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Abstract
Bone interstitial fluid flow is thought to play a fundamental role in the mechanical stimulation of
bone cells, either via shear stresses or cytoskeletal deformations. Recent evidence indicates that
osteocytes are surrounded by a fiber matrix that may be involved in the mechanotransduction of
external stimuli as well as in nutrient exchange. In our previous tracer studies designed to map
how different-sized molecules travel through the bone porosities, we found that injected ferritin
was confined to blood vessels and did not pass into the mineralized matrix. However, other
investigators have shown that ferritin forms halo-shaped labeling that enters the mineralized
matrix around blood vessels. This labeling is widely used to explain normal interstitial fluid
movement in bone; in particular, it is said to demonstrate bulk centrifugal interstitial fluid
movement away from a highly pressurized vascular porosity. In addition, appositional ferritin
fronts are said to demonstrate centrifugal interstitial fluid movement from the medullary canal to
the periosteal surface. The purpose of this study was to investigate the conflicting ferritin labeling
results by evaluating the role of different histological processes in the formation of ferritin
“halos.” Ferritin was injected into the rat vasculature and allowed to circulate for 5 min. Samples
obtained from tibiae were reacted for different times with Perl's reagent and then were either
paraffin-embedded or sectioned with a cryostat. Halo-like labeling surrounding vascular pores was
found in all groups, ranging from 1.2–3.9% for the samples treated with the shortest histological
processes (unembedded, frozen sections) to 5.6–15% for the samples treated with the longest
histological processes (paraffin-embedded sections). These results indicate that different
histological processing methods are able to create ferritin “halos,” with some processing methods
allowing more redistribution of the ferritin tracer than others. Based on these results and the fact
that “halo” labeling has not been found with any other tracer, as we seek to further delineate the
movement of interstitial fluid and the role it plays in bone mechanotransduction, we believe that
ferritin “halo” labeling should not be used to demonstrate physiological bone interstitial fluid
flow.

Keywords
Bone permeability; Physiological transport; Bone metabolism; Osteocyte; Lacunar–canalicular
porosity

© 2005 Elsevier Inc. All rights reserved.
*Corresponding author. Fax: +1 212 650 6727. fritton@ccny.cuny.edu (S.P. Fritton)..

NIH Public Access
Author Manuscript
Bone. Author manuscript; available in PMC 2014 February 19.

Published in final edited form as:
Bone. 2005 September ; 37(3): 379–387. doi:10.1016/j.bone.2005.04.004.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Interstitial fluid flow is thought to play an important role in bone's mechanosensory system
by activating bone cells via shear stresses [9,12,25] or cytoskeletal deformations [27]. Bone
interstitial fluid flow is also believed to aid in delivering nutrients and transporting
metabolic waste products from the bone cells [17]. To better understand interstitial fluid
movement in bone, techniques using markers or tracers such as procion red (300–400 Da,
diameter <1 nm), reactive red (1470 Da, diameter ~1 nm), microperoxidase (1860 Da,
diameter ~2 nm), horseradish peroxidase (40 kDa, diameter ~6 nm), ferritin (440 kDa,
diameter ~12 nm [20]), and different-sized dextrans (range 300 Da–2000 kDa, diameter ~1
nm–60 nm) have been used to map how different sized molecules travel through the various
porosities in bone [1,5,8,13–16,19,22–24].

The architecture of cortical bone has three levels of porosity: the vascular porosity, the
lacunar–canalicular porosity, and the collagen–apatite porosity of the mineralized matrix.
The vascular porosity of animals without a secondary osteonal structure, such as rats and
mice, consists of primary canals and transverse canals; this porosity is the largest of the
three bone porosities (order 20 μm, [2]). The lacunar–canalicular porosity is formed by the
space surrounding the osteocytes in the lacunae and canaliculi (order 100 nm, [28]). Within
the canaliculi, a pericellular fiber matrix is believed to keep the osteocyte processes in
position, connecting them to the canalicular wall [25,27] and preventing them from
collapsing [28]. The fiber matrix spacing is believed to be approximately 7–8 nm, similar to
the surface glycocalyx on endothelial cells, and the fiber matrix has been proposed to work
as a sieve, allowing only molecules smaller than the pore diameter to pass through [3,21,25].
Lastly, the smallest bone porosity is the collagen–apatite porosity associated with the space
between the collagen fibers and the crystallites of mineral apatite. The dimensions of this
porosity have not been well characterized, and there is contradictory evidence from tracer
studies as to whether molecules <10 nm can pass into the mineralized matrix [22,24].

Our previous tracer studies indicate that ferritin injected into rats is confined to the bone
blood vessels and does not pass into the mineralized matrix [24]. However, other
investigators have shown that ferritin forms halo-shaped labeling that appears to enter the
mineralized matrix around blood vessels, along with appositional fronts along the bone
surfaces [5,15,16,19]. This ferritin labeling is widely used to explain normal interstitial fluid
movement in bone: the halos are said to demonstrate bulk centrifugal interstitial fluid
movement away from a highly pressurized vascular porosity, and the appositional fronts are
said to demonstrate centrifugal interstitial fluid movement from the medullary canal to the
periosteal surface [5,6,9–11,15,16,19,26]. These previous studies suggest that ferritin may
be small enough to pass through the canalicular pores and possibly through the collagen–
apatite pores in the mineralized matrix.

The contradictory ferritin findings and the fact that ferritin is the only tracer that has
demonstrated “halo” labeling around blood vessels pushed us to investigate in further detail
the movement of ferritin in the bone porosities. Based on our previous work with ferritin,
our hypothesis was that the halo-shaped ferritin labeling found by other investigators was
the result of histological processing methods. In this study, we evaluated the role of different
histological processing steps in the formation of ferritin “halos.”

Methods
In vivo injection of Type I horse spleen ferritin (440 kDa, diameter ~12 nm, Sigma, St.
Louis, MO) was performed on male Sprague–Dawley rats (n = 5, 320–340 g, 10–11 weeks
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old). An additional animal (n = 1, 280 g, 9 weeks old) was injected with saline buffer
solution as control.

Permission for this in vivo study was granted by the Institutional Animal Care and Use
Committee at the Hospital for Special Surgery. Rats were first anesthetized via an
intraperitoneal injection of a mixture of ketamine (80 mg/kg body weight) and xylazine (5
mg/kg body weight). The left jugular vein was then exposed surgically and a 25G5/8 needle
attached to a 3-ml syringe was inserted into the vein to inject a bolus of tracer solution. Our
previous experiments showed that ferritin was best detected if injected at a dosage of at least
150 mg/100 g of body weight [24]. We concentrated the ferritin solution using Amicon
Ultra-4 centrifugal filter devices (100,000 molecular weight cutoff, Millipore, Billerica,
MA), from 85 mg/ ml to a final solution of 309 mg/ml. The final concentrated ferritin
solution was delivered at 190 mg/100 g of body weight with a total volume of 2 ml. After
the tracer was injected (injection time 2 min), it was allowed to freely circulate for 5 min.
The rats were then sacrificed with carbon dioxide inhalation and both tibiae and femora
were harvested. Femora were put immediately in Karnovsky's fixative (3% glutaraldehyde,
3% paraformaldehyde in 0.2 M sodium potassium phosphate), while tibiae were cut at the
mid-diaphyses into two parts and then placed in Karnovsky's fixative.

From each injected animal, one 6-mm block was cut from the right tibia, while from the left
tibia, five 2-mm blocks were cut using a diamond blade saw (Buehler, Lake Bluff, IL) (Fig.
1). All the samples were placed in Perl's reagent (1:1 solution of 2% HCl and 2% potassium
ferro-cyanide), which allowed potassium ferrocyanide to combine with the ferric ion to form
the characteristic end product Prussian Blue that enables visualization of the ferritin under
light microscopy.

Histological processing of bone groups
The goal of this study was to determine if different histological processing methods affect
the production of ferritin “halos.” Six different histological processes were performed to
determine if a particular processing method would be able to transport ferritin into the
mineralized matrix (Table 1). These processing methods were similar to or variations of the
methods used in our previous ferritin study [24] as well as previous studies where the
movement of ferritin into the mineralized matrix produced a characteristic “halo” of blue
stain around the blood vessels [5,16]. The six blocks taken from each animal were divided
into two groups and each group was labeled according to its major histological process: the
first group (two blocks) was designated PARA (for paraffin embedding), while the second
group (4 blocks) was designated FROZ (for frozen section, no embedding).

Paraffin-embedded samples (blocks PARA3, PARA8)—After 48 h in Karnovsky's
fixative, the samples PARA3 and PARA8 were put in Perl's reagent for 3 or 8 h,
respectively. They were then decalcified in 10% nitric acid for 5 days (samples PARA3) or
in citrate formic acid [18] for 8 days (samples PARA8) [5,16]. Samples were placed in a
series of graded alcohol (50%, 70%, 95%, and 100%), then xylene, and then were embedded
in paraffin. Thin sections (5–7 Am thick) were cut using a microtome (Reichert-Jung 2030,
Germany), dried overnight in an oven, deparaffinized, counterstained with hematoxylin to
achieve a pink background, and coverslipped with mounting media (Richard-Allan
Scientific, Kalamazoo, MI).

Frozen, unembedded samples (blocks FROZ1, FROZ3, FROZ8, FROZ24)—After
48 h in Karnovsky's fixative, the samples were put in Perl's reagent for 1 h (samples
FROZ1), 3 h (samples FROZ3), 8 h (samples FROZ8), or 24 h (samples FROZ24).
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The blocks FROZ1 and FROZ3 were decalcified in 10% nitric acid for 24 h while FROZ8
and FROZ24 samples could be immediately cut without being further decalcified. The
blocks were embedded in OCT medium (Tissue Tek) to provide support during
cryosectioning. Thin cross sections (10–15 μm thick) were cut from the blocks using a
cryostat (Model OTF 5030, Bright Instrument Company, England). The sections were then
counterstained using 0.1% acid fuchsin for 15 s to achieve a pink background, rinsed briefly
in distilled water, and coverslipped with aqueous mounting media (Biomeda Corp., Foster
City, CA).

To determine mineral content in the samples, the von Kossa treatment was performed on
femur specimens. Twomm-thick specimens were cut from the femur mid-diaphysis using
the diamond blade saw and put in Karnovsky's fixative for 24 h. They were then placed in
Perl's reagent for 1, 3, 5, 8, or 24 h and embedded in PMMA. Thin cross sections (5–10 μm)
were cut from each block and analyzed under light microscopy to qualitatively measure the
mineralized area of the section. The mineral distribution is visualized by the brown/black
color resulting from the reaction of the mineral present in the section and the silver nitrate in
the von Kossa solution. A high degree of mineralization results in very black sections, while
demineralized sections do not present the characteristic black color. Sections partially
mineralized show a varying degree of black according to the mineral content.

To further investigate the Perl's action, we placed a 3-mm block from the control animal
injected with saline solution into freshly made Perl's solution for 3 h. In addition, a 3-mm
block from the control animal was placed in Perl's reagent in which a sample from a ferritin-
injected animal had previously been placed and reacted for 8 h. This control sample was left
in the previously used Perl's solution for 24 h.

Microscopic imaging and data analysis
To analyze the tracer distribution in the bone, one cross section was chosen from each
animal for each treatment. Sections with a complete cross-sectional area and little cutting
damage were chosen for analysis. The sections were analyzed under routine light
microscopy (Nikon Microphot-FXA, Japan). For each section, we counted the total number
of blood vessels (N.Bv), the number of blood vessels labeled with ferritin (N.Bv.La), the
number of osteocytes labeled with ferritin (N.Ot.La), and the number of “halos” surrounding
blood vessels (N.Ha). The data were collected using the BIOQUANT image analysis system
(BIOQUANT Image Analysis Corp., Nashville, TN), and images of each halo were
recorded. The means and standard deviations of the measurements were calculated for each
histological process. When counting the blood vessels, no distinction was made between
blood vessels cut longitudinally or in cross section. Halos were identified as both total or
partial well-defined ferritin lines around blood vessels (Figs. 2a, e) as well as more spread-
out diffusive movement of ferritin in the extravascular region (Fig. 2d). For all the samples,
the blood vessels were counted using the 10× objective, while the halos and the osteocytes
labeled with ferritin were counted with the 20× objective.

The percentage of labeled blood vessels (i.e., labeled blood vessels/total number of blood
vessels, N.Bv.La/ N.Bv), the percentage of labeled osteocytes (N.Ot.La/ N.Ot), and the
percentage of blood vessels surrounded by halos (N.Ha/N.Bv) were calculated and analyzed
using oneway ANOVA. One-way ANOVA was used because we only wanted to determine
if the different processing methods could influence the percentage of blood vessels
surrounded by ferritin halos; the study was not designed to determine which component of
the processing methods is responsible for producing halo labeling. Statistical analysis was
performed to determine differences between the histological processes using SPSS for
Windows version 12.0 (SPSS Inc., Chicago, IL). For all the statistical tests, a significance
level of P < 0.05 was used.
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Results
Ferritin, localized by the Perl's reaction, was effectively delivered to the blood vessels for all
treatments (Figs. 2a through e). However, while the ferritin was able to reach most of the
bone blood vessels, there was no ferritin labeling surrounding the osteocytes. The
percentage of blood vessels labeled with ferritin ranged from 79% to 95%, while the
percentage of labeled osteocytes was 0% for all the treatments (Table 2, Fig. 3). The
percentage of labeled blood vessels for both paraffin groups was lower than the
unembedded, frozen-sectioned groups.

Measurements at a magnification of 20× showed ferritin “halos” in all sections of each
group. The percentage of blood vessels surrounded by halos ranged from 1.2 to 15% (Table
2, Fig. 4). The frozen-sectioned groups showed a similar percentage of blood vessels
surrounded by halos (1.2–3.9%), while the paraffin-embedded PARA8 group was
significantly larger than all other groups (15%), and the PARA3 group was significantly
different from FROZ24 (Fig. 4).

In all the sections, the endosteal surface was well defined by a blue line along the perimeter,
and a ferritin appositional front was also visible (Figs. 2b, e); the edge of the periosteal
surface was also stained (Fig. 2c). Sections from the control animal that did not receive
injection of ferritin did not show any characteristic blue staining occurring from the reaction
of Perl's and ferritin. However, sections from the control animal that were placed in Perl's
solution previously used with a sample from a ferritin-injected animal showed a marked
periosteal blue line and also the presence of halos around blood vessels (Fig. 2f).

The von Kossa method indicated that the percent mineralized area of the specimens
decreased proportionally to the time placed in Perl's reagent (Fig. 5). Samples that stayed in
Perl's reagent for 1 h showed very little demineralization. Samples that stayed longer than 5
h in the reagent were almost completely decalcified. A total degree of decalcification was
achieved by samples that stayed for 24 h in the reagent.

Discussion
We were able to produce ferritin “halo” labeling with all the different histological treatments
used. The percentage of blood vessels surrounded by halos was quite low, ranging from 1.2–
3.9% for the samples treated with the shortest histological processes (unembedded, frozen
sections) to 5.6–15% for the samples treated with the longest histological processes
(paraffin-embedded sections). Our measurements, taken at a magnification of 20×, are
similar to those reported by other investigators (7.6% at 10×, 26% at 40×) [15].

The only significant differences between groups were found between the paraffin-embedded
samples and the unembedded, frozen-sectioned samples. The groups PARA3 and PARA8
had the lowest percentage of blood vessels labeled with ferritin (Fig. 3), and PARA8 had the
highest percentage of blood vessels surrounded by halos (Fig. 4). The differences may be
explained by the differences in the embedded vs. unembedded histological processes. The
frozen blocks were fixed, reacted with Perl's reagent, decal-cified (groups FROZ3 and
FROZ8 only), and sectioned within 3 days after the injection with a minimum loss of tracer.
The paraffin-embedded samples were fixed, reacted with Perl's reagent, completely
decalcified, washed, dehydrated in ascending grades of alcohol, cleared in xylene, embedded
in paraffin, sectioned, cured in an oven, deparaffinized, and counterstained. This process
took approximately 9 days, in which samples were kept in solutions that greatly differ from
the in vivo environment where they live and interact with physiological fluid. Such a long
processing time in so many solutions might also facilitate the movement of ferritin, resulting
both in a reduction of blood vessels labeled with ferritin along with the formation of “halos.”
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The finding of ferritin halos in the FROZ1 samples, which were treated similarly to the
methods we used in our previous study that showed ferritin completely confined to the
vascular pores with no “halos” [24], is probably due to the area we chose to count the blood
vessels. In the present study, we analyzed the ferritin distribution over the entire bone
sectional area, while in our previous study, we only considered the tracer distribution in
three distinct sectors of the tibia: anterior, lateral, and medial. By only considering three
subareas of the cross section, we likely overlooked the ~4% halo labeling found for the
FROZ1 sections in the present study. Another difference between the present study and our
previous study that could possibly affect the results was that Karnovsky's fixative was used
instead of alcohol to better mimic processing by previous investigators [5,15,16,19].

While this study was only designed to test whether histological processing techniques used
by other investigators could produce ferritin “halo” labeling (it was not designed to
determine which portion of the histological processing produces ferritin “halos”), a possible
explanation for the production of halo-like ferritin labeling is that some component of the
histological processing creates structural changes in the bone matrix. Ferritin is a spherical
molecule, composed of a protein-assembled shell and an iron core. In order to visualize
ferritin, samples are placed in Perl's reagent, which dissolves ferritin's protein shell and
reacts with the iron core to produce the characteristic Prussian blue utilized to visualize this
tracer under light microscopy [4,7]. Perl's reagent is able to dissolve the protein core because
it is a very strong acid (pH 0.89). To evaluate the effect of the Perl's reagent on the bone
mineral, we analyzed the specimens treated with von Kossa, and it was possible to see a
clear trend of bone decalcification caused by the interaction between the Perl's reagent and
bone tissue (Fig. 5). Thus, the acidic activity of the reagent might influence the sieving
structure of the bone: as the acidic reagent removes bone crystallites from the mineralized
matrix, injected unbound ferritin may be able to penetrate the increasingly porous bone, thus
creating “halos.” However, it should be noted that there was no clear trend between the
length of time bone samples were placed in Perl's reagent and the percentage of blood
vessels surrounded by “halos.”

Another peculiarity of ferritin reacting with Perl's reagent is that, during the reaction, ferritin
molecules are disassembled and then recombined, giving rise to a final molecule with a
smaller diameter than the original one [7]. This reduction in diameter might also facilitate
the propagation and diffusion of ferritin outside the vascular canal into the dissolving
mineralized matrix. Moreover, the presence of halos and a ferritin appositional front found
in control samples from an animal that did not receive injected ferritin but was placed in
already used Perl's reagent strongly indicates the possibility of histological artifact caused by
the Perl's reagent (Fig. 2f). In this case, since no ferritin was injected in vivo into the animal
circulation, the halo labeling could be attributed to the demineralizing action of the Perl's
solution acting on the sections, and the consequent movement of ferritin present in the
solution into the bone matrix. No ferritin labeling was found in control samples placed in
fresh Perl's solution.

While the idea of tracking a molecule inside bone tissue is very simple, bone is a very dense
yet delicate tissue, and histological processes, if not well designed, can lead to a wrong
interpretation of the real bone physiology. Due to the high tissue mineral content, bone
histology can be a very long and complicated process. Bone samples have to pass through
many different steps before being sectioned and analyzed under the microscope. Each
solution where the samples stay (i.e., acidic solutions for decalcification, dehydrating
solutions, embedding media) could cause loss of biological information and, at the same
time, generate unreliable results. The demineralization process might provoke an unexpected
enlargement of the original pore dimensions, allowing the passage of larger molecules, such
as ferritin, otherwise prohibited. Moreover, the visualization of ferritin requires a critical
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step, the reaction with Perl's reagent, which reacts with the iron moiety of ferritin to form
Prussian blue, never accounted for as a possible source of artifact.

Previous tracer studies using ferritin have explained ferritin “halos” as being generated by a
centrifugal fluid force acting in the intravascular domain, driving the ferritin outside the
vascular wall and into the mineralized matrix. In addition, appositional fronts along the bone
surfaces have been said to demonstrate centrifugal interstitial fluid movement from the
medullary canal to the periosteal surface [5,6,9–11,15,16,19,26]. The purpose of this study
was to analyze the effect of different histological processes that could lead to the presence of
ferritin in the mineralized matrix and the characteristic ferritin halo labeling previously
demonstrated by other investigators. We were able to demonstrate that while all processing
methods produced ferritin “halos,” the paraffin embedding procedure produced a higher
percentage of blood vessels surrounded by halos compared to the other groups. Based on
these results and the fact that “halo” labeling has not been found with any other tracer, as we
seek to further delineate the movement of interstitial fluid and the role it plays in bone
mechanotransduction, we believe that ferritin “halo” labeling should not be used to
demonstrate physiological bone interstitial fluid flow. The use of additional tracers of
dimensions comparable to ferritin will help to better understand the porosity sizes governing
interstitial fluid movement in bone.
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Fig. 1.
Rat right tibia (a) and left tibia (b) showing the locations where the samples were taken for
the six different histological processes. The samples were named according to the
histological process along with the time they were left in Perl's reagent. FROZ1, 3, 8, 24:
frozen, unembedded samples left in Perl's reagent for 1, 3, 8, or 24 h, respectively; PARA3,
8: paraffin-embedded samples left in Perl's reagent for 3 or 8 h, respectively. L = tibia
length. All dimensions are in millimeters (scale bar: 10 mm).
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Fig. 2.
Ferritin distribution for the different histological processes; no osteocytes (Ot) were labeled
with ferritin for all the processes. (a) Group FROZ1: ferritin was primarily confined to the
bone blood vessels (Bv) with the sporadic presence of ferritin “halos”surrounding blood
vessels (magnification: 900×, scale bar: 15 μm). (b) Group FROZ3: a ferritin appositional
front at the endosteal surface (Es) was clearly visible for all the histological treatments
(magnification:450× , scale bar: 30 μm). Group FROZ8 (not pictured) was very similar to
FROZ3. (c) Group FROZ24: this group presented the lowest percentage of blood vessels
surrounded by halos (magnification: 450×, scale bar: 30 μm). The periosteal surface (Ps)
was also labeled with ferritin in all groups. (d) Group PARA3: diffusive halos were seen as
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more spread-out or diffusive movement of ferritin in the mineralized matrix surrounding
blood vessels (magnification: 900×, scale bar: 15 μm). (e) Group PARA8: this group had the
highest percentage of blood vessels surrounded by halos; a strong ferritin appositional front
can also be seen at the endosteal surface of the bone (magnification: 900×, scale bar: 15
μm). (f) Halos surrounding blood vessels were also found in the control specimen after it
was placed in already used Perl's solution for 24 h; a ferritin appositional front is visible at
the periosteal surface (Ps) (magnification: 10×, scale bar: 30 μm).
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Fig. 3.
Percentage of blood vessels labeled with ferritin for the six histological processing methods
(values are reported as mean ± standard deviation). The groups processed using unembedded
frozen sections (FROZ) show a higher percentage of labeled blood vessels compared to
paraffin-embedded (PARA) groups. The asterisks indicate statistically significant
differences between the two PARA groups and all the FROZ groups (*P < 0.05).
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Fig. 4.
The percentage of blood vessels surrounded by halos for the six histological processing
methods (values are reported as mean ± standard deviation). The paraffin-embedded group
PARA8 was significantly different from all the other groups, while the paraffin-embedded
PARA3 was significantly different from FROZ24 (*P < 0.05).
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Fig. 5.
Each image shows the femoral mineral content from the periosteal surface (Ps) to the
endosteal surface (Es) after the reaction for different times in Perl's reagent: (a) 1 h; (b) 5 h;
(c) 8 h; (d) 24 h. The mineral content is qualitatively determined by the brown/black color
(in this image by the white/black color) resulting from the reaction of the mineral present in
the section and the silver nitrate in the von Kossa solution. (a) After 1 h in Perl's reagent, the
section resulted in a partial demineralization toward the periosteal surface (left side of the
image), while the rest of the section was still mineralized (black color). (b) 5 h in Perl's
reagent almost demineralized the entire section (white part of the image); the only mineral
content is indicated by the black color on the right side of the image and by the varying
degree of gray/black level just around it. After 8 or 24 h in Perl's reagent (c, d), the samples
did not show any mineral content. Blood vessels (Bv) are indicated along with drying
artifacts (large arrowheads) caused by the embedding media used (magnification: 8×, scale
bar: 50 μm).
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Table 1

Different histological processes used

Processing method Fixative Perl's reagent Decalcification Embedding Sectioning method

PARA3 2 days in Karnovsky's
fixative

3 h 5 days in 10% nitric acid Paraffin Microtome

PARA8 8 h 8 days in citrate formic acid

FROZ1 2 days in Karnovsky's
fixative

1 h 24 h in 10% nitric acid Not embedded; cut
with

Cryostat

FROZ3 3h OCT compound

FROZ8 8h None

FROZ24 24 h

Key: PARA = paraffin-embedded section; FROZ = frozen, unembedded section.
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Table 2

Histomorphometric measurements for the six histological methods (mean ± standard deviation)

FROZ1 FROZ3 FROZ8 FROZ24 PARA3 PARA8

Total number of blood vessels labeled with ferritin
(N.Bv.La)

210 ± 20.4 261 ± 33.6 282 ± 12.6 309 ± 28.0 249 ± 50.3 261 ± 23.2

Total number of blood vessels (N.Bv) 232 ± 12.6 276 ± 33.1 297 ± 9.82 331 ± 26.4 314 ± 36.1 314 ± 29.5

Total number of osteocytes labeled with ferritin
(N.Ot.La)

0 0 0 0 0 0

Total number of ferritin halos (N.Ha) 9.00 ± 6.67 9.40 ± 4.39 10.2 ± 9.60 4.20 ± 8.29 17.6 ± 3.58 46.2 ± 5.93

Key: PARA = paraffin-embedded section; FROZ = frozen, unembedded section.
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