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The incidence of osteoporotic vertebral fractures (OVCFs) has increased significantly in recent years. In order to
assess osteoporotic fracture healing process, it is necessary to study the characteristics after this type of ver-
tebral fracture. However, there are few researches on fracture healing process in severe OVCFs. We aim to in-
vestigate the histological healing process and the kinetics of bone turnover markers following severe OVCFs.
There were 149 patients with severe OVCFs included in this study. Fasting blood samples were obtained to de-
tect bone turnover markers levels. A transpedicular bone biopsy was performed to collect bone biopsy speci-
mens during vertebroplasty surgery. Stratification of healing process was performed: stage | (1-3 days), stage Il
(4-10 days), stage IIl (11-20 days), stage IV (21-30 days), stage V (1-3 months), stage VI (3-6 months).
Quantitative analysis of bone histomorphometry showed that a large amount of necrotic bone tissue was ob-
served in stage VI (12.92+3.66%). Bone turnover markers showed the concentration of -isomerized C-terminal
telopeptide (B-CTX) which reflects activity in osteoclast continued to increase in stage VI (0.9£0.33 ng/mL).
These results differed from previous reports of other type vertebral fractures.

Bone histomorphometric analysis and bone turnover markers showed that severe osteoporotic vertebral com-
pression fractures often associated with delayed union and nonunion during the healing process.
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Background

With the advent of aging population, the incidence of osteo-
porosis has increased rapidly in recent decades. The preven-
tion and treatment of osteoporotic vertebral fractures (OVCFs)
has become the focus of society [1]. Numerous studies have
reported on the healing process after long bone fracture [2,3],
however, considering differences between vertebral fractures
and long bone fractures [4,5], the morphological and bio-
chemical changes in vertebral fractures are still ongoing in-
tense discussion [6-8].

Delayed union and nonunion are common complications in
vertebral compression fracture patients with severe osteopo-
rosis. Granchi et al. characterized long bone fractures by mea-
suring bone turnover markers concentrations in serum [9]. But,
data on the healing process of severe OVCFs is scarce. We re-
viewed all the patients with severe OVCFs in the past decade
at our institute to investigate the histomorphometric charac-
teristics and dynamic changes of bone turnover during the
healing process following severe OVCFs.

Material and Methods

Patients

Between January 2011 and September 2018, 149 patients
with severe OVCFs were included in this retrospective study.
According to the definition criteria of World Health Organization
(WHO), severe osteoporotic vertebral compression fractures
were defined as T-values <-2.5 along with fragility frac-
tures [10]. Written informed consent was obtained from patients
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for this study and permission was obtained from the Medical
Ethics Committee.

Inclusion criteria were as follows: 1) back pain and aggrava-
tion of symptoms after activity; 2) T-score of spine <-2.5 was
assessed by dual-energy x-ray absorptiometry (DXA); 3) pa-
tients were demonstrated magnetic resonance imaging (MRI)
criteria of vertebral fracture [11].

Exclusion criteria were as follows: 1) pathological fracture; 2)
vertebral fracture caused by spinal infection; 3) non-severe
osteoporotic fracture (T-score >-2.5); 4) combined with meta-
bolic bone disease; 5) renal osteodystrophy (serum creatinine
greater than 0.20 mmol/L); 6) treatment with drugs that affect
bone metabolism; 7) specimen failed to be obtain from frac-
ture area confirmed under intraoperative fluoroscopy.

Preparation of bone biopsies

During a vertebroplasty procedure, a needle is placed into
the vertebral body to extract tissue by using a transpedicular
needle biopsy [12]. Biopsy localization was standardized for all
patients and the positioning of biopsy was located to fracture
area confirmed by MRI (as shown in Figure 1). Cancellous bone
cores were harvested and fixed in 70% ethanol. After that, all
specimens were embedded in methyl methacrylate, and sec-
tioned with a heavy microtome [13].

Bone tissue quantitative analysis
All specimens were observed using light microscopy at 40x

magnification and 100x magnification. Light microscopic anal-
ysis of biopsies was performed by a senior pathologist and

Fractured
vertebrae

biopsy channel
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Figure 1. Diagram of location and operation channel for obtaining bone tissue sample.
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repeated by another physician of the same specialty. The im-
ages were recorded by the microscope and quantitative anal-
ysis was performed by Image Pro Plus measurement software
(Image Pro Plus, Media Cybernetics, Inc.). The histomorpho-
metric parameters after quantitative analysis were expressed
using the American Society for Bone and Mineral Research no-
menclature [2,3]: cancellous bone volume/tissue volume (BV/TV,
%), fibrous tissue volume/tissue volume (FV/TV, %), endochon-
dral bone volume/tissue volume (EBV/TV, %), necrotic bone
volume/tissue volume (NBV/TV, %), woven bone volume/tis-
sue volume (WBV/TV, %), and lamellar bone volume/tissue
volume (LBV/TV, %).

Determination of bone turnover markers

Blood samples were collected during pre-operation.
Electrochemiluminescence immunoassays (Roche Diagnostics,
Germany) were used to detect N-MID osteocalcin (OST), N-terminal
propeptide of type | collagen (PINP), and B-isomerized C-terminal
telopeptide (B-CTX) [14]. Alkaline phosphatase (ALP) was mea-
sured using a kinetic chromogenic method (Beckman Coulter,
CA, USA) [15].

Staging

It is well-known that the fracture healing process is divided
into 3 stages: inflammatory stage, callus formation stage, and
callus remodeling stage [16]. In order to describe changes in
bone turnover markers levels and bone tissue content pre-
cisely, we adopted a previously published article [17] staging
method that subdivided each period into 6 time periods dur-
ing fracture healing process: stage | (1-3 days), stage Il (4-10
days), stage Ill (11-20 days), stage IV (21-30 days), stage V
(1-3 months), stage VI (3-6 months).

Statistical methods

SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA) was
used for data analysis. Comparisons between groups were per-
formed by one-way analysis of variance (ANOVA). The bone
histomorphometric parameters at different fracture stages were
compared, as well as the serum concentrations of bone turn-
over markers in fracture healing process. The differences in frac-
ture healing process between different ages and genders were
also analyzed. P<0.05 was considered statistically significant.

Results

Location and time of specimen acquisition

There were 116 patients with 149 vertebral compression frac-
tures (T-score <-2.5) included in the experimental study. Bone
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biopsy specimens were obtained from 25 male and 91 female
patients (mean age 78.9 years) with 55 lumbar fractured ver-
tebrae (L1=25; L3=5; L2=12; L4=6; L5=7) and 61 thoracic frac-
tured vertebrae (T5=1; T6=3; T7=6; T8=6; T9=7; T10=8; T11=8;
T12=22). All patients were diagnosed with severe OVCF (T-score
<-2.5) assessed by DXA.

All cases were divided into 6 phases: Stage | (1-3 days), Stage II
(4-10 days), Stage Ill (11-20 days), Stage IV (21-30 days),
Stage V (1-3 months), Stage VI (3—6 months). There were 20
patients (17%) in stage I, 23 patients (20%) in stage II, 23 pa-
tients (20%) in stage Ill, 16 patients (14%) in stage IV, 18 pa-
tients (15%) in stage V, and 16 patients (14%) in stage VI.

Morphological characteristics and bone histomorphometric
analysis of severe OVCF

The tissues observed under the light microscopy included the
following observations. 1) Cancellous bone was the main com-
ponent in the vertebral body, and there was no fracture of tra-
beculae at the early stage of fracture (as shown in Figure 2A).
2) Inflammatory reactions appeared at the fracture area due
to trauma at the initial stage of the fracture, and the forma-
tion of fibrous tissue marks the beginning of the bone repair
process (as shown in Figure 2B). 3) Immature woven bone
marked the initial formation of the callus, which plays a sup-
portive and protective role during the transitional phase of
vertebral fracture (as shown in Figure 2C). 4) A large amount
of necrotic bone tissue was observed during the healing pro-
cess of severe OVCFs, suggesting that this type of fractures
was frequently associated with newly fractures (as shown in
Figure 2D). 5) Endochondral bone was produced by mineral-
ization of fibrous tissue osteoblasts (as shown in Figure 2E).
6) Lamellar bone was hard bone tissue formed at the late
stage of fracture healing, and lamellar bone plays a critical
role in the support of the vertebral body after fracture (as
shown in Figure 2F).

In order to reflect the characteristics of histological changes
after severe OVCF fracture, we performed histomorphomet-
ric analysis. The results of quantitative analysis showed that
the volume of BV/TV decreased gradually in the early stage of
fracture and was gradually replaced by necrotic bone tissue
(as shown in Figure 3). The volume of BV/TV decreased to the
lowest value of 11.96+3.09% at stage Ill. Necrotic bone tissue
appeared (5.13+2.61%) in stage | (as shown in Table 1) and
gradually rose to the first peak (10.21+5.22%) in stage Il. And
then rose again to the second peak (12.92+3.66%) at stage VI.
The onset of endochondral bone formation was at stage IIl with
a single peak (10.71+3.97%) during this period, after which
the endochondral bone was replaced by woven bone. Woven
bone began to appear in stage Ill and rose to reach a peak of
11.3+3.05% in stage IV. Lamellar bone, as the mineralized bone
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Figure 2. (A-F) Pictures of tissues observed under the light microscopy during severe OVCFs healing process: (A) cancellous bone (BV);
(B) fibrous tissue (FV); (C) woven bone (WBV); (D) necrotic bone (NBV); (E) endochondral bone (EBV); (F) lamellar bone
structure (LBV).
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Figure 3. (A-F) Histomorphometric analysis of fracture healing at different stages after severe OVCFs. A large amount of necrotic bone
and fibrous tissue still appeared after more than 1 month of fractures. Cancellous bone volume/tissue volume (BV/TV%),
fibrous tissue volume/tissue volume (FV/TV%), endochondral bone volume/tissue volume (EBV/TV%), necrotic bone
volume/tissue volume (NBV/TV%), woven bone volume/tissue volume (WBV/TV%), and lamellar bone volume/tissue volume
(LBV/TV%) are indicated as mean+standard error of mean (SEM).
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Table 1. Fracture callus morphometry in patients with severe OVCFs classified according to fracture staging.

Variable Stage | Stage Il Stage Il Stage IV Stage V Stage VI P
BV/TV (%) 16.33£2.69 13.01+3.98 11.96+3.09 12.93+3.05 13.8943.63 15.52+3.87 0.001
DRIV 15066701 219241105 23641022 21894736  215:7.01  7.634386 <0001
VIV o 0 10718397 9513336 2611097  278:139 <0001
CNBVIV) 5131261  1021$522  821$233 1138305 7324272 12924366 <0001
CwevIv e o o 0 20391198 1771649  322:168 <0001
vV o o o o 15456343 14965507 <0001

Cancellous bone volume/tissue volume (BV/TV%), fibrous tissue volume/tissue volume (FV/TV%), endochondral bone volume/tissue
volume (EBV/TV%), necrotic bone volume/tissue volume (NBV/TV%), woven bone volume/tissue volume (WBV/TV%), and lamellar
bone volume/tissue volume (LBV/TV%). All values are expressed as mean+standard deviation (SD).
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Figure 4. (A-F) Concentrations of bone turnover markers at different stages after severe OVCFs. Levels of bone resorption markers
and bone formation markers were still significantly higher than normal levels at the late stage of fracture. Concentrations
of N-terminal propeptide of type | collagen (PINP), B-isomerized C-terminal telopeptide (3-CTX), alkaline phosphatase (ALP),
calcium, phosphorus, and osteocalcin are expressed by mean+standard error of mean (SEM).

tissue, appeared in stage V and reached a peak of 15.45+3.43%
in this stage. Overlap of different stages were observed ap-
parently in stage IV (9 of 16 specimens, 37.5%), stage V (9 of
18 specimens, 50%), and stage VI (12 of 16 specimens, 75%).

Kinetic of bone turnover markers after severe OVCF

Bone turnover markers are essential to assess the risk of de-
layed fracture healing and the progress of fracture healing [18].
We measured bone turnover markers to reflect the activity of
osteoblasts and osteoclasts.

This work is licensed under Creative Common Attribution-
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The levels of bone turnover markers showed that OST continued
to rise after fracture and reached a peak value of 30.51+25.5
ng/mL in stage VI (as shown in Figure 4). The level of B-CTX
rose to a plateau in stage Ill after fracture, and then contin-
ued to rise to its highest value of 1.1+0.4 ng/mL in stage V.
PINP continued to rise after fracture and reached a peak of
81.5+26.77 ng/mL in stage V. ALP started to decrease at the
beginning of fracture, then increased rapidly to the highest
value of 132.17+40.5 U/L in stage IV (as shown in Table 2).
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Table 2. Bone turnover markers in patients with severe OVCFs classified according to fracture staging.

Variable Stage | Stage Il Stage IlI Stage IV Stage V Stage VI P

Calcium (mmol/L) 2.23+0.15 2.25+0.09 2.21+0.13 2.22+0.11 2.2+0.15 2.2540.3

Osteocalcin (ng/mL) 11.82+4.5 18.72+7.91 19.7148.03 20.75£10.01  22.2149.26 30.51+25.5 0.015
Concentrations of N-terminal propeptide of type I collagen (PINP), B-isomerized C-terminal telopeptide (3-CTX), Alkaline
phosphatase (ALP), calcium, phosphorus and osteocalcin are indicated as meanstandard deviation (SD).
Table 3. Clinical demographics in patients with severe vertebral fractures classified according to fracture staging.

Demographics Stage | Stage Il Stage Il Stage IV Stage V Stage VI

Number 20 23 23 16 15 16
"""" Women 4 & & &4 a4 1
"""" Me 1 17 7 1 ou 15
Sexratio (Male/Female) T 617 617 13 s 115
CAgel(years)  79.1:86  813:96 832491 775669 775861 796476
CWeight (k@ 61151 505497 501489  615:L5 595845 196:5
CHeight(@m) 150.1467 1511496 1505491 155955 1601445 150567

Age, weight, and height of patients are indicated as mean+standard deviation (SD).

There were no significant differences in bone histomorphom-
etry and bone turnover markers between different age groups
(P>0.05). At the same time, there were also no significant statisti-
cal differences in the above indicators between genders (P>0.05).
These results indicated that the samples were evenly distributed,
avoiding the effects of age and gender (as shown in Table 3).

Discussion

Fracture healing is a complex process, which is usually di-
vided into 3 stages: 1) hematoma and inflammatory stage;
2) primary callus formation stage; 3) primary callus remodel-
ing stage [19-21]. It begins with a formation of hematoma
and inflammatory reaction caused by tissue reactions direct-
ly after injury of vascular and soft tissue, and then inflamma-
tory cells participate in the formation of inflammatory gran-
ulation tissue [19,20]. The fibrocartilage matrix formed after
the inflammatory phase, which is mainly composed of fibro-
blasts and chondrocytes, providing the initial mechanical sta-
bility of the fracture site [20]. After the formation of the pri-
mary callus, newly formed endochondral bone and immature
woven bone are continuously mineralized to form hard lamellar

bone. Mineralized lamellar bone formation marks the comple-
tion of the mineralization process of the primary callus [19-21].

In the present study, fracture hematoma and fibrous tissue
were observed in biopsy specimens collected in stage | (1-3
days after fracture), with necrotic bone tissue appeared in
stage Il (3-10 days after fracture). Endochondral bone appeared
in stage Il (11-20 days after fracture), and woven bone ap-
peared in stage IV (21-30 days after fracture). Lamellar bone
formation from in the last stage (3—6 months after fracture).

However, the healing process of vertebral fractures is different
from the characteristics of long bones healing process [3]. In
our study, significant tissue overlapping was observed during
healing in vertebral fractures with a large amount of cancel-
lous bone. This is the reason that effective reduction and fix-
ation can provide a stable growth environment for fracture
healing in long bone fractures. It is worth noting that fracture
stabilization is not possible in vertebral fractures, especially
in patients with severe osteoporosis [8].

The first innovation of this experiment is that we describe
the delayed union and nonunion process in severe OVCF by
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histopathological analysis. In contrast to previous studies, we
found that necrotic bone and fibrous tissue were still present in
fracture sections over 1 month after vertebral fracture. Particular
in the chronic stage of fracture, there were still a large amount
of tissues involved in the transition to hard callus, which should
have occurred in the subacute stage, such as endochondral
bone and immature woven bone. The aforementioned results
illustrated that delayed union and newly fractures occurred in
patients with severe osteoporotic vertebral compression frac-
tures. Some patients with severe OVCF may even exhibit fea-
tures of nonunion. Several studies have reported that osteo-
porosis increases the risk of newly fractures after vertebral
surgery [22,23]. Lu et al. [24] showed that bone mineral density
(BMD) was the only factor associated with newly fractures after
2 years of follow-up. In this study, we found the highest con-
tent of necrotic bone tissue at 3-6 months after fracture. Due
to significantly decreased strength of bone structure caused by
severe osteoporosis, the endochondral bone and woven bone
cannot provide sufficiently stable environment for fracture heal-
ing. Furthermore, newly vertebral fractures are often associat-
ed with necrotic bone and a large amount of fibrous tissue,
which might explain the reason that severe osteoporotic ver-
tebral compression fractures often result in delayed union and
nonunion of fractures.

Another innovation of this experiment is that we describe the
healing process in severe OVCF by detecting the levels of bone
turnover markers. It is well-known that the role of bone turn-
over markers in assessing the risk of delayed union or non-
union is remarkable [18]. Bone turnover markers are com-
monly classified into 3 categories: 1) bone resorption markers,
2) osteoclast regulatory proteins, and 3) bone formation mark-
ers [14,25,26]. During the normal homeostasis of bone resorp-
tion and formation are balanced, but the balance is disrupted
when osteoporosis is present [14]. C-telopeptide of type | col-
lagen (CTX) is a collagenous bone resorption marker. Unlike
previous studies of non-severe osteoporotic vertebral frac-
tures [17], CTX serum concentrations did not decrease sig-
nificantly from 3 to 20 days after fracture. This may be relat-
ed to the increased activity of osteoclast to absorb necrotic
bone tissue caused by newly fracture during the healing pro-
cess. The CTX concentrations were lower than other types of
osteoporotic fractures during the same stages. The aforemen-
tioned results indicated that the capacity of bone resorption
in severe OVCF was more lasting but lower than in non-severe
OVCF. PINP is derived from degraded fragments of type | pro-
collagen, which is primarily used to reflect osteoblastic activ-
ity [27]. PINP serum concentrations were found to increase
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gradually after fracture. This is the reason that osteoblasts are
involved in the formation of new woven bone and mineraliza-
tion of immature woven bone. This result is consistent with
the findings of Stoffel et al. [28].

In this study, we describe the healing process of severe OVCF
by using histomorphometry and determination of bone turn-
over markers. Necrotic bone tissue and fibrous tissue appeared
at the chronic stage after fracture. This suggests that severe
OVCF are usually associated with newly fracture and delayed
union or nonunion during the healing process. Therefore, sys-
tematic anti-osteoporosis treatment and providing a stable
state for fracture healing are particularly important in the treat-
ment of severe osteoporotic vertebral compression fractures.
However, there were shortcomings to this study. Firstly, we in-
cluded a small sample size, and secondly, we lacked data on
patients with a fracture time over 6 months. We did not as-
sess characteristics of delayed union or microfracture in MRI
and computed tomography. Therefore, in future studies we will
focus on analyzing more characteristics of radiology in severe
osteoporotic vertebral compression fractures to obtain more
accurate results.

Conclusions

Although the variations of tissue and bone turnover mark-
ers was consistent with the fracture healing process, a large
amount of necrotic bone tissue appeared in the chronic stage
of fracture. At the same time, there was a large amount of
endochondral bone and immature woven bone in the chronic
stage, which showed that severe OVCFs were often associated
with delayed union and nonunion during the healing process.
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