific bone TotaJ 

ation 
('hRnges changes changes Osteopol'o. is changes patients 

(years ) So. No, % No. % No, % No. No. 

L eprosy 
0 - -- ---. ---- - --- I 1 
1 7 3 4 2 11 18 
2 2(1 10 20 12 25 5 10 28 48 
3 4fi 11 8.4 35 26 n 8.5 86 132 
4 1 .--. 1 ---~ 3 4 
5 158 49 15.5 123 38 38 12 165 323 
10 209 49 15.5 186 59 32 10 107 3] 6 
20 43 6 12 40 82 2 4 6 49 
( ?) 1 ---- I ---. 2 3 

---
Total 485 12 14,3 402 45 90 ]0 409 894 

TI'ec!/,-

ment 
0 21 4 15 - 6 27 48 
1 39 ] 7 23 27 36 14 18 36 75 
2 5] 18 15.5 34 29 16 14 64 115 
3 55 13 11 43 37 15 13 62 117 
4 54 15 13 45 39 11 9.6 61 115 
5 62 17 15 52 46 12 10.6 51 113 
6 29 6 12 27 53 3 6 22 51 
7 38 12 17 32 45 3 4.2 34 72 
8 135 26 14 126 68 10 5.5 50 185 

( ?) 1 ---- I .-- - 2 3 

Total 485 128 14.3 402 45 90 10 409 894 

occupation and specific or osteoporotic changes. Even if there are 
extensive nerve lesions, a hand that is not used (owing to palsy or de
bility) will not develop absorptive bon e changes. 

3. Type of leprosy and bacill1,£s index.-Table 4 shows that the pro
portion of patients showing specific bone changes remains surprisingly 
constant in differ ent types of leprosy and with varying bacillus indices. 
However, on checking the cases that had tuberculoid and "dimor
phous" (macular) leprosy it was found that only 9 out of 17 tuber
culoid cases with possible specific changes had definite signs of active 
or healed lesions, and that the accuracy of the classification into types 
of leprosy was questionable. Further studies after more accurate typ
ing are needed before any conclusions can be drawn from Table 4. All 
cases showing gross specific changes gave a history of recent lepro
matous reaction. 

Nonspecific bon e changes are surprisingly common in tuberculoid 
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FIG. 10. N europn thie disinteg ra tion of ta hl R n nel os en leis. .if. A rens of haziness and dis
integratioll in upper pnrt of tn lus flnrl :l llte r-i or pnrt of os cfl ieis (Augu~t 1959 ) . B. Coll apse 
of he:lel of tnius, and hen iing of cflyity in th e o~ cn icis (Ma rch 1959 ) . 

cases, and in cases where there was a low bacillus index on admission. 
This may be due to the fact that these changes are associated primarily 
with nerve lesions_ 

Gass(7) showed the presence of M. Zepra e in the bone marrow of 17 
out of 21 "mixed cutaneous and neural" cases, but that there were no 
M. Zeprae in the hon e marrow of 48 neural cases. 

4. Du,ration of dis ease and tim e under treatm,en t.-Table 5 shows a 
significant increase in the proportions of cases showing nonspecific 
bone changes with duration of leprosy. In those cases that have been 
under treatment for a number of years, there is some reduction in the 
percentage that show specific changes, but there is an incr ease in the 
number that show specific cha·nges. There is a reduction, with duration 
of treatment, in the incid ence of 0 teoporosis. 

It should be noted that a high percentage of patients showing radio
logic evid ence of bone change show change (deformities or erosions) 
that arc the end result of old disease, and t.hat OP'l(l these lesions have 
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TABL8 6;- l'1',ogress oj' nonspecific and sp ecific bone chctnges. 

-
P atients 

with bone Arrested or Sclerosed 01' 

DUl'Ation of 
changes \Vorse un changed Illlproved heAled 

X-ray survey No. No. No. No. No. 

N ol1s pecific 
6-11. 1II0nth ' 42 3 35 -! -- . 
1 year 102} . 15 69 13 5 
2 years 73 244 10 42 14 7 
,1 years 69 18 29 14 8 
4 yeArs 3 1 1 1 _. 

No series taken 113 

Total 402 47 176 46 20 

S pecific 
6-] 1 months 12 11 1 
1 yem.' 33, 32 1 
2 yeArs 19J 70 18 I 1 
3 years 18 2 15 1 
1'\ 0 seri es taken 46 

Total 128 2 76 1 3 

occurred they will not disappear although they may be halted by 
treatment. 

5. Progr'ess of bone c7wnges under tl'eat?nent .- Table 6 was there
fore drawn up in an effort to assess the extent to which bone damage 
had been arrested or h ealed during a period of leprosarium treatment 
and care. 

In Hong Kong, patients (shown in the middle groups) had been 
radiographed, usually at yearly intervals, over one- two- and three-year 
periods. Of these, 244 patients showed bone changes of the nonspecific 
type, and 70 showed specific changes. Cases classified as "worse" are 
those in which existing lesions had incr eased in size or new lesions had 
appeared. Those classified as " improved" are those in 'which active 
hazy bone lesions had become perhaps smaller and had acquired clear
cut margin s. Those classified as "healed" are those in which the mar
gins of the lesions had become sclerotic or bone cavities had filled in. 

Among the 70 cases showing specific bone changes, only 2 got worse 
over a three-year period, 3 showed ver y definite evidence of healing, 
and among ,the others in which the radiographic appearances were un
changed a fairly large number showed lesions that were already healed 
at the beginning of the period of x-ray survey. 

Among the cases showing nonspecific bone changes, a few wer e seen 
to have got worse during the period of survey, but other were also seen 
to have improved or healed. Again the majority are seen to have been 
arrested 01' unchanged during the period of leprosarium treatment. 
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In \ 'e llorc it has hecn Jl oss ible to fo llow up, clinicall y and radio
g l'aphi ca lls, elming all :l afte r treatmcnt anel rehabilitation, 14 cases 
o\'e l' H 6-8 .\'ca r period. In 10 of these cases it had heen possible to 
a rres t 0 1' hcal the bOll e les ion s. Adequate radiograph ic follow-up of a 
large se ri es of cases ha s not hccn poss ible, but these 10 cases do show 
that ll oJ1 s pec i fi c bone abso rption can, with. adequate r ehabilitation anel 
after -ca re, he healed and kept heal eel. 

6. A ssociation of bon e ('ha11ges with nerve lesions, nonspecific ulcer
ation , ((1/d specific leprrt reaction.- Jn Tabl es 7 and 8 we have analyzed 

FIG. 11. Nonspecific absorptive changes, hand, with one area of specific bone change, long 
finger. Arteriogram, with local filling defect (leprosy endarteritis,> in thumb 'artery. 
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TABL~~ 7.- Incide l1 ce. of patients sli mcillg 1'al'ioll 8 ('linicol signs 1l'/iO haee bon e clianges. 

-
PHtients 

Xo. of paticnts \\'ith slgns \l'ho han' : 

with Xnnspecifi c 
signs Specific changes changes Ostcop ol'osis 

---- -- --
Clini cal signs No. ~o. % ;\0. % Xo. I % -- -- - - -- -- - -

Nonspec ific 
1. Anesthesia 626 102 ]6 :153 56 76 12 
2. ,Paralysis 391 69 17 .. 5 262 67 5-1- 21 
3. Con tl'H d ion 178 3-1- 19 143 80 2S J6 
-L Pain 6-~ 21 33 -1-8 75 1-1- 22 
.5. T nfcd ion and 

ul ceration 277 47 ]7 2-1-2 87 2 ]0 
6. Scal'l'ing ] 00 15 ] 5 9,1- 94 9 9 
7. Trauma :n 
8. H ematoma 6 
9. Soft-ti ssue swelling ] 01) 

per ific 
1. Lcp l'f\. Ot' ENL 

nodules 80 33 -n 39 -1-9 1-1- 17.5 
2. Tuherculoid reaction 7 2 2 
3. Dinlol'phons reaction 1-1- 2 5 

the numbers of Hong Kong patients whose records show the presence 
of nerve lesions with anesthesia and paralysis, contractions of the soft 
tis sues, and ulceration or scarring of the skin of the hands and feet . 
Records of nodules and lepra reaction s affecting the hands or feet were 
110t kept, but where general lepra r eactions have been noted in the 
patients' records they are included in this table. rrable 7 shows the 
numbers of patients with clinical signs who had bone lesions, and Table 
8 shows the number of patients with bone lesions who had clinical 
records of anesthesia, ulceration, or lepra reaction. 

From Table 7 we see that there were nonspecific bone changes in 56 
per cent of patients with anesthesia, in 80 per cent of the patients with 
contractions, and in 87-94 per cent of patients with ulceration and 
scarring. 

If we take all the 402 patients who had nonspecific bone changes, 
Table 8 shows that 87 per cent of them had records of anesthesia, but 
only 65 per cent of them had records of ulceration and scarring. R ecords 

TABLE 8.-Pel·centage of patients with bone changes who have the clinical signs indicated. 

Type of 
?atients Anesthesia Ulcer or scal' Reactions None 

bone change ~o. No. % No. % No. % No. 

~ onspecmc 402 353 87 258 65 45 11 24 
Specific 128 102 80 51 40 36 28 14 
Osteoporosis 90 76 84 32 35 14 15.5 4 -
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FIG. ]2. Adnlllc('(l finger nbsorption clue to mark ed osteoporosis of (lisuse; cortices thin, 
and trabeculne absent. Arteriogram, showing hyperemia of recently rcinfected 1011g finger. 

of ulceration and scarring were known to be incomplete. Records of 
nerve lesions were more reliable. 

Ta ble 7 shows that there were 33 per cent of patients with pain, and 
41 per cent of patients with leprosy nodules or ENL nodules, who de
veloped specific bone changes. Osteoporosis is seen to be more closely 
associated with paralysis, pain, and lepra reactions than with anes-
thesia or ulceration. . 

7. Cor·relation of clinical signs with bone changes.- Tn each 
patient's x-ray r eco rd the various clinical and radiographic signs of 
changes were r ecord ed per digit or ray. For the purposes of statistical 
analysis the ind ex and littl e fingers were sel cted a being indicative 



Clinical signs 
and 

bone changes Index 

CLINICAL 
SIGNS 

Nonsp ecific 
Anesthesia 255 
Paralysis 134-
Contraction 73 
Pain 19 
Infection and 

ulcers 4-5 
Trauma and 

hematoma 18 
Specific 
History of 

reactions 28 

BONE 
CHANGES 

N on,.pecific 
Soft Tissue 

swelling 31 
Osteitis 

(active) 3 
Arthritis 

(active) 4 
A bsorptioll 77 
SP(,I'I/ir- 11 

O~t ('o}JO'fosis 

}Iinimal 50 
Advanced 5 

~ -

TABLE 9.-Conelation of clinical signs with bone changes ,in selectell digits. 

~ o. of digits showing signs of lesions 

Hands Feet 

Right Left Righ t Lpft 

Little Index Little Hallux Fifth H allux Fifth 

440 262 -137 -133 437 ·±-42 4--l0 
256 153 256 15 13 
11* 80 121 7 8 

17 19 22 23 16 

41 40 -d2 l'r _ 0 103 112 84-

18 19 19 ]3 13 12 11 

I 
28 55 32 23 21 

27 32 26 18 11 14 7 

1 3 17 ] 3 ]9 9 

7 7 13 48 :1') 36 -n 
71 84- 65 ];17 !H lOS 85 
H 19 ]8 ::lG 23 

60 45 65 25 25 24 22 
5 9 9 10 10 15 13 

~ o. of digits 

Wrist Ankle 

Ca rpus Tarsus 

R&L R&L 

22 149 
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of me(1ian and ulnar nerve lesions, and for th e foot the g reat and littl e 
toes \\" e1'e selected. 

On going through the radiographic )'ccords there is found a striking 
correlation hetween infected or ulcerated digits and the various non
specific hon e changes, and hctwccn those with lepros)' nodul es and lepra 
r eact ion s and the speci fi c hon e changes. 

'I'ahle 9 is an attempt to summate the findin gs in th0 selected digits, 
of tl1(' 89..\. patients. III the hands, trauma and hematoma, infect ion and 
nl cC'rat ion roughly cOl"J'espond to hone absorptive chan ges in the di gits, 
and ill 1h e foot there is very close corrclation lwtween ulceration awl 
ahsorptivc hone changes. Onl y 50-60 per cent of di gits with anesthesia 
developed bon e ahsorptive changes, hut almost all digits with alles
thcsia and ulceration develop those changes. 

8. Furthe1' research needed.-Furth0r research is needC'(1 011 the 
following linC's : (a) To determine the cause of spec ific hon e changes, 
accurate clini cal r ecords of each leprosy or rcaction nodul e in the fi11 -
gel'S and toes should he kept. Accurate r ecords of any tight, whitish 
skin lesion 01' edematou s skin lesion of thefingcrs or toes should be kept. 
Tn the presence of acutc pa inful skill lesion s, r adiographs should he 
taken at monthly intervals, alld th en there should he close correlation 
hetween th ese skin lesiom; ancl radiographi c finding·s. 'Wher e a bone 
lesion occurs, lateral radiographs mu st he taken of each fin ger sepa
rately, and bone-drill hiopsies should be mad e. 

(b) To determine the nature of the "nutrient foramens" in fingers, 
postmortem finger arteriograms and vC'negrams, using colloidal barium 
or colored latex injections, should he made. Microradiograms and 
st01'eoseopic microphotographs aftel' decalcification of bone cQuld estab
li sh the exact arte rial and venous network in the phalanges. Tn lepro. y 
patiellts with enlarged nutrient foramens, anteroposterior and ohliqne 
angjograms of the finger s should he made. BOll e hiopsy at the site of a 
nutri ent foramen might be justifi ed. 

(c) The exact nerve supply to the bone of phalanges should be 
worked out hy special method s of decalcifying bone and serial sections. 
The role of pain fib ers in the mechanism of tissue r epair and r eplace
ment should he further inves tigated. 

(d ) K on specific bone absorption chan ges should he induced in the 
hand" and feet of experimental animals after selective nerve section or 
damage. 

( e) Bone hiopsie. in various stages of non specific bon e change 
shonl(1 he ca r efu]]y correlated with radiographic findin gs . 

(f) Th e "ditching sign" in contracted finger " shoul(1 he noted and 
co rrelatrcJ with th e results of physiotherapy. 

CONCLUS10NS 

]. Three types of hon e changrs occur with the following incidences 
in leprosarium patients : (a) specific osteitis lepl'OSllm, 3-:) per cent; 
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(b) non specific osteitis, 45 pel' cent; and (c) disuse osteoporosis, JO per 
cent. 

2. ~I'he specific bone destructive changes al'e usually associated with 
lepra r eaction. Revere destructive changes that could cause deformity 
are rare, only about 2-3 pel' cent of cases. ·Wh er e a painful lepra re
action 01' lesion occurs in a digit, that digit should he x-rayed at about 
monthly interval s to see if there is bone change. 

With properly-controlled ch emotherapy the acute r eaction stage will 
subside, a nd with adequate immobilization deformity can be avoided 
and healing of hone with sclerosis will take place in ahout one year. 
Joint surfaces are not usuall y involved . 

3. 1'he non specific bon e absor ptive change. occur in ahollt 56 per 
cent of patients who have anesthesia of the hands or feet, but where 
trauma, ulceration and non specific infection occur, the incid ence of bone 
damage increases to 80-90 per cen t. 

F.ven in the presence of anesthesia, if, h~r adequate car e and training 
in occupational therapy, minor trauma and ul ceration can he prevented, 
then il1fection will not spread to bone and so hon e and joint les ion s can 
be prevented or arrested. Tn the abscnce of adequate car e, 01' if there 
is continued occupational trauma, non specific infection will be modified 
by neurotrophic factors and will g radually cause aQsorption of the 
digi ts. 

4. The most permanently crippling lesions are those affecting the 
joints. These occur in about 5 per cent of patients' feet and in about 
1. per cent of the hands. Joint lesions are usuall y due to a nonspecific 
arthritis modified and made worse hy neurotrophic factors. Tuhercu
lous arthritis may occur, and trauma may cause development of a 
Charcot type of neurotrophic joint. 

True lateral radiographs of each affected finger arc n C'edC'd for the 
diagnosis of interphalangeal arthritis, and for assessment of the degr ee 
to which physiotherapy can help to mobilize contracted joints. True 
lateral radiographs of the ankle joint are needed to assess tarsal 
changes, and anteroposterior and oblique views of metatarsal heads 
are needed in cases of trophic ul cer of the foot. Check radiographs 
should be taken at three-month intervals. 

5. The angiographic findings in a few cases suggest a possible 
mechanism of the pathogenesis of the nonspecific bone ah. orption 
where there is sensory loss (clinical or subclinical) , trauma, and/ or 
very chronic infection. 

(a) Normal higher control of vasodilatation, etc., is cut off by ulnar 
and medial nerve palsy. F.ven in the absence of a clinically detectable 
nerve lesion, "\Veddell eO) found evidence of up to 25 per cent reduction 
in free nerve fibers in the skin. There may thus be a loss of the normal 
mechanism of tissue repair and replacement, or a devitalization of 
tissues. 

(b) In the presence of infection there is excessive loca l vasodilata-
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tion, with stimulation of osteoclasis on the outer layers of bone. 
( r) Later, soft-tissue and periosteal vascular end-loops are obliter

ated by fibrosis, and both osteoblasts and osteoclasts are inhibited. 
(d) Vascular end-loops in the bone medulla may not be so obliter

atetl, alld a local nervous mechanism (due to continued use of the 
anesthetic digit) causes st imulation of osteablasts, and the lay ing down 
of new bone on the medulla ry side of the cortex. 

(e) .Avascula rity of the skin predisposes to repeated ulceration and 
infection. 

(f) Aseptic necros is of deep tissues due to trauma of devitalized 
tissue may sometimes erode or sp read into bone, even in the ahsence 
of sepsis. Aseptic necrotic tissue may calcify in conditions such as 
scleroderma . 

CONCLUSIONES 

1. En los enfermos de las lepl"oserlas se presentan tres clases de alteraciones oseas con 
la siguiente ineideneia: (a) osteiti leprosa especifiea, 3-5 por ciento; (b) osteitis anespe
cifica, 45 pOl" ciento; y (c) osteoporosis pOl' desllSo, 10 pOl" (' iento. 

2. Las alteraeiones oseas clestructivas espeeifieas suelen asocia l'se con la reaccion 
leprosa. Las alteraciones clestructivas graves que pueclen ocasionar deformicl acl son raras, 
representanclo app roximaclamente no mas cle 2-3 pOl' ciento cle los casos. Cuanclo aparece 
una r eaecion 0 lesion leprosa clolorosa en un cleclo, hay que rad iogra fial" ese dedo a plazos 
mas 0 menos mensuales para averiguar si ex iste alteracion osea. 

Con la quimiote1'apia debidamente fi sealizacla la etapa de rea ccion agucla cedera, y 
con la inmoyilizacion adecuada cabe evitar la deformidacl y aproximaelamente en un ano 
se obtenclra la cicat1'izacion del hueso con esclerosis. Las caras articulal'cs no suelen 
afectal'SC. 

3. Las altemciones oseas absortivas anespecifi cas se prcsentan ap l'oximadamente en 
56 pOl' c,iento de los enfermo, que tenen aneste .. ia de las manos 0 los pies, pero cuando 
sobrcvienen traumnti sll1o, ul eel'acion e infeccion anespecifica, la incidencia de las alte
l'a eiones sube a 80-90 pOl' ciento. 

Aun eua ncl o existe anestesia, si con la asisteneia adecuada y adiestramiento en la 
terapeutica profesiona l, pueden impedirse los pequenos tl'aumatismos y la ul ceracion, 
no se propagara la infecoeion al hueso y cabe impedir 0 estacional' asi las lesiones oseas 
y articul ares . A fa lta de asistencia adecuada, 0 si hay continuo traumatismo p1'ofesional , 
Ia infeccion anespecifica se vera modificada por factores neurotroficos y ocasionara 
paulatinamente la absorcion de los dedos. 

4. Las lesiones que baldan de modo mas permanente son las que afectan las articu
Inciones. E stas aparecen aproximaelarnentc en 5 pOl' ciento de los pies ell' los enfermos y 
en I pOl' ciento ele las cabezas. Las lesiones articul ares suelen deherse a artriti s anespe
eifica, Illoelifieada y empeorada pOl' factores neltl"Otroficos. Puede pre entarse artritis 
tuberwlosn y el traumatismo puede ocasionar la formacio n cle una articulacion neu1'O
trofica pOl' el estilo de Ia de Charcot. 

Se necesitan vereladeras radiografias laterales de caela dedo afectaelo para el eli ag
no -tieo de fll't riti s intel'falnngiana y para justiprecial' ha ta que punto puede a'yudar la 
psicotel'apia a movilizar las articulaciones contra idas. Son n eces~lI' ia s tamhien yel'eladel'as 
radiograflas Intera les de la articulacion del tobillo para determinlll' las alteraciones 
tarsianas y vi, tl1S anteroposteriores y oblicuas de las cabezas de los metatarsianos en los 
<laSOS de iil cel'a tL'ofica de los pit's. Deben tomarse radiog l'afias comprobndol'as a p lazos 
de tl'es meses. 

5. Los halll1zgos angiogrilficos obtenidos en algnnos casos sugiercn un Dosible 
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mecanis llI o de 111 ptttogenia de la absorr,ion osea anespeci fi ca cuando ex istell pel'dida 
senso rial (clinica 0 subclinica), traumatislllO 1'/ 0 infecc ion muy eronica. 

(a ) EI dOlllinio mas elevado normal de la yasodil atacion, etc., se ve interl'um pido pOl' 
la par alisis de los nervios cubitales y medianos. Aun sin haber lesion nerviosa distinguible 
cHnicamente, W eddell (1 ) observo signos de una reduccion de 25 pOl' ciento en las fibras 
nerv iosas de la p iel. Puede, pues, haber p errI ida del 'll eca ni ~ lll o nonmll (I e l"( 'gell Pracion 
y sustitucion de los tejidos 0 (l esvitalizacion de estos. 

(b ) Cuando existe infecc ion, hay exces iv <\ vaso(lil atac i6n lo(·al , ton ('xcitacion de la 
ostroe lasill en las ea Jl Il S ex tem as dpl hueso. 

(c) Mas ta rd e, el tej ido hl a ndo y las anas tel"II,in ales ,·nscul ll l"(,s pl' ri ost icas se ven 
hOl' I"Hdos por la fihrosis y qucdan inhihidos ta nto los o~teohl a s tos COII'O los osteoelas tos. 

(rl) Quizas no queden bon-adas las aSHS tC l"min nles ,·ascul a I"Ps de la llIedul a osea y un 
meril ni slli o nel"vioso loca l (rlehido al (·ontinu o uso del clrdo a nestes ia r\ o) pl"o,·oca exc- itac ion 
ele los ostt'oblastos y deposito de nuevo hucso en la CHl'a II,prlul a ,· de la cod eza . 

(e) La avascularirl ad de la piel prcdispone a repetirl a ul cerarioll e infccc ion. 
(f) LH necrosis asep ti ca de los tejidos pl"ofund os, dehido al traumatismo de los 

tej idos drsv itali zarlos pm'de Hlg unlls veces desg"Hsta l" (' I hueso 0 rli fundirse a este, aun no 
habiendo septi cemia. El tPj id o np('rosa do asepti co puede calcifi ca rse cn es tados tales 
co mo esclprocle rn,i a. 

C()!\C L US I O~S 

1. Trois types de II1 0di nca ti ons osseuses sun·ielllw nt chez des IIwlacles hospitalises en 
leproseri e. Se sont, avec leurs f requences I"especti ves : (a) l'osteite lepreuse specifique, 
3-5%; (b) l'osteite non-specinque, 45%; (c) I'osteoporose d' inactivite, 10%. 

2. Les modificati ons destru cti ves spec ifiqlles (les os sont general-ement associees avec 
la reaction lep reuse. Les gra ves modi ncations dcstructi ves, susceptibl es d'ent rainer des 
mutil ati ons, sont r ares, seul en, ent 2-3% environ des cas. Lorsque survient au niveau 
d'un doigt une reacti on lepreuse, ou hi en ull e lesion , doul ou l'euse, ce do igt deITait etre 
ra diograp hie a des interva ll rs rl 'ellYil'on un II 10 i", an n (Ie ,"oil' s' il se p rnduit de,.; ,"odifi ca
tions osseuses . 

La phase aigiie de la reacti on regrrsse rll pa l' un a justell ient COilYenabl l' dl' la chilllio
therapie, et les mutil ations p ourront etre ev itees pllr une illlmohilisation ;l(leq uate, la 
guerison des 0 avec sclerose p renant un an environ. Les surfnces a rt it ulnin',.; ne sont 
genel'alement pas a tteintes. 

3. Les modin ca ti ons non-specifiques de resorpti on osseuse survi E' nn cnt chez FiG % 
environ eles malades qui presentent de l'anesthesie des " 'H ins ou des p i e(I ~. Cepencl ant, 
la O.D surviennent traumatismes, ul cerati ons, ou infect ions non-specifique'i, III f requence 
des delabrements osseux atteint 80-90% . 

Meme en p resence d'anesthes ie, l'infec tion ne se tra nsmettr:l pas it I'os s i Ie" traullla
tismes mineul"S et les ul cerations peuvent etre p l'evenus par des soins adequats et par la 
pratique de l'ergothel'apie. Les les ions osseuses et arti culaires peul'rnt a insi etre evitees 
ou arretees. En l'absence de soins adequats, ou s' il existe un t raulll at isII 'e professionnel 
persistant, l'infec ti on " on-spec ifique sera Ill odifi ee pa l' cles facteul's neurotrophiques et 
entraIn era p rogr essivement la reso rpti on des doigts. 

4. Les lesions les plus irrelll ediablement generatrices d' inva lidite sont celI E's qui 
touchent les articul a tions. Elles SUl"viennent au nivea u des p ieds chez elll·iron 5% des 
malades, au niveau des mains chez environ 1 % . Les lesions arti cul aires sont g-enera lement 
dues a une arthrite non-specifique mocl ifiee et aggravee pa r des fac teurs neurot rophiques. 
Une arthrite tuberculeuse peut sUI"venir, rt Ie t raumatislll e peut entraine,· Ie rl eveloppe
ment d'une lesion ar t iculaire neurot rophique de type Charcot. 

Des r adiographies franchement rle p rofil de chaque doigt interesse sont indispensables 
pour diagnostiquer l'arthrite interphalangienne et pour apprec ier dans quell e IIl csure la 
physiotherapie p eut etre utile pour mobilisel' les articula t ions en contracture. Des 
radiograp hies f ranchement de profil sont indisp ensn hles pOUI" se rr nrlre (·o ll ' pte des 
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modifications tarsien ne:;, et des cli ches antel'o-postel'i l'UI'S pt obliques des tetes meta
tars iennes sont necessa ires dans les cas d'ul ceres trophiques du p ied. Des radiographies 
de controle dev raient etre repetees tous II'S trois mois. 

5. Dans quelques cas les trouvailles arteriogl'aphiques suggerent un mecanisme 
eventuel pour expliquer la pathogenese de la r esorption non specifique de l'os, lorsqu'il 
y a pede (clinique ou subclinique) de la scnsibilite, traumati smI', et/ ou infect ion ch1'oni
quc flccentuel' . 

(a) Lc contl'olr su peJ'ieu r norlllfll de III I'fl sod il a ta tion , ptc. . .. , est su pp1'i me it la 
suite (lr la pfl ralysie (l u nerf cubital rt du nprf medilln. )1elllr en I'a bsence de lesion 
nerveuse ('Iiniquement dece lab le, Weddell (7) a mis en ev idence un e reduction des fi lets 
lIeJ'veux li brrs nans la peau atteignllllt jusqu 'a. 25%. II peut des lors ex ister une perte 
du mecflni sme nOl'nlfll de la repllration et du !'en!pl aCe lllcnt t issula ire, ou une devita lisation 
des tissues. 

(b) En cas rl' infeet ion, il se p rodu it un e vaso-dilatation loca le excrs. in', avec 
stimu lation ne I'osteoclasie a u nil'eau de la cort icale exte1'l1e de 1'os . 

(c) Plus hud, les Il llses vasculail'es tenninales dans If'S t issus mous et dans Ie 
perioste sont obliterees, et II'S osteoblastes et ostcoclastes sont it la fo is inhibe . 

(el ) Dans la cavite medullaire de l'os, II'S anses vasculaires te l'lllinales peuvent ne 
pas pt re obli terees de edte maniere, et un meca nisme nerveux local (pa r suite de 
l'u sage pel'sistant du doigt anesthes ique) entl' fl lne In stilllUlation de. osteoblastes et 
1'apposition d'os nou vellement for me nu nil'eau de la corti e-nle medullflire. 

(e) L'absence de vascularisation rl e la peau predispose a la r epetition de I'ulcel'a tion 
et de l'i nfee tion. 

(f) La nerrose aseptique des ti ssus pl'ofond .. , cl ue au traumatisme clu tissu devitalise, 
peut parfois, meme en 1'flbsence d'infeetion, se com muniquer it la surface ou it I'interieur 
de I'os. I.e t issu ayant subi un e necrose aseptif(ue peut se calcifier dans ce rta ines condi
tions, telle la sclel'oderillie. 
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