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Figure 2 Immunohistochemistry of collagen type III in non-union; haematoxylin stained. (A) Immunolocalisation of
collagen type III in osteoid. (B) Immunolocalisation of collagen type III in fibrous tissue in the fracture gap and in osteoid.

(Ilford, Mobberly, UK), the slides being
exposed for 14 days and then developed in
Kodak D-1 9 developer (Kodak, Paris, France)
and counterstained with haematoxylin and
eosin.

IMMUNOHISTOCHEMISTRY
For collagen type III immunostaining we used
a rabbit polyclonal antibody raised against
highly purified human placental collagen type
III (Biogenesis, Poole, Dorset, UK). The cross
reactivity of this antibody is: 100% with human
collagen type III; 3% with human collagen type
I; < 1% with collagen types II, IV, and V; and
< 0.1% with fibronectin and laminin. Fixed
demineralised paraffin wax embedded sections
were dewaxed in xylene, treated with meth-
anolic H),O, pepsinised, and blocked with nor-
mal swine serum; subsequently, they were
reacted with primary antibody, secondary anti-
body (swine antirabbit, biotinylated), avidin-
biotin complex, and diaminobenzidine (DAB);
finally they were stained in Mayer's haematoxy-
lin.

Results
In normally healing fractures, the blood clot
was invaded, became granulation tissue, and
was transformed into fibrocellular matrix.
Within this were foci ofintramembranous bone
and nodules of cartilage on an indeterminate
matrix with variable chondroid and osteoid
features. In non-unions, there were areas of old
bone, new bone formation, non-union gap
(either fibrous, cartilaginous, or both), and an
interface between the gap and bony material.

COLLAGEN TYPE III GENE EXPRESSION
Non-unions
In all cases, a population of surface and
included osteoblasts in non-unions was
strongly positive for the procollagen type III
mRNA signal (fig 1A; SOb and IOb); these

were in the zone ofnew bone formation and the
interface zone. Osteoblasts in the old bone
zone were usually negative, while the gap zone
contained osteoblasts only rarely. In addition,
fibroblasts were frequently positive in the gap
zone and interface, but signal strength over
these cells was usually weaker than that of
osteoblasts in the same section.

Normalfractures
Signal for procollagen type III mRNA was seen
in the very early granulation tissue, where most
of the positive cells were mesenchymal spindle
cells, a cell population that includes osteoblast
precursors. Osteoblasts in the large majority of
these fractures were negative (fig 1C), with
occasional scattered osteoblasts possessing low
levels of signal. Many sections contained small
areas of fibrous tissue in which fibroblasts were
either negative or weakly positive.

COLLAGEN TYPE I GENE EXPRESSION

Signal for procollagen type I mRNA over
fibroblasts and over osteoblasts on woven bone
was uniformly strong in most non-unions (fig
lE) and normal fractures (fig 1 G).

IMMUNOHISTOCHEMISTRY
In areas of new bone covered by plump
osteoblasts, the matrix was either stained
uniformly (golden brown) or in a superficial
zone (fig 2) indicating the presence of collagen
type III; fibrous tissue in the fracture gap also
immunostained positively (fig 2B).

Discussion
The mechanisms controlling osteoblast differ-
entiation in the fracture callus are understood
poorly, but are of obvious importance to the
clinical management of fractures. Previous
investigations of collagen expression in animal
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models revealed collagen type III mRNA
expression to be restricted to the early,
granulation tissue phase of normal fracture
healing. 19

In abnormally healing fractures, three previ-
ous biochemical studies showed elevated levels
of collagen type III, consistent with abnormally
high levels of production. The first of these
demonstrated, in non-union biopsies, approxi-
mately double the normal amount of collagen
type III (four fractures in total).9 Two further
serological investigations showed elevated lev-
els of procollagen type III (pIIINP) in patients
with delayed healing of tibial fractures.10 "

Although it was suspected initially that abnor-
mally high levels of collagen type III in these
circumstances might be the result of fibrous
tissue formation9 (which is often excessive in
non-union), none of these studies established
which cells were responsible for the high levels
of collagen type III.
The current study, which examined biopsy

material from non-unions and normally heal-
ing fractures, found expression of collagen type
III mRNA and protein in osteoblasts adjacent
to the non-union gap, on woven bone surfaces.
(In contrast, in normal fractures, collagen type
III mRNA expression was seen at an early stage
(granulation tissue), but was very rarely seen in
osteoblasts.) This apparent prolongation into
osteoblast maturity of a phenotype characteris-
tic of an earlier phase is likely to result from the
local factors present in the non-union fracture
gap, an environment apparently defective and
incapable of promoting an effective repair
process. The clinical significance of our finding
relates to the need for a marker of impending
non-union. Such a marker, preferably in
serum, is needed, as a matter of some urgency.
This is because treatment for non-union (using
bone morphogenetic proteins will be available
soon but must be administered early and, for
reasons of cost, needs to be targetted to
fractures selected for risk of failure. To date, no
method for making this selection has been dis-
covered. Our finding of "late" expression of
collagen type III by osteoblasts gives an indica-
tion that it, or factors associated with its
synthesis or degradation, or its breakdown
products, could form the basis of an early clini-
cal test for impending non-union.
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