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An alternative method in fixation
of tibial transverse fractures by intramedullar nailing:
Biomechanical and histopathologic investigation

ONUR VARIS', BUNYAMIN AKSAKAL>*, YAKUP SAY>, MUSTAFA KOM*, ERHAN YILMAZ'

! Firat University, Faculty of Medicine, Deptartment of Orthopedics, Elazig, Turkey.
2 Yildiz Technical University, Faculty of Chemistry-Metallurgy, Department of Metallurgy and Materials Eng, Istanbul, Turkey.
3 Firat University, Technology Faculty, Department of Metallurgy and Materials Eng. Elazig, Turkey.
* Firat University, Faculty of Veterinary, Department of Surgery, Elazig, Turkey.

A new method was used in fixation of tibial bone fractures. Intramadular nailing (IMN) has been used into mid-diaphysis on left
tibias of New Zeland rabbits (n = 5) via an in vivo work. To enable fixation of fracture, without causing too much screw damage on bone
and avoiding malunion, nano- and micro-scale hydroxyapatite (HA) was coated at two ends (25 mm in length) of intramadular nails
before implantation. After six weeks of survival period and sacrifizing, biomechanical tests and histopathologic examinations were exe-
cuted. Such experiments have revealed that good stabilization and hence better fracture union for both treated IMN groups (NHA and
MHA) over the standard IMN’. Pull-out tests showed the tensile strengths obtained to be significantly higher for the nano (NHA) and
micro scale-MHA coated IMN compared to the uncoated standard IM nailing.
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1. Introduction

Tibial bone fractures are pathology with the high-
est morbidity and mortality in its sub-extremity trau-
mas. Treatment of severely comminuted supracondy-
lar fractures of femurs and tibiaes continue to pose
a challenge for the trauma surgeon, despite advance-
ments in surgical technique and implant devices. Al-
though most fractures are treated with conservative
methods (splints, plaster detection, various bandages,
etc.) surgical interventions are applied for substantial
number of fractures [1]. The popularity of intramed-
ullary nails (IMN) in the treatment of tibial object
fractures increased continually, especially after the
1980°s [2]. The healing of fracture is affected by vari-
ous factors, but the stability is a significant factor in

fracture union [3]. Intramedullar nailing is the gold
standard treatment option for displaced closed or open
tibial diaphyseal fractures [4]-[7] and the commonly
accepted approaches to tibial nailing techniques [8].
Intramedullar nailing in the treatment of femur and
tibial object fractures is, in recent times, very common
because of advantages such as providing more joint
mobility due to good stabilization, less soft tissue
incision during implantation, only few angular and
rotational deformities and high rate of healing frac-
tures [9], [10]. However, Greitbauer et al. [13] have
reported in a research that a burden applied at un-
engraved and self-locked intramedullary nailing was
embarked on the self-locking screws, and that may
cause some problems in implanting. Many methods
exist in fixation of different bone fractures such as
standard flexible nailing and static-dynamic self-
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locking intramedullar nails [7], [11]-[18]. Self-
locking IMN” is the latest method applied, however,
there are some difficulties in using areas like shoul-
der humereus that may cause impingement. Locking
screws provide controlled dynamic compression
effects but never shows static compression among
fragments. It is also revealed in the literature that,
beside the advantages of self-locking intramedullar
nailing, the possible emergence of sceptic arthritis
has some disadvantages like requiring the use of
scopies, the surgeon is exposed to radiation, spoiling
the gavages of the anterior cruciate ligament and the
posterior cruciate ligament [19]. It was also reported
that post-operational frontal knee pain may occur in
patients who have undergone self-locking intramed-
ullar nailing process, because of a tibia diaphysis
fracture [18].

Hydroxyapatite (HA) is potentially enabled to be
used for healing segmentary bone losses because it is
an osteoconductive material in composing a good
osteointegration with bone tissue [20]-[25]. Rothman
et al. [27] have either reported in their study that the
link between bone and implanting avoids osteolysis
conjugated to the friction debris which has become
more useful with HA coating. Therefore, in this study,
as an alternative method to the self-locking intramed-
ullar nails (IMN), in order to provide stability both
ends (25 mm) of IMNs have been coated with micro
and nano scale-HA, and were implanted in the left
tibias of rabbits where the fractures were created.
Fixation, biological osteointegration, bone unions
were shown comparatively by biomechanical tests and
post-operative histopathologic evaluations after a pe-
riod of six weeks.

2. Materials and methods

This in vivo study was executed after having
received the approval of the Firat University Ethical
Committee for Animal Experiments on 20.01.2011,
nr: 2011/0-14. New Zealand rabbits (n = 15) with
an average age of 8.6 months (ranging between 7-12
months) and average weight of 3.398 kg (min 3.012—
max 4.236 kg) were used. The rabbits were kept at
22 °C in a large cage and well fed during in vivo
experiments. The animals were separated in three
groups and each animal was preoperatively exam-
ined. Group I was the control group (K, n = 5), stan-
dard intramedullar nailing was materialized in Group
II. (MHA, n = 5) micro HA coated nails were applied
for the nailing process on the rabbits and (NHA,

n = 5) nano HA coated intramedullar nails were ap-
plied for the nailing process on the rabbits in Group
III. Antibiotic prophylaxis was applied after the op-
eration and on the postoperative third day (1st gen-
eration ceflosporin). Each experimental object was
checked separately in their cages after the operation,
and PVC bandages were applied on each experi-
mental object and the bandages were renewed post-
operatively on the 15th day. All the subject rabbits
were euthanized postoperative on the 45th day. The
left tibias of the rabbits were post- euthanasia disar-
ticulated from their knee and foot joints. The soft
tissues on the tibias were scraped from the bones.
The tibias which were torn off from each experi-
mental subject were signed and biomechanical
analysis coupling with histopathologic examinations
was performed.

2.1. Anaesthesia and
preoperative arrangement

5 mg/kg/im dose 2% Xylazine hydrochloride
(Rompun, Bayer) was used for sedation, 45 mg/kg/im
dose 10% (Ketamine Ketamidor, Richter Pharma) of
anaesthesia was weighed with high accuracy and was
intramuscularly injected to anaesthetize the rabbits.
The operation area was arranged by shaving and
disinfecting the lower joint and the upper joint of the
tibia while embracing them. The skin antiseptics
benzalconium chloride 10% (Zefiran®, Vilsan) and
povidone iodine 10% (Biokadin®, Adeka) were used
for disinfection. The area was covered with sterile
overlays.

2.2. Surgical technique

The access to the medial incision was started with
the proximal of the medial condyle of the tibia, and
was directed to the cranial through the middle line of
the tibia and later to the caudal in the surroundings of
the medial malleolus. The subcutaneous was also in-
cised in the same line. The incision was done carefully
to avoid damage on V. Saphena & N. Saphenous and
the curial fascia on the medial side of the diaphysis.
M. Tibialis cranialis ve M. Fleksor digitalis were re-
leased from the bone by retracting the incision of the
fascia, along the edges of the medialis. The crural
fascia was incised along the cranial edges of M. Tibi-
alis cranialis for displaying the lateral cortex. The
incision started from the tuberosity tibia, and it was
protracted till the muscular tendinous part to the dis-
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tal. The cranial tibial and long digital extensor mus-
cles were retracted to the quadrilateral, for displaying
the diaphysis. The retractor was placed by paying
attention to the cranial tibial arterial which goes
through the tibia and fibula.

2.4. Intramedullar nailing process

A drill with a diameter of 2.7 mm was used at
proximal tibia retrograde on the comprised fracture
line with a hand drill, and a little incision of ap-
proximately 0.5 cm was carried out on the area
where the drill came out from the proximal. The drill
was ejected from the distal of the tibia. The nails
were then sent to the proximal of the fracture line as
retrograde and were ejected from the skin incision.
The nail was placed with efficiency after the frac-
ture had been reduced, and the intraoperative sta-
bility control was materialized. The subcutaneous
tissues of the contusion area were stitched with
3/0 polypropylene wires (Sterilen, SSM, Istanbul/
Turkey), and the skin was stitched with 2/0 silk
wires (Sterilen, SSM, Istanbul/Turkey). The left leg
was bandaged with PVC. Peniciline G 1.000.000 IU
(Kristapen potassium crystalized, Deva Ltd., Istan-
bul) was applied on the contusion area after the
operation.

Postoperative controls of the phenomenon were
carried out daily. The radiographic controls were done
at intervals of 15 days. 20 mg/kg Cefazolin sodium
(Cefamezin 500 mg, Eczacibasi, Istanbul) and 3mg/kg
ketoprofen (profenid 100 mg, Eczacibasi, Istanbul)
were applied on the animals for 3 days. The rabbits
were sacrificed after 6 weeks and the operated left
tibias were disarticulated from the distal and proximal
joints.

2.5. Coatings of IM nails

Intramedullary nails were HA coated with the sol
gel method by using HA powders with (4x100 mm)
micron (~25 um) and nano particles (~25 nm), with
the aim to increase the osteointegration rate at both
ends and by procuring stabilization in tibial object
fractures, as given in Fig. la—c. Tensile tests were
materialized on fixed fracture (transverse) bones with
IM nails with points which were coated with hydroxy-
apatite (HA) of various partied sizes. The IMN points
(25 mm) before the coating were subjected to the sand
blasting process (60 pum silica beads) and were
washed with detergents and kept for drying. Later, the

IMN samples were left inactive for three hours in 25%
nitric acid and were subjected to the cleaning process
for 15 minutes in distilled water in an ultrasonic
cleaning machine.

The composition of coating sol was: 40% HA, 30%
P,0s, 20% CaCO; and 10% KH,PO,. These inorganic
compounds were mixed in a magnetic stirrer for
approximately 15 minutes, till a homogenous mix-
ture was obtained. The solution was removed from
the magnetic stirrer and was subjected to the homog-
enization process in an ultrasonic homogenizer
(Cole-Parmer-750W). After the gel had been ob-
tained, the ends of intramedullary nail points were
dipped (at a distance of 25 mm) for 2 seconds into
the gel, and they were coated in this way (Fig. 1a—b).
Later the coated IM nails are left in air for drying
(24 hours). After drying, the sintering process was exe-
cuted in a horizontal sintering furnace (Nauberterm) in
a vacuum atmosphere at 5 °C/min heating rate. The
coated sample groups are given in Table 1 and Table 2,
and the coated intermedullary nail samples, which
were acquired after the sintering process are shown
in Fig. la—c.

2.6. Biomechanical tests

After sacrificing, the treated fractures by IMN’
located at mid-diaphysis were subjected to pull out
tests by a universal tensile test machine (Shimadzu
AG-X 50 kN) with a deformation speed of 2 mm/min.
Before the tests, bone samples at both ends were
placed in cylindrical polyester resin moulds from the
epiphysis zones for sustaining anchorage of the ten-
sile test machine jaws and mounted tibial ends were
dried for approximately 12 hours. The test results of
each group consisting of three samples are summa-
rized in Table 2.

2.7. Radiology and histopathology

After radiologic X-ray and clinical examinations
all the tibias were kept in the 10% formaldehyde so-
lution for two weeks, and later decalcified in the
Bouin’s solution for two days (in 10% acetic acid,
80% NaCl and 10% formalin solution). For histo-
pathologic examinations, the samples which were put
into paraffin blocks were chopped in longitudinal
parts of 3 microns. The samples were painted with
hematoxylin eosin. The histopathologic classification
of healing was made by Huo et al. in accordance with
the histopathologic healing scale [28].
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Fig. 1. Intramedular nails (IMN): (a) NHA coated IMN, (b) MHA coated IMN,
(c) uncoated standard IMN (control group), (d) tensile test of IM nailed rabbit tibia

Table 1. Radiologic evaluation of fracture unions

Radi hic fract Control group MHA group NHA group
a lofizll)uz:tcio;ac ure Group [ Group II Group III P value
n (%) n (%) n (%)
F back No union 1(%100) 0 0
r;gf‘;’rzch Possible union 4(%36.4) 4(%36.4) 3(%27.2) 0.382*
P [Complete union 0 1(%33.3) 2(%66.7)
L . No union 2(%66.7) 1(%3.33) 0
raﬁiara L, |Possible union 3(%37.5) 2(%25) 3(%37.5) 0.373*
P [Complete union 0 2(%50) 2(%50)
* Ki-square test.
Table 2. Average comparisons of tensile test results between groups
Control group MHA group NHA group
(n=75) (n=5) (n=5) P value
Averagets.inequality | Averagets.inequality | Average+s.inequality
tT:S‘tlSﬂe 9.10+2.47 14.3742.12 14.8043.37 0.026%*

** Kruskal-Wallis test.

were evaluated in the 95% trust portion, meaningful-
ness was at p < 0.05 level.

2.8. Statistics

The SPSS 17 inc software was applied for statisti-
cal analyses. Supplementary statistical methods (Av-
erage, Standard inequality) were applied to evaluate
the data. The Kruskal-Wallis test was applied for
comparison between groups and was applied for com-
paring data between groups and the related groups
were evaluated with the Wilcoxon test. The results

3. Results

The results of our prospective in vivo experimental
pull out tests, radiologic and histopathologic investi-
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gations revealed the extended indications compared to
standard tibial nails.

3.1. Clinical

The tibias were examined in a macroscopic man-
ner after the radiologic examination. The scorings
used were such as no action as 2, action in one single
plan as 1, and action in two plans was evaluated as 0.
There was not any trace of a statistical relation be-
tween the clinical examination symptoms and the
groups (p > 0.05). All the rabbits that did not experi-
ence any union (n = 2) were in the control group. Me-

a) b) c)

dium grade union (rn = 11) 27.2% of the rabbits (n = 3)
were in the control group, (n = 4) 36.4% of them were
in the MHA group, (n = 4) 36.4% in the NHA group.
In total, 50% of the rabbits (n = 1) with complete
union (n = 2) were observed in the MHA group and
(n = 1) 50% of them were in the NHA group.

3.2. Radiology

As illustrated in Fig. 2a—c, the front-back and lat-
eral plan backbone radiographies were taken after the
left tibias. All the graphs were scored by a group of
orthopaedists who independent of the experiment

Fig. 2. Comparisonal X-ray views (taken after 45 days post operation) of fracture unions treated with IMN:
(a) uncoated control IMN, (b) MHA coated IMN, (¢) NHA coated IMN

4
3
£
g 3
2
3 5
o
(¥}
1 Control Grou
B Control Group = MHA Group P
B MHA Group O NHA Group
[0 NHA Group
Nonunion Likely Union Union B L R
a) Front -Back Radiographs b) Lateral Radiographs

Fig. 3. X-ray radiographic fracture union assessments between the groups: (a) front-back radiographs, (b) lateral radiographs
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classified in accordance with the Goldberg classifica-
tion [29]. Radiographic comparative X-ray views of
fracture unions of coated and uncoated tibial samples
are illustrated in Fig. 3a—c.

3.3. Biomechanics

In order to demonstrate the new alternative fixa-
tion method the nailed tibias which were treated by
HA-coatings were subjected to pull out tests (Fig. 1d).
The results of such tests will be the indication of fixa-
tion level. Three groups of specimen (Table 2) have
been tested and the stress-elongation (%) curves are
presented in Fig. 4 in comparison with Control, MHA
and NHA. The graphical comparative plots of all the
groups are shown in Fig. 5.

20
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NHA : Nano-HA Coated
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Control: Uncoated-Standard
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Fig. 4. Maximum strength-elongation (%) curves of the groups
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Fig. 5. Variation of tensile strengths of the IM nailing groups

3.4. Histopathology

In order to observe healing fractures, newly gener-
ated bones and the changes in bone tissues near to the
IMN ends and at fracture zones, histopathology ex-
aminations were performed in addition to biome-
chanical tests. Histopathology analyses were divided
into two groups to display the fracture area and the
area near to the IMN ends where the changes in the
bone tissues occurred.

Fig. 6. Histogram of the 3rd level of callus tissue
of the control group (uncoated ends) of IMN at fracture zone:
CT (cartilage tissue), C (condrosite), IB (immature bone)

Fig. 7. Histogram of the 3rd level of callus tissue (X200)
of NHA group at fracture zone: MB (mature bone)

The histograms which were obtained as a result of
examining histopathologic incision samples of three
groups (uncoated, micro scale-HA coated IMN and
nano scale-HA coated IMN) are shown in Figs. 6-8.
The histograms which are obtained from the histo-
pathologic examination of the bone incision samples
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Fig. 8. Histogram of the 3rd level of callus tissue (X200)
of MHA group at fracture zone: MB (mature bone),
IB (immature bone)

Fig. 10. Histogram of the 3rd level of callus tissue
of the MHA group (uncoated ends) of IMN at the zone
near to coated IMN ends: MB (mature bone), N (necrotic tissue),
G (granulation), N (necrotic tissue)

Fig. 9. Histogram of the 3rd level of callus tissue

of the control group (uncoated ends) of IMN at the zone
near to coated IMN ends: MB (mature bone),
N (necrotic tissue)
taken from the areas near to the HA coated IMN
ends are also shown in Figs. 9—11. The histogram
in Fig. 6 displays the bone tissue of the control
group (uncoated) which was generated near to
the fracture zone. The histograms in Figs. 7 and §
of the micro and nano scale-HA coated IMNs
are displayed, respectively. The histograms which
demonstrate the bone generation in the areas near
the IMN ends, are displayed as control (uncoated),
micro-HA coated and nano-HA coated in Figs. 9,
10 and 11, respectively. The abbreviations dis-
played with arrows on tissues are as follows:
the Fibrous tissue (FT), Condroit tissue (CT),
and Woven tissue (WT), MB (mature bone), IB
(immature bone), CT (Cartilage tissue) and C (con-
drosite).

Fig. 11. Histogram of the 3rd level of callus tissue
of the NHA group (uncoated ends) of IMN at the zone
near to coated IMN ends: MB (mature bone), N (necrotic tissue),
G (granulation), N (necrotic tissue)

4. Discussion

4.1. Radiology

As the radiologic evaluation has shown in Fig. 2a,
b, there was no tibiae encountered without union in
the front-back radiography (n = 1) which belonged
to the control group. Union was observed (n = 11)
in 36.4% of the rabbits (n = 4) for the control group,
(n=4) 36.4% for the MHA group, and (rn = 3) 27.2%
for the NHA group, respectively. A complete union
was detected (n = 3) in 33.3% of the tibias (n = 1)
which belonged to the MHA group. No union in the
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front-back radiography was observed in (n = 3) 66.7%
of the rabbits, (n = 2) in the control group and (n = 1)
33.3% in the MHA group. The union was detected in
(n = 8) 37.5% of the rabbits, (n = 3) 37.5% in the
control group, (n = 2) 25% in the MHA group and
(n =3) 37.5% in the NHA group. Complete union was
observed (n = 4) in 50% of the rabbits (n = 2), in which
50% of them were in the MHA group and (n = 2) 50%
were in the NHA group. However, no statistical rela-
tion was encountered between the front-back radiogra-
phy symptoms and the groups (p > 0.05).

4.2. Biomechanics

It was observed in earlier research that even a mi-
cro action as little as 100 um between the bone and
the implant can cause the generation of a fibrosis
membrane by preventing bone development. Soballe
et al. [29] showed that the fibrosis tissue in the sur-
rounding of the implant was ossified pursuant to the
burden imposed to the HA-coating. Both groups with
fractured bones which were fixated with HA coated
intramedullar nails used in Micron (30 pum) and Nano
(25 nm) particle sizes, have also shown higher resis-
tance of tensile stress in accordance with the fractured
bones which were fixated with the uncoated nails
(control group). Also as shown in Fig. 4, the increase
in tensile stress is 58% for the MHA group and 63%
for the NHA group compared to the control group.
These are very positive results in terms of biome-
chanics, fixation, and the union grade.

The connection between HA coating and the liga-
ment will, at the same time, restrict the movements of
the nail within the bone, during the healing process
and because it will increase the fracture stability in the
diaphysis, it will naturally accelerate the healing proc-
ess of the fracture. Hence, the connection between the
nails and the bone will be stronger in fractured bones
where intramedullar nails are fixated, at fracture area
diaphysis, and in the areas near to epiphysis.

The control group samples contain the fractured
bones which are fixated with uncoated standard in-
tramedullar nails. The result obtained from the NHA
group samples resembled the results that were ob-
tained from the other groups, and the highest biome-
chanical resistance was reached in this group. How-
ever, this increase is 63% in accordance with the
control group samples. The increase in tensile resis-
tance was about 63% compared to uncoated ones.

The average differences (Fig. 5) were found statisti-
cally significant (p < 0.05) between the groups of un-
coated, coated by MHA and NHA. The average tensile

stress of the control group was 9.10 = 2.47 MPa, as it
was 14.37 + 2.12 for MHA group and 14.8 + 3.37 MPa
for NHA group. The distinction between the groups
was also found to be statistically significant. Statisti-
cal distinction was observed between the MHA group
and the other two groups (p < 0.05). The average
strength of the MHA group (6.76 MPa + 1.60) was
found to be higher than the averages of the control
group (3.65 + 1.56), and the NHA group (2.74
+ 1.53). This result may be interpreted in this way:
positive contribution was supplied to the healing pro-
cess and consequently with a better fixation during the
healing period at the fracture zone in the diaphysis
remained more stable by using the HA coated ends
(25 mm) of IMN:ss.

4.3. Histopathology

A sample of histopathological incision of the con-
trol group (without coating) taken from the fracture
zone (Fig. 1d) is shown in Fig. 6. A healing fracture
consisting of an immature bone and cartilage — shown
with arrows was observed. A coloured incision
painted with hemotoxylin-eosin zoomed in the 3rd
phase callus tissue was histopathologically observed.
Chondroid and fibrous tissue generation on equal
levels was observed in the histogram. The dominant
image in the histopathological incisions obtained from
the experimental subjects in the control group consists
of immature bone (IM) and cartilage tissues (CT), as
seen in the histogram. As is well known, fracture
healing on insufficient stability conditions occurs
mostly by immature bones and cartilages. Thus, the
uncoated IM nails we used in the control group did
not give sufficient stability and we can conclude from
this that it has an unfavourable impact on the healing
process of a fracture.

A histopathologic incision (hemotoxylin-eosin)
which belongs to the nano-HA coated (NHA) group
taken from the fracture zone is shown in Fig. 7. The
mature lamellas which are indicated on the histogram
reveal that there is a bone generation and a healing
fracture in the 3rd phase callus tissue. Fracture healing
consisting of mature (MB) and, from place to place,
immature bones (IB) is observed in most of the histo-
pathologic incisions which belong to the NHA group.
This situation, in fact, validates and supports the posi-
tive results obtained from the biomechanical tests.
Finally, we can emphasize from these results that the
HA coated IM-nails provided higher stability which
is crucial for fracture healing. The fracture healing
of experimental subjects in the control group seems
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— even if just a pinch — to be less developed when
compared with other coated IMs, in accordance with
the radiography evaluations. Better union symptoms
(more callus) were observed in the radiographies of
the MHA group as demonstrated in Fig. 8. An incision
coloured with hematoxyl-eosin was observed histo-
pathologically in histogram with magnification X40 in
the 7th phase callus maturation for the micro-HA
coated IMN group (MHA). As is also shown in the
histogram, there is a woven bone which has not yet
completed its maturation where the chondroid tissue
appears in small quantities. The dominant union type is
a union type which consists of mature and, from place
to place immature bones, as it was already shown in the
histopathologic incision of the MHA group. The liga-
ments observed in this histogram suggest that better
union was obtained in comparison with the control
group. With the stability resembling the tensile test
results, a better fracture union process related with this
was obtained. An incision coloured with hematoxyl-
eosin was observed when it is focused in the 10th phase
callus maturation. As seen in Fig. 10, the cortical and
trabecular ligament generation can be observed.

Tissues derived from the sacrificed rabbits after six
weeks in areas near to both IMN ends, in Group II are
shown in Figs. 9-11. The medullar cavity has been
narrowed mechanically and has contributed to the sta-
bility of the implant and the fractured line. From the
biomechanical test results, the fixation and hence, the
fracture bone union have been found significantly
meaningful for the coated materials. In the control his-
togram shown in Fig. 9, MC (medullar cavity), N (ne-
crosis), MB (mature bone) were observed. Necrotic
tissues were observed in the surrounding of the mature
bone neighbouring the medullar cavity and new bone
generation has also been observed in control group.
The ligament was obtained from the micro-scale HA
coated ends of the IMN ends (shown in Fig. la—c by
arrows), relevant tissues like B (bone), N (necrosis),
G (granulation tissue) M (medulla) were observed.
Figure 10 shows the histogram of MHA coated IM nail
end. The new bone generation, from place to place and
granulation tissue, necrotic tissues are also observed in
the surrounding of the implant, and new bone genera-
tion in neighbouring to IMN end is also seen. Figure 11
shows the histogram of nano scale-HA coated IM nails
near to the coated ends (25 mm). From the nano scale-
HA coated IM nail end shows a certain granulation
tissue generation in the implant material surrounding
the histogram and little necrotic areas are observed.

Although limited new bone generation in the IM
nails surrounding of the control group samples
shown in the histogram (Fig. 9), granulation tissues

in the NHA group, from place to place, new bone
generation and granulation tissues in the MHA group
were observed. These good results can be explained
by the osteoinductive impacts of HA coatings and
the HA coated surfaces have triggered new bone
generation.

5. Conclusions

As a result of biomechanical tests and histopatho-
logical analyses, it has been observed that for the ends
(25 mm) of the intramedullar nails coated with HA
which is in contact with the medullar bone, the fixa-
tion was found to be statistically significant. It has
been observed that the HA particle size (micron or
nano) does not show a meaningful distinction biome-
chanically. However, NHA group IM nails provided
slightly higher pull-out strength or fixation than those
from MHA group, but certainly much higher than
uncoated control group. From the histopathological
examination, the dominant image obtained in the con-
trol group (uncoated) consists of immature bone and
cartilage tissues. Fracture healing consists of mature
and, from place to place, immature bones in most of
the histopathologic incisions for the NHA group.
Compared to control group, much better union symp-
toms (more callus) were observed in the radiographies
of the MHA and NHA group. However, further stud-
ies in comparison with locking intramedullar nailing
may be helpful to show advantages of those methods
over each other. Furthermore, in vivo experiments
have to be conducted in longer periods for better
evaluation of fracture healing.

References

[1] WooD G., General principles of fracture treatment, [in:]
Canale (Ed.) Campbell’s Operative Orthopaedics, Mosby,
Philadelphia, 2003, 2669-2670.

[2] ALHO A., BENTERUD J.G., HoGEVOLD H.E., EKELAND A.,
STROMSQE K., Comparison of functional bracing and locked
intramedullary nailing in the treatment of displaced tibial
shaft fractures, Clin. Orthop. Relat. Res., 1992, Vol. 277,
243-250.

[3] BHANDARI M., ADILI A., LEONE J., LAcHOWSKI R.J., Kwok D.C.,
Early versus delayed operative management of closed tibial frac-
tures, Clin. Orthop. Relat. Res., 1999, Vol. 368, 230-239.

[4] BUCKWALTER A.J., BUCHOLZ R., HECKMAN J., COURT-BROWN C.
(eds.), Rockwood and Green’s Fractures in Adults, Lippin-
cott Williams and Wilkins, Philadelphia, 2006, 297-307.

[5] DicksoN K., KATZMAN S., DELGADO E., CONTRERAS D., De-
layed unions and nonunions of open tibial fractures. Correla-
tion with arteriography results, Clin. Orthop. Relat. Res.,
1994,Vol. 302, 189-193.



90 O. VARIS et al.

[6] HENLEY M.B., CHAPMAN J.R., AGEL J., HARVEY E.J,
WHORTON A.M., SWIONTKOWSKI M.F., Treatment of type II,
1114, and IIIB open fractures of the tibial shaft: a prospec-
tive comparison of unreamed interlocking intramedullary
nails and half-pin external fixators, J. Orthop. Trauma.,
1998, Vol. 12(1), 1-7.

[7] HoorErR G.J., KEDDELL R.G., PENNY L.D., Conservative
management or closed nailing for tibial shaft fractures.
A randomised prospective trial, J. Bone Joint Surg. Br.,
1991, Vol. 73(1), 83-85.

[8] SCHANDELMAIER P., KRETTEK C., RUDOLFJ., KOHL A., KATZB.E.,

TSCHERNE H., Superior results of tibial rodding versus exter-

nal fixation in grade 3B fractures, Clin. Orthop. Relat. Res.,

1997, Vol. 342, 164-172.

ScHMIDT A.H., FINKEMEIER C.G., TORNETTA P., Ill. Treatment

of closed tibial fractures, Instr. Course Lect., 2003, Vol. 52,

607-622.

WHITTLE A.P., Fractures of the lower extremity, [in:]

W.C. Campbell, S.T. Canale, J.H. Beaty (eds.) Campbell’s

Operative Orthopaedics, Mosby, Philadelphia, PA, 2008,

3085-3236.

[11] CHARLES M., COURT-BROWN M.D., Femoral Diaphyseal
Fractures. Skeletal Trauma, Chapter 52, 2003.

[12] Basic Science, Management and Reconstruction, F.A.C.S,
3rd ed., 2003, Vol. 2, 1882-1888.

[13] GREITBAUER M., HEINZ T., GAEBLER C., STOIK W., VECSEI V.,
Unreamed nailing of tibial fractures with the solid tibial nail,
Clin. Orthop. Relat. Res., 1998,Vol. 350, 105-114.

[14] CLawsoN K., SMITH R., HANSEN S., Closed intramedullary
nailing of the femur, J. Bone Joint. Surg., 1971, Vol. 53A,
681-692.

[15] AckER J.H., MURPHY C., D’AMBROSIA R., Treatment of
fractures of the femur with the Grosse Kempf Rod, Orthope-

dics, 1985, Vol. 8, 1393-1401.

[16] ALHO A., STREMESE K., EKELAND A., Locked intramedullary
nailing of femoral shaft fractures, J. Trauma., 1991, Vol. 31,
49-59.

[17] CHRISTIE J., COURT-BROWN C., KINNINMONTH A.W.G.,
Howie C.R., Intramedullary locking nails in the management of

femoral shaft fractures, J. Bone Joint. Surg., 1988, Vol. 70B,
206-210.

[18] KEmPF 1., GROSSE A., BECK G., Closed locked intramed-
ullary nailing, its application to comminuted fractures of
the femur, J. Bone Joint. Surg., 1985, Vol. 67-A, 709—
719.

[9

—

[10

—_

[19] KLEMM K.W., BORNER M., Interlocking Nailing of Complex
Fractures of Femur and Tibia, Clin. Orthop., 1989, Vol. 212,
89-100.

[20] UzumcuGgiL  O., DOGAN A., YALCINKAYA M.,
KABUKCUOGLU Y.S., The relationship between anterior
knee pain occurring after tibial intramedullary nailing and
the localization of the nail in the proximal tibia, Acta Orthop.
Traum. Turc., 2009, Vol. 43(5), 386-389.

[21] DAMIEN C.J., PARSONS J.R., Bone graft and bone graft sub-
stitutes: a review of current technology and applications,
Appl. Biomater., 1991, Vol. 2, 187-208.

[22] JARCHO M., Calcium phosphate ceramics as hard tissue
prosthetics, Clin. Orthop. Rel. Res., 1981, 157, 259-278.

[23] JounsoN K.D., FrIERSON K.E., KELLER T.S., Cook C.,
SCHEINBERG R., ZERWEKH J., Porous ceramics as bone graft
substitutes in long bone defects: a biomechanical, histo-
pathological al, and radiographic analysis, J. Orthop. Res.,
1996, Vol. 14, 351-369.

[24] KoN E., MURAGLIA A., CORSI A., BIANCO P., MARCACCI M.,
MARTIN 1., Autologous bone marrow stromal cells loaded
onto porous hydroxyapatite ceramic accelerate bone repair
in critical-size defects of sheep long bones, J. Biomed. Mat.
Res., 2000, Vol. 49, 328-337.

[25] ZHANG C., WANG J., FENG H., LU B., SONG Z., ZHANG X.,
Replacement of segmental bone defects using porous bio-
ceramic cylinders: a biomechanical and X-ray diffraction
study, J. Biomed. Mat. Res., 2001, Vol. 54, 407-411.

[26] Korkusuz F., KorkUSUZ P., Kalsiyum hidroskiapatit ser-
amiklerin ortopedide kullanimi, Acta Orthopaedica et Trau-
matologica Turcica, 1997, Vol. 31, 63-67.

[27] RoTHMAN R.H., HoZACK W.J., RANAWAT A., MORIARTY L.,
Hydroxyapatite coated femoral stems. A matched-pair analy-
sis of coated and uncoated implants, J. Bone Joint. Surg,
1996, Vol. 78, 319-324.

[28] Huo M.H., TROIANO N.W., The influence of ibuprofen on
fracture repair: biomechanical, biochemical, histopathologi-
cal and histomorphometric parameters in rats, J. Orthop.
Res., 1991, Vol. 9, 383-390.

[29] GOLDBERG V.M., POWELL A., SHAFFER J.W., ZIKA J., Bos
G.D., HEIPLE K.G., Bone grafting: role of histocompatibility
in transplantation, J. Orthop. Res., 1985, Vol. 3, 389-404.

[30] SoBALLE K., HANSEN E.S., BROCKSLEDL-RASMUSSEN H.,
BURGER C., Hydroxyapatite coating converts fibrous tissue
to bone around loaded implants, J. Bone Joint. Surg., 1993,
Vol. 75, 270-278.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


