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Stages of bone turnover during fracture repair can be assessed employing serum markers of osteoblastic
and osteoclastic activity, inflammatory cytokines, clinical evaluation and imaging instruments. Our
study compare the fracture healing process in fragility fractures and high energy fractures by evaluating
serum changes of interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), osteoprotegerin (OPG)
and receptor activator of the nuclear factor-kB ligand (RANKL) in combination with radiographic
(Radiographic Union Scale for Tibial fractures, RUST) and clinical (Lower extremity measure, LEM)
assessments. We enrolled 56 patients divided into four corresponding groups: group A with high energy
trauma fracture (tibial/femoral shaft); group B with low energy trauma fracture (femoral fractures);
healthy (control A) and osteoporotic subjects (control B). Blood samples were collected before surgery
(T0) and after 10 weeks (T10). Serum concentrations of IL-6, TNF-α, RANKL and OPG were quantified
using commercial enzyme-linked immunosorbent assay (ELISA) kits. Our results show that RANKL
values are significantly higher at T10 than at T0 in low energy trauma fractures (group B). OPG is
significantly lower in each control group than that of the respective fractured group and its concentration
at T0 and at T10 is significantly lower in high than in low energy fractures. RANKL/OPG ratio is
significantly higher in both controls than in fractured groups, and significantly increases after 10 weeks.
IL-6 and TNF-α concentrations significantly decrease during fracture healing and are higher in high
(group A) than in low energy fractures (group B). Significant differences were also found in both RUST
score and LEM between groups A and B. Changes in TNF-α and IL-6 levels correlate with RUST and
LEM in fragility and high energy fractures, while RANKL/OPG ratio is associated with these clinical
parameters only in fragility fractures. These findings suggest that serum levels of IL-6, TNF-α, RANKL
and OPG might be used to monitor the stages of fracture repair. Further studies will be needed to
confirm the role of these cytokines in fracture repair.
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Elderly patients usually present with a variable
degree of osteoporosis and a high number of
complications has been reported following fixation of

osteoporotic fractures. Several studies have supported
the view that osteoporosis is associated with a delayed
fracture healing process although clinical evidence
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in this regard are limited (1-4). Different stages of
bone turnover during fracture repair can be assessed
using serum markers of osteoblastic and osteoclastic
activity, inflammatory cytokines responses, clinical
evaluation and imaging instruments (5-7).
Pro-inflammatory
cytokines
including
interleukin-6 (IL-6) and tumor necrosis factor α
(TNF-α) can stimulate osteoclast development and
thereby the process of bone resorption (8). IL-6
activates bone resorption pathways by inducing
osteoclast differentiation and activation (9, 10) and
thus contributes to early stage of fracture repair
(11). TNF-α is a most commonly used inflammatory
marker may participate in the induction of early
inflammatory responses. TNF-α is a primary mediator
of immune regulation and it is produced by a wide
variety of immune and non immune cells. Moreover,
TNF-α has been extensively studied in bone and
implicated in the regulation of osteoclastogenesis
(12).
On the other hand, IL-6 is expressed and secreted
by cells of the osteoblastic lineage and osteoclasts
in response to hormones, such as the parathyroid
hormone (PTH) and vitamin D, that also participate
in the early stages of fracture repair (13).
Recently, novel members of the TNF receptor
family such as osteoprotegerin (OPG) and receptor
activator of the nuclear factor-kB ligand (RANKL)
were shown to be key regulators of bone mass by
modulating the bone reabsorption (14). RANKL
acts as a potent stimulator of bone reabsorption by
binding RANK in the cell membrane of osteoclasts.
On the other hand, OPG is a soluble decoy receptor
for RANKL that interferes with RANKL/RANK
binding and inhibits the maturation and activation of
osteoclasts and their precursors. Balance of RANKL/
RANK and OPG plays a key role in the regulation
of bone remodelling and alteration of this balance
has direct effects on bone loss and destruction in
osteoporosis, chronic inflammatory arthritis and
osteolitic metastasis. In addition, RANKL and OPG
expression has been involved in the fracture healing
process (15).
IL-6 promotes osteoclast activation and
therefore bone reabsorption through the RANK/
RANKL/OPG pathway (9). IL-6 may indirectly
promote osteoclastogenesis by increasing the
release of RANKL by synovial cells; it also

induces differentiation of pre-osteoblasts to mature
osteoblasts while it decreases the proliferation of
osteoblasts at late differentiation stages. Thus, the
effects of IL-6 on bone remodeling are complex and
may occur in opposite directions (16).
In order to assess a potential impairment of
physiological bone reparative process, the aim of this
study was to compare serum levels of RANKL, OPG,
IL-6 and TNF-α as well as clinical and radiological
findings during the fracture healing process in
fragility fractures and high energy fracture patients,
using both healthy and osteoporotic volunteers as
controls.
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MATERIALS AND METHODS

Subjects
Twenty-eight patients of both sexes were selected,
according to inclusion criteria, in the Orthopedics and
Traumatology division of Tor Vergata hospital in Rome:
14 patients (26 to 48 years), with tibial/femoral shaft
high energy trauma fracture, treated with endomedullary
nailing or external fixation (group A); 14 patients (55 to 89
years), with pertrochanteric/subtrochanteric low energy
trauma fracture, treated with endomedullary nailing (men
and post-menopausal women, group B).
Twenty-eight subjects were enrolled as control. 14
healthy young volunteers (24 to 45 years, control A)
and 14 osteoporotic patients, both without any history
of fractures (52 to 73 years, men and post-menopausal
women, control B), were recruited from the Osteoporosis
Clinic of Tor Vergata hospital,
Inclusion criteria were: age, trauma mechanism (high
and low energy), tibial and femoral fractures, surgical
treatment with endomedullary nailing or external fixation.
Exclusion criteria were: previous or actual treatment
with drugs that could lead to bone metabolism changes
(Bisphosphonates, Strontium ranelate, PTH, Denosumab;
chronic treatment with FANS, FAS, inhibitors of HMGCoA reductase); pathologies that could lead to bone
metabolism changes (diabetes mellitus, hyperthyroidism,
osteoarthritis, rheumatoid arthritis, psoriatic arthritis,
lupus); pathologic fractures in any skeletal region or bone
metastasis; peripheral vascular diseases.
According to the Helsinki declaration, the informed
consensus was signed by all the subjects involved in the
study.
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Measurement of RANKL, OPG, IL-6 and TNF-α serum
levels
Ten ml blood sample was collected from the
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antecubital vein in dry Vacutainer tubes (Becton
Dickinson, Rutherford, NJ, USA). Sera were aliquoted
after centrifugation for 15 min. at 3000 rpm for 10 min,
then frozen at –80°C until assayed. All serum samples
were collected from 07:00 a.m. to 09:00 a.m.
In group A and B serum samples were collected before
surgery (24 hours before surgical intervention, T0) and 10
weeks after surgery (T10). In both control A and B groups
serum samples were collected during outpatient visit.
Commercially available human ELISA kits were
employed to determine IL-6, TNF-α (Quantikine, R&D
Systems, Minneapolis, MN), RANKL (BioVendor GmbH,
Heidelberg, Germany) and OPG levels (Biomedica
Medizinprodukte, GmbH &Co, Austria), following the
instructions of the manufacturer (17, 18). The detection
limits for IL-6 and TNF-α were 3.12 and 3.96 pg/ml,
respectively, for RANKL 0.4 pmol/l and for OPG 0.14
pmol/l.

of patients but also to provide informations on the BMD
in relation to sex and age of the patients. In group A and
control A it was not considered necessary to perform a
DEXA examination for osteoporosis disease evaluation.
Indeed, it has been considered sufficient the assessment
of subjects age and the high-energy mechanism of trauma
(in the fractured group) and the exclusion of diseases that
could lead to secondary osteoporosis.
Clinical assessment
All 28 fractured patients (group A and B) underwent
a standardized clinical evaluation of the lower extremity
and of the disease impact on their life quality (immediately
after surgery, T0 and after 10 weeks, T10) through a
specific questionnaire: Lower extremity measure (LEM).
LEM is a disease specific questionnaire which
evaluates the function in lower limb fractures; it has
been developed in order to monitor and assess clinical
changes of the patient basing on patients’ reports of their
function. It consists of 29 questions related to the function
of the lower extremity of the subject including: getting
out of bed, getting in/out of bathtub, getting on/off toilet,
showering, putting on pants, food shopping, etc..
Answers are included in a range between “unable
to perform” (score=1) to “no difficulties in execution”
(score=5). If an activity was not part of the normal
activities of the patient it was inserted as “not applicable”
(N/A). The minimum score possible is 0 and the maximum
was 100. Higher scores are indicative of a better function
of the lower extremity (21).
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Radiographic and Bone Mineral Density (BMD)
assessment
X-rays in two projections of the fractured segment
were performed on each patient immediately after surgery
(T0) and 10 weeks after (outpatient follow-up, T10).
Images were then evaluated in chronological order by
specific rating scales for evaluation of fracture healing:
The Radiographic Union Scale for Tibial fractures
(RUST score) which was developed for the assessment
of tibial fractures appears to be more suitable than other
radiographic score in evaluating other long bones fractures,
such as the femur fractures (19). The evaluation criteria
take into account the presence of a fracture line and the
formation of bone callus. RUST score assigns a specific
score for each set of radiographs in anteroposterior and
lateral projection, based on the actual healing of each of
the four visible corticals (Fig. 1). Each cortical received
a rating of: 1 point if the fracture line was clearly visible
and if there were no signs of callus formation; 2 points if
there was presence of callus, but the fracture line was still
evident; 3 points in the presence of callus that unites the
fracture, with inability to distinguish a clear fracture line.
The scores of the four corticals were then added up to a
total that could range from a minimum of 4 (definitely not
healed fracture) to a maximum of 12 (completely healed
fracture) (19, 20).
Osteoporotic patients belonging to groups B and control
B were subjected to DEXA examination, to detect the grade
of bone quality impairment. Measurements of BMD were
assessed using dual-energy x-ray absorptiometry iDXA
(GE, Lunar, USA). The examinations were performed
with the patient in supine position to determine both the
lumbar spine and one or both hips. DEXA examination
was necessary for the recruitment of various subgroups

P

Statistical analysis
The statistical analysis of serum, radiographic and
clinical results were performed using SPSS 13.0 software
for Windows® (SPSS, Chicago, IL, USA). Results were
expressed as mean value ± standard deviation (SD). All
groups were analyzed using Kolmogorov-Smirnov test
for normal distribution, significant differences between
control and experimental groups were assessed by
ANOVA tests (Bonferroni’s post-test and Dunnett’s
test). The correlations were performed using Spearman’s
correlation in each group. Differences were considered
significant for p≤ 0.05.

RESULTS
Serum levels of OPG, RANKL, IL-6 and TNF-α
Fig. 2 shows OPG and RANKL serum
concentrations in high energy fractures (group
A), low energy fractures (group B), healthy and
osteoporotic subjects (control A and B). RANKL
values were not significantly different in group A
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Table I. RUST and LEM scores in groups A and B, values given are the means±SD.

Table I. RUST and LEM scores in groups A and B, values given are the means±SD.

RUST

LEM

T0

T10

T0

T10

Group A

4±0*

8.57±1.55**

20.92±7.80°/°°

50.64±12.11°°°

Group B

4±0*

7.42±1.15

6.85±4.67°

19±10.90

F
O

Statistically significant difference RUST: * T0/T10 p<0.05, **T10A/T10B p<0.05; LEM: ° T0/T10 p<0.001, °° T0A/T0B
Statistically significant
difference RUST: * T0/T10 p<0.05, **T10A/T10B p<0.05; LEM: ° T0/T10 p<0.001, °° T0A/T0B p<0.001, °°°T10A/T10B
p<0.001, °°°T10A/T10B
p<0.001
p<0.001
Table II. Correlation between RUST or LEM and serum parameters in both group A and B.
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Table II. Correlation between RUST or LEM and serum parameters in both group A and B.
GROUP A

IL-6

P
TNF-α

OPG

RANKL

RANKL/OPG
ratio

GROUP B

RUST

LEM

RUST

LEM

r = -0.815

r = -0.633

r = -0.817

r = -0.646

p<0.01

p<0.01

p<0.01

p<0.01

r = -0.755

r = -0.702

r = -0.591

r = -0.377

p<0.01

p<0.01

p<0.01

p<0.05

NS

NS

NS

NS

NS

NS

r = -0.427
p<0.05
NS

NS
r = 0.470
p<0.05

r = 0.418

r = 0.479

p<0.05

p<0.01

NS: Not significant

NS: Not significant

as compared to control A, while in group B were
significantly higher at T10 than at T0 (p<0.05).
In both group, A and B, OPG decreased at T10
as compared to T0 but not significantly, while it
was significantly increased as compared to healthy
(p<0.05) and osteoporotic subjects (p<0.001). In
each control group the values were significantly

lower than those of the respective fractured group
(p<0.001). OPG levels were significantly lower in
T0A than in T0B (p<0.001); similarly, these values
were significantly lower in T10A than in T10B
(p<0.05).
The RANKL/OPG ratio (Fig. 3) was significantly
higher in healthy control than in high energy
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Fig. 1. RUST score. Rust score in a tibial fracture treated with endomedullary nail at 10 weeks.

fracture group at T0 and T10 (p<0.001). Also, it was
significantly higher in osteoporotic subjects than in
low energy fracture patients at T0 (p<0.001) and T10
(p<0.01). In both group A and B the ratio significantly
increased after 10 weeks (T10A p<0.001, T10B
p<0.05).
Figure 4 shows IL-6 and TNF-α values. IL-6
concentration was significantly higher in group A
at T0 and T10 than in control A (p<0.001), in group
B the values were significantly higher at T0 than at
T10 and in control B (p<0.001). IL-6 concentrations
were significantly different in between high and low
energy groups: T0A levels were significantly higher
than T0B (p<0.001) and T10A than T10B (p<0.001).
TNF-α values were significantly higher in T0A
than in T10A and control A (p<0.001), while the
value decrease in group B at T10 was not significant.
Significant differences were also found between
group A and B, T0A being significantly higher than

T0B (p<0.001).

Radiographic assessment
In group A, the mean post-operative RUST score
was 4±0 at T0 and 8.57±1.55 at T10; the difference
between the stages was significant (p<0.05). In group
B the mean post-operative RUST score was 4±0 at
T0 and 7.42±1.15 at T10; difference in mean values
was significant (p<0.05). The differences between
group A and B were significant at T10 (p<0.05 ).
Clinical assessment
In high energy fracture patients the mean postoperative LEM value was 20.92±7.80 at T0,
50.64±12.11 at T10 and the difference was significant
(p<0.001). In low energy fracture patients the mean
post-operative LEM value was 6.85±4.67 at T0,
19±10.90 at T10 and the difference was significant
(p<0.001).The differences between group A and
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Fig. 2. Levels of RANKL and OPG during fracture healing. In group A and control A the RANKL concentration showed
no significant differences; in group B at T10 the values were significantly higher than at T0 (p<0.05). In each control
group the OPG values were significantly lower than those of the respective fractured group (p<0.001). Group A compared
with group B shows significantly lower values in T0A than T0B (p<0.001) and T10A than T10B (p<0.05). (Statistically
significant difference. OPG: 1T0A and T0B, 2T10A and T10B, 3T0A and Control A, 4Control A and T0A and T10A, 5Control
B and T0B and T10B; RANKL: *T10B and T0B)

P

group B (Table I) were significant at both times (T0
and T10, p<0.001).

BMD assessment
In low energy fracture patients the BMD
evaluation showed osteoporotic T-score in 12 out
of 14 patients and osteopenic T-score in 2 out of 14
patients, the findings being similar in the lumbar
spine and hip site (-2,62 SD; -2,57 SD, respectively).
In osteoporotic subjects, 13 out of 14 patients were
osteoporotic, while 1 out of 14 was osteopenic. Even
in this group results were similar in the two sites:
lumbar spine: -2.8 SD; hip: -2.4 SD.
Correlation between RUST or LEM and serum
parameters
In high energy fracture patients we observed
inverse and significant correlation between RUST or
LEM and inflammatory cytokines (IL-6 and TNF-α),
while there was no significant correlation between

RUST or LEM and OPG, RANKL or RANKL/OPG
ratio.
The low energy fracture patients showed inverse
and significant correlation between RUST and IL6, while there was only a moderate inverse and
significant correlation between RUST and TNF-α
or OPG and between RUST and RANKL/OPG
ratio. Conversely, no correlation between RUST
and RANKL was found. A weak inverse and
significant correlation was observed between LEM
and inflammatory cytokines, as well as between
LEM and RANKL or RANKL/OPG ratio, while no
significant correlation between LEM and OPG was
observed (Table II).
DISCUSSION
The fracture healing stages are characterized by
regulatory mechanisms linked to the expression of
different molecules (such as OPG and RANKL) that
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Fig. 3. RANKL/OPG ratio during fracture healing. RANKL/OPG ratios were significantly higher in control A than in
T0A and T10A (p<0.001) and in control B than in T0B (p<0.001) and T10B (p<0.01). In both groups increased at T10
(T10A p<0.001, T10B p<0.05). (Statistically significant difference. 1Control A and T0A and T10A, 2Control B and T0B
and T10B, 3T0A and T10A, 4T0B and T10B)

P

regulate proliferation and differentiation of bone
tissue cells.
The recent discovery of RANK, RANKL and OPG
members of the TNF and TNF-receptor superfamily
enabled to explain the mechanisms of interaction
between the osteclastic and osteoblastic lineage. In
fact, the RANKL-RANK/OPG signaling pathway
was shown to play a key role in the formation and
activation of osteoclasts in conjunction with various
cytokines and calciotropic hormones (22, 23).
This study aimed at determining the serum levels
of TNF-α, IL-6, OPG, RANKL in fragility fractures
and high energy fractures and evaluating whether
changes in serum levels of these molecules correlate
with radiographic and clinical assessment of the
patients.
Our results show that OPG values were higher
in both group B and control B. This result may be
misleading regarding the inhibitory role played by this
molecule on osteoclast activity and its production by

osteoblastic cells. However, increases in OPG may
occur as a consequence of increased bone loss as a
part of the mechanism minimizing bone turnover and
thereby reducing bone loss in osteoporotic patients
(24). Indeed, Szulc et al. (25) showed an increase
in OPG values in aging (in non-fractured patients),
highlighting a potential correlation between this
molecule and increased levels of bone turnover,
as a compensatory response to an increased bone
reabsorption in osteoporotic patients.
Low serum RANKL levels observed in
osteoporotic patients at T0B might be associated
with a high risk of low energy fractures, suggesting
that low serum RANKL may reflect suppressed bone
turnover with accumulation of micro damages and
reduced bone quality.
A recent study reported that physiological fracture
healing elicits a cytokine cascade that involves upregulation of IL-6 and RANKL, in a hierarchical
manner, and down-regulation of OPG, resulting in
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Fig. 4. Levels of IL-6 and TNF-α during fracture healing. IL-6 levels were higher in T0A than T10A and control A
(p<0.001); in group B the levels at T0 were higher than at T10 and in control B (p<0.001). Significant differences were
also found between group A and B: T0A was higher than T0B (p<0.001) and T10A higher than T10B (p<0.001). The
TNF-α concentration was higher in T0A than T10A and control A (p<0.001). Significant differences were also found
between group A and B: T0A was significantly higher than T0B (p<0.001). (Statistically significant difference. IL-6: 1T0A
and T10A and control A, 2T0B and T10B and control B, 3T0A and T0B, 4T10A and T10B; TNF-α: *T0A and T10A and
control A, **T0A and T0B)
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the initiation of direct bone reabsorption of the stress
fracture (26).
In our study, the RANKL/OPG ratio showed higher
values in control A than in control B; considering
this ratio as an index of metabolic activity (27) our
result may indicate a stronger metabolic activity in
younger patients than in osteoporotic ones.
Higher IL-6 and TNF-α levels in young patients
at T0A and T10A may reflect a more effective
inflammatory activity than an increased osteoclastic
activity. As a matter of fact, the main activity of IL-6
on bone is its effect on osteoclastogenesis and bone
reabsorption (28, 29).
TNF-α is one of the most potent osteoclastogenic
cytokines produced during inflammation. Defined as
a potent bone-resorbing factor, TNF-α is responsible
for stimulating osteoclastic bone reabsorption (30,
31). The higher TNF-α values at T0A, as compared
to control A, might confirm the involvement of this
molecule in the early stages of inflammation. Since

TNF-α and IL-6 stimulate osteoclast differentiation
in a synergic manner, the increase in IL-6 production
might be closely related to osteoclastogenesis and
bone reabsorption. The radiographic evaluation of
fracture healing showed that in both groups there is
a progressive significant increase in the RUST score
during fracture repair. In addition we observed that
at T10, group A achieved an higher score than group
B (19).
Regarding the clinical evaluation of patients
carried out by the “Lower Extremity measure”
questionnaire, a clear difference was noted in group
A scoring as compared with group B; the former had
significantly higher scores after surgery and at T10
(21).
Overall, our results showed that the healing
process is significantly compromised in osteoporotic
patients as compared to younger fractured patients.
Indeed, these patients showed an early inflammatory
response, an increased osteoblastic cellular activity,
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as indirectly measured by cytokines release, and
higher clinical and radiographic test scores.
Changes in the profiles of RANKL, OPG, IL-6
and TNF-α levels, RANKL/OPG ratios and altered
repair of a fracture can occur in osteoporotic patients.
Our results showed the early upregulation of IL-6
and confirmed a central role for these factors in the
initiation of cartilage and periosteal woven bone
formation (32).
It should be considered that the reparative
response in patients with osteoporotic conditions has
been only marginally addressed by Nikolau VS et
al. (2) who compared the two different conditions in
femur fracture healing, but using only clinical and
radiographic parameters.
Another finding of this study was a correlation
between biological, clinical and radiographic
parameters during fracture healing. In particular
the strong inverse correlation observed between
RUST and IL-6 in both group emphasizes the
key role of this inflammatory cytokine in fracture
healing. Overall, our results suggest that changes in
TNF-α and IL-6 levels correlate with radiographic
and clinical assessment in fragility fractures and
high energy fractures, while RANKL/OPG ratio
is associated only with radiographic and clinical
assessment in fragility fractures. Accordingly, these
serum parameters might be used to assess the stages
of fracture healing and to monitor the efficacy of
different treatment in patients with poor bone quality
(33, 34). Still, further studies in a larger cohort of
patients are required to confirm our data and clarify
the complex fracture healing process.
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