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Summary.Pycnodysostosis (PKND) is a type of osteo-
sclerosing bone disease. Recent studies have demon-
strated that several cathepsin K mutations can be
identified in PKND families. A fifty-three-year-old
Japanese womandiagnosed with PKND with typical
features suffered from the nonunion of the right tibial
shaft. We did open reduction and performed a vascular-
ized fibular graft using an external fixator. A low-
intensity pulsed ultrasound device was used three
months after surgery. Union of the tibia was completed
about one year after surgery. Histomorphometric anal-
ysis of the iliac bone revealed that the patient had low
turnover bone with increased bone volume. Analysis of
the cathepsin K coding region from the genomic DNA
of the patient and her family (consanguineous parents
and three sisters who were all of normal stature)
revealed that the patient had a deletion of genomic
DNA nucleotide 426 T in exon 5. Her parents and two
sisters had a heterozygous mutation, while one sister
had a normal sequence. In summary, a mutation in the
cathepsin K gene was identified, providing further
evidence that a deficiency in the activity of this enzyme
causes PKND.

Key words-cathepsin K, Pycnodysostosis, mutation,
histomorphometric analysis, nonunion.

INTRODUCTION

Pycnodysostosis (PKND), an autosomal recessive
sclerosing skeletal dysplasia, has recently been
shown by a positional candidacy approach to result
from a deficient activity of the lysosomal cysteine
protease cathepsin K1>2'3). The disease is character-
ized by dwarfism, osteosclerosis, acro-osteolysis of
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the distal phalanges, frequent fractures, and skull
deformities with delayed suture closure4'5'. The cathe-
psin K gene, which wa cloned originally from rabbit
osteoclasts6', was highly expressed in osteoclasts.
This molecule plays an important role in bone resorp-
tion and remodeling. Cathepsin K knockout mice
show impaired osteoclastic bone resorption, which
leads to osteopetrosis7'8). Recent studies have demon-
strated several mutations in patients with
PKND1'9-10'11'. In this paper, we present a clinical,
histomorphometric, and genomic study of a patient
with the typical form of pycnodysostosis. Since
parental consanguinity has been noted in more than
30% of cases, we also analyzed her consanguineous
parents and three sisters. A cathepsin K gene muta-
tion was detected by direct DNA sequencing analysis.

CASE REPORT

A fifty-three-year-old Japanese womanwas refer-
red to Niigata University Hospital with nonunion of
the right tibial shaft. Eight years prior to admission,
she had injured her tibia and had it operated on using
a plate, because closed reduction and casting were
not successful. The plate broke and fracture union
did not ensue. Six and three years prior to admission,
nonunion of the tibia was fixed each time using an
intramedullary nail with iliac bone graft, resulting in
failure of the nail three years after re-fixation. She
was referred to our hospital for investigation and
treatment.

Physical examination of the patient revealed that
she was obese (133 cm tall and 53 kg in weight) (Fig.
la). She had a saddle nose, hypoplasia of the face, and
an open cranial suture. She has used dental prosthesis
due to dental caries and periodontal disease following
malformed teeth since the age of twenty. She appear-
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F i g . 1 . C li ni c al f e a t u r e s o f th e p a ti e n t ･ a ･ P h o t o g r a ph s h o w i n g s h o r t s t a t u r e a n d o b e sit y ･ b , c ･ R a d i o g r a p h

o f th e s k u ll s h o w i n g n o f u s i o n o f ei th e r s a g gi t a l o r c o r o n a l c r a n i a l s u t u r e s ( a r r o w s) ･ T h e a n gl e o f th e

m a n d ib l e i s o b t u s e ( a r r o w ) . d . R a di o g r a ph d e m o n st r a ti n g a c r o1 0 S t e O l y si s o f t h e h a n d s ( a r r o w s) a n d u l n a r

m i n u s v a ri a n t . e . R a d i o g r a p h ill u s t r a ti n g i n c r e a s e d b o n e d e n sit y o
f th e p el v i s a n d s cl e r o s e s o f t h e f e m o r a l

s h a ft d u e t o s t r e s s f r a c t u r e ( a r r o w s) . f . 1 u m b o s a c r a l r a d i o g r a p h s h o w i n g s p o n d yl o li s th e si s a t t h e L 5 l e v e l

( a r r o w ) .

e d t o h a v e n o r m al i n t elli g e n c e . E x t e n si v e l a b o r at o r y

p r o c e d u r e s i n clu di n g th e st u d y of s e r u m el e ct r ol y t e

c o n c e n t r a ti o n s
,
r e n al f u n c ti o n

,
liv e r f u n c ti o n

,
a n d

c o u n t s of bl o o d c ell s w e r e w it hi n n o r m al li m it s . P a s t

m e di c al hi st o r y r e v e al e d t h a t t h e p ati e n t h a d b e e n

di a g n o s e d a s P K N D w ith t y p i c al f e a t u r e s si n c e a d o-

l e s c e n c e . S h e h a d m u ltip l e f r a c t u r e s i n b o t h f e m o r a

a n d tibi a e . N o s e v e r ely - dis p l a c ed f r a c t u r e h a d o c c u r -

r e d . I n all c a s e s
,
t h e r ef o r e

,
cl o s e d r ed u c ti o n w a s

e ff e cti v e
,
a n d o p e n r e d u cti o n w a s n o t n e c e s s a r y . H e r

m e n s e s w e r e r e g u l a r f o r a b o u t f o rt y y e a r s a n d

st o p p e d a t 丘ft y
-t w o y e a r s of a g e . S h e h a d c o n s a n

-

g u l n e O u S p a r e n t s a n d t h r e e si st e r s , all of n o r m al

st a t u r e . Si x f e m al e a n d t w o m al e sibli n g s of h e r

m o th e r a n d t h e m o th e r
'

s p a r e n t s w e r e al s o

u n a ff e ct e d . H e r f a t h e r
'

s b r ot h e r a n d p a r e n t s w e r e

als o u n aff e c t e d .

W e did o p e n r e d u c ti o n a n d e x t e r n al 丘Ⅹ a ti o n u si n g

a n e x t e r n al fi x at o r ( O r t h o 丘x , O x f o r d , U K ) w it h ili a c
-

b o n e a n d v a s c ul a ri z e d 丘b ul a r g r a ft . I n t r a o p e r a ti v ely ,

a bi o p s y s p e ci m e n f r o m t h e ili a c c r e st w a s o b t ai n e d

f o r hi st o m o r p h o m et ri c st u d y . T h r e e m o nt h s aft e r

s u r g e r y , a s p e ci丘c all y p r o g r a m m e d , p uls ed , l o w
-

i n t e n sit y ult r a s o u n d d e vi c e (S A F H S : S o n i c A c c ele r
-

a t e d F r a c t u r e H e ali n g S y st e m , E x o g e n , I n c .
,
P is c at-

a w a y , N J) w a s u s e d f o r 2 0 m i n . p e r d a y . Si x m o n t h s

aft e r t h e o p e r a ti o n , t h e p a ti e n t w a s a bl e t o b e a r

w ei gh t p a r ti all y . T h e e x t e r n al 丘Ⅹ a t o r w a s ri gi dl y

s t abili z e d w ith o u t d y n a m i z a ti o n of t h e f r a c t u r e sit e

u n til t h e r e m o v al . N i n e m o n t h s aft e r s u r g e r y , t h e

e x t e r n al 丘Ⅹa t o r w a s r e m o v e d
,
a n d a s h o r t l e g b r a c e

w a s a p p li e d t o b e a r w eig h t f u lly . U n i o n of th e tib i a

w a s c o m pl et e d ab o u t o n e y e a r aft e r s u r g e r y . N o

t e n d e r n e s s w a s o b s e r v e d
,
a n d n o m o v e m e n t w a s
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F i g ･ 2 ･ C li n i c a l c o u r s e o f t h e ri g h t ti b i a l s h a ft f r a c t u r e . a ･ A n t e r o p o st e ri o r a n d l a t e r a l r o e n t g e n o g r a m s o f th e
ri g h t l o w e r e x t r e m it y a ft e r th e th i r d o p e r a ti () n w it h i n t r a m e d u ll a r y n a iliI- g a n d b o n e g r a ft ･ b ･ T h r e e y e a r s

l a t e r
,
t h e n ail h a s b r o k e n ( a r r o w ,) ･ c ･ E x t e r n al 丘x a ti o n w i th v a s c ul a ri z e d 肋 u l a r a n d ili a c b o n e g r a ft w a s

p e rf o r m e d (f o u rt h o p e r a ti o l-) . d . O n e y e a r a ft e r th e f o u r th o p e r a ti o ll , u n i o n h a s b e e n a c h i e v e d .

n o t ed a t th e fr a c t u r e sit e ･ R e c e n t f oll o w - u p X - r a y a t

t w o y e a r s af t e r th e o p e r a ti o n s h o w ed t h e f r a c t u r e

sit e t o b e s t a bl e .

R o e n t g e n o g r a p h ic 丘n d i n g s

A r o e n t g e n o g r a m s h o w ed a n o b t u s e m a n dibl e

a n g le a n d n o f u si o n of t h e c r a n i al s u t u r e s (F ig . 1 b
,
c) ,

a c r o - o st el y sis of t h e h a n d s ( Fi g . 1 d) , i n c r e a s ed b o n e

d e n sit y of t h e p el v i s a n d s cl e r o sis of f e m o r al sh aft

d u e t o st r e s s fr a c t u r e (F ig . 1 e) , a n d s p o n d yl oli st h e sis

of 丘fth l u m b a r s p i n e ( Fi g . 1f) .

A r o e n t g e n o g r a m of t h e ri g h t l o w e r e x t r e m it y

m a d e a t t h e s e c o n d n aili n g s h o w ed t h e alig n m e n t of

t h e fr a g m e n t s t o b e s atisf a ct o r y (F ig . 2 a) . A r o e nt -

g e n o g r a m a t a d m is si o n s h o w ed n o n - u n i o n of t h e tibi a

a n d t h e b r e a k a g e of t h e i n t r a m ed ull a r y n ail (Fi g . 2 b) ,
A p o s t - o p e r ati v e r o e n t g e n o g r a m sh o w e d t h a t t h e

f r a c t u r e w a s fi x e d w a s a n e x t e r n al fi x a t o r ( Fi g . 2 c) . A

f r a c t u r e c all u s a p p e a r ed a b o u t t e n m o n t h s a ft e r th e

o p e r a ti o n , a n d th e u ni o n of t h e tibi a w a s c o m pl e t e d

a b o u t o n e y e a r aft e r s u r g e r y (F i g . 2 d) .

Ⅲist o m o r p h o m e t ric a n aly sis

M e th o d s

A bi o p s y s p e ci m e n of th e ili a c c r e st w a s o b t ai n e d

d u ri n g s u r g e r y f o r th e n o n u ni o n t r e a t m e n t (l a b eli n g
s c h e d ul e 2 -5-2-6) . I nf o r m e d c o n s e n t w a s o b t ai n ed .

T h e s p e ci m e n w a s 丘Ⅹ ed i n 70 % e th a n ol
, p r e st ai n e d

w it h V ill a n u e v a b o n e st ai n
,
e m b ed d ed i n m e t h yl m e th -

a c r yl a t e , a n d c u t t o a t hi c k n e s s ()f 5 m i c r o m e t e r s .

H i st o m o r p h o m et ri c a n aly s ュs W a s p e rf o r m e d a s p r e vi
-

o u sl y d e s c rib e d u si n g a s e m i
- a u t o m a tic digi ti zi n g

s y st e m (S y t e m S u p p ly , N a g a n o , J a p a n) . H is t o m o r
-

p h o m et ri c t e r m i n ol o g y w a s u s ed a c c o rdi n g t o P a r 丘tt

e t al
1 2 )

R e s u lts

T h e b o n e v ol u m e ( B V / T V) a n d w all thi c k n e s s ( W .

T h) w e r e si g ni丘c a n tly i n c r e a s ed c o m p a r e d w it h a g e -

a n d s e x - m a t ch e d J a p a n e s e w o m e n
1 3)

. T h e o st e o id

v ol u m e ( O S/ B S) a n d o s t e oid th ic k n e s s ( 0 . T h) w e r e

d e c r e a s e d . O s t e ob l a s t s w e r e r a r ely o b s e r v e d . T h e

e r o d e d s u rf a c e (E S / B S) w a s i n c r e a s e d alt h o u g h n o

o s t e o cl a s t s w e r e o b s e r v e d . A d o u b le -l a b ele d s u rf a c e

w a s slig h tly d et e c t e d . T h e m i n e r al a p p o siti o n r a t e

( M A R) w a s n o r m al
,
b u t b o n e f o r m ati o n r at e ( B F R /

B S) w a s a t a l o w e r le v el ( T a bl e . 1 a n d Fi g . 3) .

D N A s e q ll e n C l n g a n aly sis

M e th o ds

Bl o o d s a m p le s w e r e o b t ai n ed w it h i n f o r m ed c o n -

s e n t fr o m t h e p ati e n t a n d h e r f a m il y ( p a r e n t s a n d

t h r e e sis t e r s) . H e r f a m ily w a s n o t p h e n o t y p ic ally
a ff e c t ed w ith P K N D . G e n o m i c D N A w a s e x t r a c t e d

f r o m t o p e rip h e r al bl o o d ･ E x o n s ト8 o f t h e c a t h e p si n

K g e n e
1 4)
w e r e a m plifi e d f r o m t h e g e n o m i c D N A of

t h e P K N D p a ti e n t a n d h e r f a m il y b y p ol y m e r a s e

c h ai n r e a c ti o n (P C R) , is ol a t ed , a n d s e q u e n c e d vi a

c y cl e s e q u e n ci n g w ith a n A B 1 3 77 S e q u e n c e r (P e r k i n
-

El m e r C o r p .
,
N o r w alk

,
C o n n e c ti c u t

,
U S A ) . P C R

p ri m e r s w e r e d e si g n ed f r o m t h e s e q u e n c e of C a th e p -

si n K m R N A (S 7 9 89 5 i n t h e G e n B a n k) a n d t h e

g e n o m i c st r u c t u r e
1 4)
a s f olll o w s :

H C K I F
,
5
'

-

g c a ct c a c a g t c g c a a c ct
- 3
'

H C K I R
,
5
'

- c t g ct g a t g g a a a t c t g tt g t
-3
'
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T a bl e 1 . R e s u lt s o f h i s t o m o r p h o m e t ri c a n al y si s

p a r a m e t e r A b b r e v i a ti o n V al u e
R e f e r e n c e r a n g e

*

( M e a n ±S D)

B o n e v o l u m e( % )

T r a b e c ul a r t h i c k n e s s( m c m )

W a ll t hi c k n e s s( m c m )

O s t e oi d v o l u m e( % )

O s t e oi d V o lノB o n e V o l .( % )

O s t e o id s u rf a c e( % )

O st e o id th i c k n e s s( m d m )

E r o d e d s u r f a c e( % )

M i n e r a l a p p o s . r a t e( m c m / d a y)

D o u b l e l a b e l e d s u rf a c e/ B S( % )

S i n gl e l a b e l e d s u rf a c e/ B S ( % )

B o n e f o r m a ti o n r a t e( m m
3

/ m m
2

/ y e a r)

B o n e f o r m a ti o n r a t e( % / y e a r)

B V / T V

T b . T h

W . T h

O V / T V

O V / B V

O S/ B S

0 . T h

E S/ B S

M A R

d L S/ B S

S L S/ B S

B F R/ B S

B F R/ B V
‥

3 3 .8

1 2 9 .6

4 5 .0

0 .2

0 .5

5 .4

5 .2

1 2 .3

0 .5 8 7

0 .7 3

0

0 .0 0 1 5

2 .4 2

2 3 .1 9 ± 4 .3 7

1 3 3 .0 ± 2 2 .0

3 4 .1 6 ± 2 .3 2

0 .3 2 ± 0 .1 9

1 .4 8 ± 0 .9 3

1 2 .1 ± 4 .6 4

1 0 .3 4 ± 2 .0 5

4 .0 9 ± 2 .3 3

0 .5 8 9 ± 0 .0 8 2

0 .0 1 6 ± 0 .0 0 8

2 4 .6 ± 1 3 .3

*
K o n n o T . : J J p n O r t h o p A s s o c , 6 1 : 1 0 8 11 1 0 9 1 , 1 9 8 7 .

F ig
･

. 3 . M i c r o p h o t o g r a p h s o f t r a b e c u l a o f ili a c b o n e u n d e r ligh t a ･ a n d 8 u o r e s c e n t b ･
m i c r o s c o p y ･ N o

t e t r a c y cli n e l a b el i s d et e c t e d . ( V ill a n u e v a b o n e st a i n , o ri gi n a l m a g n i丘c a ti o n : × 4 0)

H C K 2 F

H C K 2 R

H C K 3 F

H C K 3

H C K 4

H C K 4

H C K 5

H C K 5

H C K 6

H C K 6

Ii C K 7

H C K 7

H C K

H C K

8

8

R
,

F
,

R
,

F
,

R
,

F
,

R
,

F
,

R
,

F
,

R
,

5
'

- c t a c a t t c t t c t g c a g g a t g
-3
'

5
'

- ct t g tt g tt a t a tt g c tt c c t g-3
'

5
'
-t a t g ct tt g t tt a g g t g g a t g a

- 3
'

5
'

- t g a a g c t a t a c tt g c c a t g t c
- 3
'

5
'
- a c c a g t g a a g a g g t g g t t c a-3

'

5
'

- c t g at tt t t g a c a g g a g t a a c a-3
'

5
'
-

g g t c a g t g t g g tt c c t g tt g
- 3
'

5
'
- c c t g t c c c a c a t a t g g g t a g

-3
'

5
'

-t c c a g c c a g g a a g a g a g t t g
-3
'

5
'
-

g c a g c tt c t t a c c tt t g ct g-3
'

5
'

-t a t t c t a g g t g t a t t at g at g
- 3
'

5
'
-t g tt c c c a tt a c ct g tt tt-3

'

5
'

-t t g g t c t t a c a g c t g g g g a g
-3
'

5
'

- c a a a g t g c a t c g t t a c a c t g c-3
'

R e s u lt s

A n al y sI S Of t h e c at h e p si n K c o °i n g r e g l O n f r o m

g e n o m i c D N A of t h e p a ti e n t r e v e al e d a d el eti o n of

g e n o m i c D N A n u cl e o tid e 4 26 T i n e x o n 5 ( Fi g . 4) .

T his m u t a ti o n w a s cl o s ely l o c a t e d a t t h e a c ti v e

c y s t ei n e r e sid u le i n a m a t u r e p e p tid e , r e s ulti n g l n a

f r a m e shif t (F 1 4 2 L) a n d st o p c o d o n (L 16 0 Ⅹ) , p r e dic t
-

1 n g p r e m a t u r e t e r m i n a ti o n of t h e m a t u r e c a t h e p si n K

p o ly p e p tid e . A n aly sis o f h e r p a r e n t s
'

g e n o m i c D N A

d e m o n s t r at e d t h a t t h e p a r e n t s a n d t w o si st e r s w e r e

h et e r o z y g o u s f o r t h e d el e ti o n m u t a ti o n , w h ile o n e

si st e r h a d a n o r m al s e q u e n c e ( Fi g . 4) . T h e s e r e s ult s

i n di c a t ed M e n d eli a n i n h e rit a n c e i n thi s f a m ily .
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( a) h ｡l e r ｡ h et e r o

こ)
5 3 5 0 4 6 4 1

〉
〉 h et e r o rh o m o

(b)
昏

ぷ三三ヨ Q 怒 宅芸 堤 魚 糸 篭撃母 援 軍
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M u ta nt s eq u e n c e (h o m o)

G G C m A G C

令

廉 廉 点 m
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拘 留 鎧 柑 漉 糾 窃 T

1 8 0

M u t a nt s eq u e n c e (h et e r o)

G G C -
T
A

A

G
G
c
C
T

i
毒
i
じ

魚 A 魚

節
暑毒
≒

i

義

甜

B 窃 毘 窃 Å 兵
書昏母

f <

㌔節飛
N o r m al s e q u e n c e

G G C T m A G C

†
Fi g ･ 4 ･ S e q u e n c e a n a l y si s o f e x () n 5 o f th e c a th e p s in K g e n e . a ･ P e d i g r e e o f th e f a mi l y . N u m b e r s sh o w th ei r
a g e . b

･
H o m o z y g o u s (h o m o) d e l e ti o n o f g e n o m i c D N A n u c l e o ti d e 4 2 6 T i n t h e p a ti e n t (l eft p a n el) . H et e r -

o z y g o u s (h e t e r o ) d e一e ti o n i n t e h p a r e n t s a n d t w o si s t e r s ( c e n t e r ) . N o r m a l s e q u e n c e i n a si s t e r ( rig h t) . R e s u lt s
o f d i r e c t s e q u e n ci n g u s l n g r e v e r s e p ri m e r s a r e sh o w n b e c a u s e th e f o r w a r d p r i m e r i s c l o s e t o th e d e l e ti o n sit e

a n d t e h p e a k i s w e a k ･ T h e s e q u e n c e o f g e n o m i c D N A i n e x o n 5 i s s h o w n b e l o w th e s e q u e n c e a n a l y si s d a t a .

D I S C tT S S I O N

R e c e n t st u di e s h a v e d e m o n st r a t e d t h a t s e v e r al

c a t h e p si n K m u t a ti o n s c a n b e id e n ti丘ed i n u n r el a t e d

P K N D f a m ili e s
l
･
9
,
1 0 , l l)

. T his f u rt h e r s u g g e s t s t h a t

d ef e c t s i n t h e c a th e p si n K g e n e c a u s e thi s s k ele t al

d y s p l a si a a n d e m p h a si z e s t h e d e g r e e o f m ol e c u l a r

g e n e ti c h e t e r o g e n eit y u n d e rly i n g t his dis e a s e . I n thi s

c a s e
,
w e a n al y z e d t h e g e n o m i c D N A of c at h e p si n K

i n t h e p a ti e n t a n d h e r f a m ily u sl n g t h e a p p r o p ri a t e

P C R-b a s e d a s s a y s . A d el e ti o n m u t a ti o n w a s h o m -
o z y g o u sl y d e t e ct e d i n t h e p ati e n t . W e did n o t a n al y z e

th e C D N A o r p r o t ei n o f t h e p ati e n t
'

s c a t h e p si n K ;

a u t o s o m al r e c e s si v e i n h e rit a n c e i n t h e f a m il y s t r o n g-
ly s u g g e s t ed t h a t a d el eti o n i n e x o n 5 of th e p ati e n t

'

s

c at h e p si n K g e n o m e h a d r e s ult e d i n P K N D . T h e

s a m e 丘n di n g o f a f r a m e s hift a n d s t o p c o d o n m u t a-
ti o n w a s r e c e n tly r e p o rt e d b y F uiit a e t al

1 5 )
.
,
s u g g e ト

i n g t h a t t his l e si o n m a y b e r el at e d t o J a p a n e s e P K N D

p a ti e n t s ･ S u p p o r t f o r t hi s c o n c e p t w o uld r e q u i r e

p o p ul a ti o n st u di e s t o d e t e r m i n e t h e f r e q u e n c y o f t h e

g e n o m ic D N A n u cl e o tid e 4 2 6 T d ele ti o n i n J a p a n e s e

a n d o t h e r p o p ul a ti o n s . F u t u r e d e v el o p m e n t of

i n t r a g e n i c c at h e p si n K p ol y m o r o p hi c m a r k e r s w ill

all o w f u rt h e r a n aly s ュs Of t h e a n c e s t r al b a c k g r o u n d of

t his m u t ai o ll .

H is t o m o r p h o m e t ric a n aly sis i n dic a t e d t h a t t h e
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p ati e n t h a d l o w t u r n o v e r b o n e w ith i n c r e a s e d b o n e

v ol u m e . E S / B S w a s i n c r e a s e d alt h o u g h n o o s t e o-

cl a st s w e r e ob s e r v e d . T hi s dis c r e p a n c y s t r o n g ly s u g
-

g e st e d dist u rb ed b o n e r e s o r p ti o n ･ A p r e v i o u s hi s-

t o m o r p h o m e t ric r e p o r t o n P K N D p a tie n t s d e m o n -

s t r at e d t h a t l o w t u r n o v e r b o n e w a s d u e t o p r ol o n g e d

p e ri o d s of r e s o r p ti o n a n d t h e f oll o w i n g f o r m a ti o
n
1 6)

･

C a t h e p si n K
-d e fi ci e n t o st e o cl a s t s c a n r e s o r b m i n e r a l -

i z e d tis s u e
,
b u t n o t d e m i n e r ali z e d b o n e m a t ric e s

7)
I I n

a n o s t e o cl a s t r e s o r p ti o n a s s a y , o st e o cl a s t s f r o n t

c a th e p si n
- K -d e丘ci e n t m i c e g e n e r a t e d a l o w n u m b e r o f

pit s w ith l a r g e r a r e a s a n d p e r i m e t e r s , b u t th e s e a r e a s

w e r e s m all e r i n v ol u m e a n d sh all o w e r i n d e p th

c o m p a r ed w it h c o n t r ols ･ T h e s e d a t a s u g g e s t t h at a

c a t h e p si n K -d e fi ci e n c y i n d u c e s i n s ufB ci e n t b o n e r e s o r-

p ti o n a n d a dis t u rb ed s e q u e n c e f r o m r e s o r p ti o n i n t o

f o r m a ti o n .

Lik e o s t e o p e t r o sis , th e o st e o s cl e r o sis i n P K N D is

a c c o m p a ni ed b y a p r e dis p o siti o n t o f r a c t u r e a n d

e x t r e m el y p o o r c all u s el a b o r ati o n . O u r p a tie n t
'

s p a st

his t o r y r e v e al e d s e v e r al f r a ct u r e s o f b ot h t h e f e m o r a

a n d tibi a e . I n all f r a ct u r e s , cl o s ed r e d u c ti o n s w e r e

eff e c ti v e . H o w e v e r , t h e f r a c t u r e o f th e ri g h t tibi a did

n o t u n it e d e s p it e a d e q u a t e i m m o bili z ati o n w h e n sh e

w a s f o r t y
- 丘v e y e a r s ol d ･ T h e f r a c t u r e w a s t r e a t e d

w it h a p l a t e a n d a n i n t r a m ed ull a r y n ail , b u t u ni o n did

n o t e n s u e . T h u s
,
s h e w a s t r e at e d w it h a v a s c u l a ri z ed

丘b u l a r g r af t a n d e x t e r n al fi x a ti o n in o u r h o s p it al ･

O p e r a ti v e 丘n di n g s r e v e ale d th a t t h e l o c al c o n diti o n of

t h e f r a c t u r e sit e w a s q u it e p o o r . T h e r ef o r e , v a s c u l a r-

i z e d b o n e g r aft w a s e s s e n ti al f o r p r o vidi n g t h e

o s t e o i n d u c ti v e c a p a cit y .
T h e S A F H S w a s a p p li e d

t h r e e m o n t h s aft e r s u r g e r y . It h a s b e e n r e p o r t ed t h a t

l o w i n t e n sit y ult r a s o u n d is eff e c tiv e f o r f r a c t u r e

r e p a ir
1 7)

. T h e S A F H S m a y a c c ele r a t e b o n e f o r m a ti o n

a n d i n c o r p o r a ti o n o f a b o n e g r af t .

T h e r o e n t g e n o g r a m of t h e f r a c t u r e s h o w ed c all u s

f o r m a ti o n a b o ut ni n e m o n th s af t e r th e o p e r a ti o n .

F i n all y , t h e f r a c t u r e h e al e d cli n i c ally t w el v e m o n t h s

l a t e r . I n t his c a s e
,
t h e s e e x t e n si v e f r a c t u r e t r e a ト

m e n t s w e r e s u c c e s sf ul . I n t h e f u t u r e , g e n e t r a n sf e r of

c at h e p si n K i n t o p u ri丘ed o st e o cl a st s o r a ti s s u e e n g l-

n e e r l n g t e c h n i q u e w ill b e a p p li e d t o o b t ain b o n y

u ni o n w it h o u t i n v a si v e b o n e g r aft s .

I n s u m m a r y , a m u t a ti o n i n t h e c a th e p si n K g e n e

w a s id e n ti丘e d
, p r o v idi n g f u r th e r e v id e n c e t h a t a

d e fi ci e n t a c ti v it y of th is e n z y m e c a u s e s P K N D .

A c k n o w l e d g m e n t s . T h e a u th o r s g r e a tl y a p p r e ci a t e t h e

a s si s t a n c e o f M s . A k e m i lt o a n d D r . H id e a k i E . T a k a h a-
s h i ( N ii g a t a B o n e S ci e n c e I n s ti t u t e , N ii g a t a , J a p a n ) f o r

h i s t o m o r p h o m e t ri c a n a l y si s a n d m a n u s c ri p t p r e p a r a ti o n .

T h e a u t h o r s al s o t h a n k M r . H i d e k i A k a z a w a f o r w o r k i n

p r e p a ri n g th e ti s s u e s p e ci m e II S . T h e a u th o r s a l s o t h a n k

M i t s u b i s h i B i o - c h e m i c al L a b o r a t o ri e s , I n c ( T o k y o , J a p a n)

f o r a s si s t a n c e w ith t h e g e n o m i c D N A a n a l y sI S ･

R E F E R E N C E S

1 ) G elb B D , S h i G P , C h a p m a n H A , D e s n i c k R J :
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