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More osteoclasts reside in fracture zone sup-
port the carving mechanism theory

To evaluate our carving repair hypothesis, we 
next used trap staining to address osteoclast 
activity in the newly repaired cancelloustrabe-
culea. Trap staining revealed that osteoclast is 
more densely distributed in the newly repaired 
trabecular bone tissue than normal trabeculae 
(Figure 6). To quantitatively account for the dif-
ferences between newly repaired and normal 
tissue, we performed osteoclast counting in 
fracture healing zone from each slid. Statistical 
analysis revealed that the average osteoclast 
number in newly formed trabecular region was 
almost 2 fold higher than that in normal tissue 
(P<0.05). Interestingly, we also observed that, 
in the fracture zone, osteoclasts were more 
tend to distribute on the interface between 
bone tissue and blood sinuses or blood vessels 
(Figure 6). In contrast, osteoclasts were more 
evenly distributed on the surfaces of trabecu-

laeand no significant correlation could be fo- 
und between osteoclast distribution and lo- 
cal blood supply (Figure 6). In consistent with 
our carving repair hypothesis, these findings 
demonstrated that, comparing to normal tra-
becular bone, the osteoclast number and viabil-
ity is upregulated in the newly formed trabecu-
lar bone tissue on day 7, which suggest that the 
resorbtion of the over-ossified repairing bone 
mass from the early healing period, in another 
word “carving”, is one major feature of the inter-
mediate healing period.

Substantial amount of early-synthesized bone 
tissue in cancellous fracture zone is immature

We next performed Masson’s trichrome stain-
ing aiming to assess local chondrocyte partici-
pation in the cancellous fracture healing and to 
detect the collagen accumulation in the newly 
repaired trabecular bone at day 7. Our staining 
data demonstrated that large number of imma-

Figure 6. (Left) More osteoclasts (red stained spot) localized in the fractured zone and gathered more densely 
around the local blood supply (Arrows); (Middle) fewer osteoclasts were found in the normal bone tissue and scat-
tered evenly along trabecular surfaces (Arrows); (Right) osteoclast number in fracture healing zone was significantly 
higher than normal bone tissue (P<0.05).

Figure 7. Newly repaired trabeculae are not fully collagen loaded (blue stain represent collagen). (Left) larger amount 
of new trabeculae were less collagen loaded in the fracture healing zone by day 7 (Arrow); (Middle) only very tiny 
part of the normal trabeculae were not fully collagen loaded which was a sign of normal bone remodeling process 
(Arrow); (Right) immature trabecular area percentage of fracture region were significantly higher than normal bone 
tissue (P<0.05).
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ture trabecular bone tissue exists in the frac-
ture wound area, which characterized newly 
repaired trabecular bone tissue from normal 
control group (Figure 7). In the normal trabecu-
lar bone tissue, collagen material is evenly 
deposited on majority of the trabecular struc-
tures with few exceptions (Figure 7). In con-
trast, in the fracture healing zone, many newly 
formed trabecular structures are not fully col-
lagen loaded. Additionally, large amount of bl- 
ood sinus and vessels were found adjacent to 
the poor collagen loaded regions (Figure 8 ri- 
ght). This finding emphasized a positive rela-
tionship between cancellous bone reshaping 
and blood supply restoration. To quantify our 
observation, we performed statistical analysis 
on our masson staining slid. The insufficient 
collagen loaded trabecular area percentage is 
21.3% in the fracture healing zone, which is 

16.1% higher than data from normal bone 
(5.2%) (P<0.05). Furthermore, we also found a 
few chondrocyte-like cell colonies in the frac-
ture healing zone (Figure 8 left), which suggest 
that endochondral ossification have potential 
to participate in cancellous fracture healing 
and restoration of the local micro-architecture.

Upregulated local cell function play more im-
portant role than cell proliferation

As our histomorphologicanalysis revealed, th- 
ere were large amount of mononuclear cells 
exist in the cancellousfracture healing zone 
whose nature and cellular function are still 
poorly understood. Next, we used immunohis-
tochemistry staining targeting on Ki-67 and 
Fibronectin protein respectively. Ki-67 is a nu- 
clear antigenthat is used to detect proliferating-
cells. Five random fields (20×) in 15 pairs of 

Figure 8. (Left) chondrocyte-like cell colonies were found in the fractured region (Arrow); (Right) sufficient local blood 
supply in the fracture healing zone (Arrow).

Figure 9. Ki-67 positive cells were seldom observed in both fractured (Left) and normal (Right) bone tissue, which 
suggested the cell proliferation activity was not upregulated in the fracture healing zone by day 7.
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sampleswere selected from fracture healing 
zone or the normal trabecular zone respective-
ly, and Ki-67-positive cells were counted (Fi- 
gure 9). Ki-67-positive cells were seldom ob- 
served in both cancellous fracture (1.5±0.02) 
and normal bone tissue (1.3±0.4) sections 
(P>0.05). This finding demonstrates that local 
cell proliferation in the fracture healing zone is 
not significantly altered comparing to normal 
trabecular bone, which suggests that the can-
cellous fracture repair is not likely to be fulfill- 
ed by local cell, such as mesenchymal stem 
cell, proliferation at day 7. Furthermore, we next 
comparedlocal fibronectinexpression between 
fracture healing region and normal bone tissue. 
Fibronectin is secreted into the extracellular 
matrix by local functional cells. In the normal 
bone tissue, only sub-epiphyseal area showed 
regular moderate-level fibronectin stain in the 
extracellular matrix, which was a result of nor-
mal epiphyseal development and long bone 
elongation (Figure 10 right). Majority of the 
matrix in the normal trabecular zone showed 
only very light fibronectin stain, which interpret-
ed that fibronectin secretion is largely tuned 
down in the normal cancellous trabecular bone 
region (Figure 10 right). On the contrary, local 
fibronectinaccumulation is significantly upregu-
lated in the extracellular matrix of newly re- 
paired zone at day 7 (Figure 10 left). Our data 
argue that, comparing to undifferentiated local 
cell proliferation activity among fracture heal-
ing zone and normal trabecular bone tissue, 
upregulated local cellular function, such as fi- 
bronectin secretion, play a more important role 
in cancellous fracture repair.

Discussion

Although cancellous fracture is a major type of 
extremities fractures in clinical practice [14-
17], the specific healing mechanism of the can-
cellous fracture remain poorly elucidated. Ma- 
jority of the scholars tend to ignore the histo-
logical differences between cancellous and co- 
rtical bone tissue and assume that cancellous 
fractures are repaired in the same mechanism 
as cortical ones. So far, most of the fractures 
healing studies focus on addressing healing 
mechanism of thelong bone cortical fracture, 
however, the healing mechanism of cancellous 
fractures have not been thoroughly investigat-
ed. There even lacking aideal animal model 
which mimicking real clinical scenarios and 
facilitate downstream researches to transgenic 
animal level. There are a few studies using rela-
tively large animal, such as rabbits [13]. No- 
netheless, they all require internal or external 
fixation, which make the large animal model 
hard and expensive to achieve. Moreover, the 
fracture line in these large animal model are 
made by high-energy bone sawing which inevi-
tably produce over-heat to local neighboring 
wound tissue that may potentially interfere with 
the subsequent healing process. Additionally, 
it’s very tough and expensive to make stable 
transgenic animal model using large animals. 
This disadvantage limits the downstream me- 
chanism study on cancellous bone fractures. 
Currently for small animal model, the most 
widely use animal model is cancellous drilling 
model [18, 19]. Although this is a relatively easy 
model to make, a constant gap between two 

Figure 10. (Left) significantlyupregulatedfibronectin expression in the matrix of the fracture healing zone. In con-
trast, (Right) fibronectin expression in normal bone tissue was low and mostly localized alone the proximal epiphy-
seal edge (Arrow).
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fracture parts during the whole healing pro-
cesses cannot successfully mimic the real clini-
cal fracture case. Also, many clinical metaphy-
sealcancellous fracture lines interrupt major 
join cartilage surface, such as Muller’s C1 type 
fractures of distal femur, which potentially facil-
itating join cartilaginous cells to participate into 
subsequent healing mechanism. To reveal the 
unique healing mechanism of cancellous bone 
fractures, we designed a novel mice model, 
whichcan successfully mimic features of clini-
cal cancellous fracture cases. Furthermore, 
comparing to other cancellous fracture models, 
our model produces a stable fracture that does 
not require any internal or external fixations. 
Also, the surgical procedures are highly repeat-
able and easy to learn. Excellent survival rate 
(86.7% at day 7) and quick recovery to normal 
activity also support this model to be an ideal 
animal model for specific cancellous fracture 
researches.

Facilitated by our novel animal model, we next 
performed histologic HE stain and osteoclast 
specific trap stain to study the cancellous frac-
ture healing. At day 7, the newly repaired tra-
beculae in the fracture zone are averagely 
thicker than that of the normal cancellous bone 
tissue. A regular “building up” mechanism can-
not explain the contradiction that why the new 
trabeculae are thicker than their normal coun-
terpart at day 7. Inspired by this finding we 
hypothesized that the healing of cancellous 
fracture and restoration of the delicate micro-
architecture of trabecular bone may have been 
through an “over-ossification” in the local bone 
marrow cavity around the fracture site which 
forming an ossification mass in the early phase 
of fracture healing. This early over-ossification 
bone mass acts like a internal fixation which 
stabilizes the local fracture wound and initiate 
the subsequent downstream repairing events. 
Next, after a tough early over-ossification bone 
mass is formed, bone mess catabolism mainly 
conducted by osteoclast bone absorption func-
tion start to remove the redundant bone mate-
rial which we referred as a “carving mecha-
nism”. Interestingly, our team have reported si- 
milar finding healing pattern on a rabbit model 
[13, 20]. In this study, our statistical analysis 
revealed that the newly formed trabecular 
region possessed about two fold more osteo-
clast number than that in normal tissue. In- 
terestingly, we observedunique correlation bet- 
ween osteoclasts distribution and blood supply 
microvasculature in cancellous fracture healing 

zone. Osteoclast distribution pattern is also 
altered in the fracture healing zone, which ten- 
ds to associate more closely with blood supply 
resources. Since osteoclast is well recognized 
originate from circulating macrophagelineage 
[21, 22], our result strongly indicate that the 
trabecular carving mechanism may be initiated 
by subsequent osteoclast migrating into the 
earlybone mass along with blood supply resto-
ration process. The newly arrived osteoclasts 
from systemic circulation reinforce the local 
osteoclast-and-osteoblast balance towards the 
direction favoring the reestablishment of the 
unique cancellous micro-architecture of the fr- 
actured region.

To reveal the nature of newly repaired trabecu-
lar bone tissue, we employed Masson’s tri-
chrome staining to study collagen accumula-
tion in bone tissue. We demonstrated a clear 
differentiated pattern of collagen deposition 
between normal and fractured cancellous bone 
tissue. Normal trabecular bone is mostly fully 
collagen loaded. In contrast, at day 7, poorly 
collagen loaded trabecular bone were still seen 
in the fracture region. This finding suggest that 
the early bone mass is produced despitewith-
out proper collagen accumulation and this fea-
ture may interact with subsequent bone carv-
ing mechanism which need more detailed study 
to clarify. Another advantage of our current ani-
mal model is that it can evaluate the potential 
chondrocyte participation from join capsule in 
the cancellous fracture repair. In deed, we 
found chondrocyte-like cell colonies exit in the 
fracture healing zone. However, more detailed 
investigation is needed to identify the exact 
role of this chondrocyte-like cell in the cancel-
lous fracture healing.

From our HE staining data, we observed large 
amount of mononuclear cells exit in the cancel-
lousfacture healing zone. Here in this study, we 
ask how these mononuclear cells gathered into 
the local fracture wound? Are they locally prolif-
erating and behaved as certain sort of stem 
cell? Or, are they conducting their duty by 
upregulated local secretion? To answer these 
questions, we employed Ki-67 and fibronectin 
immunohistochemistry staining representing 
cell proliferative activity and cell secreting func-
tion respectively. Our data support that, com-
paring to normal bone tissue, cell proliferating 
activity was not significantly turned on in the 
fracture healing zone at day 7. In another word, 
cancellous fracture repair is not mainly depend-
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ing on local cell proliferation to boost the heal-
ing capacity at day 7. On the other hand, local 
fibronectin production is significantly upregu-
lated in the matrix of fracture healing region. 
Despite majority of the previous studies focus 
on mesenchymal stem cell participation in the 
fracture wound healing, our data support the 
viewpoint that upregulated local cellular func-
tion play more important role in the healing 
mechanism of cancellous fracture.

Recently, inflammatory signaling, namely NF-κB 
signaling, has been reported to exert an anti-
anabolic effect on bone formation in differenti-
ated osteoblasts. Moreover, inhibition of NF-κB 
signal in differentiated osteoblastssignificantly 
enhanced bone matrix formation and mineral 
densityduring postnatal bone growth [23, 24]. 
These evidences suggest that the inflammatory 
signaling pathways, such as NF-κ Bsignaling, 
may also play a vital regulating role in the frac-
ture healing mechanism. Of interest, from our 
current study, we indeed observed large num-
ber of inflammatory cells gathered in the fac-
ture-healing zone whose exact function was 
still unclear. Thus, in our further research, we 
will take advantage of our novel mice model 
and using specific gene knockout mice to reveal 
the detail relationship between local inflamma-
tory signaling and cancellous fracture repair.

In summery, we first present a novel specific 
cancellous fracture model in the current study 
and prove that this is an easy, safe and repeat-
able model which can better mimic clinical can-
cellous fracture scenario like Muller’s C1 type 
fracture. Using this specific cancellous fracture 
model, we showed that, controversial to normal 
concept, the newly repaired trabeculae in frac-
ture zone were thicker than their normal coun-
terpart withmore sufficient local blood supply. 
Inspired by this finding, we hypothesis a novel 
“carving mechanism” for cancellous fracture 
healing. In support of this hypotheses, our trap 
stain data found that there are indeed more 
osteoclast reside in the fracture healing zone 
than normal bone tissue and these osteoclast 
distributed more closely and densely around 
local blood supply which argued that these 
osteoclasts were newly arrived to the fracture 
wound via local blood supply. Moreover, our 
masson stain confirmed that the early local 
bone mass is not fully collagen loaded as nor-
mal bone tissue, which was also potentially 
linked with subsequent carving mechanism. 

Furthermore, we used both Ki-67 and fibronec-
tin staining to assess the change of local cell 
proliferation and cell function. Our data showed 
that local cell proliferation in fracture healing 
zone was actually not altered. However, the 
fibronectin secreting function of local cells were 
indeed upregulated in the fracture zone. These 
finding suggest that local cell function stimula-
tion rather than cell number swelling seems to 
play a more important role in the cancellous 
fracture repair. Future studies to address the 
detail regulatory signaling pathway will require 
the development of mouse line in which specif-
ic bone signaling pathway can be individually 
regulated.
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