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Abstract
Objective: To compare the clinical benefits of stain-
less steel (SS) to titanium (Ti) on reducing pin track
irritation/infection and pin loosening during external
fracture fixation.
Methods: A tibial gap osteotomy was created in 17
sheep and stabilized with four Schanz screws of either
SS or Ti and an external fixation frame. Over the
12 week observation period, pin loosening was as-
sessed by grading the radiolucency around the pins
and measuring the extraction torque on pin removal
at sacrifice. Irritation/infection was assessed with
weekly clinical pin track grading. A histological anal-
ysis of the tissue adjacent to the pin site was made to
assess biocompatibility.
Results: A statistically non-significant trend for less
bone resorption around Ti pins was found during the
early observation period. However, at sacrifice, there
was no difference between the two materials. Also,
there was no difference in the extraction torque, and
there was similar remodeling and apposition of the
bone around the pins. A statistically non-significant
trend for more infection about SS pins at sacrifice was
found. Histology showed a slightly higher prevalence
of reactionary cells in SS samples, but was otherwise
not much different than around Ti pins.
Conclusions: There is no clinically relevant substantial
advantage in using either SS or Ti pins on reducing pin
loosening or pin track irritation/infection.
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Introduction
External fixation has been used to stabilize fractures
since the 19th century [1]. This minimally invasive
technique has clinical benefits over other fixation
techniques, such as internal plating and nailing, as
there is less additional damage to the blood vessels and
soft tissues at the fracture and interlocking sites [2].
Hence, external fixation is still used as a technique to
treat open fractures with extensive soft tissue damage
[3], and as a secondary treatment for post-operatively
infected fractures and pseudarthroses [1]. Also, the
cost benefits of implementing external fixation tech-
niques have resulted in this treatment being employed
as a primary treatment of fractures in less developed
countries.

Over the years, external fixation has been devel-
oped to optimize the fixation technique and improve
fracture healing. However, premature pin loosening
and pin track irritation/infection are still common post-
operative complications associated with this technique
[4–6]. Micro-motion of the pin with respect to the bone
is a contributor to both pin loosening and pin track
irritation/infection. Movement of the pin will disrupt
bone remodeling activity at the bone/pin interface,
inducing bone resorption with fibrous tissue formation
between the bone and pin, leading to pin loosening [7].
Pin movement and subsequent increased bone
resorption has also been shown to result in the
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presence of inflammatory granulation tissue [8, 9].
Furthermore, movement of the pin may disrupt the
sealing effect of the soft tissues with the pin, giving
external bacteria greater access to the internal envi-
ronment and increasing the chance of infection.

It is generally believed that reducing micro-motion
will reduce pin loosening and pin track irritation/
infection. This can be achieved by increasing the stiff-
ness of the external fixation system, such as by using
stiffer frame constructs or decreasing the bone to
frame distance. However, the most compliant part of
the external fixator remains the pins. Another method
to decrease bone/pin micro-motion would be to im-
prove the osseointegration properties of the pin. The
clinically accepted pin materials used for external fix-
ation are titanium (Ti) and stainless steel (SS). These
materials vary in their mechanical properties as well as
their biocompatibility. Ti is the more flexible material,
with an elastic modulus of 110 GPa, while SS is stiffer
with an elastic modulus of 207 GPa [10]. However, Ti
has better osseointegration properties. Studies on un-
loaded implants have classified Ti as a bioinert material
that exhibits contact osteogenesis, while SS is a bio-
tolerant material that results in distance osteogenesis
[11]. Ti coated SS pins combine the positive features of
both materials and have been shown to reduce pin
loosening compared to uncoated SS pins in an in vivo,
loaded, ovine model [12]. More recently, SS pins
coated with hydroxyapatite (an osteoconductive
osseointegration improving material have been shown
to have a similar effect [13]. These finding suggests that
the combination of higher stiffness and biocompati-
bility produces a superior implant that improves
osseointegration by reducing micro-motion. However,
Ti coated SS pins are not available for general clinical
use and hydroxyapatite coated pins may be prohibi-
tively expensive, e.g., developing countries and veter-
inary medicine.

Previous in vivo experiments that compare bio-
compatibility [14–16], osseointegration [15, 16] and
infection rate [14] of Ti and SS have studied unloaded
implants that are not exposed to the external envi-
ronment and therefore cannot be compared to the
external fixation situation. Larger stresses and micro-
motion at the bone/pin interface are characteristics of
external fixation that are not considered in unloaded
situations [9]. Also, the body’s natural barrier to bac-
terial invasion, the skin, is impaired during external
fixation [17], and therefore, previous studies on inter-
nal implants cannot be extrapolated to the external
fixation situation. Hence, regardless of the previous
investigations into SS and Ti implants, it is still un-

known whether SS or Ti pins are more suited to the
external fixation situation. This study aims to assess the
clinical benefits of using SS or Ti Schanz screws on
reducing pin loosening and pin track irritation/infec-
tion in a loaded, in vivo, ovine model.

Materials and Methods
Animals

Seventeen female, mature Swiss Alpine sheep (body-
weight (BWT) 58.8 ± 7 kg, age 4 ± 0.48 years-old,
mean ± SD) were used in this study (approved by the
Animal Experimentation Commission of the Veteri-
nary Office of the Canton of Grison, Switzerland and
followed the guidelines of the Swiss Federal Veterinary
Office for the use and care of laboratory animals). Two
weeks prior to and during the observation period, the
sheep were housed in individual pens with protection
slings that allowed full weight bearing while standing
and walking within the pen, but did not allow recum-
bency to prevent adverse loading of the external fix-
ator.

Sheep were randomly assigned to either the SS or
Ti group at surgery. The SS group contained eight
sheep and the Ti group contained nine sheep. Within
each group, six animals were designated for quantita-
tive analysis that involved pin removal post-mortem.
The remaining animals from each group were desig-
nated for qualitative histology with pins.

Implants
Four modified Schanz screws (Seldrill�, Synthes) of the
same material were implanted into each animal. The
SS and Ti screws had identical geometry, with a
diameter of 5.0 mm, a thread length of 40 mm and a
total length of 125 mm. The screws were modified such
that the self-drilling flutes were removed, as bone in-
growth into the flutes would make it difficult to assess
osseointegration with the pin surface. The self-tapping
tip was retained.

A custom built uni-lateral fixator was used [18].
This fixator was made from epoxy resin re-enforced
with two carbon–fiber rods. This design provides high
stiffness when locked with carbon–fiber rods. Yet,
when the rods are removed, the fixator has a low
bending stiffness to allow for in-vivo, non-destructive,
bending stiffness measurement of the gap tissue to
monitor progression of healing.

Surgical Technique
The operative procedure was performed under general
anaesthesia according to a standardized protocol. After
pre-medication, induction and intubation, the anaes-
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thesia was maintained by isoflurane in a N2O:O2 mix-
ture with a 2:1 ratio in a semi closed system. Pre-
emptive analgesia was achieved by intrathecal appli-
cation of 0.05 mg/kg BWT Xylazine and 4 mg/kg BWT
Carprofen intravenously. No antibiotic drugs were

administered postoperatively or during the observation
period.

The sheep were restrained in right lateral recum-
bency. After routine aseptic preparation of the right
hind limb, a specially designed pin alignment guide was
positioned on the antero-medial aspect of the tibial
diaphysis. Small stab incisions were made in the skin,
then a 3.2 mm diameter pilot hole was pre-drilled,
followed by a 4.3 mm diameter hole to ensure radial
preload of the 5.0 mm diameter screw in the bone. The
insertion depth of the Schanz screw was calculated,
such that the screw protruded 4–5 mm from the far
cortex. The screws were inserted manually with a T-
handle wrench to the calculated depth and labeled P1,
P2, D3 and D4 from proximal to distal (Figure 1). P1
was inserted approximately 65 mm from the tibial
plateau. After exposure of the medial aspect of the mid
shaft tibial diaphysis, a transverse 6 mm gap osteotomy
was performed with an oscillating saw halfway between
P2 and D3. Previous research has shown that a 6 mm
gap is not likely to bridge within a 12 week period [19,
20], hence the pin-bone interface would be loaded
throughout the experiment.

After surgery, the sheep were closely monitored
for 24 h. Post-operative analgesia was achieved with
4 mg/kg BWT Carprofen once daily for 2 days after
surgery. The animals were monitored on a daily basis
by trained animal caretakers and further post-opera-
tive analgesics were administered when necessary for
up to 4 days post-operatively. Weekly clinical pin care
included irrigation and debridement if necessary.
Fluorescent markers were administered subcutane-
ously at 6 weeks (Xylenol Orange: 90 mg/kg BWT)
and 10 weeks (Calcein Green: 5 mg/kg BWT) for post-
mortem fluorescent histological analysis [21]. Eutha-
nasia was performed after a 12 week observation per-
iod by an overdose of pentobarbital.

Clinical Assessment
Standardized cranial-caudal radiographs (55 KV and
16 mAs) were taken immediately after surgery and
thereafter biweekly throughout the observation period
and assessed for the appearance of bone resorption
around the pin. Each pin site on each radiograph was
assessed by a single, non-blinded observer (AG) for
altered radiographic density and was graded according
to the scoring scheme described in Table 1.

Pin track irritation/infection was assessed weekly
throughout the observation period by a single, non-
blinded observer (AG). Clinical signs of irritation/
infection were graded according to a modified Checketts
and Otterburn grading scheme (Table 2) [22]. The

Figure 1. Post-surgery radiograph showing pin labeling and distance
between the pins.

Table 1. Radiolucency grading scheme.

Grade Observation

Grade 0 <0.5 mm or no radiolucency
around the pin

Grade I >0.5 mm, <2 mm radiolucency
around the pin, partial cortical
thickness, one or both cortices

Grade II >2 mm radiolucency around the pin,
partial cortical thickness one or both cortices

Grade III Full cortical thickness radiolucency
around the pin, one or both cortices

Grade IV Sequester formation
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nature of advanced infection for this model was deter-
mined by taking sterile swabs from the periosteal surface
of pin sites with high infection grades at sacrifice. The
microorganisms present in these swabs were identified.

Biomechanical Assessment
Weekly in vivo bending stiffness measurements were
taken of the osteotomy gap to assess the progression of
fracture healing. This was achieved by using a specially
made device, the details of which have been previously
reported [18]. This device applied a non-destructive
bending moment over the osteotomy gap and fixator
and measured the stiffness. As the stiffness of the fix-
ator was constant and known, the stiffness of the os-
teotomy gap could be determined. The stiffness values
of the osteotomy gap were then normalized to the in-
tact bone. Normal healing was indicated by an increase
in gap stiffness after 3–4 weeks. A slight delay showed
an increase in stiffness after 5–6 weeks, while a mod-
erate delay showed an increase in stiffness after 6–
8 weeks. Interrupted healing was defined as a period of
normal increase in gap stiffness followed by a decrease
in gap stiffness.

Insertion and extraction torque of the pins were
measured in the sheep designated for pin removal post-
mortem. Insertion torque was measured during sur-
gery. After full insertion, the pins were backed out two
full revolutions and reinserted to their original position
with an instrumented wrench connected to a data
acquisition device (Honeywell Minitrend V5, Dorset,
UK, and ADWin-Gold V3.2, Jäger Messtechnik,
Lorsch, Germany). On extraction, the same instru-
ments were used. The initial peak extraction torque
indicated the strength of osseous integration.

Histological Assessment
The histological assessment aimed to provide sup-
porting information for the outcomes from the clinical
and biomechanical assessments in this study. As
definitive conclusions were not drawn from the histol-
ogy, a qualitative assessment was made. This was per-
formed in two parts. The first part involved specimens
from the six sheep per pin type that had the pins re-
moved at sacrifice. These specimens were pooled to-
gether and selected to give a histological description of
the various radiolucency and irritation/infection
grades. The second part involved the remaining ani-
mals in each group whose pins were left in place after
sacrifice. These specimens were assessed for differ-
ences in the nature of the bone adjacent to the pin
surfaces for the two materials.

After sacrifice, the right tibiae were fixed in 4%
phosphate buffered formalin and dehydrated in etha-
nol. The segments were then embedded in polymeth-
ylmethacrylate. Transverse sections were cut through
the pin holes. The specimens with empty pin sites were
cut and ground to a thickness of 80–100 lm. The pin-
filled specimens were cut and ground to a thickness
150–200 lm. Macroradiographs were taken from all
specimens and the two sections with the widest pin-
hole diameters were selected. One of these sections
was surface stained with toluidine blue and eosin. The
other section was reserved for fluorescent analysis.

The qualitative assessment involved comparing the
specimens and assessing the parameter of interest on a
scale of none, low, medium or high. The stained sec-
tions were analyzed under the light microscope. Evi-
dence of bone remodeling was determined by
qualitatively assessing the presence and abundance of
osteoblasts and osteoclasts. Infection was demon-
strated by the presence of inflammatory cells (giant
cells, granulocytes and monocytes). Osseointegration
was indicated by the bone apposition up to the implant
and the nature of the bone adjacent to the implant for
the pin-filled specimens. The fluorescent sections were
analyzed to determine the bone remodeling history
[21] and the macroradiographs were used to assess
porosity around the pin sites and periosteal reactionary
bone growth [23].

Statistical Analysis
The radiolucency and clinical grading results were
statistically assessed for significant differences be-
tween groups at 6, 8 and 12 weeks. Friedman tests
(Mathematica, Wolfram Research Europe LTD,
Oxfordshire, UK) were used to determine the effect
at all four pin sites combined at each time point. If

Table 2. Pin track infection grading scheme based on a modified
Checketts and Otterburn classification [22].

Grade Observation

Grade 0 No sign of infection
Grade I Slight non pus discharge

Redness around the pins, warmth
Local treatment required (debridement and irrigation)

Grade II Redness of the surrounding skin
Tenderness of the soft tissue ±1 Discharge of pus

Local antiseptic treatment required
Grade III Like grade II

Fails to resolve with local antiseptic treatment
Grade IV Like grade III

The radiograph shows radiolucency around the pin
Grade V Like grade III

Sequester formation visible on the radiograph
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an effect of pin site was significant, stratified Wilco-
xon, also known as van Elteren, tests (Mathematica)
were used to examine if there was an effect for re-
sults blocked by pin site at each time point. Other-
wise, the results from all four pin sites were pooled
and Wilcoxon tests (Mathematica) were used to
examine for effects at each time point. The level of
significance was set at p < 0.05. To compare the
extraction torques between the two groups, a Gen-
eral Linear Model analysis of variance and Tukey
HSD post-hoc test were used with the level of sig-
nificance set at p < 0.05 (SPSS, SPSS Schweiz AG,
Zürich, Switzerland).

Results
Two of the animals in the Ti group that were desig-
nated for pin-filled, qualitative histological analysis had
to be sacrificed early (1 at 2 weeks, the other at
3 weeks) due to breakage of the P2 pin at the location
of the periosteum of the near cortex. This failure was
caused by the lack of integrity of the clamp holding P1

to the fixator. This clamp loosened and allowed P1 to
slip, causing P2 to be overloaded. Both of these ani-
mals were excluded from the study. The quantitative
clinical and biomechanical results were analyzed only
for the sheep in each group that were designated for
pin removal at sacrifice (n = 6 for both groups).

Clinical Results
The radiographical analysis showed only small non-
significant differences in radiolucency between the
two materials. Early in the observation period, the
radiolucent halo about the SS pins appeared more
severe grade at 6 weeks but this difference lessened
with time (Figure 2). Some sequester formation was
only evident around SS pins. At 6, 8 and 12 weeks,
the Friedman test identified a significant effect of pin
site at all three time points (p < 0.001). The stratified
Wilcoxon Test found only a trend for lower radiolu-
cency grades for Ti than for SS at 6 weeks (p = 0.13),
which diminished in further weeks (8 weeks: p = 0.33;
12 weeks: p = 0.22).

Figure 2. Box plots showing the radiolu-
cency grading at week 6 (top left), week 8
(top right), week 12 (bottom) for both
materials at all pin sites. The median is
represented by the bold line and the box
indicates the interquartile range. The
whiskers show the range of data. A circle
indicates an outlier and an asterisk an ex-
treme value.

Ganser A, et al. Stainless Steel and Titanium Schanz Screws

Eur J Trauma Emerg Surg 2007 Æ No. 1 � URBAN & VOGEL 63



There was no difference in the clinical appearance
of irritation/infection between pin materials in the
early observation period (Figure 3). Although, Ti ap-
peared to show less irritation/infection at sacrifice, the
stratified Wilcoxon Test could only show a trend for
higher grades of irritation/infection at 12 weeks for SS
(p = 0.14) and no statistically significant differences
earlier (6 weeks: p = 0.44; 8 weeks: p = 0.55). Seven
pin sites with a high grade irritation/infection at sacri-
fice were sampled for bacteriology. Five SS and two Ti
pin sites were cultured. All swabs exhibited growth of
staphylococcus intermedius or staphylococcus epide-
rmidis. Both microorganisms are members of the nor-
mal flora of skin and mucous membranes.

Biomechanical Results
The bending stiffness measurements showed a wide
variation within the two groups. Only 3 of the 12 sheep
exhibited progressive, timely gap osteotomy healing
(Table 3). With respect to delays and interruptions in
healing, there was no difference between the groups.

Complications with the data logger resulted in the
loss of insertion torque data for five of the six sheep in
the SS group that were designated for pin removal at
sacrifice. This resulted in insertion torque data for only
four pins and this would not be sufficient for statistical
analysis. However, insertion torque data were also
available for the remaining two sheep in the SS group
whose pins were not removed at sacrifice. Inclusion of
these data allows for a baseline to be established for
the SS insertion torques. The mean insertion torque
and standard error for pins in the SS group (n = 12)
was 3.60 ± 0.40 Nm. The data were insufficient to
determine any variation in pin location. Insertion tor-
que data were lost for only five pins in the Ti group and
it was not necessary to include data for the animals
that were intended for qualitative analysis. For the
Ti group (n = 19), the mean insertion torque was
0.91 ± 0.15 Nm and no differences were found for
different pin sites.

On extraction, data from three SS pins and one
Ti pin were lost. Due to the loss of insertion torque

Figure 3. Box plots showing the clinical infec-
tion grading at week 6 (top left), week 8 (top
right), week 12 (bottom) for both materials at all
pin sites. The median is represented by the bold
line and the box indicates the interquartile
range. The whiskers show the range of data. A
circle indicates an outlier and an asterisk an
extreme value.
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data, the extraction torques were analyzed as abso-
lute values. For both groups, pins at the different
sites had different extraction torques, with signifi-
cantly higher extraction torque required to remove
pins at site D3 than at P1 (p = 0.001) and D4
(p = 0.002). Statistical analysis of the pins blocked
according to site showed no difference between pin
materials (Figure 4).

Histological Results
Analysis of the pin-filled specimens showed little
difference in the tissue reaction to the implant
materials. Good bone apposition up to the implant,
high porosity and active bone remodeling were seen
for both groups. There was a similar abundance of
osteoblasts, however a higher abundance of osteo-
clasts was found around SS pins. Fluorescent analysis
showed no difference in the history of bone remod-
eling between the two materials. The bone growth
observed up to both pin surfaces was distance
osteogenesis and resulted in the interposition of a
fibrous tissue layer between the bone and the im-
plant (Figure 5). More reactionary periosteal bone
was seen around Ti pins. Inflammatory cells in the
form of granulocytes and giant cells were found only
around one SS pin.

Specimens without pins and with a radiographical
grading of (0 or I) and (II or III) were grouped to-
gether. A high porosity was present for all radiolucency
grades. Periosteal reactionary bone formation in-
creased around pins with a higher radiolucency grad-
ing. Low radiolucency grades corresponded to good
apposition of the bone to the implant. The quality of
bone apposition decreased until complete resorption of
the bone at the pin surface was seen for the highest
radiolucency grade. Osteoblasts and osteoclasts were
present for all grades of radiolucency, and the abun-
dance of these cells increased with increasing radiolu-
cency grade. Specimens with a clinical infection grade
of (0 or I), (II or III) and (IV or V) were grouped
together. Granulocytes were only present for the
highest infection grades.

Discussion
This study compared SS to Ti pins on reducing pin track
irritation/infection and pin loosening in a loaded, ovine
model by assessing objective biomechanical data and
radiographical, infection and histological observations.
Hydroxyapatite and calcium phosphate coated external
fixation pins have been shown to increase osseointe-
gration and reduce infection [12, 24]. However, these
coated pins have not become standard clinical implants
because they are expensive, rendering coated pins
inaccessible in many external fixation scenarios. Hence,
only SS and Ti were compared in this study.

This model incorporated a 6 mm osteotomy gap to
simulate a fracture. The bending stiffness measure-
ments showed that in most cases, complete healing of
the facture gap did not occur during the 12 week
observation period and that the healing progression did
not vary between the groups. This ensured that the pins
of both materials were loaded throughout the experi-
ment and thus, this model approximates a comminuted
unstable fracture with slow healing.

During the experiment, two of the Ti animals
were excluded due to pin failure at P2. Analysis
showed the most likely reason was lack of integrity
of the experimental clamp. After the clamps were
replaced, no further failures occurred. Also, no SS
pin failures occurred due most likely to SS’s higher
strength. Furthermore, this problem is less likely to
occur with a clinically approved fixator/clamp system.
The exclusion of the two Ti animals did not impair
the outcomes from this study. The role of these
animals was to provide supportive histological anal-
ysis and the one remaining Ti animal was sufficient
for this purpose.

Table 3. Progression of osteotomy gap healing for animals within
each pin type.

Healing progression SS Ti

Normal 2 1
Slight delay 3 2
Moderate delay 3
Interrupted 1

Figure 4. Mean extraction torque values (and SE) for SS and Ti at all
pin sites.
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In this study, pin loosening was assessed by exam-
ining the radiographical appearance of bone resorption
around the pins. Although radiographical grading is not
the most sensitive or most objective method for assess-
ing osteolysis around the pins, it is the measure most
often used clinically. Perhaps this was the reason that
only a trend for less bone resorption with Ti pins during
the early observation period was detected. However,
because there was no difference between the two
materials later on, there probably is no real clinical
difference in terms of osteolysis around either pin type.
This finding was also supported by (1) the qualitative
histological analysis that showed active bone remodel-
ing at the bone/implant interfaces for both materials and
(2) similar healing rates of the gap osteotomies.

The radiolucency grading scheme used in this study
was a good indication of bone apposition to the pin and
reactionary periosteal bone growth around the pin.
Higher grades of radiolucency were related to less
bone apposition and larger periosteal bone growth
observed histologically. These findings are in accor-
dance with previous studies [25]. Radiolucency is an
indication of resorbed bone around the implant, cre-
ating a weak bond between the bone and the implant.
This weak bond is reflected by a poor fit of the bone to
the screw threads. A weak bond allows for micro-mo-
tion of the pin with respect to the bone. Hence, new
extra cortical bone is created in an attempt to stabilize
the pin. However, the radiolucency grading scheme
was not a good indicator for porosity as seen in pre-
vious studies [25]. This was because the radiolucency
grading scheme was based on measuring the absence of
cortical bone around the pin, rather than measuring the
variation in the radiographical intensity around the pin.
As porous bone contains some cortical bone, this
radiolucency grading scheme would not be sensitive to
varying severity of porosity.

Insertion torque is a measure of the friction be-
tween the pin and biological tissue. The insertion tor-
que for the SS group was higher than for the Ti group.
In this study, the pin holes were drilled to a smaller
diameter than the pin to ensure radial preloading of
the pin. Under these conditions, there is a higher
resistance to turning in SS pins due to their higher
stiffness combined with the interference fit, resulting in
greater friction and a higher insertion torque.

The peak extraction torque is a measure of pin
osseointegration. After a 12 week observation period,
there would be no friction effect between the pin and
bone due to the radial preload as the bone in the re-
gions of high stress would have been remodeled [26].
Hence, as the SS and Ti pins have identical geometry,

the extraction torque values could be analyzed as
absolute values. This analysis found no difference in
torque values between the two materials. This suggests
that after 12 weeks implantation, there is no difference
in the osseointegration ability of the two materials.
This was supported by the analysis of bone apposition
to the screw threads showing no difference between the
groups at the end of the observation period.

The nature of bone growth for Ti, as a bioinert
material, was expected to be contact osteogenesis
with new bone formation originating from the im-
plant surface [11]. The Ti specimens did show new

Figure 5. Un-decalcified PMMA embedded mid-transverse section of
SS (top) and Ti (bottom) pin-filled sites 12 weeks after insertion
showing distance osteogenesis of bone growth up to the pin surface
(toluidine blue and eosin, scale bar 50 lm). During histological
preparation, the biological tissue shrank away from the implant
material. This produced an artifact gap between the screw threads
and the bone that was visible on all slides for both materials.
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bone growth against the implant surface, however,
the osteoblasts responsible for this bone formation
were situated a small distance away from the im-
plant, so bone growth was directed towards the sur-
face rather than originating from it. The interposition
of a non mineralized, organic layer resulted in dis-
tance osteogenesis. Moroni et al. [12] found similar
results for tapered Ti external fixation pins. This
suggests that the tissue reaction to loaded Ti implants
results in distance osteogenesis, as seen for SS.

There was no significant difference in irritation/
infection between the pin materials up to 12 weeks.
The grading scheme used in this study is not directly
a measure of infection and merely indicates the level
of soft tissue irritation. Hence, for those pin sites
that exhibited pus, as opposed to clear fluid, exuda-
tion, bacterial swabs were taken. At post-mortem
(week 12), a trend for more infection about SS pins
was visible. This was reflected in that 5 SS versus 2
Ti pin-sites exuded pus. Of these seven pin sites, all
exhibited bacteria consistent with normal ovine skin
flora. Histologically, reactionary cells were only
slightly more prolific in tissue from animals with SS
pins.

The histological assessment of the infection
grading scheme used in this study found reactionary
cells indicating deep pin track infection for clinical
infection grades of IV and V. This suggests that only
persistent clinical pin track infections with radio-
graphical evidence of bone resorption will develop an
inflammatory reaction in the bone. Less severe pin
track infections are contained within the superficial
soft tissue.

In conclusion, this study did not find a clinically
relevant substantial benefit of using either SS or Ti
Schanz screws with respect to pin loosening or irrita-
tion/infection in a loaded, external fixation ovine
model. Histological observations were consistent with
radiological grading of osteolysis, mechanical assess-
ment of pin osseointegration and clinical grading of
irritation/infection.
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