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Our understanding of the pathogenesis of

the skeletal effects of leprosy has lagged be-
hind our understanding of the neurologic
(33) and immunologic (¥-3) events in the
discase. This has not been due to lack of ef-
fort but to the difficultics inherent in any
study of the skeletal system: namely, diffi-
cult access and delayed development of
methods to study cell structure and function
in mineralized tissues (27).

Skeletal involvement is a serious and
probably universal feature of leprosy (2
2931324142y and results in a net loss of
skeletal mass. Bone changes are described
as specific, in which acid-fast bacilli are de-
monstrable, or nonspecific in which myco-
bacteria can be found. Specific bone lesions
are relatively rare, occur in the lepromatous
forms and are confined to the small bones of
hands, feet and nose. The overwhelming ma-
jority of skeletal lesions are nonspecific and
are of four general types: distal absorption
of the digits, osteoarthritis, osteomyelitis
and osteoporosis (232).

Because a frequent major disability of lep-
rosy is anesthesia and paralysis, skeletal
changes have been considered to be of neu-
rovascular origin (+15.31), The effects of the
mycobacteria on peripheral nerves were be-
lieved to result in loss of vascular tone, hy-
peremia and bone resorption. While this se-
quence of events may occur in some patients,
it appears to be far from universal. Serial
arteriograms in more than 60 patients have
shown proximal arteriovenous shunts and
reductions of blood flow in digital arteries
(7:32). In a study of new patients admitted to
Carville, no bone changes could be directly
attributed to sensory loss (7). Furthermore,
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denervation of extremities in experimental
animals has not produced bone resorption
("Y). The development of bone loss in lep-
rosy is a complex process and probably in-
volves some type of circulatory alteration on
which is superimposed infection, inflamma-
tion, trauma or disuse ( 10-32.37),

The mechanism of skeletal loss in leprosy
has been studied primarily by radiographic
and histologic methods. Numerous radio-
graphic studies have described the progres-
sive loss of skeletal mass in the distal ex-
tremities and nasal septum ( 36-810.15.24. %2
41.42)  The most revealing information has
come from combined radiographic and his-
tologic studies (221.2232) However, there is
still a basic uncertainty as to how the bone
loss occurs. Aseptic bone necrosis is found
in leprosy but not frequently enough to be a
major mechanism (32). Sections of bone
from patients with leprosy, on the other
hand, show few bone cells and a fibrotic
marrow. Osteoclasts, an accepted cellular
source of bone resorption, are reported to be
either absent or of unusually rare occurrence
(221.22) A significant event in the search for
a cellular basis for bone loss in leprosy was
the demonstration by biochemical methods
(") that the concentration of the lysosomal
enzyme acid phosphatase was significantly
higher in bone from patients with resorptive
bone lesions than in bone from patients
without much bone loss.

Because the extracellular release of acid
phosphatase by osteoclasts is known to be a
cellular event in bone resorption (25:27.39),
we have pursued the cellular basis of bone
loss in leprosy by combining a method to
study the cellular distribution of acid phos-
phatase activity with excellent preservation
of cytologic detail in demineralized bone
sections. This report demonstrates that os-
teoclasts are present in patients with lepro-
matous and tuberculoid leprosy and that
they are indistinguishable morphologically
from normal, active osteoclasts. These re-
sults suggest that bone loss in leprosy results
from acceleration of a physiologic event and
not another process such as aseptic bone
necrosis.
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MATERIALS AND METHODS

Methods. Bone was obtained from pa-
tients undergoing lower limb amputation or
other surgical procedure designed for the pa-
tient’s benefit at the National Leprosy Con-
trol Center, Sungei .Buloh, Malaysia. The
type of leprosy was determined at the Na-
tional Leprosy Control Center by smears and
clinical examination (). When possible
bone was taken from cach patient from areas
of resorbing and nonresorbing bone as de-
termined on preoperative X-rays, from areas
with and without infection and from normal
bone not involved in the discase.

Bone specimens were removed, cut into
picces of less than 2 mm in at least one di-
mension and immersed in chilled 49 glu-
taraldehyde in 0.1 M cacodylate buffer, pH
7.2, within ten minutes of interrupting the
blood supply. All specimens were fixed in
this solution for two hours, washed briefly
with buffer and demineralized in 1095 EDTA
in 0.1 tris buffer at 4°C for four to seven
days ('2). Bone samples were then em-
bedded in 59 agar at 39°C and cut at 100-
200u (). At this stage demineralized sec-
tions from some specimens were fixed in 19
osmium tetroxide in 0.1 M cacodylate buffer
and embedded in epoxy resin. One and two
micron sections were stained with toluidine
blue.

Acid phosphatase activity in sections from
each area was demonstrated as follows. De-
mineralized sections were washed overnight
in cacodylate buffer and suspended in 19
gum acacia in 0.22 M sucrose at 4°C for two
to four days ('¢). Enzyme activity was local-
ized by the Gomori (') procedure as modi-
fied by Barka and Anderson (') with B-
glycerophosphate as substrate. After incuba-
tion at 37°C for 30 minutes, the sections
were washed and reacted with dilute lead
sulfide. Osmication and embedment of these
sections in epoxy resin and staining were as
described above. Specificity of the reaction
was determined using the following controls:
incubation without substrate, incubation in
complete medium containing an enzyme in-
hibitor (0.1 M sodium fluoride) and the use
of heat-inactivated sections (90°C for 30
minutes).

Patient material. Patient A was a 60 year
old Indian male who had had lepromatous
leprosy for more than 30 years. He suffered
from recurrent plantar ulcers on both feet
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and two years carlier the right forefoot and
left hallux were amputated. He had a large,
deep ulcer of the medial aspect of the sole of
the remaining part of the foot. Preoperative
X-rays revealed absence of metatarsals and
resorption of the cuneiforms and cuboid. A
deep crosion of bone at the level of the
talonavicular joint indicated the site of the
ulcer. The tibiotalar and subtalar joint
spaces were irregularly narrowed. The cal-
cancus was radiolucent and its trabeculae
poorly defined. Subperiosteal bone forma-
tion was evident along the posterior margin
of the distal tibia. The tibia and fibula were
otherwise unremarkable. The right leg was
amputated below the knee and bone samples
were taken from resorbing tarsal bones near
and away from the plantar ulcer. the lateral
part of the talus, proximal calcancus. distal
tibia and fibula and tibial shaft.

Patient B was a 77 year old Chinese male
who had had lepromatous leprosy for over
30 years. He was currently under treatment
but his medical history was one of follow-up
failure. He had ulcers on both forearms and
feet. There were five interconnecting sinuses
around the metatarsophalangeal (M-P) joint
of the right hallux. Preoperative radiographs
of the right foot revealed extensive resorp-
tion of the distal and lateral end of the first
metatarsal and adjacent part of the proximal
phalanx. A central radiolucency was present
at the junction of the distal and middle thirds
of the first metatarsal. The distal phalanx of
the right hallux showed subperiosteal re-
sorption and crosion of the tuft. The right
hallux was removed, the ulcer crater curett-
ed and bone samples were taken from two
arcas of the first metatarsal, three areas of
the proximal phalanx, and four areas of the
distal phalanx.

Patient C was a 63 year old Chinese male
who had been treated for lepromatous lep-
rosy for more than 20 years. The second toe
on his right foot was removed three years
carlier because of extensive ulcerations. Pre-
operative X-rays of the right foot showed
collapse of the distal tarsal row, thinning of
the shaft of the proximal phalanx of the
great toe, extensive resorption of the pha-
langes of the third toe, and resorption of the
middle and distal phalanges of the fourth toe
(Fig. 1). A below-knee amputation of the
right leg was performed and 16 bone sam-
ples were taken from areas marked by as-
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F1G. 1. Preoperative X-ray of distal part of right
foot of patient C. The second toe was removed
three years earlier because of extensive ulcera-
tion. Areas of bone sampled for cytochemical
study are indicated by asterisks. There is exten-
sive resorption of phalanges of the third toe.

&

- 53 4 © g F

F1G. 2. Low power photomicrograph of seven
osteoclasts (arrow heads) which show up in bold
outline next to the bone (B) margin because of
their high concentrations of acid phosphatase ac-
tivity. Venous sinuses (S) are prominent features
of the loose connective tissue. Proximal phalanx,
third toe, patient C (counterstained with toluidine
blue, X 160).
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terisks in Figure 1 and from the distal tibial
and fibular metaphyses, talus and calcancus.

Patient D was a 59 year old Indian female.
She had had tuberculoid leprosy for 35 years
and was released from treatment ten years
ago. She had a 2x 3 cm plantar ulcer on the
right foot which had not responded to treat-
ment. There was extensive resorption of the
lateral part of the right foot and the fourth
and fifth digits were absent. Preoperative
radiographs of the right leg and foot re-
vealed that the cuboid and lateral cuneiform
were absent. There was generalized thinning
of the cortices of the remaining metatarsals
and collapsed M-P joints on the first two
digits. Subperiosteal bone formation was
present on the medial surface of the distal
tibial metaphysis. A right leg amputation
was performed below the knee and bone
samples were taken from 16 sites on pha-
langes, metatarsals, tarsals and distal tibia.

Patient E was a 55 year old Malay male
who had been treated for tuberculoid leprosy
for 20 years. He had-a chronic infection of
the left tibio-talar joint. The left forefoot
showed extensive resorption and had no di-
gits. Preoperative X-rays showed that the
proximal talus was resorbed and irregular,
resulting in a greatly widened tibio-talar
joint. Only the bases of the first three meta-
tarsals remained and cuneiforms and cuboid
were collapsed. The left leg was amputated
10 cm above the ankle and nine bone sam-
ples were taken from metatarsals, cunei-
forms and distal tibia.

RESULTS

Microscopic study of the 60 bone speci-
mens revealed osteoclasts in the majority of
sections from each patient including areas of
resorbing and non-resorbing bone as deter-
mined on preoperative radiographs. Many
osteoclasts were present in small groups in
isolated areas. However, large groups of os-
teoclasts were frequently seen over exten-
sive areas of bone surface (Fig. 2). These
cells could be identified even at relatively
low magnification in the sections stained for
acid phosphatase activity because of their
high concentration of the lysosomal enzyme.
The typical intracellular distribution of acid
phosphatase in functioning osteoclasts is il-
lustrated in Figure 3. The enzyme is concen-
trated in a linear array within lysosomes at
the interface between cell and bone. Enzyme
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activity is also seen in other parts of the cyto-
plasm, particularly in the circumnuclear
Golgi apparatus where lysosomes originate.
Often enzyme distribution in neighboring
osteoclasts varied greatly (Fig. 4), perhaps
representing age or functional differences
between cells.

Osteoclasts were consistently seen in
bone samples taken from metatarsals and
phalanges, the sites of basic bone lesions of
leprosy (232), and in bones (tibial meta-
physis and some tarsals) not involved in the
disease. No morphologic or cytochemical
differences were noted between osteoclasts
in these locations. Osteoclasts were fre-
quently absent in resorbed bone near ulcera-
tions and infections and near fibrotic mar-
row spaces. These areas were composed
histopathologically of large masses of lipid
which were well preserved by the two fixa-
tives used, by a chronic inflammatory cell
infiltrate containing numerous mononuclear
cells, many of which showed a strong reac-
tion for acid phosphatase, and by fibrous
connective tissue.

Osteocytes  with enlarged lacunae were
found near bone surfaces occupied by osteo-
clasts (Figs. 3., 4). These cells showed some
reactivity for the enzyme acid phosphatase
but the intensity of the reaction was much
less than in adjacent osteoclasts.

Osteoclasts and osteocytes with enlarged
lacunae were more frequently observed in
the three patients with lepromatous leprosy
than in the two patients with tuberculoid dis-
ease. Nevertheless, these cells were readily
identified in the latter patients with the
methods used.

DISCUSSION

It is known that bone resorption is pro-
duced by two groups of cells within the
skeleton: osteoclasts and a subgroup of the
osteocyte population, the osteolytic osteo-
cytes (27). Electron microscopy has shown
that the osteoclast is the major cell respons-
ible for bulk resorption of bone (%). Studies
of osteocytes ('™1Y) have revealed that this
group of cells can be divided functionally
into three subgroups: osteogenic osteocytes
which function as osteoblasts; osteolytic os-
teocytes which function as osteoclasts; and
resting osteocytes. Furthermore, modulation
between any of these states by a single os-
teocyte is possible after an appropriate
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F1G. 3. Photomicrograph of osteoclasts (0)
along adjacent resorbing surfaces (B) of phalan-
geal bone. Lacunae of adjacent osteocytes (*)
are enlarged indicating resorption of lacunar
walls. A concentration of acid phosphatase next
to the bone surface is prominent in the two osteo-
clasts on the right (arrow heads). Distal phalanx,
hallux, patient B (counterstained with toluidine
blue, X 400).

F1G. 4. Photomicrograph of three osteoclasts in
a resorbing cone in compact bone. Acid phospha-
tase activity is greatest in one osteoclast (arrow).
Vicinal osteocytes (*) exhibit lacunar enlarge-
ment. Tarsal bone away from site of infection,
patient A (counterstained with toluidine blue,
X400).
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change in its organelles (). Osteolytic os-
teocytes and osteoclasts have the highest
concentration of lysosomal enzymes (325.27)
of the resident cells of bone.

The results of the present study demon-
strate that osteoclasts and osteolytic osteo-
cytes are present in areas of resorbing skele-
tal mass in patients with lepromatous and
tuberculoid leprosy and that they have the
enzymatic and structural features of func-
tioning cells. These observations identify the
cellular basis for previous reports of elevated
levels of acid phosphatase activity in bone
from patients with leprosy (') and of micro-
radiographic studies ol bone resorption in
adults with leprosy (7).

Osteocytes and osteoclasts were casily
identified in sections stained cytochemically
for acid phosphatase. The combination of
acid phosphatase cytochemistry and the ex-
cellent preservation of cytoplasmic  detail
obtained by the fixatives and embedding
agents used permitted identification of even
small pieces of osteoclast cytoplasm because
of its concentration of lysosomal enzymes.
This method was a distinct advantage over
the use of mutinucleation, large cytoplasmic
mass or presence of Howship’s lacunae as
identifying criteria for osteoclasts. This may
account for our ability to find numerous os-
teoclasts when previous investigators (2-21)
failed to find many.

The observation by us and others of lym-
phoid and mononuclear cells near arcas of
bone resorption might be significant. Bar-
netson () noted that in older cases with
continued bone loss there was increasing fi-
brosis of marrow. Job (') described the de-
velopment of bone lesions in the presence of
leprosy bacilli. He found that large numbers
of macrophages laden with ingested M. lep-
rae and lymphocytes and plasma cells in-
vaded and destroyed bone trabeculae and
that healing of the defect was by fibrosis.
We have observed mononuclear cells in
arcas of resorbing bone near infections. Re-
cently investigators have reported bone re-
sorption by mononuclear cells and accelera-
tion of this process by a local factor released
from stimulated lymphocytes (!7-30). This
latter substance has been called OAF (Os-
teoclast Activating Factor) and has been
shown to stimulate bone resorption in organ
culture. Additional evidence of a role for
lymphoid cells in bone resorption is the dem-
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onstration that bone resorption can be re-
stored and skeletal sclerosis cured in con-
genitally osteopetrotic mice by the transfer
of spleen cells from a normal littermate (49).
More recent evidence shows that one need
only transfer lymphocytes, mononuclear
cells and macrophages from normal spleen
or thymus to effect a cure in a similar rat
mutation (2¢). These latter observations sug-
gest that lymphocytes and/or monocytes
cither transform directly into competent os-
teoclasts or that they elaborate some factor
which allows them to function for the first
time in these osteopetrotic mutants. Similar-
Iv. increased localized resorption of bone in
some arcas in patients with leprosy may be
related to the presence of mononuclear cells,
and the skeletal effects of the disease may be
associated more closely with the known im-
mune changes (3¢ ) than we realize.

We suggest that bone resorption in lep-
rosy is an acceleration of a normal process
mediated via osteoclasts and osteolytic os-
teocytes and perhaps via monocytes. This
acceleration of bone resorption might be
caused by local release of some factors from
M. leprae or from stimulated host cells.
These hypotheses are approachable via cul-
ture of bone with M. leprae and | or cells
from the host. The presence of acid-fast ba-
cilli and their relationship to osteoclasts and
osteolytic osteocytes in areas of bone dam-
age should also be studied. The emerging
relationships between bone resorption and
the lymphoid system might be profitably ex-
plored in patients with leprosy.

SUMMARY

Osteoclasts and osteolytic osteocytes have
been observed in the majority of 60 samples
of bone taken from five patients with lepro-
matous or tuberculoid leprosy. These results
are interpreted to mean that bone loss in pa-
tients with leprosy is an acceleration of a
normal cellular process and not the result of
avascular necrosis. The acceleration of bone
resorption could be due to local release of
products from M. leprae or host cells, a hy-
pothesis testable by organ culture methods.
The presence of lymphocytes and mono-
nuclear cells in bone samples in this and pre-
vious studies is discussed with respect to re-
cent evidence of a role for lymphoid cells in
bone resorption.
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RESUMEN

Se observaron osteoclastos y osteocitos osteo-
liticos en la mayoria de 60 muestras de hueso to-
madas de 5 pacientes con lepra lepromatosa o
tuberculoide. Estos resultados se han interpre-
tado como indicacidn de que la pérdida del hueso
en los pacientes con lepra es una aceleracidn del
proceso celular normal y no el resultado de ne-
crdsis avascular. La aceleracidn en la reabsorcidn
del hueso podria deberse a la liberacidn local de
productos del M. leprae o de las células huésped,
una hipdtesis susceptible de probar por métodos
de cultivo de drganos. Se discute la presencia de
linfocitos y de células mononucleares en las mu-
estras de hueso con respecto a las evidencias
recientes del papel de las células linfoides en la
reabsorcidn dsea.

Ld »
RESUME

On a prélevé 60 échantillons d’os chez 5 ma-
lades souffrant de I&pre lépromateuse ou de I&pre
tuberculoide; dans la majorité de ces échantil-
lons, on a observé des ostéoplastes et des ostéo-
cytes ostéolytiques. On interpréte ces résultats
comme un signe que la perte osseuse chez les
malades de la I@pre constitue une accélération du
processus cellulaire normal, et non point le ré-
sultat d’une nédcrose avasculaire. L'accélération
de la résorption osseuse pourrait &re diie a la
libération locale de produits de M. leprae ou des
cellules-hdtes, hypoth&se qui pourrait &tre mise a
I'épreuve par des méthodes de cultures d’organes.
La présence de lymphocytes et de cellules mono-
nucléaires dans les échantillons d’os, constatée
dans cette ¢tude, de méme que dans les études
antéricures, est discutée en rapport avec la con-
statation récente du rdle joué par les cellules
lymphoides dans la résorption osseuse.

Acknowledgments. It is a pleasure to thank the
following for their contribution to this study: Drs.
M. F. R. Waters and V. Mgller-Christensen for
valuable discussions; Drs. A. Rajagopalan and
A. H. M. Smelt for access to patients and advice
about conducting the study at Sungei Buloh; Dr.
Amarjit Singh for patient access and for obtain-
ing surgical specimens and radiographs; the pa-
tients for their voluntary participation; Mrs.
Wong Sow Mee for diversified technical assist-
ance; the Department of Anatomy, University of
Malaya for use of its research facilities; the De-
partment of Medical lllustration, University of
Malaya for photographic assistance; and Mrs.
Lee Shia Pik and Libby Stone for typing the man-
uscript.

S. C. Marks, Jr.: Extremity Bone Loss in Leprosy 31

REFERENCES

. BArRkA, T. and ANDERSON, P.J. Histochem-

ical methods for acid phosphatase using
hexazonium pararosanilin as coupler. J. His-
tochem. Cytochem. 10 (1962) 741-753.

. BARNETSON, J. Osseous changes in neural

leprosy. Correlation between histopatholog-
ical and radiological findings. Acta Radiol.
34 (1950) 57-64.

. BARNETSON, J. Osseous changes in neural

leprosy. Radiological findings. Acta Radiol.
34(1950) 35-56.

. BARNETSON, J. Pathogenesis of bone changes

in neural leprosy. Int. J. Lepr. 19 (1951) 297-
307.

. CAMERON, D. A. The ultrastructure of bone.

In: The Biochemistry and Physiology of Bone,
2nd edit., G. Bourne, ed., New York: Aca-
demic Press, 1972, vol. 1, pp 191-236.

. CuAMBERLAIN, W. E., Wayson, N. E. and

Garland, L. H. The bone and joint changes
of leprosy: a roentgenologic study. Radiol-
ogy 17 (1931) 930-939.

. CHARDOME, J. and LecHAT, M.F. Lésions

radiographiques des mains chez les lépreux
congolais. Ann. Soc. Belg. Med. Trop. 35
(1955) 267-278.

. Cooney, J. P. and CrosBy, E. H. Absorptive

bone changes in leprosy. Radiology 42 (1944)
14-19.

. COUTELIER, L. The bone lesions in leprosy. A

study based on microradiography and fluor-
escence microscopy. Int. J. Lepr. 39 (1971)
231-243.

. EnnA, C.D., JacoBsoN, R. R. and RAUSCH,

R. O. Bone changes in leprosy: a correlation
of clinical and radiographic features. Radiol-
ogy 100 (1971) 295-306.

. EnnA, C. D., PRABHAKARAN, K. and HARRIS,

E.B. The role of lysosomes in resorption of
bone tissue. Int. J. Lepr. 39 (1971) 54-59.

. FULLMER, H. M. and LiNk, C. C.,JR. A demin-

eralization procedure for enzymatic histo-
chemical use: a quantitative succinic dehy-
drogenase assay. Stain Technol. 39 (1964)
387-396.

. GiLLESPIE, J. A. The nature of bone changes

associated with nerve injuries and disuse. J.
Bone Joint Surg. 36B (1954) 464-473.

. Gomorl, G. An improved histochemical tech-

nic for acid phosphatase. Stain Technol. 25
(1950) 81-85.

. HarBiTZ, F. Trophoneurotic changes in

bones and joints in leprosy. Arch. Int. Med.
6(1910) 147-169.

. HoLt, S.J. Factors governing the validity of

staining methods for enzymes, and their
bearing upon the Gomori acid phosphatase
technique. Exp. Cell Res. 7 (1959) 1-27.

. HorTON, J. E., RAIsz, L. G., SIMMONS, H. A.,



20.

21.

22.

23.

24.
25.

26.

27

28.

29.

International Journal of Leprosy

OPPENHEIM, J.S. and MERGENHAGEN, S.E.
Bone resorbing activity in supernatant fluid
from cultured human peripheral blood leu-
kocytes. Science 177 (1972) 793-795.

. JANDE, S.S. Fine structural study of osteo-

cytes and their surrounding bone matrix with
respect to their age in young chicks. J. Ultra-
struct. Res. 37 (1971) 279-300.

. JANDE, S. S. The effects of parathormone on

osteocytes and their surrounding bone ma-
trix: an electron microscopic study. Z. Zell-
forsch. Mikrosk. Anat. 130 (1972) 463-470.
JANDE, S.S. and BeLANGER, L.F. The life
cycle of the osteocyte. Clin. Orthop. 94 (1973)
281-305.

Jos, C.K. Pathology of leprous osteomye-
litis. Int. J. Lepr. 31 (1963) 26-33.

JoB, C.K., KARAT, A.B.A. and KARAT, S.
The histopathological appearance of leprous
rhinitis and pathogenesis of septal perfora-
tion in leprosy. J. Laryngol. Otology 80
(1966) 718-732.

JopLING, W. H. Handbook of Leprosy, Lon-
don: William Heinemann Medical Books,
1971.

LECHAT, M. F. Bone lesions in leprosy. Int.
J. Lepr. 30 (1962) 125-137.

LuchT, U. Acid phosphatase of osteoclasts
demonstrated by electron microscopic histo-
chemistry. Histochemie 28 (1971) 103-117.
MARKS, S. C., JrR. and SCHNEIDER, G. B. Evi-
dence for a relationship between lymphoid
cells and osteoclasts: bone resorption in ia
(osteopetrotic) rats by lymphocytes and his-
tiocytes from a normal litter mate. Am. J.
Anat. 152 (1978) 331-342.

MaARrksS, S. C., JrR. and WALKER, D. G. Mam-
malian osteopetrosis: a model for studying
cellular and humoral factors in bone resorp-
tion. /n: The Biochemistry and Physiology
of Bone, 2nd edit., G. Bourne, ed., New York:
Academic Press, 1976, vol. 4, pp 227-301.
MOLLER-CHRISTENSEN, V. Tén Lepers from
Naestved in Denmark. A Study of Skeletons

from a Medieval Danish Leper Hospital, Co-

penhagen: Danish Science Press, Ltd., 1953,
pp 1-161.

MOLLER-CHRISTENSEN, V., BAKKE, S. N., MEL-
soM, R.S. and WaALER, E. Changes in the

30.

31

33.

34.

35.

36.

37

40.

41.

42.

1979

anterior nasal spine and alveolar process of
maxillary bone in leprosy. Int. J. Lepr. 20
(1952) 335-340.

MUNDY, G. R., ALTMAN, A. J., GONDEK, M. D.
and BANDELIN, J.G. Direct resorption of
bone by human monocytes. Science 196
(1977) 1109-1111.

NEGRE, A. and FonTAN, R. Contribution a
I'etude de la pathogénie des lésions os-
seuses de la lépre. Int. J. Lepr. 24 (1956)
164-166.

. PaTErsON, D. E. Bone changes in leprosy:

their incidence, progress, prevention and ar-
rest. Int. J. Lepr. 29 (161) 393-422.

PearsoN, J. M. H. and Ross, W.F. Nerve
involvement in leprosy—pathology, differen-
tial diagnosis and principles of management.
Lepr. Rev. 46 (1975) 199-212.

PEARSON, J. M. H. and WEeDDELL, A.G. M.
Perineurial changes in untreated leprosy.
Lepr. Rev. 46 (1975) 51-67.

RIDLEY, D. S. and JorLING, W. H. Classifica-
tion of leprosy according to immunity. A five
group system. Int. J. Lepr. 34 (1966) 255-273.
RIDLEY, D.S. and WATERS, M. F. R. Signifi-
cance of variations within the lepromatous
group. Lepr. Rev. 40 (1969) 143-152.
SKINSNES, O. K., SAKURAI, I. and AQuINO,
T. 1. Pathogenesis of extremity deformity in
leprosy. Int. J. Lepr. 40 (1972) 375-388.

. SMITH, R. E. and FARQUHAR, M. G. Prepara-

tion of non-frozen sections for electron mi-
croscope cytochemistry. Sci. Instr. News 10
(1965) 13-18.

. VAES, G. On the mechanism of bones re-

sorption. The action of PTH on the extracel-
lular release of acid by bone cells. J. Cell.
Biol. 39 (1968) 676-697.

WALKER, D. G. Control of bone resorption by
hematopoietic tissue. The induction and re-
versal of congenital osteopetrosis in mice
through use of bone marrow and splenic
transplants. J. Exp. Med. 142 (1975) 651-663.
WARREN, G. Tarsal bone disintegration in
leprosy. J. Bone Joint Surg. 53B (1971) 688-
695.

WARREN, G. The management of tarsal bone
disintegration. Lepr. Rev. 42 (1972) 137-147.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

