
Abstract We performed a morphological and histomor-
phometric analysis of the use of either autografts, or of
frozen or freeze-dried cancellous bone allografts in
sheep. A cancellous bone defect was created in the later-
al portion of the distal epiphysis of the left femur. Four
groups of six animals were monitored for 3 months. In
the first group, the cavity was filled with autograft, in the
second with frozen allograft and in the third with freeze-
dried allograft. In the last group, the cavity was not filled
and served as control. A study of the host bone showed
that the mean trabecular width of the peripheral osteoid
was greatest in the control group, while the number of
osteoblasts and osteoclasts was significantly lower in the
freeze-dried allograft group. However, the different bone
grafts that were used to fill the cavity showed a greater
trabecular width and area in the autografts. Among the
frozen allografts, these measurements were also greater
than in the freeze-dried allograft group. The “erosion
surface” of the freeze-dried allograft group was also
found to be three times greater, and there were a larger
number of osteoclasts and osteoclastic nuclei. We con-
cluded that the “lyophilised” allografts were re-absorbed
rapidly and that there were no major morphological dif-
ferences between the frozen allografts and the autograft
groups.

Résumé Nous avons fait une analyse morphologique et
histomorphométrique d’autogreffe et d’allogreffes spon-
gieuses congelées ou lyophilisées chez le mouton. Un
défaut d’os spongieux a été créé dans la portion latérale
de l’épiphyse fémorale distale gauche. Quatre groupes de
six animaux ont été suivi trois mois. Dans le premier
groupe la cavité a été remplie d’autogreffe, dans le se-

cond elle a été remplie avec de l’allogreffe congelée et
dans le troisième avec de l’allogreffe lyophilisée. Dans
le dernier groupe la cavité n’a pas été remplie et a servi
comme contrôle. Une étude de l’os de l’hôte a montré
que la largeur moyenne du trabecule de l’ostéoïde péri-
phérique était plus grande dans le groupe témoin tandis
que le nombre d’ostéoblastes et d’ostéoclastes était nota-
blement inférieur dans le groupe d’allogreffe lyophilisée.
Cependant les greffes différentes qui ont été utilisées
pour remplir la cavité ont montré une plus grande largeur
de trabécules avec une plus grande surface dans les auto-
greffes. Pour l’allogreffe congelée ces dimensions étaient
plus grandes que pour l’allogreffe lyophilisée. La surface
de résorption de l’allogreffe lyophilisée à aussi été trou-
vé pour être trois fois plus grande et il y avait un plus
grand nombre d’ostéoclastes et de noyaux ostéoclasti-
ques. Nous avons conclu que les allogreffes lyophilisées
avaient été résorbés rapidement et qu’il n’y avait pas de
différence morphologique majeure entre les allogreffes
congelées et les autogreffes.

Introduction

Autologous bone grafts constitute the most natural meth-
od for reconstructing skeletal defects and cavities as they
maintain their osteoconductive and osteoinductive prop-
erties. This allows integration of the graft without any
risk of transmitting disease. However, the supply of bone
is limited, and there is a risk of morbidity at the donor
site. A cancellous bone autograft stimulates the appear-
ance of osteogenic cells. These form new bone from fi-
brous tissue and they also arrange themselves along the
transplanted bone trabeculae creating new bone in this
area [1, 3].

The freezing of allografts keeps bone viable for a
long period. It reduces the chance of immune reactions
and makes bone of the right size and amount available at
any time. When harvesting bone tissue [11], a set of le-
gal requirements and regulations must be met in order to
prevent the transmission of disease.
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While the biological activity of allografts is inferior to
that of autografts, it does follow the same histological
sequence but needs more time for total integration [4, 8].

Several alternatives have been developed in order to
avoid the limitations and complications of the use of
bone grafts. These include the use of bone marrow in
combination with bone grafts, growth factors and bone-
graft substitutes [6, 21, 23, 26, 30]. Bone marrow has
been used in combination with bone grafts in order to
stimulate bone formation in skeletal defects and non-
unions [24], but its effectiveness depends on the activity
of the stem cells in the bone marrow aspirate.

The sequence of bone repair is closely related to the
local vascular supply [4, 9, 16], and cancellous bone
with its porous structure re-vascularises more quickly
than cortical bone [4]. This results from the gradual
growth of vessels in the medullary cavities [16, 19].

Several factors influence tissue transplants, and these
include the structure of the tissue, the methods of preser-
vation and storage and also the method of sterilisation.
Many different methods are currently being used to pre-
serve and to store specimens until they are required for
implantation. While freezing bone at −20°C does not
completely arrest enzymatic degradation, preserving
bone at −70 to −80°C or in liquid nitrogen does decrease
the immunogenicity of the graft [11].

In order to determine how the host bone reacts during
the incorporation of a graft in a cavity, studies both with-
in the graft as well as around the edges of the host bone
are necessary. To do this, we performed in the distal
epiphysis of the femurs of sheep a morphological and
histomorphometric analysis of the integration of auto-
grafts and frozen and freeze-dried cancellous bone
grafts, together with the reaction of the peripheral host
bone.

Materials and methods

Twenty-four sheep (Ovis aries) aged 4–6 months and weighing
25–30 kg were used in the study.

A 1 cm diameter trephine of 2 cm in length was used to create
a cavity in the external portion of the distal epiphysis of the left
femur. This was filled with three different types of cancellous
bone grafts (fresh autograft, frozen allograft, freeze-dried allo-
graft) in three groups respectively of six animals. The cavity was
left unfilled in a fourth group of six, which served as controls.

The donor sheep were of the same breed as the receptor sheep.
The autografts were reinserted “upside-down” into the newly cre-
ated cavity (from which they had been taken) immediately after
extraction. The frozen allografts were used after freezing at −80°C
for 6 weeks. To obtain the freeze-dried grafts, we froze the grafts
at −80°C for 6 weeks and then freeze-dried them with a lyophil-
izer (Heto, Brikerod, Denmark), which produced the autografts at
5.3 Pa of pressure. Ninety percent of their water content was then
removed by drying at −55°C for 36 h.

To study the bone formation in the host bone, we used four dif-
ferent fluorochromes as bone markers. These were administered
intra-muscularly according to the following schedule: 2 weeks 
after surgery, calcein (green) (Sigma-Aldrich, Madrid, Spain); 
4 weeks after surgery, alizarin (red) (Sigma); 6 weeks after sur-
gery, xylenol (orange) (Fluka, Riedel-de Haën). Then, 2 months
after surgery, oxytetracycline (yellow) (Duphacycline, Laborato-
ries IVEN, Madrid, Spain) was used.

The animals were sacrificed 3 months after surgery by an intra-
venous injection of 5 mEq of potassium chloride and under sodi-
um pentobarbital anaesthesia (1.5 mg/kg weight). The distal end
of the femur was then removed and the cylindrical defect was 
divided into two parts, one for embedding in paraffin and the other
for embedding (un-decalcified) in polymethylmethacrylate
(PMMA). For the histological study, the specimens were fixed in
formaldehyde 4% for 24 h and then decalcified in a solution of
PVP-EDTA at 4°C. Once they had been decalcified, they were de-
hydrated using alcohols of increasing proof (70%, 80%, 96% and
100%). After 4 h in xylene they were embedded in paraffin at a
temperature of 60°C. Specimens were sectioned at 4 µm, and
stained with Masson’s trichrome, hematoxylin and eosin.

To analyse the mineralisation using fluorochromes, the speci-
mens were fixed in formaldehyde for 1 week and then dehydrated
by using alcohols of increasing proof. After 1 week in PMMA-
alcohol and 3 weeks in PMMA (Technovit 7200 VLC, Norden-
stadt, Germany), they were sectioned with a diamond saw (Exakt,
Nordenstadt, Germany) and trimmed to a thickness of 12 µm. 
After measuring the sections with ultraviolet light, the distance 
between the bone markers was measured and the bone formation
index calculated (distance µm/days). Finally, they were stained
with von Kossa’s stain.

We used an image-analysing system (Leica Q 500 MC, Leica
Cambridge Ltd., Cambridge,UK) to determine the histomorpho-
metric parameters. With Masson’s trichrome stain, the following
parameters were measured: trabecular width, trabecular surface,
trabecular erosion surface, index of trabecular erosion, number of
osteoblasts, number of osteoclasts per field, number of osteoclast
nuclei, index of bone re-absorption or the number of osteoclast 
nuclei/osteoclasts. With von Kossa’s stain, the following investi-
gations were made: osteoid width and osteoid-trabecular index.
Fluorescence was used to measure bone formation index.

Two zones were studied in each specimen, the edges of the
host bone and of the graft. Eight measurements were obtained per
zone for each animal in each group. The fluorochrome markings
were only measured in the host bone, as these markings did not
penetrate the grafts in a homogenous manner. The statistical study
of the groups was carried out by means of a one way ANOVA fol-
lowed by Tukey B and high significant difference (HSD) tests and
using the SPSS 9.0 statistical package for Windows (SPSS Inc.,
Chicago, IL, USA).

Results

Histology

The cavities in the control group were found to contain
fibrous tissue of variable density, which increased from
the periphery to the centre. The fibres were better orien-
tated in the middle of the cavity but did not form any
clear pattern toward the edges. In the peripheral trabecu-
lae, more regenerative activity was observed, with many
osteoblasts and few osteoclasts around the trabeculae.
The autografts showed a large quantity of trabecular tis-
sue with obvious signs of vitality in the form of a large
number of osteoblast cells around the edges. We found
few osteoclasts inside this type of bone graft (Fig. 1). In
the frozen allografts, abundant fibrous tissue was present
between the trabeculae, even in the central area of the
defect, but only a few areas of ossification were ob-
served in the middle of the cavity (Fig. 2).

The freeze-dried allograft group was found to have
sparse formation of trabeculae inside the cavity and no
signs of vitality. Giant multi-nucleate osteoclasts could
be seen, mainly around the periphery. There were also
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ample lymphocytic infiltrate and major osteoclastic 
activity, the latter being related to an increase in bone 
reabsorption (Fig. 3).

Bone histomorphometry

Trabecular width: Analysis of individual variables re-
vealed very significant differences (p<0.01) between the
frozen allograft and autograft groups on one hand and
the freeze-dried allograft group on the other. In the host
bone cavity edge, significant differences were found
(p<0.05) between the trabecular width of the frozen allo-
graft group and that of the control group (Table 1).

Trabecular surface: Highly significant differences
were found (p<0.001) in the grafts between the freeze-
dried group, which was the smallest, and the frozen and
autograft groups. Around the host bone cavity edge, sig-
nificant differences were found (p<0.05) between the
frozen and autograft groups on the one hand and the con-
trol and freeze-dried graft groups on the other (Table 1).

Trabecular erosion surface: With regard to erosion de-
fects, analysis of the individual variables in the cavity
showed that the erosion surface in the freeze-dried graft
group was three times greater than that in the autograft
and frozen graft groups (p<0.001).

Index of trabecular erosion (%): Ratio of trabecular
erosion surface and trabecular surface was 27.5% in the

Fig. 1a–c The autografts
showed trabecular tissue 
with signs of vitality, a large
number of osteoblast cells and
few osteoclasts (Masson’s 
trichrome). (a–c) ×4

Fig. 2a–c In the frozen allo-
graft, few areas of ossification
were observed (Masson’s tri-
chrome). (a) ×4; (b–c) ×10

Fig. 3a–c The freeze-dried 
allograft group had sparse
formation of trabeculae inside
the cavity. Abundant giant and
multi-nucleate osteoclasts
could be seen with bone reab-
sorption (Masson’s trichrome).
(a) ×4; (b) ×10; (c) ×4

Table 1 Histomorphometry of the host bone cavity edge

Control Autograft Frozen allograft Freeze-dried allograft

SD SD SD SD

Trabecular width (µm) 162.98 11.89 172.21 11.25 202.28 18.19 173.12 11.91
Trabecular surface (µm2) 74.06 6.22 283.33 20.97 289.08 24.21 62.66 4.46
Number of osteoblasts 22.03 1.12 19.3 1.29 18.85 1.25 15.6 1.03
Number of osteoclasts per field 0.5 0.12 0.8 0.11 0.6 0.15 0.25 0.09
Number of osteoclast nuclei 1.43 0.37 2.55 0.41 1.55 0.4 0.6 0.24
Index of bone re-absorption 2.86 0.71 3.19 0.67 2.58 0.8 2.4 0.82
Osteoid width (µm) 8.22 0.63 6.79 0.42 7.83 0.5 6.72 0.31
Osteoid-trabecular index (%) 5.04 0.4 3.94 0.4 3.87 0.3 3.88 0.3
Bone formation index (µm/day) 2.33 0.7 2.49 0.4 1.86 0.4 3.84 0.5



Discussion

As in earlier studies [8, 12, 20], we also found that in the
cancellous bone graft the area and trabecular width of
the freeze-dried group presented lower values than the
control group, while the host bone of the control group
presented lower values than in the freeze-dried group. In
comparison with the results presented by Yano et al.
[29], we found that the freeze-dried graft showed less 
osteogenic activity.

There were no striking histological differences be-
tween the frozen allograft and autograft groups, although
it was noticeable that there was more bone regeneration
activity in the former with an abundance of osteoblasts
particularly in the peripheral areas.

The autograft has trabeculae that are each surrounded
by a clear band of osteoblastic cells arranged in linear
fashion, and the inter-trabecular spaces are occupied by a
medullary tissue rich in vessels and blood cells. The 
osteocytes visible in the bone trabeculae all present a
stained nucleus that proves their viability. Thus, this is a
graft that adapts easily, is quickly integrated and follows
a slow re-absorption process. The freeze-dried graft
presents a smaller number of osteoblasts on its trabecular
surface. The osteocytes of the allograft also present
stained nuclei. As for the freeze-dried graft, its behav-
iour is radically different from that of the other two, as it
is common to find abundant lymphocyte infiltrate with
clear re-absorption of the graft leaving only small re-
mains behind, which are reabsorbed immediately. In the
autograft and the frozen graft, the activity observed is
mainly osteoblastic, whereas in the freeze-dried graft the
activity is osteoclastic.

Cancellous frozen bone graft is useful in orthopaedic
surgery where there is bone loss because, as it consists of
particulate cancellous bone and marrow, it can be used to
fill irregular-shaped defects. These grafts have been
widely studied and represent a minimal risk to the pa-
tient [11, 27]. Komender et al. [17] studied the influence
of temperature on the mechanical properties of the graft
and concluded that freezing at −78°C has no effect on
the graft’s mechanical properties. No changes were ob-
served with torsion strength and high compression tests
of bone allograft stored between −20°C and liquid nitro-
gen [22].

The main source of this kind of allograft is from fem-
oral heads that have been removed during total hip re-
placement. The ease of procurement, the absence of
complications and the success in achieving satisfactory
fusion has led us to use “femoral-head allografts” in 
procedures such as scoliosis surgery, revision hip arthro-
plasty, etc.

In contrast to the results of Stevenson et al. [25], we
found no re-absorption differences between cancellous
bone allografts and autografts. In fact, the reaction of the
host bone to these two kinds of graft was similar.

No major morphological differences were detected
between the frozen allograft and autograft groups, 
although it was notable that there was more bone regen-
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freeze-dried graft, 2.3% in the frozen allograft and 3.4%
in the autograft. The differences between these groups
were statistically very significant (p<0.01), with the
greatest degree of erosion in the freeze-dried graft group.

Number of osteoblasts: The frozen allograft group
was similar to the autograft group (18 osteoblasts per
field), and both these numbers were higher than in the
freeze-dried allograft group (5 osteoblasts per field). No
significant differences between the frozen allograft and
autograft were recorded, but highly significant differ-
ences (p<0.001) between these two groups and the
freeze-dried graft group were noted. In the host bone
cavity edge, highly significant differences (p<0.001) be-
tween the control group and the freeze-dried graft group
were found, whereas there were no significant differ-
ences between the other groups (Table 1).

Number of osteoclasts per field: Statistically signifi-
cant differences were found (p<0.05) inside the grafts
between the autograft and the freeze-dried graft groups
using analysis of individual variables. The freeze-dried
group had the largest number of osteoclasts, and the
smallest number was in the autograft group. In the host
bone cavity edge, as inside the graft, statistically signifi-
cant differences were found (p<0.05) between the auto-
graft and the freeze-dried graft groups (Table 1).

Number of osteoclast nuclei: Highly significant dif-
ferences were found (p<0.001) between the freeze-dried
group, which had the largest number of nuclei, and the
autograft and frozen groups. In the host bone cavity
edge, statistically significant differences were found
(p<0.05) between the autograft, control and frozen
groups, and the freeze-dried group (Table 1).

Index of bone reabsorption: The ratio between the
number of osteoclast nuclei and the number of osteoc-
lasts per field was calculated. Inside the graft, this was
much greater in the freeze-dried allograft group (11.41)
than in the autograft (3.55) and in the frozen allograft
(4.15) groups (p<0.001). However, in the host bone 
cavity edge, no statistically significant differences were
found between the different groups (Table 1).

Osteoid width: No statistically significant differences
were found between the groups. In the host bone cavity
edge, statistically significant differences were found
(p<0.05) between the autograft and freeze-dried graft
groups, and the control group (Table 1).

Osteoid-trabecular index or ratio of the osteoid width
and the trabecular width: In the graft, the differences
were not statistically significant. In the host bone cavity
edge, statistically significant differences appeared
(p<0.05) between the control group and the freeze-dried
and frozen graft groups, but there were no significant
differences between the control group and the autograft
group (Table 1).

Bone formation index: The process of bone formation
in the host bone cavity edge, expressed by the bone for-
mation index, was faster in the freeze-dried group than
in the autografts, the control group, and the frozen allo-
graft group, which in fact had the slowest bone forma-
tion (Table 1).
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eration activity with an abundance of osteoblasts, above
all around the periphery of the cavity [15].

The freeze-dried graft group was found to differ sig-
nificantly from the other groups in that the graft was re-
absorbed rapidly and with the appearance of osteoclasts
or giant multi-nuclear cells. The literature is contradicto-
ry on this point [5, 10, 13, 14, 18], as some authors
emphasise the osteoinductive properties of this type of
graft [28], while others underline the poor results [7, 12]
in both experimental and clinical studies. This is in
agreement with the findings of our study.

The efficacy of the use of frozen cancellous bone allo-
grafts in clinical practice and their advantages are well
known. Freezing had no obvious direct effect on incorpo-
ration of the graft, and the immunogenicity of the frozen
cancellous bone allograft did not affect the outcome of
the graft. In clinical terms, it is very important to bear in
mind the different options available when bone grafting is
indicated. We need grafts which combine synthetic scaf-
folds [2], or frozen allografts with biological properties
which stimulate cell infiltration and new bone formation
in order to avoid the limits of the autogenous cancellous
bone imposed by morbidity and the quantity available.
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