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Abstract Wood is a natural fiber reinforced composite. It

structurally resembles bone tissue to some extent. Specially

heat-treated birch wood has been used as a model material

for further development of synthetic fiber reinforced

composites (FRC) for medical and dental use. In previous

studies it has been shown, that heat treatment has a positive

effect on the osteoconductivity of an implanted wood. In

this study the effects of two different heat treatment tem-

peratures (140 and 200�C) on wood were studied in vitro.

Untreated wood was used as a control material. Heat

treatment induced biomechanical changes were studied

with flexural and compressive tests on dry birch wood as

well as on wood after 63 days of simulated body fluid

(SBF) immersion. Dimensional changes, SBF sorption and

hydroxylapatite type mineral formation were also assessed.

The results showed that SBF immersion decreases the

biomechanical performance of wood and that the heat

treatment diminishes the effect of SBF immersion on bio-

mechanical properties. With scanning electron microscopy

and energy dispersive X-ray analysis it was shown that

hydroxylapatite type mineral precipitation formed on the

200�C heat-treated wood. An increased weight gain of the

same material during SBF immersion supported this find-

ing. The results of this study give more detailed insight of

the biologically relevant changes that heat treatment

induces in wood material. Furthermore the findings in this

study are in line with previous in vivo studies.

1 Introduction

Biomechanical properties resembling bone are considered

beneficial for biomaterials for many reasons. For instance,

the mismatch of the mechanical properties leads to physi-

ological under loading of the bone, increasing the likelihood

of adverse bone remodeling [1]. Imperfect biomechanical

attributes may induce periprosthetic osteolysis by reduced

bone strains due to the harmful biomechanics of standard

implant components i.e., ‘‘stress-shielding’’ [2, 3].

Cortical bone has an anisotropic biomechanics, which

means a difference between compression and bending

strength i.e., being biomechanically directionally depen-

dent [4, 5]. Trabecular bone has a more complex biome-

chanics of a cellular solid. The compression strength of

trabecular bone depends largely on the density and the

internal architecture of the bone, which both vary largely

depending on variables such as the location of the bone,

age, diseases, etc. Mechanically biomaterials should
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correspond to the multivariate biomechanical environment

of bone tissue.

In recent years fiber-reinforced composites (FRC) have

been under investigation due to their desirable biome-

chanical features. Anisotropy, isotropy and orthotropy are

one of the reasons why FRCs are an interesting chapter in

the ever-expanding book of novel biomaterials. FRCs are

already in clinical use in dentistry and under development

for non-metallic load-bearing orthopaedic implants, cranial

implants and dental implants [6–15].

Wood is a natural fiber reinforced composite and it

has been introduced as a model-material in the further

development of biomaterials, especially FRCs [16–18].

Wood has an anisotropic biomechanics and an internal

structure which yields greater biomechanical performance

than the solid of which it is made of [4]. It also struc-

turally resembles bone, an observation well documented

in literature [4, 17, 19–23]. Wood can be modified via a

specific heat treatment. A handling in which the wood

is heated while preventing ignition with water vapor

is used in wood industry to affect the biological and

biomechanical attributes of the wood. The heat treatment

mainly affects the chemical composition of wood by

reducing the length of cellulose and hemicellulose chains

and cross-linking the polysaccharides and lignin. This

also affects the biomechanical attributes of wood, for

instance making it more brittle [24]. These treatment-

induced changes have also been used to investigate

the properties that affect the biocompatibility of wood

material in vivo. The heat treatment has been reported to

have a positive effect concerning the osteoconductivity

i.e., biocompatibility of wood, when implanted in bone

tissue [18].

Simulated body fluid (SBF) is used to study biomaterials

in vitro. It is for example known, that water or SBF storage

decreases the biomechanical structures of several FRCs

[25–27]. Materials ability to form crystallized hydroxyl-

apatite (HA) on its surface has been reported to be in

conjunction with a positive biocompatibility [28].

After promising results regarding the effects of heat

treatment on the biological responses of wood, it is inter-

esting to evaluate the properties affecting this phenomenon.

Further evaluations of the attributes of wood that change

with heat treatment and modify the biological response are

called for.

The aim of this study is to characterize heat-treated

wood for the purpose of further development of biomate-

rials. The effect of heat treatment as well as SBF storage on

some biomechanical attributes of wood was investigated.

Fluid sorption test was conducted to assess moist wood’s

behavior in vitro. SBF was chosen as the immersion liquid,

because the emphasis of the study is in the biological

response of the biomaterial.

2 Materials and methods

Blocks of wood (birch, Betula pubenscens) approximately

30 9 10 9 5 cm in size, were heat-treated for a period of

two hours at 200 and 140�C. Cylindrical and bar shaped

specimens were manufactured from surface wood. Speci-

mens were oriented so that the fibers of the wood were

positioned longitudinally. Cylindrical shape was achieved

with a lathe. Identically manufactured specimens from

untreated wood were used as a control. The results were

also compared to biomechanical studies of clinically used

FRCs and bone.

Previous to the study, specimens were conditioned in

room temperature in a desiccator.

2.1 SBF sorption

Cylindrical specimens (diameter 4 mm, length 70 mm)

were stored in 120 ml simulated body fluid (SBF) for

63 days at 37�C [29]. The samples were stored vertically in

large test tubes and allocated in a stirring device for the

duration of the test. The SBF was not changed during the

test period. The dry weight (Wd) of the specimens was

measured with balance (Mettler A30; Mettler Instrument

Co., Highstone, NJ, USA) to an accuracy of 0.1 mg. The

diameter and length of the specimens was measured to an

accuracy of 0.01 mm. During storage in SBF, the speci-

mens were weighed and measured at 1, 2, 3, 4, 7, 14, 21,

28, 35, 42, 49, and 63 days. The weight of specimens that

had absorbed SBF (Ww) was measured following the pro-

cedure specified in ISO 10477 standard [30].

SBF sorption ¼ Wwx � Wdð Þ=Wd

wt% ¼ Wwx�Wd

Wd
� 100%

where x is days of SBF immersion.

The dimensional change of the specimens were

measured

Lt% ¼ Llx� Ld

Ld
� 100%

where x is days of SBF immersion

2.2 Mechanical testing

Bar shaped specimens were used to measure ultimate

flexural strength, and flexural modulus of the FRCs adapted

to the ISO 1567:2001 standard [31] (span 50 mm, cross-

head speed 1.0 mm/min, diameter 4.0–4.6 mm). Com-

pression test was carried out using cylindrical shaped

specimens (diameter 4.1 mm length 8.25 mm).

In the three-point bending test six samples from every

treatment group were immersed in SBF for a period of
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63–65 days. The mechanical testing was done over a per-

iod of 2 days, during which the samples were still stored in

the SBF. Equal amount of samples were analyzed dry

(stored in room temperature). Compression tests were

conducted using seven dry samples from every treatment

group.

The compression and three-point bending test was used

with a universal testing machine (Lloyd LRX; Lloyd

Instruments Ltd., Fareham, UK) and the load–deflection

curves were recorded with computer software (Nexygen;

Lloyd Instruments). Tests were conducted at room tem-

perature (22 ± 1)�C. Fracture load of post specimens was

measured. Flexural strength (df), toughness and flexural

modulus (Ef) were calculated from the formula [32]:

df ¼
8Fmaxl

pd3

Ef ¼
S4l3

3pd4

Toughness ¼
Zef

0

rde

where Fmax is the applied load (N) at the highest point of

load–deflection curve, l is the span length (50.0 mm), d is

the diameter of the specimens, S = F/D is the stiffness

(N/m) and D is the deflection corresponding to load F at

point in the straight-line portion of the trace. e is strain, ef is

the strain upon fracture and r is stress.

In the compression test specimens were placed vertically

between the plates of the test machine in such manner, that

the applied force was parallel to the longitudinal axis. The

compression strength (CS) was calculated using the fol-

lowing formula [33]

CS ¼ 4F

pd2

where F is the maximum applied load (N), and d is the

diameter of the specimen (mm).

2.3 SEM

After the measurements of SBF sorption and dimensional

changes, a piece of 10 mm in length was cut out from the

same specimens. Two of these were prepared of each

treatment group. One of the specimens of the 200�C

treatment group was also split longitudinally in half. These

specimens were briefly rinsed with deionised water and

then dried in a desiccator for 2 months. The small pieces

wood now SBF immersed and dried, were carbon sputtered

(SCD 050; Bal-Tec, Balzers, Lichenstein). SEM (scanning

electron microscopy, JSM-5500; Jeol Ltd., Tokyo, Japan)

and EDS (energy dispersive X-ray spectroscopy, Spirit;

Princeton-Gamma Tech, Princeton, NJ USA) analysis were

conducted to evaluate the precipitation of hydroxylapatite

(HA) type mineral on the surface of the specimens.

2.4 Statistical methods

The statistical analyses were done using SPSS 13.0 for

Windows (Release 13.0.1, copyright SPSS Inc., 1989-2004).

Normality of distributions was assessed with the Shapiro–

Wilk test. In the case of normally distributed variables,

parametric one- and 2-way analyses of variance (ANOVA)

were applied to the data, followed by Bonferroni-corrected

post hoc t-contrasts. In the case of non-normally distributed

variables, the findings from ANOVA were confirmed with

non-parametric Kruskal–Wallis test. A P-value less than

0.05 was considered statistically significant. Finally, the

dynamics of some time-dependent variables were analyzed

by fitting one and two phase exponential equations

(One phase exponential association: Y = Ymax (1 - e-KX)

and Two-phase exponential association: Y = Ymax1

(1 - e-K1X) ? Ymax2 (1 - e-K2X) to the data and assess-

ing the association rates and asymptotes between different

treatments.

3 Results

3.1 3-point bending test

The results of 3-point and compression testing are repre-

sented in Table 1. Maximum deflection, bending stress,

toughness and flexural modulus were normally distributed

within the treatment groups in 22/24 cases, and parametric

methods were applied. A 2-way ANOVA on maximum

deflection showed a significant interaction between thermal

treatment and SBF immersion (F = 54.1, P \ 0.001),

suggesting that thermal treatment had an effect on how the

material reacts to SBF immersion. Indeed, both untreated

wood (t = -10.6, P \ 0.001) and 140�C wood (t = -7.6,

P \ 0.001) deflected significantly more when treated with

solution, while solution had no effect on 200�C wood

(t = -0.55, P = 0.596). A significant interaction between

thermal treatment and SBF immersion was also observed

for maximum bending stress (F = 7.9, P = 0.002) but in

this case, all woods had a smaller value following the

immersion (t = 18.27, P \ 0.001; t = 16.29, P \ 0.001;

t = 6.50, P \ 0.001 for untreated, 140 and 200�C,

respectively), although 200�C to lesser extent. SBF

immersion had no effect on toughness (F = 0.17, P =

0.687) but thermal treatment had a significant effect

(F = 19.68, P \ 0.001), such that 200�C treated wood was

less tough than 140�C (t = 5.68, P \ 0.001) or untreated

(t = 5.85, P \ 0.001), while 140�C and untreated did not
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differ in this respect (t = -0.98, P = 0.337). Finally, both

thermal (F = 10.58, P \ 0.001) and SBF immersion

(F = 393.11, P \ 0.001) treatments had a main effect on

flexural modulus. One-way ANOVA demonstrated that the

200�C group had higher modulus on the immersion treated

group (F = 12.13, P = 0.001; post-hoc vs. untreated

P = 0.001, vs. 140�C P = 0.012), while the effect of

thermal treatment on modulus bordered on statistical

significance in the solution untreated group (F = 2.45,

P = 0.120). Finally, SBF immersed samples had lower

modulus irrespective of thermal treatment (t = 16.0,

P \ 0.001). Graphs are provided to facilitate the interpre-

tation of the results of flexural testing in Fig. 1.

3.2 Compression test

Mean maximum load and mean stress at maximum load

tended to increase following thermal treatment, but the

differences did not reach conventional levels of statistical

significance (ANOVA F = 3.06, P = 0.072 and Kruskal–

Wallis P = 0.118 for both variables). Similar pattern,

albeit to lesser extent, were observed in Young’s modulus

(ANOVA F = 0.47, P = 0.632 and Kruskal–Wallis

P = 0.507). Results of the compression tests are included

in Fig. 1.

3.3 Dimensional changes in SBF immersion

All materials increased in diameter and length over time, in

a manner that rapid increase in the first days was followed

by a stable phase of no apparent further increase. Figure 2

depicts the relative change from day 0 in both dimensions

in the three groups. There appeared to be marked differ-

ences among the materials; indeed, the statistical analysis

suggested that the 200�C treated material gained less

diameter than 140�C untreated materials (P \ 0.01 for

main ANOVA effects and Bonferroni-corrected post-hoc

comparisons at all time-points after day 1) and was also

associated with less gain in length (P \ 0.01 for main

ANOVA effects and Bonferroni-corrected post-hoc com-

parisons at all time-points from day 3 until day 42,

excluding days 14, 28). To further confirm that there was a

significant group effect in the measurements with no

apparent group differences over time, we fitted one phase

exponential equations to the datasets, for 200 C treated

material, the Ymax for diameter (0.19; 95% CI 0.17–0.20)

and length (0.16; 95% CI 0.12–0.19) was considerably

lower than those for 140 C (0.32; 95% CI 0.32–0.33 for

diameter, 0.30; 95% CI 0.26–0.34 for length) and untreated

(0.38; 95% CI 0.36–0.40 for diameter, 0.43; 95% CI 0.38–

0.48 for length).

3.4 SBF sorption

Results from sorption suggested that all materials rapidly

increased weight during the first 14 days, after which the

increase of weight reached plateau (Fig. 3). However, the

200�C material appeared to increase weight longer than

other materials. To examine this, we divided the weight of

each material at subsequent days by the weight on day 14.

ANOVA followed by Bonferroni-corrected post hoc tests

suggested that the weight relative to that on day 14 was

always significantly greater for the 200�C material than for

140�C or untreated materials (all P \ 0.001). Moreover,

since the data appeared to follow a one-phase association,

we fit one-phase exponential equations to the datasets. The

association rate constant for 200�C was 0.17 (95% CI

0.13–0.22) and thus significantly smaller than that for

140�C (0.46; 0.33–0.58) or untreated (0.41; 0.31–0.51),

corresponding to a significantly longer half-lives (4.1;

3.2–5.5 vs. 1.5; 1.2–2.1 vs. 1.7; 1.4–2.3, respectively).

Table 1 A table showing the results of biomechanical testing and literature reference values of human bone and FRC [28, 35, 42–44]

Flexural modulus (GPa) Strength (MPa) (mean stress) Max deflection (mm)

Compressive Bending

Untreated 8.8 ± 0.8 68.7 ± 7.2 140.1 ± 12.7 2.7 ± 0.5

Untreated ? SBF 2.8 ± 0.4 (D -6.0) 37.0 ± 5.7 (D -103.1) 10.7 ± 1.8 (D ?8.0)

140�C 9.0 ± 1.3 72.7 ± 5.6 167.2 ± 16.6 3.2 ± 1.0

140�C ? SBF 3.4 ± 0.8 (D -5.6) 42.7 ± 8.6 (D -124.5) 9.2 ± 1.7 (D ?6.0)

200�C 10.0 ± 0.8 76.7 ± 5.3 126.0 ± 26.0 1.7 ± 0.5

200�C ? SBF 4.7 ± 0.7 (D -5.3) 50.1 ± 11.8 (D -75.9) 1.5 ± 0.5 (D -0.2)

Cortical Bone 7–30 100–230 50–150

Cancellous Bone 0.05–0.5 2–12 10–20

FRC 3.5–50 96–1200

The referred FRCs are resin polymers reinforced with glass or carbon fibers. The difference of biomechanical attributes after SBF immersion

compared to those of an un-immersed wood material is indicated in brackets (D)
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In addition, a two-phase exponential equation provided a

better fit for 200�C data, while it failed to converge in the

140�C and untreated datasets (data not shown), consistent

with the appearance of the 200�C curve as having a second

phase of increasing weight while other dataset have

reached plateau. Together, these observations suggest that

the 200�C material continues to increase in weight even

after day 14, thus longer than the 140�C or untreated

materials.

3.5 SEM and EDS

Scanning electron microscopy revealed the porous struc-

ture of wood. Longitudinal fibers formed canals 10–

100 lm in diameter (Fig. 4). The canals were in places

interconnected with small webbed holes of approx 1 lm in

size (Fig. 5c). These are called pits. In the 200�C group

the whole surface of the implant was covered with

cobblestone-like material structure (Fig. 5a). The round

Fig. 1 Graphical display of the results of the mechanical testing. Graphs from a to d illustrate the differences of flexural properties between

differently heat-treated wood material dry and after 63 days of SBF immersion. Graphs e and f show the results of compression tests
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pebble-like structures were approx 10–15 lm in size. The

EDS analysis on five different locations revealed this

material to have elemental spectrum consistent with

hydroxylapatite (HA) (Fig. 6). The HA layer was approx

100 lm in depth (Fig. 5b). This kind of layer formation

was not detected in other treatment groups, whereas all the

200�C treatment group specimens studied were completely

covered with a HA layer on all outer surfaces. SEM and

EDS analysis of the split surface of a 200�C treatment

group specimen revealed in places HA formation also

within the channel structures (Fig. 5c), a notion previously

reported in in vivo studies [17]. The HA formation within

the channels was sporadic, with no apparent distribution

pattern over the sample or within an individual channel.

4 Discussion

The heat treatment groups used in this study were chosen

for a specific reason. In our previous in vivo studies we

have used the same untreated, 140 and 200�C wood

materials. Birch was originally chosen for its relative

hardness and because the heat treatment affects deciduous

trees more than coniferous. Literature suggests that the

effect of the heat treatment is not linear in terms of the

amount of heat used, but the treatment induced changes

greatly increase after reaching the temperature of 150�C

[34]. Choosing the aforementioned treatment temperatures

makes it possible to interpolate the effects of the heat

Fig. 2 A diagram showing the dimensional changes of the tested

materials. The increase in diameter is fast and seems to halt after

approx 7 days. The amount of swelling is inversionally correlated

with the amount of heat treatment

Fig. 3 A diagram showing the

weight gain (i.e., sorption)

during SBF immersion. Notice

that whilst the 140�C and

untreated groups seem to reach

a plateau after 14 days, the

200�C group continues to

increase weight throughout the

whole follow-up period

Fig. 4 SEM pictures of untreated (a) and 140�C heat-treated (b)

wood after immersion in SBF solution for 63 days. The surface

contour is somewhat rough and consists of longitudinal fibers that

form channels of approximately 10–100 lm in width (arrow). There

is no precipitation of any substance from the SBF immersion to be

found on the surface structures

2350 J Mater Sci: Mater Med (2010) 21:2345–2354

123



treatment on the biomechanical attributes to some extent.

Choosing these materials also enables the comparison

between the in vitro results of this study and the previous

in vivo results.

4.1 Biomechanical tests

The modification of biomechanical attributes is an impor-

tant asset in biomaterials because it enables the individu-

alization of the used biomaterial to suite the host tissue. In

this study the emphasis of biomechanical characterization

was in the flexural properties. Dry wood compression

values were included in the study to facilitate comparison

between different biomaterials. The effect of heat treatment

on the flexural biomechanics of wood is comparable to that

of quenching of steel. The wood material becomes harder,

less flexible and more brittle. This is illustrated in Fig. 7.

The heat treatment also diminishes the effect of moisture in

the wood material regarding flexural properties, thus

making the most heat-treated wood samples more biome-

chanically unresponsive to SBF immersion. Both the

compressive and bending strength of wood is less than that

of a human cortical bone. The flexural modulus is also at

the lower end of the reference value scale used for cortical

bone. The biomechanics of FRCs depend on the substances

of which it is made of and of the way it is manufactured,

e.g., fiber composition, orientation and volume fraction.

The formability of FRCs is illustrated in the range of

biomechanical values found in literature. The mechanical

values of FRCs range from the strength of osteoporotic

bone to that of metal implants [10, 15, 27, 35–39]. In the

future, the results of this study, combined with deeper

knowledge of the microstructural changes that occur in

wood during heat treatment can help to plan model in vivo

Fig. 5 SEM pictures of 200�C heat-treated wood after 63 days of

immersion in SBF solution. All the surfaces of the implant were coated

with a layer, which in EDS analysis showed the spectrum fitting that of

hydroxylapatite. The layer seemed to consist of pebble-like structures

of approximately 10 lm in diameter, a feature also consistent with

hydroxylapatite formation. The layer was approximately 100 lm in

depth on the outer surfaces (b arrow is pointing to the bottom of the

conical implant). The channel structures as well pits (c arrow) allow

fluid transportation into the inner structures and sporadic hydroxyl-

apatite-like formation was also discovered in the inner channels of a

split implant

Fig. 6 Example of an EDS spectrum from a layer found on 200�C

heat-treated implant after immersion in SBF solution. This spectrum

is from the middle of the surface depicted in Fig. 5a. The

stoichiometric Ca/P ratio was 1.64 (data not shown), which is close

to that of hydroxylapatite (Ca10(PO4)6(OH)2)
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studies involving heat treated wood. Which in turn can

benefit to the development of biomechanically optimized

FRCs.

4.2 SBF sorption and dimensional changes

In this study in addition to exploring the effects of SBF

immersion on biomechanical properties of wood, we also

evaluated the effect of heat treatment on the dimensional

changes and sorption attributes of wood.

The dimensional change was greatest in the untreated

group and lesser in the 140 and 200�C groups respectively.

The amount of swelling was in line with the amount of the

heat treatment effect. In all groups the kinetics of the

dimensional changes were alike; a fast increase mainly in

the diameter for about 7 days, after which there were no

mentionable changes in the dimensions. The slight

decrease in the dimensional values of the diameter after

45 days is most likely due to the slight softening of the

surfaces of the wood pieces. Dimensional stability is

important for biomaterials, because it partially defines the

gap or diastasis left between the implant material and the

host bone. Due to the huge capillary forces associated in

swelling, post-implantational dimensional changes of the

implant could also produce damage in the host tissue.

Controlled post-implantational dimensional change could

be very beneficial to biomaterials operationally, and in the

future, wood could be used as a model material also in this

context.

Sorption is used to determine materials behavior in

aqueous environment. It tells of the materials properties

concerning long-term strength, stability and even bioac-

tivity to some extent. In this study, the weight gain caused

by accumulated SBF in the specimens was used as a

measurement of sorption. The amount of sorption depends

primarily of the material’s ability to intake fluid and on the

increase of volume caused by swelling. These both are

limited attributes and thus the sorption phenomenon is

limited and self-confining. Steady-state kinetics of sorption

seems to develop for both the untreated and the 140�C

group specimens after approx 14 days of immersion. After

this the weight gain of both materials seems to halt,

implicating a dynamic balance in sorption. The 200�C

group differs in this respect. The weight gain of the 200�C

wood material showed a steady climb after 14 days, even

though the dimensional attributes did not, thus the density

of the material seemed to increase. In previous studies

sorption tests conducted with water have not shown this

kind of phenomenon but the weight gain by accumulation

of absorbed water has been proportional to the amount of

heat treatment [24]. The 200�C material’s steady weight

gain after 14 days can be explained for example by the

accumulation of substances of the SBF on the material. The

precipitation of hydroxylapatite on the surface and within

the inner structures of the material detected in SEM and

EDS studies could explain this continuing weight gain. The

rate of the weight gain difference and the scale of the HA

layer formation visually evaluated with SEM seem to be in

conjunction. It is notable, that this scale is also in con-

junction with the in vivo study results made with the same

materials [18]. It can be argued, that these in vitro results

support the in vivo studies, and vice versa.

5 Conclusions

Given the bone like features and the relatively easy han-

dling of wood, it could be used as a model material for bulk

bone substitutes as well as possible scaffold applications.

In fact woods structure has already been used as a source

for various scaffold applications [40, 41]. Heat-treated

wood offers also a platform for further development of

anisotropic fiber reinforced biomaterials. The effect of heat

treatment on biomechanics attributes of wood can be

interpreted to be positive. This combined to the observation

of apatite mineralization on the most heat-treated wood

material and the previous in vivo results lead to the

conclusion that heat treatment induces positive physico-

chemical changes in terms of biocompatibility of a bio-

material. The increase in biocompatibility of heat-treated

wood can result from either chemical or physical altera-

tions in the material. Physical changes affecting in this

Fig. 7 This diagram illustrates the effect of heat treatment on flexural

features. The wood materials depicted in this diagram were SBF

immersed. The 200�C heat-treated material a reaches the maximum

load fastest and therefore has the highest modulus. Unlike the

untreated (c) and 140�C (b) materials the 200�C wood material

doesn’t bend greatly even after SBF immersion, which is illustrated

by the fast drop of curve after the peak load i.e., at this point the

material breaks. The area under the curve represents the mechanical

attribute of toughness, which is higher in the materials that bend in

loading even though the maximum load is less
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respect are for example dimensional stability, surface

microstructure and the liquid conveyance characters of the

material. The chemical alterations during heat treatment

influencing to the biocompatibility of wood are discussed

in literature [17]. Further studies of the physical and

chemical attributes that change during the heat treatment of

wood are in order.

The following conclusions can be drawn, bearing in

mind the limitations of the study

1. Heat treatment has a significant effect on the biome-

chanical properties of wood.

2. Heat treatment of wood diminishes the effect that SBF

immersion has on the biomechanical properties.

3. Mineralization of a hydroxylapatite type mineral

occurred only in the 200�C group, an observation that

is in line with previous in vivo results.
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