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Duanyang Han*, Na Han*, Feng Xue*, Peixun Zhang

Department of Orthopedics and Trauma, Peking University People’s Hospital, Beijing, China. *Co-first authors.

Received December 10, 2014; Accepted December 18, 2014; Epub January 15, 2015; Published January 30, 
2015

Abstract: Metaphysis cancellous bone fracture is one of the most common fracture types in clinical orthopedic prac-
tice. The specialized healing process of cancellous bone fracture has long been ignored by the academic society. 
Comparing with diaphyseal cortical bone healing, cancellous bone healing showed less bone tissue necrosis, barely 
any hematoma formation, limited inflammation events and no external callus formation. Based on our clinical prac-
tice and preliminary study, we hypothesize that the healing process of metaphysis cancellous fracture is a distinct 
process which could be concluded into five overlapping stages with distinguished histological features of each other. 
Different from the traditional theory defining diaphyseal cortical fracture, our novel staging theory is specialized in 
cancellous bone tissue fully considering its unique histological features. This novel staging system may help clinical 
orthopedists gain specialized understanding concerning cancellous healing process and aid in their clinical evalua-
tion and treatment to metaphysis cancellous bone fracture.
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Introduction

Cancellous fracture is a major cause of extrem-
ities fractures [1-4]. Clinically, fractures in can-
cellous bone heal in a much more rapid fashion 
and have several unique features comparing 
with diaphyseal fractures. For examples, distal 
radial fracture and lateral malleolus fracture 
will heal directly without callus formation under 
the conditions of anatomical reduction and 
rigid internal fixation. Some authors refer to 
this pattern of fracture healing as “primary 
healing”. Although numerous studies using vari-
ous animal models have been performed on 
fracture healing and treatment, most of them 
address the diaphyseal cortical fracture of long 
bones [5]. Healing processes of cancellous 
fractures have not been well investigated. The 
healing of diaphyseal fractures is a complex 
multistep process. One important fact is the 
presence periosteum, where intramembranous 
and endochondral ossifications combine to 
complete the healing process [6, 7]. Trabecular 
bone fractures heal through a different process 
than most diaphyseal fractures [4]. Charnley 

and Baker observed that the woven bone tra-
beculae soon increased in thickness by surface 
deposition of new bone matrix [8]. Moreover, 
Uhthoff and Rahn showed similar findings in 
various animal models (rats, rabbits and dogs) 
when they stabilized the metaphyseal fractures. 
As long as the fractures healing weren’t dis-
turbed, trabeculae throughout the region were 
lined with osteoblasts, cartilage was not formed 
internally and no periosteal callus was observed 
[9, 10]. Intrigued by these findings, we turn to 
focus on pursuing of the healing process of can-
cellous fracture. Distinguished from traditional 
theory of diaphyseal cortical fracture healing, 
here in this paper we propose a novel staging 
system of cancellous fracture healing.

Hypotheses

Based on our preliminary findings and clinical 
experience, we hypothesize that healing pro-
cess of metaphysis cancellous fracture is 
unique from the traditional theory defining 
diaphyseal fracture. It could be concluded into 
a five overlapping stage process with distin-
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guished histological landmarks of each other. 
They are bleeding stage, cell proliferation stage, 
woven bone formation stage, lamellar bone for-
mation stage and bone remodeling stage. This 
novel staging system may guide the orthope-
dists in clinical practice with more specialized 
apprehension and treatment to metaphysis 
cancellous bone fracture.

Evaluation of the hypothesis

Function of bone remodeling compartment in 
cancellous bone remodeling

Many complex network of interrelated regula-
tory systems such as systemic hormones, ner- 
ve signals, and local factors are involved in the 
mechanism controlling the bone resorption-
formation coupling process [11-20]. However, 
how this diversity of signals are integrated and 
transduced into well-coordinated osteoclast 
and osteoblast responses is still unclear. Re- 
cent studies found an anatomical structure so-
called bone remodeling compartment (BRC) 
where this integration occurs [21, 22]. As illus-
trated by 3D evaluation, BRCs are structures 
formed by a canopy of flattened osteoblast-like 
cells which cover remodeling areas, thereby 
separating osteoclasts and osteoblasts from 
the bone marrow cavity [21]. Moreover, these 
BRC canopies are adjacent to capillaries. As a 
result, it allows a fast access of systemic regu-
lators and enabling guidance of osteoclast and 
osteoblast progenitors to critical points of the 
bone surface [22]. Jensen reported that BRC 
canopy loss before initiation of bone formation 
coincided with significantly less bone-forming 
surface compared with canopy loss at a later 
stage. This finding show that BRC canopy are 
an indispensable structure of cancellous bone 
remodeling [23].

Skeptical relationship between cancellous 
bone remodeling and fracture

The finding of BRCs gave us an unique chance 
to look into the relationship between cancel-

lous bone remodeling and fracture processes. 
The most obvious feature in common is that 
both processes need the participant and coor-
dination of osteoclasts and osteoblasts. As 
found in the cancellous bone remodeling pro-
cess, we postulate that, in a pathological pro-
cess like cancellous fracture, the healing of the 
fracture also need osteoclasts and osteoblasts 
gathering, preexisted bone-like tissue deposit 
and followed by bone remodeling.

Our novel staging theory of cancellous bone 
heal

Although numerous previous studies investi-
gated diaphyseal cortical fracture healing, the 
processes of cancellous fracture healing have 
long been ignored [5, 24]. Majority of clinicians 
presume the cancellous fracture healing fol-
lows the same pathological processes of diaph-
yseal cortical fracture which is consist of hema-
toma stage, inflammation stage, callus forma-
tion stage and bone remodeling stage. However, 
cancellous bone tissue exhibit distinct morpho-
logical and histological structures all of which 
render advantages to its healing process. 
Comparing with cortical fracture, cancellous 
fractures possess much larger internal contact 
surface area which enable sufficient fixation. 
Moreover, cancellous bone tissues have more 
abundant blood supply system than cortical 
bones [25]. Furthermore, cancellous bone tis-
sue is substantially immersed in bone marrow 
cells. Thus, cancellous fracture may enjoy clos-
er proximity with the abundant source of mes-
enchymal stem cell that is able to differentiate 
into osteoclast-osteoblast cell line to promote 
cancellous bone healing [6]. In our preliminary 
animal study we found that, comparing with 
cortical bone healing, cancellous bone healing 
showed less bone tissue necrosis, barely any 
hematoma formation, limited inflammation 
events and no external callus formation. Ac- 
cordingly, we propose a novel staging system 
specialized for cancellous fracture healing. 

Figure 1. The stages of extremities fracture healing process.
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Histologically, the whole healing process of 
cancellous fracture can be divided into five 
overlapping stages with distinct features sepa-
rating each apart. The first stage, hematoma 
stage, which is characterized by limited bleed-
ing event, lies in the first three days. The sec-
ond stage, cell proliferation stage, is character-
ized by mesenchymal-like cell activation and 
differentiation from immediately after surgery 
to 3 weeks. The third stage, woven bone forma-
tion stage, is characterized by the formation of 
woven bone or new trabeculae from 5 days to 4 
weeks. The forth stage, lamellar bone forma-
tion stage, is characterized by the transforma-
tion of newly formed woven bone to lamellar 
structure from 9 days to 6 weeks. The final 
stage, bone remodeling stage, is initiated from 
2 weeks and reaches its peak at 6 weeks 
(Figure 1). At the end of the fifth stage the 
structure of fracture site shows no obvious dif-
ference with the normal structure.

Conclusion

In summary, considering the unique character-
istics of cancellous bone tissue, we demon-
strated that cancellous fracture healing may 
follow a specialized five stage process rather 
than another version of diaphyseal cortical 
fracture healing. This novel staging system may 
act as guidance to the orthopedists in clinical 
practice with more specialized apprehension 
and treatment to metaphysis cancellous bone 
fracture.
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