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THE STUDY OF A RIB BIOPSY 
FROM A PATIENT WITH OSTEOGENESIS IMPERFECTA 

A Method Using in vivo Tetracycline Labeling1 
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Undecalcified sections of a rib biopsy were studied in a woman with 
osteogenesis imperfecta who had heen given a double tetracycline bone 
marker in uiuo. Brightfield and flourescence microscopical measure- 
ments showed that bone formation inside the cortex was three times 
normal speed, and was fast enough to havc made the rib almost three 
times thicker than it was had it occurred a t  the same rate a t  only one 
periosteal surface, Both bone formation and resorption were present 
on the periosteal and endosteal surfaces, yet the transverse dimensions 
of the rib were less than half of normal values. A specific defect con- 
fined to  the bone surface drift mechanism is shown by these findings 
to be present in this woman. 

We present here quantitative histological studies of lamellar bone 
tissue and cell dynamics in osteogenesis imperfecta, done with the aid 
of in uiuo tetracycline bone labeling. This technique allows rates to be 
measured in histological sections because two markers are  fixcd in the 
bone separated by a known interval of time. Like growth rings in  
trees, these markers are temporally and physically stable. The amount 
of new tissue lying between the markers, compared to the total amount 
of tissue, provides a direct mcasure of the rate of bone formation during 
the labeling interval. A woman with osteogcnesis imperfecta offered 
herself voluntarily for the study, was given a tetracyclinc bone marker, 
and a rib biopsy was donc. Wc had hoped to find answers to some 

1 Work supported by  the following grants-in aid: 293, Henry Ford Hospital; 
AM-04186, N.I.H. A publication of the Orthopaedic Research Laboratory. 

2 Orthopaedic Research Fellow, Orthopaedic Research Laboratory, Henry Ford 
Hospital, supported h y  a public health service fellowship, 1-F2-AM-24, from the 
National Institute of Arthritis and Metabolic Diseases. 

3 Associate Orthopaedic Surgeon, Henry Ford Hospital, Detroit, Michigan. 



230 J. H. HAMSER and H. M. FROST 

Figure 1 .  d n  anteroposterior view of the patient’s pelvis, showing the narrow ferno-  
rrrl neck, arthrokatadysis and deformity of the obturator rings and proximal femurs. 

basic and long puzzling questions about thc physiology of bone in this 
disease, such as, can the osteoblasts form lamellar bone, can thc mesen- 
chyinal (i. e., progenitor) cclls make new osteoblasts, or can the ostco- 
blasts make bone fast enough? 

M A T E R I A L S  A N D  M E T H O D S  
Muterials 

The patient, a 51 year old woman, was diagnosed as having osteogenesis imper- 
fecta at birth. She had 46 spontaneous fractures of various bones until 16 years of 
age, a t  which time spontaneous fractures stopped. In the three years preceding 
this study, she has been troubled with increasing back pain, and x-rays reveal 
minor collapses of several vertebrae which look much like those seen in othrr 
forms of symptomatic osteoporosis. The x-rays of her pelvis and femurs arc re- 
produced in Figures 1 and 2. She has a mild degree of hearing loss due to oto- 

sclerosis. 
The patient’s hrother (age 55, 26 fractures, otosclerosis) and sister (age 61, 17 

fractures) also have the diseases, are self sufficient economically, and ccasctl 
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Figure 2. An nntero- 
pos ter ior  uiew o f  the  
pat ient’s  femurs,  showing 
t h e  bowing due to  old,  
healcvl fractures ,  and 
shortening of the r ight  
f e m u r  due in par t  to 
anterior  bowing w h i c h  is 
concealed b y  the 
pro jec t ion .  

having spontaneous fractures between age 12 and 17. The sister is suffering from 
back pain also. The parents were normal as far as the children know. 

The patient’s serum calcium, inorganic phosphate and alkaline phosphatase have 
repeatedly been found to he normal. A hemoglobin, white and differential counts, 
urinalysis, fasting blood sugar and blood urea nitrogen were normal. She had blue 
sclerae as a child but after maturity this sign gradually disappeared, as i t  did also 
in her brother and sister. The patient is 46 inches tall due to deformities caused hy 
malunions of fractures. 

Methods.  

A )  Label ing:  The patient was given an  in oiuo label of 900 mg/day orally of de- 
methylchlortetracycline in divided doses for three days, and then t en  days later 
was given the drug for s i z  more days (we call this the 3-10-6 lahel). At eleventh 
rib biopsy two weeks later the anterior 5 cm was taken for study (1). The quality 
of the rib felt normal as it was being stripped and cut during the operation.‘ 

* In our past experience this purely qualitative ohscrvation has been a reliable 
clue to the presence of osteomalacic hone (soft and unusually flexible), ttr very 
low turnover bone such as is found in persons who have been treated for long 
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Pigure3. Undecalcified cross section of thtj patient’s rib biopsy at about $00 X,  
taken by combined fluoresconce anti brightfield microscopy. The India ink bars 
identify the double label which we gaiie the patient, deposited in an osteori which 
was being made during thr labeling prriotl. The other bright bands urc u niiniiriuni 
nf  f iur  prwious labels which she receioetl incitlentafty fo  fhtp t r ro fmt~n t  of infcr- 

lions with a tetracycline antibiotic. 

R )  Secfions: Five fresh, undecalcified, unfixed, unemhedded, complete crnzs sec- 
tions 50 microns thick were made by hand grinding. stained with the Villanucva 
tetrachrome hone stain, and mounted in H.S.R. (2 ,Y ) .  

C) Measurements: We measured the cortical cross section area (precision .4 mm?) 
( 4 . 5 ) :  the mean distance separating the two rings of tetracycline with a Zeiss 
photofluorescence microscope (precision .4 microns) (see Figure 3) (4,6,  7 )  ; the 
numher (relative precision 3 per cent) and average thickness (precision .R microns) 
of osteoid seams, which identify sites of new hone formation within the cortex 
as well as on its periosteal and endosteal surfaces ( 8 , 9 ) ;  the numher of resorp- 
tion spaces (relative precision 3 per cent) (10) ;  the  mean thickness of the walls 
of the  Haversian systems (precision 3 microns) ( 6 , l l ) ;  and the mean circum- 
ference of the osteoid seams (symbol:  Sf) found in actively forming Haversian 
systems (precision .02 m m )  (12). The vertical and transverse outer diameters o f  
the sections were measured under the stereomicroscope. These data are listed in 
Table 1. 

periods of t ime with adrenalcortical steroids (hard and hrit t le) ,  and to high turn-  
over hone such as occurs in thyrotoxicosis and acromegaly (“green”, like a Iiranch 
of l ive wood). 



RIB BIOPSY I N  OSTEOGENESIS IMPERFECTA 233 

Table 1. The raw data from the patient’s rib, compared to aye and sex 

comparable normals 

Cortical Cross Section Area 
Distance between Tetracycline Rings 
(19 day label) 
Number of Osteoid Seams per Section 
Osteoid Seam Thickness, Mean 
Per cent Perosteal Surface Labeled 
(Combination of 6 labels) 
Per cent Endosteal Surface Labeled 
(Our label only) 
Number of Resorption Spaces 
Circumference of Osteoid Seams 

Mean Age comarahle 
OGIM normal 

5.70 mm2 14.0 mm:! 

12 P 17 P 

7.3 4.1 
7.7 P 8.8 

22.7 - 

60.7 - 
5 5.0 

.36mm .32 

Calculations: The number of bone forming and resorbing sites are reduced to 
the mean per unit cortical cross section area (symbols: A t  and A,, rcsp.) by divid- 
ing their total numhers by the cortical cross section area (8 ,13) .  The daily linear 
appositional rate (symbol: M I )  is the mean thickness of the tetracycline banding 
interval divided by the corresponding number of days, which was 19 (the measurc- 
ments were from the outer edge of the first band to the inner edge of the second) 
( 6 , 7 , 1 3 ) .  The bone formation rate (symbol: V f )  was obtained by: (i) multi- 
plying the mean seam circumference by the mean number of seams per mm?, 
giving the total hone forming surface in the average (ix., representative) cubic 
millimeter of cortical bone (13) ; (ii) then multiplying this by the mean apposi- 
tional rate in millimeters per year to give the volume of new bone made in the 
representative cubic millimeter of rib cortex.’ This may be expressed with an 
equation thus:  

Vf - A t  M f  S f  (1)  

where Vf is the amount of new bone made per year in the representative cubic 
millimeter of bone, and the other symbols have the meaning already assigned to 
them. The solution to this equation is a volume fractional rate constant (13). 

While conversion from area to volume may scem unjustified, it is valid because 
of the optical sectioning principle underlying the analysis, and because of the 
homogeneous longitudinal grain of rib, which is studied in thin cross section (4 ,  14). 
The formation rate was then converted to the per cent of the cortical hone that was 
replaced hy new bone per year, hy moving the decimal two places to the right. 
Because of the steady state property this figure is also, within a few per cent, the 

This is analogous to finding bow much new ice is made on skating rinks per 
city block in Detroit. Find the mean area per rink (Sf), then multiply by the mean 
number of rinks per block ( A t ) ,  and multiply by the average thickness of new ice 
made daily per rink by flooding and freezing ( M t ) .  



resorption rate  and the remodeling ( i . e .  turnover) rule (13,15). These calculations 
are listed in Table 2, with age comparahle normal values. 

Trrble 2. The cnlculatrtl da ta  for the p u t i e i i f  (ire ~ o f ~ t p t r r ~ t l  l o  w x  nrttl rryr 
rornpnmblt. normals. 

h1 r 

day) 
Ar A r  (Microns/ Sf S r  i' I 

OGIM 1.29 .88 .h l  .36 .30 .097  
( 3 1 )  (9.7'% ) 

Normal .29 -36 .9 1 .92 .2 .03 1 
S.D. k . 2 5  t.14 f .3 f.14 k . 1 5  f.015 
S.E. .03 .02 .08 < 10-4 < 10-4 .00:1 

(3.1%) 

Legend: S.D.: One standard deviation. S.E.: Standard error of the arthmetic mean. 
A f:  Seams/mm2 cortical cross section area. A,: Hesorptirin cavities/rnmz. hl f  : Linear 
appositional rate. Sf  : Mean circumference scams. Sf : Mean circumference resorp- 
tion cavities. V,: Bone formation rate per year. OGIM : Osteogenesis impcrfcrta. 

H E S IJ I. 1' S 

1 )  In grinding the sections the boric was norinally tough and was not 
ahnorinally brittlc. Microscopically, thcre was tlic usual amount and :i 
normal pattern of fuchsin pcnneablc bonc (which usually indicates 
low iiiineral desity) (16) .  

2 )  Thcrc were 1.3 ostcoid scanis per n i m 2  of cortical cross scctioii 
area. An age comparable normal is .29/rnmz ( S .  D. & 2 5 ;  S.  I<. .03) 
( 8 ,  13) .  

3) Thcrc were .88/niniz resorption spaces. A n  age coriiparahlc normal 
is .36/lnniz (S. D. ? .14; S. E. .02) (10, 13). 

4 )  Thc mean scam circumference was 3 6  riini. ,411 age coniparablr 
normal is .32 m m  k .14 ( S .  E. < l o -" ) .  

6 )  The linear appositional rate (thickncss of the laycr of new bone 
addcd on oldcr bone per time uni t )  was .57 inicronsiday or 2 0 3  rnniiyear 
on endostcal surfaces. The agc coniparablc norrii for both is .91 microns 
/day ( S . D .  & .3; S . E .  .06) or .33 mrnlyr (S.D.  & . I ;  S .  E. . 0 2 ) .  Of 
the 22 ostcoid seams prcscnt a t  the time of biopsy, only two failcd to 
accept the tctracyclinc label. The appositional rate a t  prriostral sur- 
faces could not be measured hccause the lahrls wcre too thin, and 
too close, and their identity (it>., our label or old labcls) could not be 
determined. 
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Figure 4 .  The patient’s rib seen in cross section, taken through the distal end 
where some marrow cauity was  present. 

6 )  Twenty two per cent of the circumferential lamellae a t  the pcrio- 
stcum contained one or more of the six tetracycline labels this patient 
was known to have received (see Section 8 below, and Figure 5b, 5d) .  
This reduces to 3.6 per cent per label. There was no significant diffcr- 
ence in this measurement between the cutaneous periosteal and pleural 
periosteal surfaces. In  contrast, 60.7 per cent of the cortical endosteal 
surfaces showed the double tetracycline lahel we gave the patient. The 
difference reflects the fact that  endosteal surface turnover was much 
more rapid than periosteal surface turnover. 

7 )  Howship’s lacunae were plentiful on the periosteal bone surfaces. 
Thcsc are usually believed to designate sites of active or recently active 
bone resorption. 

8)  The vertical diameter of the sections was 6.9 mm, and the hori- 
zontal diametcr 1.8 mm. Normal values would be 12 and 3.5 nim res- 
pectively, The cortical cross section area was 5.7 mm2; a normal value 
is 14 Inni’. See Figure 4. 

9)  There were at  least five other tetracycline labels (see Figures 3, 
5 )  received before our contact with the patient when one of these anti- 
biotics was given to treat infections. The large number of bands still 
remaining froin these other labels is proof that the number of sites of 
osteogenesis found a t  the time of biopsy was representative of her 
rate of bone formation. 

10) From a qualitative standpoint, wc were unable to find any  ah- 
normality in the pat tcm or structure of the anisotropic and isotropic 
lainellae in the bone when inspected between crossed polars on the 
polarizing microscope. 

16 ACTAORTH. 37,3 
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Figure 5 .  a )  About 200 x, brightfield v iew of one of our patient’s sections. 0 )  Saini, 
field b y  fluorescence microscopy. The  short,  diagonal whi te  mnrkvrs lie each on the  
right side of the double label which we  gave the palii)nt. There are fioe of these 
in th i s  field. The  other bright bands are older labels of nnknown  t ime  and tlura- 
l ion.  They  show that the  high turnover rate nt the tiino o f  biopsy N J ~ S  rvpresenta- 
f i ve  of her usual furnover  spretl. The prriosti,ul surfnc‘r i s  at thc  top. I t  contains 
serwrul old labrls which  are purtly buried untlcrnecith a f l ~ l l l  microns of nc’ivvr bonc 
tlepositetl on  t o p  of them.  c )  A tliffercnt f i t ld  f rom the  sctmi’ sw t ion ,  brightfieitl,  
about 300 X.  11) The samP by  f[uorescence ~ i i i c r o s r o p ~ .  ’I’ioo of thc. dfJllhi(’ 1ribi.is wc 
gave lie in the  midtllc of the section. The  cortical c~iitlostc~al surfncc livs at t h r  
bo t tom,  and shows  a scries of labels, noni’ of thiJni t i t  this locution hatiin$/ been 

the labels we g m v i ~ .  

D I S C U S S I O N  

1) A brief review is in ordcr of sonic proposals that have hccm made 
about thc nature of the ecllular disorder in bonc in osteogrnesis impcr- 
fccta. 

I t  has bccn said that :  ( i )  ostcoblasts cannot make adcquatc amounts 
of collagen (17) ,  ( i i )  or of organic bone matrix (18, 19, 2 0 ) ;  ( i i i )  that 
progenitor cells cannot make enough new ostcoblasts ( 19) ; (iu) that 
the collagen is defective in structurc or chemistry; ( u )  that thcrc is an 
inability to replace fibrous bonc with lamellar bonc ( 2 )  : (ui) that the 
primary defect is one of impaired pcriosteal and cndostcal bone for- 
mafion ( 2 0 , 2 2 )  ; ( u i i )  that the defect is an  impairment of periostcal and 
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cndosteal surface drifts during growth ( 2 3 ) .  A s  Rubin recognizcd (22) ,  
much of the histodynamic information about the bone in this disease 
was obtained from infants so badly affected that thcy did not survive 
the neonatal period. Their tissues may not provide reliable clues to the 
state and physiology of the bone of older children and in adults. This is 
largely lamsllar bone and is the subject of this study. 

2 )  In  the light of these ideas, the fact that the internal rcrnodeling 
( i . e . ,  cortical bone formation plris rcsorption) of this woman’s rib is 
thrcc times normal is very meaningful. It means ( i )  she can make 
laniellar bone in more than normal amounts; ( i i )  so her osteoblasts can 
make enough new bone matrix; ( i i i )  therefore her progenitor cells can 
make enough new ostcoblasts, and ( iu )  there is no disproportion in- 
herent in her cells between osteoblastic and osteoblastic activity. In  
other words, her basic disorder‘ cannot be a general inability to  make 
and resorb bone a t  normal speeds at  the cellular level. 

Caniggia, Stuart and Guideri in a superb analysis (20)  proposed that 
new bone is not added fast enough in ostcogenesis imperfecta. The 
tetracycline labeling technique (unavailable to those authors) shows 
that in this woman this inability is limited to the periosteal surface. 
The patient did add bone a t  nearly normal rates (0.5 micronslday) in 
making Haversian systems, and a t  quitc normal rates (.9 micronslday) 
in laying down cortical endostcal lamellac (6, 13). If the linear rate at 
which she added Haversian system bonc is converted to millimeters and 
added over the 51 years of her postnatal life, bone made at  this rate a t  
only one periosteal surface would have made a rib more than 9 mm wide 
medio-laterally (normal is only 3.5 mm)  . In other words, the capability 
was there, and the periosteal labels prove it, so the question is: why 
was this capability not uscd? 

Transverse enlargement of long bones (including rib) during growth 
occurs by a special activity known as drift ( 2 4 ) .  It is caused by re- 
sorption (osteoclastic drift) or  formation (osteoblastic drift) alone 
over a whole surface region of a bone. Therefore the small transvcrsc 
diameters of this woman’s rib a re  incontrovertible evidence that  her 
periosteal drifts were impaired. 

We must study more patients to find out i f  this wnman is representative or if 
this “disease” is, like osteoporosis, a sign which can be caused by a group of basic- 
ally different disorders. 

16’ 
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In a woman with osteogrnesis impcrfecta, our studies showed: ( i )  The 
bone formation rate within the cortex was 3.0 tiincs normal; ( i i )  th r  
periosteal envelope of the rib was abnormally small; (iii) a t  the pcrio- 
steal and endosteal surfaces thcrc were a )  tetracycline labeled boric 
forming activity, and b)  Howship’s lacunae indicating bone resorption 
which c )  prove that pcriosteal and cndostcal turnover existed; (iu) the 
appositional rate found in her osteon formation could have inade hcr 
rib three times thicker than it actually was, had this rate cxistrd a t  only 
one periosteal surface during her 51 years of life. 

These findings reveal a single specific defect in this patient’s bone: 
defective periosteal surface drifts. I t  is not clear whether this defect is 
inherent in the bone cells or whether these cells are responding to 
defective “signals” from their environment. 

W e  believe this approach to the study of this disease offers con- 
siderable hope of clarifying the basic cellular mechanisms responsible 
for it. It will be necessary to study more cases, and to study bones from 
children with the disease, before we are ready to construct dctailcd 
hypothcscs of what these cellular nicchanisins might be. 

R E S U M E  

Chez une feinmc nvcc ostCogknbsc imparfaitc, nos Ctudes ont montrc!: 
(1) Ic taux dc formation osseuse A l’intkricur du cortex Ctait de 3,0 fois 
plus klevC que de normale; ( i i )  l’envcloppe pCriostkale de la cBtc ktait 
anorinalenicnt ktroite; (iii) il y avait dans les surfaces pCriost6alcs ct 
endostkales a )  unc activitk dc formation osscusc dbcelke par la tktra- 
cycline, b )  un manque de rCaction Howship indiquant une rCsorption 
osseuse, ce qui c )  prouvc u n  renvcrsement pkriostbal et endostCal ; ( iv)  
Ic taux d’accroissemcnt par apposition trouvk dans la formation osscusc 
aurait pu rendre sa cBte trois fois plus kpaisse qu’ellc n’btait actucllc- 
mcnt si ce taux avait existi! sur lint’ surface pkriostkale seuleincnt 
durant lcs 51 annkcs de sa vie. 

Ces trouvailles rbvClent unc seulc dCfcctuositk spbcifique clans Ics 
os dc cctte nialadc: dCfaut dc fonctionnemc~nt de la surface pkriostkale. 
On ne sait pas si ce dkfnut est rattachk aux cellules osseuses ou si ces 
cellules rkpondent A des c signaux >> dkfectucux tle lcur entourage. 

Nous croyons que cette approchc de l’btude dc cette maladic accroit 
considkrahlemcnt l’espoir d’une clarification des mkcanismes cellulaires 
h s i q u e s  qui  en sont responsablcs. I1 sera nkccssaire d’ktudier d’autres 
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cas et d’examiner les 0 s  d’enfants qui souffrent de la maladic avant de 
pouvoir b i t i r  des hypothhscs dktaill6es sur  le rBle rlc cc’s mkcanisnics 
cellulaires. 

Z U S A M M E N  F A  S S t J  N G  

In einem weiblichen Patient mit Osteogencsis irnperfecta zeigten unscre 
Untersuchungen : 

( i )  Die Geschwindigkeit dcr Knochenbildung innerhalb der  Rinde 
war das dreifache des Normalen; ( i i )  die periostale Hulle dcr Rippe war 
abnormal klein; (iii) die pcriostalen und endostalcn Oberflachcn hicr 
waren a )  Tetracyclin markicrter Knochen in Aktivitet, und b )  How- 
ships Lakunen, die Knochenresorption anzeigten, was c)  beweist, dass 
ein periostaler und endostaler Umsatz vorhandcn war;  ( iv )  die An- 
satzgeschwindigkeit ihrer Knochenbildung konnte ihre Rippe dreimal 
so dick gemacht haben als dies wirklich der Fall war, wenn diesc 
Geschwindigkeit nu r  an  einer Oberflache wahrend der 51 Jahre ihres 
Lebens vorhanden gewesen ware. 

Diese Befunde enthiillen einen einzelnen spczifischen Mangel im 
Knochen dieses Patienten : Mangelvollen periostalen Oberfachenansatz. 
Es ist nicht klar ob dieser Mangel in den Knochenzcllen selbst liegt oder 
ob diese Zellen auf mangelhaftc “Signale“ von seiten ihrer Umgebung 
reagieren. 

Wi r  glauben, dass dieser Weg zum Studium dieser Erkrankung cine 
bedeutende Moglichkeit darbietet, um den zu Grunde liegenden Zell- 
mechanismus aufzuklaren, der fur  sic verantwortlich ist. Es ist not- 
wendig eine grossere Anzahl von Fallcn zu untersuchen und auch kind- 
liche Knochen mit dieser Krankheit zu studieren, ehc wir so weit kom- 
men werden, dass wir eingehende Hypothesen iihcr diese zellulHren 
Mechanismen aufbauen kiinnen. 
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