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Abstract
IL-6 is a pleiotropic cytokine involved in cell signaling in the musculoskeletal system, but its role in
bone healing remains uncertain. The purpose of this study was to examine the role of IL-6 in fracture
healing. Eight-week-old male C57BL/6 and IL-6 −/− mice were subjected to transverse, mid-
diaphyseal osteotomies on the right femora. Sacrifice time points were 1, 2, 4, or 6 weeks post-fracture
(N=14 per group). Callus tissue properties was analyzed by microcomputed tomography (micro-CT)
and Fourier transform infrared imaging spectroscopy (FT-IRIS). Cartilage and collagen content, and
osteoclast density were measured histologically. In intact unfractured bone, IL-6 −/− mice had
reduced crystallinity, mineral/matrix ratio, tissue mineral density (TMD), and bone volume fraction
(BVF) compared to wildtype mice. This suggests that there was an underlying deficit in baseline
bone quality in IL-6 −/− mice. At 2 weeks post-fracture, the callus of IL-6 −/− mice had reduced
crystallinity and mineral/matrix ratio. These changes were less evident at 4 weeks. At 2 weeks, the
callus of the IL-6 −/− mice had an increased tissue mineral density (TMD), an increased cartilage
and collagen content, and reduced osteoclast density compared to these parameters in wildtype mice.
By 4 and 6 weeks, these parameters were no longer different between the two strains of mice. In
conclusion, IL-6 −/− mice had delayed callus maturity, mineralization, and remodeling compared
with the callus of the wildtype mice. These effects were transient indicating that the role of IL-6
appears to be most important in the early stages of fracture healing.
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Introduction
The fracture healing process consists of a complex cascade of events involving cells of the
immune, hematopoietic, and musculoskeletal systems [1,2]. These interactions help reestablish
mechanical stability in the injured tissue. Cytokines and growth factors such as PDGF, BMPs,
and TNF-α play crucial roles in coordinating the interactions of these different cell populations
in normal fracture healing [3–5]. Interleukin 6 (IL-6) is another cytokine that is important in
cellular communication in the musculoskeletal system, but its role in the fracture healing
response remains uncertain.

IL-6 is a pleiotropic cytokine which exists as a 184-amino acid peptide with a molecular weight
of between 23 kDa and 32 kDa [6]. In bone, sources of IL-6 production include the osteoblast,
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mononuclear phagocytes, endothelial cells, chondrocytes, fibroblasts, and keratinocytes [7–
9]. The release of IL-6 has been found to stimulate mesenchymal progenitor cells to
differentiate towards the osteoblast lineage, and IL-6 binding to its receptor can induce the
differentiation of peripheral blood monocytes into osteoclasts [9,10]. Receptors for IL-6 have
been localized to the osteoclast cell membrane, and the combination of IL-6 and its soluble
receptor can stimulate bone resorption activity by mature osteoclasts in vitro [11,12]. IL-6 also
stimulates VEGF expression, suggesting that it plays a role in angiogenesis [13]. Since
angiogenesis, and the differentiation and activity of osteoclasts and osteoblasts play major roles
in fracture healing, IL-6 could be an important regulator of this process.

In order to examine the mineralized tissue properties in both fractured and unfractured bone,
microcomputed tomography (micro-CT) and Fourier transform infrared imaging spectroscopy
(FT-IRIS) were used. Micro-CT has recently been used to examine bone and mineral properties
during the fracture healing response [14]. FT-IRIS enables infrared imaging of discrete regions
of interest in histological sections of tissues at a resolution of 6.25 µm in combination with
microscopic visualization of the samples [15]. While its use in analyzing the fracture healing
response has been limited thus far, the ability of FT-IRIS to evaluate mineral quantity (relative
mineral content) and quality (crystallinity) should be useful for studying the fracture healing
process [15].

The purpose of our experiment is to investigate the role of IL-6 on callus mineralization,
maturity, and remodeling during fracture healing in wild-type and IL-6 −/− mice. This is the
first study that we are aware of that will address the specific role of IL-6 in the process of
fracture healing in vivo.

Materials and methods
Production of fractures

All animal procedures were performed under an IACUC-approved protocol. Eight-week-old,
male C57BL/6 control mice and strain-matched IL-6 −/− mice (Jackson Laboratory, Bar
Harbor, ME) were subjected to closed, transverse, mid-diaphyseal osteotomies on the right
femora that were stabilized with an intramedullary rod. Mice were sacrificed at 1 week, 2
weeks, 4 weeks, or 6 weeks post fracture. All animal procedures were approved by an
Institutional Animal Care and Use Committee.

Micro-CT analysis
Mineralized tissue formation was assessed by microcomputed tomography (micro-CT). Right
femora were harvested at 1, 2, 4, and 6 weeks post-fracture (N=9 per group). The specimens
were placed in 70% ethanol and scanned by micro-CT using the MS-8 small animal scanner
(GE Healthcare, Ontario, Canada) at a voltage of 80V and a current of 80 µA. A phantom
containing an SB-2 bone analog (1.18 g/cm3), water, and air samples was used for calibration
in order to provide a standard of comparison between scans and to relate X-ray attenuation
measurements to quantity of mineral in the tissue. Voxel size was isotropic and fixed at 46 µm.
Images were reconstructed and thresholded to distinguish bone voxels.

Image analysis was performed using Microview v1.1 software (GE Healthcare). The volume
of interest (VOI) was a fixed cylinder of 4 mm in diameter and 6 mm in height encompassing
the entire volume of the fracture callus. This VOI was used for femurs collected 2, 4, and 6
weeks post-fracture (Fig. 1A). At 1 week, there was no radiographic evidence yet of fracture
callus formation, and a cylinder of 4 mm in diameter and 3 mm in height encompassing the
proximal part of the femur from the peak of the greater trochanter to the mid-diaphyseal region
was used to provide a comparison of unfractured bone in the two strains of animals (Fig. 1B).
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Within the VOI, the mineral mass divided by the volume (bone mineral density in milligrams
per cubic centimeter) and fraction of bone within the volume (bone volume fraction) were
calculated. For BVF measurements, bone was defined by a fixed threshold that was kept at a
value of 400 Houndsfield units for all measurements.

The measured BMD was used to calculate the tissue mineral density (TMD), which is defined
as the mass of mineralized tissue divided by the total volume of mineralized tissue. This differs
from BMD because the unmineralized tissue and unoccupied space surrounding the callus and
within the callus has been excluded from the measurement. We used this parameter to represent
the density of the mineralized tissue in the callus. Tissue mineral density was defined as
TMD=BMD/BVF.

Fourier transform infrared imaging spectroscopy (FT-IRIS)
Right femora were collected and embedded in PMMA at 2 and 4 weeks post-fracture (N=5 per
group). For each femur, 2 µm longitudinal sections were cut through the center of the medullary
canal using a Leica SM2500 microtome (Leica Microsystems, Bannockburn, IL). The sections
were placed between two BaF2 windows.

Transmission FT-IRIS data were acquired from histological sections at 8 cm−1 spectral
resolution using a Spectrum Spotlight FT-IR Imaging system (Perkin-Elmer, Bucks, UK). This
system is comprised of an FTIR spectrometer coupled with a light microscope and an 8 × 2
staggered linear array detector, and allows data collection over a user-defined rectangular
region at 6.25 µm pixel resolution.

The first ROI analyzed was a rectangular box that extended from the cortical bone to the
periphery of the callus. The center of the ROI was placed on the fracture line. A second
rectangular ROI was placed inside of the cortical bone immediately proximal to the callus (Fig.
1C). FT-IRIS images were created based on the specific vibrational absorbances for each
component of interest using ISys software v3.1 (Spectral Dimensions, Olney, MD). For each
region, infrared vibrations of the mineral (biological apatite) and the matrix phases (mainly
collagen) were monitored. The ratio of the area of the apatite phosphate absorbance (900–1200
cm−1) to the area of the protein absorbance (1590–1720 cm−1) was calculated. This ratio
represents the relative amounts of mineral and matrix present (mineral/matrix ratio), an
indicator of tissue density. Crystallinity of the mineral phase (indicative of relative maturity
of the mineral) was calculated by the ratio of the intensity of the absorbance at 1030 cm−1 to
that at 1020 cm−1, a parameter previously shown to be related to the apatite crystal length in
the c-axis direction [16].

Histology
After micro-CT scanning, tissue samples were decalcified in EDTA (N=9 per group) and
embedded in paraffin. Six-micron-thick sections were cut longitudinally through the center of
the medullary canal using a Reichert-Jung Biocut 2030 microtome (Leica Microsystems,
Nussloch, Germany), placed onto Superfrost®/Plus microscope slides (Fischer Scientific,
Pittsburgh, PA), and left overnight at 60 °C. Sections from 1, 2, 4, and 6 weeks post-fracture
were stained routinely with Alcian Blue (Poly Scientific, Bay Shore, NY) and with modified
Goldner’s Trichrome staining [17].

Cathepsin K immunohistochemistry
Cathepsin K is an enzyme expressed by osteoclast cells. Six-micron-thick paraffin-embedded
sections from the center of the callus were taken at 1, 2, 4, and 6 weeks post-fracture for
cathepsin K immunohistochemistry. Sections were deparaffinized and incubated with anti-goat
cathepsin K polyclonal antibody (C-16; Santa Cruz Biotechnology, Santa Cruz, CA) at room
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temperature overnight. A Vectastain avidin–biotin–peroxidase complex (ABC) kit (Vector
Laboratory, Burlingame, CA) was used with 3–3′ diaminobenzidine (Sigma-Aldrich) to
visualize anti-cathepsin K positive cells. Anti-cathepsin K positive cells appeared with a brown
cellular stain [18].

Proliferating cell nuclear antigen (PCNA) immunohistochemistry
Positive PCNA immunoreactivity is used as a marker of cell proliferation, and anti-PCNA
positive cells appeared with a brown nuclear stain [19]. Six-micron-thick paraffin-embedded
sections from the center of the callus were taken at 1, 2, 4, and 6 weeks post-fracture. These
were deparaffinized and incubated with anti-mouse PCNA monoclonal antibody (PC-10; Santa
Cruz Biotechnology) at room temperature overnight. Secondary antibodies and labeled
streptavidin–biotin reagents (DAKO) were used with 3–3′ diaminobenzidine (10 mg in 15 mL
of 1× PBS with 12 µL of hydrogen peroxide; Sigma-Aldrich) to visualize anti-PCNA positive
cells.

Histomorphometry
Sections stained with Alcian Blue and Modified Goldner’s Trichrome were visualized at ×1
magnification using a light microscope equipped with a digital imaging system (Nikon
Microphot-FXA, Nikon, Melville, NY). Bioquant Nova software (Bioquant Image Analysis
Corporation, Nashville, TN) was utilized for histomorphometric analysis. All measurements
were performed in a blinded fashion. The region of interest (ROI) was defined as the area of
the callus on both sides of the medullary canal excluding all cortical bone. This ROI was
outlined manually for each specimen using the software.

Alcian Blue-positive proteoglycan appeared with a blue stain in the callus and was considered
to be cartilage. Modified Goldner’s Trichrome-positive collagen appeared with a green stain
in the fracture callus. These stained areas were thresholded automatically by the software, and
the total stained area within the ROI was measured. The result was expressed as the percentage
of the total callus area. For all slides, two consecutive sections from the center of each fracture
callus were analyzed, and these results were averaged.

For anti-cathepsin K stained slides, osteoclasts were considered to be anti-cathepsin K positive
cells with at least three nuclei located adjacent to a bone surface. Regions of active callus
resorption were located manually in the callus on one side of the medullary canal at ×20
magnification. One random field within these areas was visualized at ×40 magnification. The
number of osteoclasts within this area was counted manually. This measurement was repeated
for the callus on both sides of the medullary canal so that four fields were examined for each
specimen. Two consecutive specimens from the center of the fracture callus were used for each
animal giving a total of eight measurements per callus. Results were expressed as the average
number of osteoclasts per mm2.

For anti-PCNA stained slides, anti-PCNA positive cells immediately adjacent to regions of
cartilage were considered to be chondroprogenitor cells. The cartilaginous region of the callus
was visualized at ×20 magnification. For each measurement, the number of anti-PCNA-
positive cells was counted in three random fields on the periphery of the cartilaginous zone of
the callus. The total number of cells in the same field was then counted, and the percentage of
anti-PCNA-positive cells per mm2 was calculated. Three total fields were measured for each
specimen, and two consecutive specimens from the center of the fracture callus were examined
for each animal, giving a total of six measurements per animal. Cell proliferation within the
cartilaginous region of the callus was expressed as the average percentage of anti-PCNA-
positive cells per mm2.
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Statistics
Data were analyzed by two-way analysis of variance (ANOVA) by Sigma Stat software (SPSS
Inc., Chicago, IL) using time post-fracture and genotype as parameters. A Bonferroni post-hoc
test was used for pairwise comparisons between different treatment groups. Significance was
defined at the p<0.05 level. All means are expressed±standard deviations.

Results
Intact bone

Micro-CT—In unfractured cortical bone, average TMD was significantly greater in the
wildtype mice than in the IL-6 −/− mice (451.7±35.3 mg/cm3 vs. 415.6±38.5 mg/cm3

respectively; p=0.029) (Fig. 2A). In unfractured bone, BVF was greater in the region of interest
in the wildtype mice compared to the IL-6 −/− mice, and this difference trended towards
significance (p=0.054) (Fig. 2B).

FT-IRIS—Analysis of unfractured cortical bone by FT-IRIS analysis demonstrated an
increased crystallinity, indicative of more mature mineral, in wildtype mice compared to IL-6
−/− mice at 2 weeks (1.124±0.026 vs. 1.066±0.0186 respectively; p=0.009) (Fig. 3A). There
was an increased mineral/matrix ratio in cortical bone of wildtype mice compared to IL-6 −/−
mice at 2 weeks that trended towards significance (5.78±1.047 vs. 4.68±0.91 respectively;
p=0.088) and at 4 weeks (6.60±1.08 vs. 4.30±0.71 respectively; p=0.007) (Fig. 4A).

Callus formation and remodeling
Micro-CT—At 2 weeks, average TMD of the callus decreased in both strains of mice, and
there was no longer any significant difference between the two strains (Fig. 2A). In addition,
BVF of the callus area had peaked in the wildtype and the IL-6 −/− mice, and there was no
significant difference between the two strains. This suggest that IL-6 −/− mice and the wildtype
mice had similar volumes of bone at 2 weeks post-fracture, but the mineralized tissue in the
callus of the IL-6 −/− mice had a greater density. At 4 weeks, TMD of the callus in both strains
increased and the callus of the wildtype mice had a significantly greater TMD than the callus
of the IL-6 −/− mice (490.7±30.5 mg/cm3 vs. 450.1±27.3 mg/cm3 respectively; p=0.015) (Fig.
2A). At 6 weeks, the callus of the wildtype mice continued to have a significantly greater TMD
than the callus of the IL-6 −/− mice (505.0±30.6 mg/cm3 vs. 433.3±40.1 mg/cm3 respectively;
p<0.001) (Fig. 2A).

FT-IRIS—At 2 weeks post-fracture, callus crystallinity was significantly greater in the
wildtype mice compared with the IL-6 −/− mice (1.108±0.028 vs. 1.030±0.010 respectively;
p<0.001) indicating that the wildtype callus had increased crystal maturity (Fig. 3B and Fig.
5). The increased callus crystallinity in the wildtype mice compared with the IL-6 −/− mice
persisted at 4 weeks with a trend towards significance (1.093±0.036 vs. 1.0465±0.023
respectively; p=0.051). At 2 weeks post-fracture, the callus tissue of the wildtype mice had an
increased mineral/matrix ratio compared to the IL-6 −/− mice that also trended towards
significance (4.24±1.47 vs. 2.6±1.06 respectively; p=0.082) (Fig. 4B and Fig. 5). This
difference was not present by 4 weeks.

Histology and immunohistochemistry
At 1 week, the percentage of cartilage in the callus was significantly greater in the IL-6 −/−
mice compared to the wildtype mice (37.1±13.6% vs. 17.7±8.6% respectively; p=0.002) (Fig.
6A). At 2 weeks, the IL-6 −/− mice callus had a significantly greater cartilage percentage
compared with the wildtype mice (19.3±12.4% vs. 10.4±6.2% respectively; p=0.023). There
were no significant differences between wildtype and IL-6 −/− mice in the density of
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proliferating cells in the callus at any time post-fracture. At 2 weeks, the callus of the IL-6 −/
− mice had a significantly greater collagen percentage compared to the callus of the wildtype
mice (41.7±7.4% vs. 22.8±5.6% respectively; p<0.001) (Fig. 6B). At 2 weeks, the callus of
the wildtype mice had a significantly greater osteoclast density than the IL-6 −/− mice (30.0
±6.8 osteoclasts/mm2 vs. 23.9±3.07 osteoclasts/mm2 respectively; p=0.048) (Fig. 7). At 4
weeks and 6 weeks, there was no longer any significant difference in cartilage content or
osteoclast density between the two strains.

Discussion
Cell signaling molecules such as the inflammatory cytokines are expressed during fracture
healing, and previous studies have shown that they are involved in the regulation of the repair
process [1,20–25]. While the effects of many pro-inflammatory cytokines have been examined
in fracture healing in vivo, no previous studies have attempted to isolate the role of IL-6 in this
process.

In normal bone development, previous studies using wildtype mice have shown that mineral/
matrix ratio of cortical bone tends to increase over time as the animals mature [26,27]. This
suggests increased mineralization of cortical bone occurs normally during skeletal maturation.
During endochondral ossification, which occurs in both the growth plate during development
and in the fracture callus, the crystals that are initially formed during cartilage mineralization
are poorly crystalline and contain areas of weakly organized regions; however, crystallinity
proceeds to increase with age [28,29]. From our current study, it appears that IL-6 may be
important in regulating bone maturation during development. We examined bone mineral
properties in unfractured cortical bone in wildtype and IL-6 −/− mice, and the absence of IL-6
signaling resulted in a lower TMD, BVF, mineral/matrix ratio, and crystallinity of unfractured
cortical bone. Both the decreased mineral/matrix ratio and TMD suggest that a decreased
cortical bone density was present in IL-6 −/− mice. Crystallinity of cortical bone in IL-6 −/−
mice was also decreased, suggesting that the absence of IL-6 signaling resulted in impaired
crystal maturation [15]. Previous studies of IL-6 −/− mice have reported accelerated bone
turnover and decreased cortical bone volume [30]. It is possible that an increased bone turnover
could have contributed to decreased mineralization and crystal maturity during development
in IL-6 −/− mice. The role of IL-6 in skeletal mineralization will have to be investigated further
in future experiments.

In addition to its effects on bone development, IL-6 signaling appears to play an important role
in the early stages of fracture healing. During the first 2 weeks of fracture healing, cartilage
content of the callus was increased in the absence of IL-6 signaling. Previous studies have
shown that IL-6 can suppress chondrocyte proliferation and decrease the differentiation of
growth plate chondrocytes, although this role of IL-6 appears to be controversial [31,32]. There
was no evidence of increased progenitor cell proliferation at 1 week in the IL-6 −/− callus, but
it is possible that this effect on cell proliferation took place earlier than 1 week. IL-6 has also
been shown to stimulate angiogenesis and cartilage matrix catabolism, and both processes are
important in cartilage mineralization and turnover. IL-6 induces cartilage matrix catabolism
through the expression of MMP-13, collagenase 3, and aggrecanase [33–35]. In vitro, IL-6
upregulates the expression of vascular endothelial growth factor in multiple cell lines [13]. The
role of IL-6 in angiogenesis appears particularly relevant to fracture healing, and one study of
skin wound healing in IL-6 −/− mice revealed impaired leukocyte infiltration and angiogenesis
[36]. In addition, the release of IL-6 has been found to stimulate mesenchymal progenitor cells
to differentiate towards the osteoblast lineage [9]. Vascular invasion, breakdown of the
cartilage matrix, and osteoblast differentiation are crucial to callus mineralization and
maturation, and the absence of IL-6 could delay these processes.
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Similar to its effects during development, the absence of IL-6 signaling resulted in delayed
mineralization and callus maturation in the first 2 weeks of fracture healing. TMD measured
by micro-CT includes only mineralized tissue within the volume of interest in the measurement.
In unfractured bone, the wildtype mice had an increased TMD compared with the IL-6 −/−
mice. TMD decreased in both mouse strains at 2 weeks post-fracture compared to cortical bone
alone because of the formation of less mineralized callus tissue in the volume of interest.
However, the TMD of the cortical bone plus the fracture callus were similar between wildtype
and IL-6 −/− mice at 2 weeks, suggesting that the IL-6 −/− mice had an increased density of
the mineralized tissue in the callus compared with the wildtype at 2 weeks. The TMD
measurement only examines mineralized tissue in the callus. In order to examine both
mineralized callus and unmineralized matrix, the mineral/matrix ratio was calculated. This
measurement represents the total tissue density of the callus, including unmineralized tissue.
Mineral/matrix ratio was increased in the callus of the wildtype at 2 weeks relative to the callus
of the IL-6 −/−. This difference was no longer present at 4 weeks, suggesting that mineralization
was merely delayed in the IL-6 −/−. The wildtype callus also had an increased crystallinity
relative to the IL-6 −/− callus suggesting that the wildtype callus had more mature mineral at
2 weeks. This difference was less marked at 4 weeks, further suggesting delayed callus
maturation and mineralization in the absence of IL-6.

In addition to its potential role in cartilage matrix degradation and angiogenesis, IL-6 appears
to be important in osteoclastogenesis in the callus. In our study, the absence of IL-6 signaling
reduced the average osteoclast density in the callus of the IL-6 −/− mice at 2 weeks post-
fracture. IL-6 signaling has been found to increase the differentiation of osteoclast precursor
cells into mature osteoclasts in vitro [10,37–39]. Osteoclast resorption of woven bone is a
necessary step in callus remodeling and maturation. Both of these processes were delayed in
the absence of IL-6, and it was possible that the reduced number of osteoclasts contributed to
these findings.

The absence of IL-6 signaling in our experiment had the greatest effect on the repair process
in the early stages of fracture healing, a finding supported by in vivo and clinical studies. IL-6
expression has been found to peak at day 3 of the fracture healing process in a rat femoral
fracture model [1]. This is in contrast to TNF-α and IL-1, which were expressed most strongly
later in the healing process [1]. Additionally, clinical studies have found that serum IL-6 levels
are elevated immediately after long-bone fracture [40]. The potential roles of IL-6 in
contributing to angiogenesis and osteoclastogenesis could explain the importance of IL-6
signaling in early stages of fracture healing.

At 4 and 6 weeks post-fracture, the absence of IL-6 signaling did not appear to affect callus
mineralization, cartilage remodeling, or osteoclastogenesis. In the later stages of fracture
healing, other cytokines present in the fracture callus could compensate for any effect that the
absence of IL-6 has on cartilage and bone remodeling. Tumor necrosis factor alpha (TNF-α)
stimulates endochondral callus remodeling through its effects on angiogenesis and
metallomatrix protease expression [22,41]. In addition, TNF-α and IL-1 played important roles
in type I collagen remodeling at later stages of fracture healing [20]. From these past studies,
it appears that other cytokines such as TNF-α could compensate for the absence of IL-6 later
in the fracture healing process, as there appears to be considerable redundancy in cytokine
stimulation of osteoclastogenesis, angiogenesis, and the endochondral tissue remodeling.

A potential limitation of this study was the relatively small sample size in some groups in the
FT-IRIS analysis. Differences in crystallinity and mineral/matrix ratio only trended towards
significance between the wildtype and IL-6 −/− mice at certain time points. A power analysis
had been performed prior to the current study based on data from previous studies that have
been done using FT-IRIS in mouse models [26,42,43]. These studies used similar sample sizes
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when assessing bone mineral properties using FT-IRIS, however, none of these previous
studies were fracture healing studies. The experimental variation was greater than expected in
the FT-IRIS analysis in this study possibly due to variability in the fracture healing process. A
decreased power in a study can increase the risk of beta error. Consequently, it is possible that
some of the other differences in FT-IRIS properties may not have reached statistical
significance due to inadequate sample size in each group. The sample size used in the histologic
analysis in this study was similar to previous studies of fracture healing in mice, and appeared
to be adequate to detect differences in callus properties between the two strains of mice [44,
45]. The high statistical significance of the cartilage content and collagen content
measurements at 1 week and 2 weeks respectively suggest that these parameters appear to be
primary effects of IL-6 signaling in fracture healing. The borderline statistical significance of
the osteoclast data may be a reflection of the fact that other cytokines such as TNF-alpha most
likely are more important regulators of osteoclastogenesis during fracture healing, hence, IL-6
has a more modest effect.

In conclusion, the fracture callus of IL-6 −/− mice had decreased total callus tissue density and
less mature mineral at 2 weeks post-fracture. This was accompanied histologically by increased
cartilage and collagen content, and a decreased osteoclast density. These differences suggest
delayed callus mineralization and remodeling in the absence of IL-6. These effects were only
transient, however, as callus maturation and remodeling did occur by 4 weeks post-fracture.
IL-6 signaling therefore appeared to play a role in the early stages of fracture healing, but its
role diminished over time.
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Fig. 1.
For micro-CT analysis at 2, 4, and 6 weeks post-fracture (A), the VOI was defined by a cylinder
of 4 mm in diameter and 6 mm in height encompassing the diaphyseal portion of the femur
which included the fracture callus. At 1 week post fracture (B), the VOI utilized was a cylinder
of 4 mm in diameter and 3 mm in height encompassing the proximal part of the femur from
the peak of the greater trochanter to the mid-diaphyseal region to provide a comparison of
unfractured bone. For FT-IRIS analysis (C), the first ROI analyzed was a rectangular box that
encompassed the cortical bone immediately proximal to the callus. A second rectangular ROI
was placed inside of the callus excluding all cortical bone.
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Fig. 2.
TMD (mg/cm3) (A) and BVF (%) (B) were used to examine the density and quantity,
respectively, of the mineralized callus tissue at 2, 4, and 6 weeks post-fracture. At 1 week, the
TMD and BVF of unfractured bone was measured for the two strains of mice. * Denotes
significance at p<0.05. # Denotes trend towards significance (p=0.054).
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Fig. 3.
Crystallinity of cortical (A) and callus tissue (B) was measured in wildtype and IL-6 −/− bone.
Crystallinity of the mineral phase was calculated by the ratio of the intensity of the absorbance
at 1030 cm−1 to that at 1020 cm−1, a parameter previously shown to be related to crystal size.
* Denotes significance at the p<0.05 level. # Denotes trend towards significance (p=0.051).
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Fig. 4.
Mineral/matrix ratios were calculated from cortical (A) and callus (B) tissue of wildtype and
IL-6 −/− mice. The ratio of the area of the apatite phosphate absorbance (900–1200 cm−1) to
the area of the protein absorbance (1590–1720 cm−1) represents the relative amounts of mineral
and matrix present, a parameter similar to tissue density. * Denotes significance at the p<0.05
level. # Denotes trending towards significance (p=0.088 and 0.082 respectively).
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Fig. 5.
FT-IRIS images showing the crystallinity and mineral/matrix ratio of callus tissue at 2 and 4
weeks post-fracture in wildtype and IL-6 −/− mice.
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Fig. 6.
The percentage of cartilage (A) and collagen (B) in the fracture callus was measured using
Alcian Blue and modified Goldner’s Trichrome stained slides, respectively, collected from
femurs at 1, 2, 4, and 6 weeks post-fracture. Results for cartilage percentage are shown only
for 1 and 2 weeks post-fracture, as no cartilage remained after that time point. * Denotes
significance at the p<0.05 level.
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Fig. 7.
The osteoclast density within the fracture callus was measured by anti-cathepsin K staining.
The number of multinucleated, anti-cathepsin K positive cells were counted in the fracture
callus of both strains of animals at 1, 2, 4, and 6 weeks post-fracture. The results are expressed
as the number of anti-cathepsin K positive osteoclasts per mm2 area of the callus. * Denotes
significance at the p<0.05 level.
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