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High Velocity Oxy-Fuel (HVOF) has the potential to produce hydroxyapatite (HA; Bio-ceramic)
coatings based on its experience with other sprayed ceramic materials. This technique should offer
mechanical and biological results comparable to other thermal spraying processes, such as atmospheric
plasma thermal spray, currently FDA approved for HA deposition. Deposition of HA via HVOF is a
new venture especially using the Sulzer Metco Diamond Jet (DJ) process, and the aim of this article was
to establish this technique’s potential in providing superior HA coating results compared to the FDA-
approved plasma spray technique. In this research, a Design of Experiment (DOE) model was developed
to optimize the Sulzer Metco DJ HVOF process for the deposition of HA. In order to select suitable
ranges for the production of HA coatings, the parameters were first investigated. Five parameters
(factors) were researched over two levels namely: oxygen flow rate, propylene flow rate, air flow rate,
spray distance, and powder flow rate. Coating crystallinity and purity were measured at the surface of
each sample as the responses to the factors used. The research showed that propylene, air flow rate, spray
distance, and powder feed rate had the largest effect on the responses, and the study aimed to find the
preferred optimized settings to achieve high crystallinity and purity of percentages of up to 95%. This
research found crystallinity and purity values of 93.8 and 99.8%, respectively, for a set of HVOF
parameters which showed improvement compared to the crystallinity and purity values of 87.6 and
99.4%, respectively, found using the FDA-approved Sulzer Metco Atmospheric Plasma thermal spray
process. Hence, a new technique for HA deposition now exists using the DJ HVOF facility; however,
other mechanical and biorelated properties must also be assessed.

Keywords design of experiments, femoral implants, HVOF,
hydroxyapatite, plasma spray

1. Introduction

Of all the existing advanced coatings techniques, the
High Velocity Oxy-Fuel (HVOF) is one of the most
popular thermal spray technologies. The flexibility and
superior quality of coating obtained by this technique
have made it the excellent choice for many industries,

compared with other thermal spraying techniques, though
it is relatively a new thermal spray process (Ref 1). HVOF
thermal spray process develops superior quality of coating
compared with other thermal spray techniques, like plas-
ma thermal spray which is one of the currently FDA
approved methods to spray HA (Ref 2). There are many
different thermal spray processes available for the depo-
sition of materials, but the atmospheric plasma thermal
spray (Ref 2, 3) and the Detonation-Gun Spraying
(D-gun) (Ref 4-6) are the processes chosen to deposit HA.
HA is a calcium phosphate bioactive material. Because of
its excellent biocompatibility, bone-bonding ability
(allowing bone cells to grow on its surface), and identical
chemical composition which is similar to the mineral
phase of hand tissue in human bones, HA has been used in
implant application for many years (Ref 2). The main
objective of this research study is to investigate and opti-
mize the HVOF spray parameters used while depositing
HA onto surgical substrates. This was conducted using
Design of Experiment (DOE) techniques to develop
mathematical models. The developed models were useful
in predicting responses like crystallinity and purity. It was
hypothesized that for the first time Sulzer METCO Dia-
mond Jet (DJ) HVOF may achieve higher crystallinity
and purity than those of the FDA-approved plasma spray
process.
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2. Hydroxyapatite

Hydroxyapatite (HA) is a hydrated calcium phosphate
mineral. The chemical formula of HA is Ca10(PO4)6

(OH)2, and it has Ca/P ratio of 1.67 (Ref 7). Calcium
phosphate ceramics have been used for dental implants,
periodontal treatment, alveolar ridge augmentation,
orthopedics, maxillofacial surgery, and otolaryngology for
approximately 30 years (Ref 8). They are used as a coating
material applied onto tougher substrates because of their
inherent brittleness in the case of loading bearing appli-
cations. For example, HA coatings and HA composite
coatings are used commercially for hip and knee
replacements (Ref 7). It was also observed that the
amount of bone growth on an uncoated steam (Ref 9, 10)
can be lower than the bone growth achieved on HA.

2.1 Hydroxyapatite Powder

The quality of any thermal spray coating depends on
the shape and microstructure of the HA powder used for
coating (Ref 7). In the case of flow properties, spherical
particles are better than angular particles. More consistent
coatings are possible if the particle size range distribution
is narrow. The most important characteristics of HA
powder is its composition and crystallinity. Ceramic HA
for surgical implants should have a minimum HA content
of 95% according to the ASTM Standard Specification
(ASTM Designation: F1185-88; Ref 11). This HA content
is determined by a quantitative x-ray diffraction analysis.
The XRD pattern for the Plasma Biotal Captal 60-1 HA
powder shown in Fig. 1 is used to measure the purity and
crystallinity of the HA powder. The maximum allowable
total limit of all the heavy metals is 50 ppm, and the Ca/P
ratio for HA used for surgical implants must be between
1.65 and 1.82 (Ref 11). Figure 2 shows the micrograph of
Plasma Biotal Captal 60-1 HA powder particles which
were used to coat HA by the DJ HVOF thermal spraying
facility. It is clear from the scanning electron micrograph

(SEM) that the particles consist of a mixed collection of
smaller and agglomerate particles, because of the Plasma
Biotal powder production process used. In this research,
the particle size of hydroxyapatite powder used was 45 lm
(Ref 2). Mechanical properties within the coating vary if
the powder is sintered or spray-dried (Ref 12). Amor-
phous and crystalline phases are present in all biomedical
devices. According to Gross et al. (Ref 12), amorphous
phases can have hardness values of 1.5 ± 0.3 GPa and
crystalline phase of 3.0-7.7 GPa.

2.2 Coating Purity

The most important method for determining the atomic
arrangements in matter is x-ray Diffraction (XRD). It is
used to provide information on the physical state of the
sample and also to identify the phases present in samples.
Coating purity can be calculated using (Ref 2).

Purity ð%Þ ¼
P

Ac �
P

AiP
Ac

� 100 ðEq 1Þ

where
P

Ac = The sum of the areas of all HA crystalline
peaks and

P
Ai = The sum of the area of the impurity

peaks.
According to the ISO standard specification (ISO

13779-2:2000; Ref 13), the maximum allowable level of
other non-HA phases in plasma spray HA coating is 5%.
The phase purity of HA coatings is important because of
the differences in dissolution properties between the dif-
ferent calcium phosphate phases.

2.3 Coating Crystallinity

High crystallinity in a coating is derived mainly from
the unmelted core of powder particles. The crystallinity of
a HA coating depends on the degree of melting of the
powder particles. For medical application, the required
crystallinity is more than 95% (Ref 13). In general, the
Crystallinity of HA plasma spray coating is about 65-70%
for biomedical use (Ref 14). It may also vary with thick-
ness through the deposit (Ref 12). The crystallinity of HA

Fig. 1 Plasma Biotal Captal 60-1 HA powder XRD pattern Fig. 2 Plasma Biotal Captal 60-1 HA powder micrograph
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coating can be determined by various methods. The most
commonly method for determining crystallinity is the
Rutland Method (Ref 14-16). Crystallinity of HA coating
can be calculated using (Ref 2).

Crystallinity %ð Þ ¼
P

AcP
Ac þ

P
Aa
� 100 ðEq 2Þ

where
P

Ac = The sum of the areas of all HA crystalline
peaks and

P
Aa = The sum of the area under the amor-

phous peak.

3. Optimization of HA Coatings

3.1 Two-Level Factorial Experiment

A two-level full factorial experimental design uses all
possible factor levels in determining its model. The Design
Expert Design of Experiments (DOE) software by Stat-
Ease� offers 2-21 factors for up to experimental 512 runs.
Two levels may minimize the number of experiment tests,
but the DOE must still give optimal results using the
models it applies. For this research, a 25 experimental
study was used to study five factors over two levels which
consisted of 32 experiments.

3.2 Analysis of Variance (ANOVA)

DOE models can be assessed using Analysis Of Vari-
ance (ANOVA). The statistical significance of the models
originated can be found out on the basis of a number of
sufficiency measures like Adequate Precision R2, Adjusted
R2, and Predicted R2 are the most important. The aim is to
achieve an adjusted and predicted R2 to be as close to 1 in
all, and to have a difference of 0.2 or less between them.

3.3 Optimizing HA Coatings

Higher quality HA coatings are always necessary. In
view of this, it is very important to understand the scien-
tific phenomena involved in their production. The classical
experimental model adopted in the optimization of HA
coatings is to vary one spray parameter at a time (Ref 17-
20). Other researchers have statistically optimized their
studies on plasma-sprayed coatings of various other
materials, such as titanium nitride (Ref 21), alumina-tita-
nia (Ref 22, 23), alumina (Ref 24-26), and zirconia (Ref
27) using DOE techniques. Statistical experimentation of
plasma-sprayed hydroxyapatite coatings was recently
conducted by researchers, e.g., Cizek et al. (Ref 28) and
Dyshlovenko et al. (Ref 29, 30).

3.4 Parameter Selection

A large number of parameters affect the HVOF ther-
mal spray process. Parameters that are found to influence
the coating properties should be selected for investigation
using a screening experiment. One should select as many
process parameters as possible, and only those which do
not influence the coating properties can be omitted from
further optimization investigations.

Oxygen flow rate, propylene flow rate, air flow rate,
spray distance, spray rate, powder, traverse velocity,
deposition time, substrate roughness, gun nozzle, and
substrate’s pre-heat have all been found to have an influ-
ence on HVOF thermal spray coatings (Ref 31). Captal
60-1 thermal spray HA powder was used for all experi-
mental studies; hence this was fixed, as this is also
approved by the FDA for plasma spraying. The stand-off
distance (SOD) or spray distance between the work piece
and the spray gun can have a major influence. The velocity
of droplets may decrease during spraying if the spray
distance is large due to frictional forces from air molecules
(Ref 15). Spray distance also affects the temperature of
the work piece and thus coating deposition. An increase of
spray distance causes coating properties to deteriorate as
investigated by several researchers (Ref 15, 20, 32). The
traverse speed chosen was the one that was optimized by
Stokes (Ref 33), which was 200 mm/s, and the same was
used, but this can also have an influence on coating
buildup (Ref 34, 35). Deposition time for samples was not
considered for further investigation because it only affects
the thickness; therefore, the aim was to produce between
200- and 300-lm thickness using 10 passes of the gun,
within the FDA-stipulated thickness requirement (Ref 2).
A summary of the DOE studies investigated in this
research is given in Table 1. In contrast to HVOF spray-
ing, in plasma spray with argon gas, argon is often used as
a powder carrier gas and primary plasma forming gas
(Ref 2), whereas nitrogen is used as powder carrier gas in
HVOF spraying research (Ref 31). Levingstone (Ref 2)
used a traverse velocity of 38 mm/s which was held con-
stant with a spray distance of 0-170 mm, powder feed rate
of 20 g/min, and argon ionizing gas flow rate of 105 SLPM,
and a current value of 750 A. In this research, current and
gas flow rate and the interaction between them were found
to have the major positive influence on crystallinity and
purity, with spray distance and powder feed rate having
secondary effects (Ref 2).

3.5 Parameter Level Selection

As a two-level factorial design was chosen, the maxi-
mum and minimum possible settings for each parameter
are shown in Table 2. Feasible coatings were produced by
varying each of the parameters. Whether or not a feasible
coating was produced was determined visually identifying
if a coating was deposited or not.

Table 1 Summary of DOE studies of HVOF-sprayed
HA coatings

Experiment
type Description Factors Responses

25 factorial
design

5 factors;
2 levels;
2 responses;
32 experiments

Oxygen flow meter
reading;

Propylene flow meter
reading;

Air flow meter
reading;

Spray distance;
Powder feed rate

Crystallinity;
Purity
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4. Results and Discussion

4.1 Coating Crystallinity and Purity

Coating crystallinity and purity of the Plasma Biotal
HA-coated rectangular samples were found using the
x-ray diffraction (XRD) technique. The XRD pattern for
all the samples contained crystalline peaks showing tra-
ces of amorphous phase. The XRD pattern for sample 24
(the highest crystallinity coating) is shown in Fig. 3. The
peaks in the pattern show that the main phases present
were HA (JCPDS 9-0432), and a minor trace of tetra-
calcium phosphate (JCPDS 25-1137) was also present
with insignificant phases of CaO and b-TCP. The XRD
pattern for sample 29 (the lowest crystallinity coating) is
shown in Fig. 4, where only the HA phase (JCPDS
9-0432) was present. However, a large amount of amor-
phous phase was detected, which supports findings by
other authors (Ref 36, 37). The standard diffraction

pattern for HA (JCPDS 9-0432) was compared with the
peaks present in the diffraction patterns to the coating,
which proved that the analyzed coating was HA. Coating
crystallinity was found to vary for all the samples (from
93.81% in sample 24 to 74.94% in sample 29). According
to ISO 13779-2:2000 (Ref 38), the minimum crystallinity
required for Bio-HA coatings was 45%, but ideally the
aim was to achieve results similar to plasma spraying
which is FDA approved for clinical use, that is >90%
crystallinity. Figure 5 shows the microstructure of sample
24. Porosity and a high degree of melting were observed
using the parameters selected. The porosities found were
similar to the thickness achieved around 30 lm, which is
beneficial for cell ingress during femoral implantation.
This porosity is high for HVOF systems but is more
desirable for HA applications and similar to that
achieved by APS techniques.

Fig. 3 Sample 24 XRD pattern

Table 2 Equipment limits for the selected spray
parameters

Parameter Minimum Maximum

Oxygen flow meter reading
(FMR) 30 45
(SLPM) 181.9 182

Propylene flow meter reading
(FMR) 20 40
(SLPM) 99.3 198.6

Air flow meter reading
(FMR) 35 50
(SLPM) 150.8 215.5

Spray distance
(mm) 150 300

Powder feed rate
(g/min) 15 45

Fig. 4 Sample 29 XRD pattern

Fig. 5 Cross section of sample 24
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The highest purity was found to be 99.89%, and the
lowest purity was found to be 97.56%, which met the
>95% purity stipulated as outlined in the ASTM standard
ISO 13779-1:2000 (Ref 38). The crystallinity and purity
results for all the samples are presented in Table 3. As
purity was acceptable for all the samples chosen (as
>95%); thus, the crystallinity variation was seen as more
important point to merit discussion. Levingstone (Ref 2)
optimized the plasma spraying process for HA deposition
and found a set of parameters which produce a coating of
87.6% crystallinity and 99.4% purity. Hence, the HVOF

system has already proven as a novel method for HA
deposition with maximum crystallinity and purity values of
93.81 and 99.84%, respectively.

4.2 Optimized Crystallinity

A schematic diagram of the setup of sample 24
(Table 4) is given in Fig. 6, which shows the flame size
when compressed air, oxygen, propylene, and powder feed
rate were set high. TL represents low temperature when
compressed air is high, and TH represents high temperature

Table 3 Crystallinity and purity results

Sample
Oxygen,

FMR
Propylene,

FMR Air, FMR
Spray distance,

mm
Powder feed
rate, g/min

Crystallinity,
% Purity, %

1 30 20 35 150 15 90.28 99.80
2 45 20 35 150 15 86.66 99.61
3 30 40 35 150 15 88.6 99.67
4 45 40 35 150 15 87.96 99.32
5 30 20 50 150 15 84.28 99.37
6 45 20 50 150 15 88.14 99.15
7 30 40 50 150 15 88.39 99.53
8 45 40 50 150 15 88.22 99.11
9 30 20 35 300 15 78.67 98.70
10 45 20 35 300 15 85.49 99.75
11 30 40 35 300 15 87.82 99.76
12 45 40 35 300 15 87.31 99.80
13 30 20 50 300 15 80.41 98.89
14 45 20 50 300 15 84.04 99.29
15 30 40 50 300 15 91.16 99.43
16 45 40 50 300 15 84.91 99.18
17 30 20 35 150 45 91.82 99.11
18 45 20 35 150 45 89.05 99.76
19 30 40 35 150 45 88.69 99.71
20 45 40 35 150 45 91.67 99.65
21 30 20 50 150 45 89.61 99.84
22 45 20 50 150 45 86.52 97.56
23 30 40 50 150 45 86.65 99.26
24 45 40 50 150 45 93.81 99.09
25 30 20 35 300 45 85.63 98.60
26 45 20 35 300 45 84.29 99.00
27 30 40 35 300 45 90.17 99.49
28 45 40 35 300 45 83 98.58
29 30 20 50 300 45 74.94 99.11
30 45 20 50 300 45 84.19 99.52
31 30 40 50 300 45 84.36 99.58
32 45 40 50 300 45 83.44 99.71

Table 4 ANOVA table for the crystallinity model

Source Sum of squares Mean square F value
p value

Prob > F Significance

Model significance 311.25 77.81 12.40 <0.0001 Significant
B-propylene flow rate 55.49 55.49 8.84 0.0061
D-spray distance 155.41 155.41 24.76 <0.0001
ABD 72.48 72.48 11.55 0.0021
ACDE 27.86 27.86 4.44 0.0445
Residual 169.45 6.28
Cor total 480.70
R2 0.6475
Adj R2 0.5953
Pred R2 0.5048
Adeq precision 12.035
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when both oxygen and propylene flow rate are high. Here,
the hypothesis was that low crystallinity- and phase-loss
occured because the dwell time of the powder was short
and the powder feed rate was high. The flame was hotter
and larger over the substrate, thereby recrystallizing the
coating. Therefore, high crystallinity and purity would be
expected at these parametric settings as they prove to be
optimal in terms of maintaining crystallinity and purity
levels compared to original powder.

The morphology of sample 24 which was coated by HA
powder by the HVOF is shown in Fig. 7. This flame effect
can thus be seen supporting the latter statement where a
flattened surface was observed. This flattened surface was

formed by fully molten particles, and the flame in contact
with the sample surface resulting in the melting of the
applied particles.

4.3 Crystallinity Model

The ANOVA table and model statistics for crystallinity
model are shown in Table 4. The ANOVA table shows
that the F value of the model was 12.40, which implies that
the model was significant at a confidence level of 99%.
The adjusted R2 was found to be 0.5953, and predicted R2

to be 0.5048, and the difference between these two was
0.0905 which was less than 0.2; these results indicate that
the model adequately fits the experimental data and that
the model was statistically acceptable.

It is clear from Table 4 that the spray distance (D) had
the greatest effect on coating crystallinity. Adequate pre-
cision was found to be 12.035 which is greater than 4, indi-
cating an adequate signal. The final mathematical model for
crystallinity is given in Eq 3 in terms of actual factor.

As spray distance had the greatest effect (coded
equation gave it a level of 2.20) but a negative effect, it
suggests that spray distance should be kept low to yield
high crystallinity. This makes sense with the previous
discussion as this allows the flame to have a larger affect
on the recrystallization effect of the coating.

The model shows Oxygen (A), Propylene (B) flow
rate, and spray distance (D) as the next most influencing
negative interactive factors (A * B * D). Again, this
agrees with the previous statement that Oxygen and
Propylene must be stoichiomatically balanced. Therefore,
their effects must be aligned. However, it suggests keep-
ing all these parameters low (negative effect �1.51) to get

Fig. 6 Process regime for sample 24

Fig. 7 SEM micrograph of sample 24 with maximum crystal-
linity

Crystallinity ¼þ 86:57þ 1:32 � B Propylene flow meter readingð Þ
� 2:20 �D Spray distanceð Þ
� 1:51 �A � B �DðOxygen flow meter reading � Propylene flow meter reading � Spray distanceÞ

ðEq 3Þ
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high crystallinity. On the other hand, the third biggest
effect is propylene flow rate (+1.32). Therefore, it should
be kept high in this case. The reason for the contradiction
is the large effect that spray distance (+2.2 versus �1.51)
has on the ABD result. Therefore, preference must be
given to the spray distance (D). These results support the
effects of parameters used in DJ HVOF spraying of
ceramics (Ref 31).

4.4 Purity Model

The ANOVA table and model statistics for purity
model are given in Table 5. The ANOVA table shows that
the model F value was 5.13, which implies that the model
was significant. The adjusted R2 was found to be 0.4828
and predicted R2 to be 0.2882, and the difference between
this two is 0.1946, which is less than 0.2, indicating that the
model adequately fits the experimental data. The R2

results were low, however; but as the range of purity
results from maximum to minimum was very close, the
model would be deemed sensitive.

It is clear from the table that the effects of oxygen
flow rate (A), air flow rate (C), spray distance (D), and
powder feed rate (E) have the greatest effects on coating
purity. Adequate precision was found to be 9.630 which
was greater than 4, indicating an adequate signal. Values
of ‘‘Prob > F’’ less than 0.0500 indicated that the
model terms were significant. In this case, interactions
Oxygen flow meter reading * Spray distance (AD), Air
flow meter reading * Spray distance (CD), Oxygen flow

meter reading * Propylene flow meter reading * Air flow
meter reading (ABC), Oxygen flow meter read-
ing * Propylene flow meter reading * Spray distance, Air
flow meter reading * Spray distance * Powder feed rate
(CDE), Oxygen flow meter reading * Air flow meter
reading * Spray distance * Powder feed rate (ACDE)
were significant model terms. The final mathematical
model for purity is given in Eq 4 in terms of coded factors.

One can see that each factor within an interaction was
almost equally rated (0.15-0.12) although sometimes with
positive or negative effect. However, all the parameters
had similar effect in agreement with crystallinity effects.
Thus, comparing with the coded equation for crystallinity
where multipliers of 2.20 and so on were involved, this
shows that these factors had more influence on crystal-
linity than (0.15) on purity.

4.5 Optimization

The optimized solution using the desirability function
(maximum crystallinity and purity) as found by Design
Expert is shown in Table 6. An oxygen flow meter reading
of 45 FMR, propylene flow meter reading of 40 FMR, air
flow meter reading of 35 FMR, spray distance of 150 mm,
and powder feed rate of 45 g/min, yielding the models
prediction of maximum crystallinity and purity, which
were basically the conditions for sample 20 (Table 3). All
of these parameters were the same as those used in sample
24 except for the air flow meter reading, experimentally

Table 5 ANOVA table for the purity model

Source Sum of squares Mean square F value
p value

Prob > F Significance

Model 4.31 0.62 5.13 0.0011 Significant
B-propylene flow rate 0.45 0.45 3.78 0.0636
AD 0.58 0.58 4.84 0.0377
CD 0.71 0.71 5.88 0.0232
ABC 0.54 0.54 4.53 0.0437
ABD 0.58 0.58 4.80 0.0385
CDE 0.69 0.69 5.78 0.0243
ACDE 0.76 0.76 6.33 0.0189
Residual 2.88 0.12
Cor total 7.19
R2 0.5996
Adj R2 0.4828
Pred R2 0.2882
Adeq precision 9.630

Purity ¼þ 99:31þ 0:12 � B Oxygen flow meter readingð Þ
þ 0:13 �A �D Oxygen flow meter reading � Spray distanceð Þ
þ 0:15 � C �D Air flow meter reading � Spray distanceð Þ
þ 0:13 �A � B � C Oxygen flow meter reading � Propylene flow meter reading �Air flow meter readingð Þ
� 0:13 �A � B �D Oxygen flow meter reading � Propylene flow meter reading � Spray distanceð Þ
þ 0:15 � C �D � E Air flow meter reading � Spray distance � Powder feed rateð Þ
þ 0:15 �A � C �D � E Oxygen flow meter reading �Air flow meter reading � Spray distance � Powder feed rateð Þ

ðEq 4Þ
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selected at 50 FMR. However, a comparison of the
experimental results between samples 20 and 24 showed
that sample 24 had the higher crystallinity, and the model
predicted an optimized crystallinity of 92.53% and purity
of 99.88%. Therefore, the model has tried to maximize
purity also, but as the purity values are extremely high for
most samples, the lower optimized crystallinity has suf-
fered in its prediction. The sample 24 produced the highest
crystallinity result of 93.81% but only slightly lower purity
of 99.09%; thus, the model’s optimized solution was
deemed not as good as sample 24 in terms of crystallinity,
yet having higher purity. The conclusion is that the
parameters chosen for sample 24 are deemed as the opti-
mized research parameters for HVOF spraying of HA.

5. Conclusions

In this current research, investigations to optimize the
parameters for High Velocity Oxy-Fuel thermal-sprayed
hydroxyapatite coatings were carried out to obtain higher
crystallinity and purity. Coating crystallinity was found to
be maximum (sample 24) when oxygen flow meter reading
was selected at 45 FMR, propylene flow meter reading
was selected at 40 FMR, air flow meter reading was
selected at 50 FMR, spray distance was selected to
150 mm, and powder feed rate was selected to 45 g/min,
which were almost the same as the DOE optimized solu-
tion. Therefore, the verification of experimental results
showed that they did not contradict those of optimization.
Coating purity was also found to be higher for the same
parameters as those used in sample 24. According to DOE
optimization solution, if the air flow meter reading was set
low, then higher purity could be achieved; but the crys-
tallinity would be lower in that case. Hence, in accordance
with FDA stipulations, sample 24 already achieved >95%
purity. Compared to plasma spray, the HVOF system has
proven to be a novel method for HA deposition with
maximum crystallinity and purity values of 93.81 and
99.84%, respectively, as only 87.6 and 99.4% crystallinity
and purity values, respectively, were found when using
FDA-approved plasma spray technique (2). Hence, al-
though the primary aim of this research has been
achieved, other properties like bond strength, roughness,
porosity, hardness, and cell culture (osseointegration)
must be assessed.
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